
Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.

 

eSolutions Manual - Powered by Cognero Page 1

9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.

 

eSolutions Manual - Powered by Cognero Page 7

9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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9-7 Special Functions 



Graph each function. State the domain and range.

1. f (x) = 
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x f (x) 
0 0 

0.5 0 
1 0.5 

1.5 0.5 
2 1 

2.5 1 
3 1.5 

2.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g(x) 
0 0 

0.5 0 
1 –1 

1.5 –1 
2 –2 

2.5 –2 
3 –3 

3.   

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 0 

0.5 1 
1 2 

1.5 3 
2 4 

2.5 5 
3 6 

4. SHIPPING  Elan is ordering a gift for his dad online. The table shows the shipping rates. Graph the step function. 

   

SOLUTION:  
Graph the order total on the x-axis and the shipping cost on the y-axis. If the order total is greater than $0 but less 
than or equal to $15, the shipping cost will be $3.99. So, there is an open circle at (0, 3.99) and a closed circle at (15, 
3.99). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

5. f (x) = |x − 3| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  =
0, so range is {y  | y   0}. 

x 0 1 2 3 4 
f (x) 3 2 1 0 1 

6. g(x) = |2x + 4| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values.Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will go no higher than y  = 

0, so and the range is {y  | y   0}. 

x –3 –2 –1 0 1 
g(x) 2 0 2 4 6 

7.     

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  > −3}. 

x –3 –2 –1 0 1 
f (x) 3 2 1 –1 1 

8.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 
values of y , so the range is all real numbers. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 1 –2 

Graph each function. State the domain and range.

9.     

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 3.

x f (x) 
0 0 

0.5 0 
1 3 

1.5 3 
2 6 

2.5 6 
3 9 

10.    

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x f (x) 
0 0 

0.5 –1 
1 –1 

1.5 –2 
2 –2 

2.5 –3 
3 –3 

11. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all even integers.

x g (x) 
0 0 

0.5 0 
1 –2 

1.5 –2 
2 –4 

2.5 –4 
3 –6 

12. g(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x g (x) 
0 3 

0.5 3 
1 4 

1.5 4 
2 5 

2.5 5 
3 6 

13. h(x) =  

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integers.

x h(x) 
0 –1 

0.5 –1 
1 0 

1.5 0 
2 1 

2.5 1 
3 2 

14. h(x) =  + 1
 

SOLUTION:  
Make a table of values. 

 
Because the dots and circles overlap, the domain is all real numbers. The range is all integer multiples of 0.5.

x h(x) 
0 1 

0.5 1 
1 1.5 

1.5 1.5 
2 2 

2.5 2 
3 2.5 

15. CAB FARES  Lauren wants to take a taxi from a hotel to a friend’s house. The rate is $3 plus $1.50 per mile after 
the first mile. Every fraction of a mile is rounded up to the next mile. 
a.  Draw a graph to represent the cost of using a taxi cab. 
b.  What is the cost if the trip is 8.5 miles long? 

SOLUTION:  
a. Make a table of values. 

 
b. To find the cost if the trip is 8.5 miles long, round 8.5 to 9. Subtract the first mile that does not incur additional 
milage cost, 9-1 = 8.Then, multiply 8 by 1.5 and add 3 to the result. So, the cost of an 8.5-mile trip is 3 + 1.5(8) or 
$15. 

Number of Miles Cost 
  

0 3 + 1.5(0) = 3 
0.5 3 + 1.5(0) = 3 
1 3 + 1.5(0) = 3 

1.5 3 + 1.5(1) = 4.5 
2 3 + 1.5(1) = 4.5 

2.5 3 + 1.5(2) = 6 
3 3 + 1.5(2) = 6 

16. CCSS MODELING  The United States Postal Service increases the rate of postage periodically. The table shows 
the cost to mail a letter weighing 1 ounce or less from 1995 through 2009. Draw a step graph to represent the data. 

