
Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 

eSolutions Manual - Powered by Cognero Page 7

4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 

eSolutions Manual - Powered by Cognero Page 14

4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 

eSolutions Manual - Powered by Cognero Page 20

4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 

eSolutions Manual - Powered by Cognero Page 31

4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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4-4 Parallel and Perpendicular Lines 



Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of the given equation. 

���(í1, 2),  

62/87,21���

The slope of the line with equation  is . The line parallel to  has the same slope, .
� 

 

� 

���(0, 4), y  = í4x + 5 

62/87,21���
The slope of the line with equation y  = í4x + 5 is ±4. The line parallel to y  = í4x + 5 has the same slope, ±4.
� 

 

���*$5'(16� A garden is in the shape of a quadrilateral with vertices A(í2, 1), B(3, í3), C(5, 7), and D(í3, 4). Two 
paths represented by �and �cut across the garden. Are the paths perpendicular? Explain. 
� 

 
62/87,21���

Find the slope of . 
� 

 

� 
Find the slope of . 
� 

 

� 
The slope of �LV�WKH�RSSRVLWH�UHFLSURFDO�RI�WKH�VORSH�RI� , so the two paths are perpendicular.

���&&66�35(&,6,21� A square is a quadrilateral that has opposite sides parallel, consecutive sides that are 
perpendicular, and diagonals that are perpendicular. Determine whether the quadrilateral is a square. Explain. 

 
62/87,21���

Sides �DQG� are both vertical line segments and have undefined slopes, so they are parallel. Sides �DQG�
�DUH�ERWK�KRUL]RQWDO�OLQH�VHJPHQWV�DQG�KDYH�D�VORSH�RI����VR�WKH\�DUH�SDUDOOHO� 

Side �KDV�D�VORSH�RI�±1 (down 1 unit, right 1 unit). Side �KDV�D�VORSH�RI����XS���XQLW��ULJKW���XQLW���6LQFH�WKH�
slopes of �DQG� �DUH�RSSRVLWH�UHFLSURFDOV��WKH\�DUH�SHUSHQGLFXODU���7KH�TXDGULODWHUDO�LV�D�VTXDUH� 

Determine whether the graphs of the following equations are parallel  or perpendicular . Explain.
���y  = í2x, 2y  = x, 4y  = 2x + 4 

62/87,21���
The slope of the first equation is ±2. Write the second two equations in slope-intercept form. 
� 

 

� 

The slope of the second equation is .
 

� 
 

� 

The slope of the third equation is .
 

The slope of y  = í2x is the opposite reciprocal of the slope of 2y  = x and 4y  = 2x + 4, so it is perpendicular to the 
other two graphs. And, the slopes of 2y  = x and 4y  = 2x + 4 are equal, so they are parallel. 

���y  = x, 3y  = x, y  = í x
 

62/87,21���

The slope of the first equation is . Write the second equation in slope-intercept form.
 

 

The slope of the second equation is . The slope of the third equation is .
 

None of the slopes are equal or opposite reciprocals, so none of the graphs of the equations are parallel or 
perpendicular. 

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

���(í2, 3),  

62/87,21���

The slope of the line with equation �LV� . The slope of the perpendicular line is the opposite 

reciprocal of , or 2. 
� 

 

���(í1, 4), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 

or . 

� 
 

���(2, 3), 2x + 3y  = 4 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 2x + 3y  = 4 is . The slope of the perpendicular line is the opposite reciprocal 

of , or . 

� 
 

����(3, 6), 3x í 4y  = í2 

62/87,21���
Write the equation in slope-intercept form. 
� 

 

� 
The slope of the line with equation 3x í 4y  = í2 is . The slope of the perpendicular line is the opposite reciprocal of

, or . 

� 
 

Write an equation in slope-intercept form for the line that passes through the given point and is parallel 
to the graph of given equation. 

����(3, í2) , y  = x + 4 

62/87,21���
The slope of the line with equation y  = x + 4 is 1. The line parallel to y  = x + 4 has the same slope, 1.
� 

 

����(4, í3) , y  = 3x í 5 

62/87,21���
The slope of the line with equation y  = 3x í 5 is 3. The line parallel to y  = 3x í 5 has the same slope, 3.
� 

 

����(0, 2) , y  = í5x + 8 

62/87,21���
The slope of the line with equation y  = í5x + 8 is ±5. The line parallel to y  = í5x + 8 has the same slope, ±5.
� 

 

����(í4, 2) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. 
� 

 

����(í2, 3) ,  

62/87,21���

The slope of the line with equation �LV� . The line parallel to �KDV�WKH�VDPH�VORSH��

. Use the point-slope form formula to find the equation for the parallel line. 
� 

 

����(9, 12) , y  = 13x í 4 

62/87,21���
The slope of the line with equation y  = 13x í 4 is 13. The line parallel to y  = 13x í 4 has the same slope, 13.
� 

 

����*(20(75<� $�WUDSH]RLG�LV�D�TXDGULODWHUDO�WKDW�KDV�H[DFWO\�RQH�SDLU�RI�SDUDOOHO�RSSRVLWH�VLGHV���,V�ABCD��D�
trapezoid? Explain. 