 

SOLUTION:  
Graph the year on the x-axis and the postage on the y-axis. If the year is greater than or equal to1995 but less than 
1999, the postage will be $0.32. So, there is an closed circle at (1995, 0.32) and a open circle at (1999, 0.32). 
Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Graph each function. State the domain and range.

17. f (x) = |2x − 1| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x 0 0.5 1 1.5 2 
f (x) 1 0 1 2 3 

18. f (x) = |x + 5| 

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –7 –6 –5 –4 –3 
f (x) 2 1 0 1 2 

19. g(x) = |−3x − 5| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –3 –2  –1 0 

g (x) 4 1 0 2 5 

20. g(x) = |−x − 3| 

SOLUTION:  
Since g(x) cannot be negative, the minimum point of the graph is where g(x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –5 –4 –3 –2 –1 
g (x) 2 1 0 1 2 

21.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 8,

so the range is {y  | y   0}. 

x 2 3 4 5 6 
f (x) 1 0.5 0 0.5 1 

22.    

SOLUTION:  
Since f (x) cannot be negative, the minimum point of the graph is where f (x) = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y   0}. 

x –8 –7 –6 –5 –4 
f (x)   0   

23. g(x) = |x + 2| + 3 

SOLUTION:  
Since g(x) cannot be negative or less than 3, the minimum point of the graph is where x + 2 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 3,

so the range is {y  | y   3}. 

x –4 –3 –2 –1 0 
g (x) 5 4 3 4 5 

24. g(x) = |2x − 3| + 1 

SOLUTION:  
Since g(x) cannot be negative or less than 1, the minimum point of the graph is where 2x – 3 = 0. 

 

Make a table of values. Be sure to include the domain values for which the function changes. 
  

  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 1,

so the range is {y  | y   1}. 

x 0 1 1.5 2 3 
g (x) 4 2 1 2 4 

25.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 
  

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

 −3, so the range is {y  | y  −3}. 

x 1 2 3 4 5 
f (x) 1 –1 –3 1 1.5 

26.    

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers.The graph will cover all possible 
values of y , so the range is all real numbers.  

x –1 0 1 2 3 
f (x) –7 –3 1 –1 1 

27.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−3, so the range is {y  | y  −3}. 

x –5 –4 –3 –2 –1 
f (x)   –3 –1 1 

28.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will cover all possible 

values of y , except the values between 4 and 7, thus the range is {y  | y  < 4 or y  7}. 

x –1 0 1 2 3 
f (x) 2 3 7 10 13 

29.  
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

  
Notice that both functions are linear. 
  

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 

−2.5, so the range is {y  | y  −2.5}. 

x –3 –2 –1 0 1 
f (x) –1.5 –2 –2.5 2 5 

30. f (x) = 
 

SOLUTION:  
This is a piecewise-defined function. Make a table of values. Be sure to include the domain values for which the 
function changes. 

Notice that both functions are linear. 

 
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no higher than y  = 

5, so the range is {y  | y  5}. 

x –4 –3 –2 –1 0 
f (x) –7 –5 5 2 –1 

Determine the domain and range of each function.

31.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = 4, the range is all real 
numbers greater than or equal to 4. 

32.   

SOLUTION:  
The domain is all real numbers. Since this is an absolute value function with a minimum at y  = –3, the range is all real
numbers greater than or equal to –3. 

33.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

34.   

SOLUTION:  
The domain is all real numbers. Since this is a greatest integer function, the range is all integers.

35.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y  = –2 , the range is all real numbers greater 
than –2. 

36.   

SOLUTION:  
The domain is all real numbers. Since the graph will never go below y = –4 , the range is all real numbers greater 
than –4. 

37. BOATING  According to Boat Minnesota, the maximum number of people that can safely ride in a boat is 
determined by the boat’s length and width. The table shows some guidelines for the length of a boat that is 6 feet 

wide. Graph this relation.  

SOLUTION:  
Graph the length of the boat on the x-axis and the number of people on the y-axis. If the length of the boat is 
between 18 and 19 feet, then 7 people can safely ride on the boat. So, there is a closed circle at (18, 7) and an open 
circle at (20, 7). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Match each graph to one of the following equations.