 
62/87,21���

Use the graph to determine the slop of each segment of the quadrilateral. The line containing �and the line 

containing �KDYH�WKH�VDPH�VORSH�� (up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of 

�is undefined and the slope of �LV� , so they are not parallel. ABCD is a trapezoid.
 

����*(20(75<� CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning. 

 
62/87,21���

Use the graph to determine the slope of each diagonal. The slope of �LV� (up 2 units, right 3 units) and the slope 

of �is ��GRZQ���XQLWV��ULJKW���XQLWV���7KH�GLDJRQDOV�DUH�SHUSHQGLFXODU�EHFDXVH�WKH�VORSHV�DUH�RSSRVLWH�

reciprocals. 

����'HWHUPLQH�ZKHWKHU��WKH�JUDSKV�RI��y  = í6x + 4 and y  = �are perpendicular. Explain.
 

62/87,21���

The slope of y  = í6x + 4 is ±6. The slope of y  = is . The slopes are opposite reciprocals, so y  = í6x + 4 and y  

= �DUH�SHUSHQGLFXODU�
 

����0$36� On a map, Elmwood Drive passes through R(4, í11) and S(0, í9), and Taylor Road passes through J(6, í2) 
and K(4, í5). If they are straight lines, are the two streets perpendicular? Explain. 

62/87,21���

Find the slope of Elmwood Drive ( ). 
� 

 

� 
Find the slope of Taylor Road ( ). 
� 

 

� 
The two streets are not perpendicular because their slopes are not opposite reciprocals.

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicula r. Explain. 

����2x í 8y  = í24, 4x + y  = í2, x í 4y  = 4 

62/87,21���
Write the equations in slope-intercept form. 
� 
(TXDWLRQ���� 

 

The slope of 2x í 8y  = í24 is .
 

� 
(TXDWLRQ���� 

 

The slope of 4x + y  = í2 is í4. 
� 
(TXDWLRQ���� 

 

The slope of x í 4y  = 4 is .
 

� 
The slope of 4x + y  = í2 is the opposite reciprocal of the slope of 2x í 8y  = í24 and x í 4y  = 4, so it is perpendicular
to the other two graphs. And, the slopes of 2x í 8y  = í24 and x í 4y  = 4 are equal, so they are parallel. 

����3x í 9y  = 9, 3y  = x + 12, 2x í 6y  = 12 

62/87,21���
Write the equations in slope-intercept form. 
� 
Equation 1: 

 

The slope of 3x í 9y  = 9 is .
 

� 
(TXDWLRQ���� 

 

The slope of 3y  = x + 12 is .
 

� 
(TXDWLRQ���� 

 

The slope of 2x í 6y  = 12 is .
 

� 
The slopes of 3x í 9y  = 9, 3y  = x + 12, and 2x í 6y  = 12 are all equal, so they are all parallel.

Write an equation in slope-intercept form for the line that passes through the given point and is 
perpendicular to the graph of the equation. 

����(í3, í2), y  = í2x + 4 

62/87,21���
The slope of the line with equation y  = í2x + 4 is ±2. The slope of the perpendicular line is the opposite reciprocal of 

±2, or .
 

� 
 

����(-5, 2),  

62/87,21���

The slope of the line with equation is ��7KH�VORSH�RI�WKH�SHUSHQGLFXODU�OLQH�LV�WKH�RSSRVLWH�UHFLSURFDO�RI�

, or ±2.
 

� 

 

����(í4, 5), 
 

62/87,21���

The slope of the line with equation is . The slope of the perpendicular line is the opposite reciprocal of ,

or ±3. 
� 

 

����(2, 6),  

62/87,21���

The slope of the line with equation  is . The slope of the perpendicular line is the opposite 

reciprocal of , or 4. 
� 

 

����(3, 8), y  = 5x í 3 

62/87,21���
The slope of the line with equation y  = 5x ±3 is 5. The slope of the perpendicular line is the opposite reciprocal of 5, 
or . 
� 

 

����(4, í2), y  = 3x + 5 

62/87,21���
The slope of the line with equation y  = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3, 
or . 
� 

 

Write an equation in slope-intercept form for a line perpendicular to the graph of the equation that passes
through the x-intercept of that line. 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find 

the x-intercept. 
� 

 

� 
Use the x-intercept (±8, 0) and the slope, 2, to find the perpendicular line. 
� 

 

����
 

62/87,21���

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 

Use the x-intercept (9, 0) and the slope, , to find the perpendicular line.
 