 

 

 

 
  

38.   

SOLUTION:  
The graph has a “V” shape and is therefore an absolute value function. The function with a minimum at (0, –1).  So, 
it matches the equation given in Choice C. 

39.   

SOLUTION:  
The graph has a “V” shape so it is an absolute value function. The minimum of the function is (0, 1). Absolute value 
function can also be  written as a piecewise-defined function. So, it matches the equation given in Choice D. 

40.   

SOLUTION:  
This is the graph of a straight line with a y-intercept of –1. So, it matches the equation given in Choice A.

41.   

SOLUTION:  
This is the graph of a greatest integer function. So, it matches the equation given in choice B.

42. CAR LEASE  As part of Marcus’ leasing agreement, he will be charged $0.20 per mile for each mile over 12,000. 
Any fraction of a mile is rounded up to the next mile. Make a step graph to represent the cost of going over the 
mileage. 

SOLUTION:  
Make a table of values. 
  

  
Determine where to use the circle and  dots.  
At 12,000 miles, the cost is included in rental, so it is an open dot. for an miles up to 12,001, there is a 0.20 cent 
charge.  At 12,001, there is an circle, since the charge was 0.20, but an distances up to 12,002, the charge is 
0.40. Thus, there is an circle on the left side and dot on right.  

 

Number of 
Miles over 

12,000 

Cost 

1 0.20(1) = 0.20 
1.5 0.20(2) = 0.40 
2 0.20(2) = 0.40 
2.5 0.20(3) = 0.60 
3 0.20(3) = 0.60 

43. BASEBALL  A baseball team is ordering T-shirts with the team logo on the front and the players’ names on the 
back. A graphic design store charges $10 to set up the artwork plus $10 per shirt, $4 each for the team logo, and $2 
to print the last name for an order of 10 shirts or less. For orders of 11–20 shirts, a 5% discount is given. For orders 
of more than 20 shirts, a 10% discount is given. 
a.  Organize the information into a table. Include a column showing the total order price for each size order. 
b.  Write an equation representing the total price for an order of x shirts. 
c.  Graph the piecewise relation. 

SOLUTION:  
a. Let x = the number of shirts. 
There is a fixed cost of $10 for set up.  
Variable costs include cost per shirt of $10, $4 for team logo and $2 for last name. The variable costs total $16 per 
shirt. 
Orders over 10 have a 5% discount and over 20 have a $10% discount.  
Summarize this information in a table.  
  

  
b. 

  

 

c. Make a table of values. 
  

 

Number of
Orders 

Total Price 

 

1 ≤ x ≤ 10
10 + (10 + 4 + 2)x = 10 + 16x 

 

10 < x ≤ 20
(10 + 16x)(0.95) = 9.5 + 15.20x

 

x > 20  (10 + 16x)(0.90) = 9 + 14.40x

x y 
1 26 

10 170 
11 176.70 
20 313.50 
21 311.40 
25 369 

44. Consider the function f (x) = |2x + 3|. 
a.  Make a table of values where x is all integers from −5 to  5, inclusive.
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 

SOLUTION:  
a. 

b. 

 
c. Connect the points with straight lines.

 

x f(x)  
−5 7 
−4 5 
−3 3 
−2 1 
−1 1 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

45. Consider the function f (x) = |2x| + 3. 
a.  Make a table of values where x is all integers from −5 and 5, inclusive. 
b.  Plot the points on a coordinate grid. 
c.  Graph the function. 
d.  Describe how this graph is different from the graph in Exercise 44, shown below. 

 

SOLUTION:  
a.  

  
b. 

 
c. Connect the points with straight line.           

 
d.   

 
The graph f (x) = |2x| + 3 is shifted 1.5 units to the right and 3 units up from the graph f (x) = |2x + 3|. When the 
constant is outside the absolute value symbol, the graph is shifted vertically. If the constant is inside the absolute 
value symbol, the graph is shifted horizontally. 

x f(x)  
−5 13 
−4 11 
−3 9 
−2 7 
−1 5 
0 3 
1 5 
2 7 
3 9 
4 11 
5 13 

46. DANCE A local studio owner will teach up to four students by herself. Her instructors can teach up to 5 
students each. Draw a step function graph that best describes the number of instructors needed for different 
number of students. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of students on the x-axis and the number of instructors needed on the y-axis. If the number of 
students is between 5 and 9, then there will be one instructor. So, there is a closed circle at (5, 1) and an open circle 
at (10, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 

Number of 
Students 

Number of 
Instructors 

0-4 0 
5-9 1 
10-14 2 
15-19 3

47. THEATERS  A community theater will only perform a show if there are at least 250 pre-sale ticket requests. 
Additional performances will be added for each 250 requests after that. Draw a step function graph that best 
describes this situation. 

SOLUTION:  
Make a table of values. 
  

  
Graph the number of pre-sale tickets sold on the x-axis and the number of shows on the y-axis. If the number of 
tickets sold is between 250 and 499, then there will be one show. So, there is a closed circle at (250, 1) and an open 
circle at (500, 1). Connect these points with a line. Graph the rest of the data in the table similarly. 

 
  

Number of 
Tickets 

Number of 
Shows 

   0 – 249 0 
250 – 499 1 
500 – 749 2 
750 – 999 3

Graph each function.

48.    

SOLUTION:  
Since f (x) cannot be negative or less than 2, the minimum point of the graph is where x  = 0.
The minimum point of the graph is at (0, 2). 
  
Make a table of values. Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
f (x) 3 2.5 2 2.5 3 

49.    

SOLUTION:  
Since g(x) cannot be negative or less than 4, the minimum point of the graph is where x  = 0.
 The minimum point of the graph is at (0, 4). 
  
Make a table of values.Use this x-value as the middle value of your table of values.  
  

  

 

x –2 –1 0 1 2 
g (x)   4   

50. h(x) = −2|x − 3| + 2 

SOLUTION:  
The center point of the absolute value graph is located where x – 3 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 1 2 3 4 5 
h(x) –2 0 2 0 –2 

51. f (x) = −4|x + 2| − 3 

SOLUTION:  
The center point of the absolute value graph is located where x + 2 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –4 –3 –2 –1 0 
f (x) –11 –7 –3 –7 –11 

52.   

SOLUTION:  
The center point of the absolute value graph is located where x + 6 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x –8 –7 –6 –5 –4 
g (x)   –1   

53.   

SOLUTION:  
The center point of the absolute value graph is located where x – 8 = 0. Use this x-value as the middle value of 
your table of values.  
  

  

 

x 6 7 8 9 10 
h(x) –0.5 0.25 1 0.25 –0.5 

54. MULTIPLE REPRESENTATIONS  In this problem, you will explore piecewise-defined functions. 
  

a. TABULAR  Copy and complete the table of values for  and  . 

 

  
b.  GRAPHICAL  Graph each function on a coordinate plane. 
c.  ANALYTICAL  Compare and contrast the graphs of f (x) and g(x). 

SOLUTION:  
a.  For f (x), first find the the greatest integer that is less than or equal to x, and then find the absolute value of that 
integer. For g(x), first find the absolute value of x, and then find the greatest integer that is less than or equal to | x |. 

   
b. Plot the points from the table for f (x) and g(x). Find points for additional x values as needed to complete each 
graph. 
 f (x) 

 
g(x) 

 
c.  For each nonnegative value of x, the functions have the same y-values. Hence, the graphs to the right of the y-
axis are exactly the same. For negative integer values the functions also have the same y-values. However, the the 
y-values for g(x) are all one less than f (x) for all negative non-integer values for x.  So, on the graphs the line 
segments for g(x) are all one unit lower than those for f (x) to the left of the y-axis. The segments to the left also 
have the open and closed circles reversed on the graph of g(x) 

55. REASONING  Does the piecewise relation below represent a function? Why or why not. 
 

SOLUTION:  
Consider the graph of the realation. 