� 
 

����y  = 5x + 3 

62/87,21���

The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the x-intercept. 
� 

 

� 
Use the x-intercept  and the slope, , to find the perpendicular line. 

� 
 

����Write an equation in slope-intercept form for the line that is perpendicular to the graph of 3x + 2y  = 8 and passes 
through the y-intercept of that line. 

62/87,21���
Write the equation in slope-intercept form to find the slope. 
� 

 

� 

The slope of the equation is , so the slope of the perpendicular line would be the opposite reciprocal, or . Find 

the y-intercept. 
� 

 

� 

Use the y-intercept (0, 4) and the slope, , to find the perpendicular line.
 

� 
 

Determine whether the graphs of each pair of equations are parallel , perpendicular , or neither.
����y  = 4x + 3 

4x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of y  = 4x + 3 is 4 and the slope of 4x + y  = 3 is ±4. They are neither equal nor opposite reciprocals, so the 
graphs of the equations are neither parallel nor perpendicular. 

����y  = í2x 
2x + y  = 3 

62/87,21���
Write the second equation in slope-intercept form. 
� 

 

� 
The slope of the both equations is ±2 so the graphs of the equations are parallel.

����3x + 5y  = 10 
5x í 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the 3x + 5y  = 10 is �DQG�WKH�VORSH�RI��x í 3y  = í6 is . They are opposite reciprocals, so the 

graphs of the equations are perpendicular. 

����í3x + 4y  = 8 
í4x + 3y  = í6 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor opposite 

reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 5y  = 15 
3x + 5y  = 15 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the first equation is �DQG�WKH�VORSH�RI�WKH�VHFRQG�HTXDWLRQ�LV� . They are neither equal nor 

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular. 

����2x + 7y  = í35 
4x + 14y  = í42 

62/87,21���
Write the equations in slope-intercept form. 
� 

 

� 
 

� 

The slope of the both equations is ±  so the graphs of the equations are parallel.

����Write an equation of the line that is parallel to the graph of y  = 7x í 3 and passes through the origin. 

62/87,21���
The slope of the line with equation y  = 7x í 3 is 7. The line parallel to y  = 7x í 3 has the same slope, 7. The origin is 
the point (0, 0). 

 

����(;&$9$7,21� Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (í5, 
8) to (10, í1) and a second bone lies from (í10, í3) to (í5, í6), are the bones parallel? Explain. 

62/87,21���
Find the slope of the first bone. 
� 

 

� 
Find the slope of the second bone. 
� 

 

� 

The two bones are parallel because their slopes are both .

����$5&+$(2/2*<� In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair 
accessories at (4, í1). A pole is found with one end at (7, 10) and the other end at (14, 12). Is the pole perpendicular 
to the line through the pottery and the hair accessories? Explain. 

62/87,21���
Find the slope of the line through the pottery and hair accessories. 
� 

 

� 
Find the slope of the pole. 
� 

 

The slope of the line through the pottery and hair accessories is �DQG�WKH�VORSH�RI�WKH�SROH�LV� . They are 

opposite reciprocals, so they are perpendicular. 

����*5$3+,&6� To create a design on a computer, Andeana must enter the coordinates for points on the design. One 
line segment she drew has endpoints of (í2, 1) and (4, 3). The other coordinates that Andeana entered are (2, í7) 
and (8, í3). Could these points be the vertices of a rectangle? Explain. 

62/87,21���
Find the slope of the first line segment she drew. 
� 

 

� 
Find the slope of the line segments that would be drawn between the other coordinates Andeana entered. 
� 

 

� 
The slopes of these two line segments are not equal, so they are not parallel. Opposite sides of a rectangle must be 
parallel, so the points are not vertices of a rectangle. 

����08/7,3/(�5(35(6(17$7,216� In this problem, you will explore parallel and perpendicular lines. 
D���*5$3+,&$/� Graph the points A(í3, 3), B(3, 5), and C(í4, 0) on a coordinate plane. 
E���$1$/<7,&$/� Determine the coordinates of a fourth point D that would form a parallelogram. Explain your 
reasoning. 
F���$1$/<7,&$/� What is the minimum number of points that could be moved to make the parallelogram a 
rectangle? Describe which points should be moved and explain why. 