 
  
The relation does not represent a piecewise function, because the expressions in the piecewise relation overlap each 
other. The graph fails the vertical line test. 

CCSS SENSE-MAKING  Refer to the graph.
  

 
56. Write an absolute value function that represents the graph. 

SOLUTION:  
The graph represents an absolute value function. It passes through the points (2, 2) and (6, 0). Find the slope of the 
part of the function that descends from left to right. 

 

So, the slope of the function that descends from left to right (the left side of the graph) is .
 

And, the slope of the function that ascends from left to right (the right side of the graph) is .
 

Look at the right side of the absolute value function. This is the side where most of the positive x-values are always 

located.  Because the graph passes through the point (10, 2), then  . Solve for b. 

 

So,  when x > 6. This function represents the right side of the graph. Multiplying this function by –1 

will give us the left side of the graph. 
  

 

So,  when x ≤ 6. 

The function that represents the right side of the graph of an absolute value function will always be represented in 
the absolute value symbols. 

Therefore, . 

  

57. Write a piecewise function to represent the graph. 

SOLUTION:  
Left side: 
It passes through the points (2, 2) and (6, 0). Find the slope of the part of the function that descends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 

  

Because the graph passes through the point (–2, 4), then . Solve for b.
 

  

 
  

So,  when x ≤6. 

  
Right Side: 
It passes through the points (6, 0) and (10, 2). Find the slope of the part of the function that ascends from left to 
right. 
  

 
  

So, the slope of the function that descends from left to right (the left side of the graph) is . 
  
  

Because the graph passes through the point (14, 4), then . Solve for b.
 

  

 
  

So,  when x > 6. 
  

So, the piecewise-defined function  represents the graph.

 

58. What are the domain and range? 

SOLUTION:  
The graph will cover all possible values of x, so the domain is all real numbers. The graph will go no lower than y  = 0,

so the range is {y  | y  0}. 

59. WRITING IN MATH Compare and contrast the graphs of absolute value, step, and piecewise-defined functions 
with the graphs of quadratic and exponential functions. Discuss the domains, ranges, maxima, minima, and 
symmetry. 

SOLUTION:  
Consider the graphs of step functions, absolute value functions, and piecewise functions: 

      
  
And compare them with graphs of quadratic and exponential functions.  

   
  
All of the functions except for a piecewise function have the domain of all real numbers. The range for quadratic, 
exponential, absolute value functions extends to infinity in one direction and is limited in the other. These functions 
are also the only ones with a maximum or minimum. Piecewise functions may or may not have a restricted range, 
depending on the function, and step functions only have a range for integer values. The only graphs that are 
symmetric are quadratic and absolute value functions, about their axis.   

60. CHALLENGE  A bicyclist travels up and down a hill. The hill has a vertical cross section that can be modeled by 

the equation  where x and y  are measured in feet. 

a.  If 0  x  800, find the slope for the uphill portion of the trip and then the downhill portion of the trip. 
b.  Graph this function. What are the domain and range? 

SOLUTION:  
a. The slope for the uphill portion will be positive and the slope for the downhill portion will be negative. So, the slope 

for the uphill portion is  and the slope for the downhill portion is  .
 

b. Make a table of values. Then, graph the ordered pairs and connect them with smooth lines. 

  

 
  
The graph will cover all possible values of x between 0 and 800, so the domain is 0  x  800. The graph will cover

all possible values of y between 0 and 100, so the range is 100  y  0. 

x 0 200 400 600 800 
y  0 50 100 50 0 

61. Which equation represents a line that is perpendicular to the graph and passes through the point at (2, 0)? 
  

 
  
A  y  = 3x − 6 
  
B  y  = −3x + 6 
  

C  
 

  

D  
 

SOLUTION:  
Find the slope of the line in the graph. The line passes through the points (–1, 1) and (0, 4). Find the slope of the line. 
  

 

The slope of the line shown in the graph is 3. So, a line that is perpendicular to the one shown in the graph will have a

slope of – . Use the point slope formula to find the equation of the perpendicular line if it passes through the point 

(2, 0). 
  

 

So, the equation that represents a line that is perpendicular to the line shown in the graph and passes through (2, 0) 

is . So, the correct choice is C.
 

62. A giant tortoise travels at a rate of 0.17 mile per hour. Which equation models the time t it would take the giant 
tortoise to travel 0.8 mile? 
  

F  
 

  
G  t = (0.17)(0.8) 
  

H  
 

  

J  
 

SOLUTION:  
To find the time t it would take the tortoise to travel 0.8 mile, use the formula d = rt, where d = distance and r = rate.
Then, solve for t. 

 

So, the correct choice is F. 

63. GEOMETRY  If JKL is similar to JNM what is the value of a? 

 
A  62.5 
  
B  105 
  
C  125 
  
D  155.5 

SOLUTION:  

Triangle JMN is similar to triangle JLK because ∠M and ∠L are right angles, ∠K and ∠M  are marked congruent 

and ∠KJL and ∠MJN are vertical angles. Similar triangles congruent corresponding angles and proportional 
corresponding sides. 
  
Use a proportion to find the value of a. 
  

 

  
So, the correct choice is B. 

64. GRIDDED RESPONSE  What is the difference in the value of 2.1(x + 3.2), when x = 5 and when x = 3?

SOLUTION:  
Evaluate 2.1(x + 3.2), when x = 5.
  

 

  
Evaluate 2.1(x + 3.2), when x = 3.
  

 

  
Find the difference of the results. 
17.22 – 13.02 = 4.2 
So, the difference is 4.2. 

Look for a pattern in each table of values to determine which model best describes the data.

65.   
  

SOLUTION:  
Compare the first differences: 

 
  
The first distances are the same, so the function is linear. 

66.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

67.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not the same, so compare the second differences:

 
  
The second differences are not the same so look for a common ratio: 

 
  
There is a common ratio, so the function is exponential.  

68.   

SOLUTION:  
Compare the first differences: 

 
  
The first differences are not equal, so compare the second differences:

 
  
The second differences are the same, so the function is quadratic. 

69. TESTS  Determine whether the graph below shows a positive , a negative, or no correlation. If there is a 
correlation, describe its meaning. 

 

SOLUTION:  
In general, the test scores increase as the amount of time spent studying increases. The regression line for this data 
has a positive slope and a correlation coefficient close to 0.5. Since 0.5 is not close to 1, the equation is not a good fit 
of the data. So, the graph shows a weak positive correlation. This means the more you study, the better your test 
score is likely to be. 

Suppose y  varies directly as x.
70. If y  = 2.5 when x = 0.5, find y  when x = 20.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 5x.
  

 

  
So, y  = 100 when x = 5. 

71. If y  = −6.6 when x = 9.9, find y  when x = 6.6.

SOLUTION:  
Find the constant of variation, k . 
  

 

So, the direct variation equation is y  = x.

  
 

  
So, y  = –4.4 when x = 6.6. 

72. If y  = 2.6 when x = 0.25, find y  when x = 1.125.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10.4x.
  

 

  
So, y  = 11.7 when x = 1.125. 

73. If y  = 6 when x = 0.6, find x when y  = 12.

SOLUTION:  
Find the constant of variation, k . 
  

 

  
So, the direct variation equation is y  = 10x.
  

 

  
So, x = 1.2 when y  = 12. 

Evaluate each expression. If necessary, round to the nearest hundredth.

74.   

SOLUTION:  

 

75.   

SOLUTION:  

 
  
Use a calculator to evaluate the last expression:

 

76.   

SOLUTION:  
Since this is a decimal a calculator is needed. 

 

77.   

SOLUTION:  

78.   

SOLUTION:  
Use a calculator to evaluate this expression. 

 

79.   

SOLUTION:  
Use a calculator to evaluate this expression.
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