62/87,21���
a. To plot point A, start at the origin, go 3 units to the left and 3 units up. To plot point B, start at the origin, go 3 units 
to the right and 5 units up. To plot point C, start at the origin and go 4 units to the left. 

 
� 

b. Looking at the graph, the slope of �LV� ��XS���XQLW��ULJKW���XQLWV���7R�IRUP�D�SDUDOOHORJUDP�� would have to 

have the same slope as , . So, using the same slope as , find the y-intercept using the fact that  using 

the coordinate of C. Then write an equation for . 
� 

 

� 
Looking at the graph, the slope of �LV����XS���XQLWV��ULJKW���XQLW���7R�IRUP�D�SDUDOOHORJUDP�� �ZRXOG�KDYH�WR�
have the same slope as , 3. So, using the same slope as , find the y-intercept and write an equation for . 
� 

 

� 
Find a point that is found on both equations. Set the equations equal to each other to find the x-coordinate. Then 
substitute that value into one of the equations to find the corresponding y-coordinate. 
� 

 

� 
 

� 
So to form a parallelogram, point D must be (2, 2). 
� 
c. A minimum of 2 points must be moved to change a parallelogram into a rectangle. Either C and D should be 
moved or A and B should be moved to make �DQG� �SDUDOOHO� 

����&+$//(1*(� If the line through (í2, 4) and (5, d) is parallel to the graph of y  = 3x + 4, what is the value of d?

62/87,21���
The slope of y  = 3x + 4 is 3, so the slope of the line through the points must also be 3.

 

So, the value of d is 25. 

����REASONING Which key features of the graphs of two parallel lines are the same, and which are different? Which
key features of the graphs of two perpendicular lines are the same, and which are different? 

62/87,21���
6DPSOH�DQVZHU������ 
� 

 
� 
Parallel lines: similarities: The domain and range are all real numbers, the functions are both either increasing or 
decreasing on the entire domain, the end behavior is the same, and the lines will have the same slope; differences: x- 
and y-LQWHUFHSWV�DUH�GLIIHUHQW��$Q\�SRLQW�RQ�RQH�OLQH�ZLOO�QRW�EH�RQ�WKH�RWKHU�� 
� 

 
Perpendicular lines: similarities: The domain and range are all real numbers, and the lines have one point in common; 
differences: One function is increasing and the other is decreasing on the entire domain, as x decreases, y  increases 
for one function and decreases for the other and as x increases, y  increases for one function and decreases for the 
other. The lines will have slopes that are opposite reciprocals. 

����23(1�(1'('� Graph a line that is parallel and a line that is perpendicular to y  = 2x í 1. 

62/87,21���
To graph a line that is parallel to y  = 2x í 1, draw a line with the slope of 2 that has a y-intercept other than í1. To 

graph a line that is perpendicular to y  = 2x í 1, draw a line with the slope of .
 

Sample answer: 

 

����&&66�&5,7,48(� Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y  = 

x + 2 and passes through the point (í3, 5). Is either of them correct? Explain your reasoning.
 

� 

�  

62/87,21���
Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a 

line that is perpendicular to y  = x + 2. The correct slope is ±3 because it is the opposite reciprocal of the slope of 

the original line. 

����:5,7,1*�,1�0$7+� Illustrate how you can determine whether two lines are parallel or perpendicular. Write an 
equation for the graph that is parallel and an equation for the graph that is perpendicular to the line shown. Explain 
your reasoning 

 
62/87,21���
Sample answer: If two equations have the same slope, then the lines are parallel. If the product of their slopes equals

í1, then the lines are perpendicular. The graph of �LV�SDUDOOHO�WR�WKH�JUDSK�RI� �EHFDXVH�WKH\�KDYH�

the same slope, . The graph of �LV�SHUSHQGLFXODU�WR�WKH�JUDSK�RI� �EHFDXVH�WKH�SURGXFW�RI�WKHLU�

slopes is í1. 

����Which of the following is an algebraic translation of the following phrase? 
5 less than the quotient of a number and 8 

$��
 

%��
 

&��
 

'��
 

62/87,21���
Rewrite the phrase so it is easier to translate. The quotient of a number and 8 means a number divided by 8. 5 
less than this means 5 is subtracted from this. 
� 

� 
So, the correct choice is B. 

a number 
divided by 

eight 

minus five  

n�·�� ± 5 
± 5

����A line through which two points would be parallel to a line with a slope of ?

)� (0, 5) and (í4, 2) 
*� (0, 2) and (í4, 1) 
+� (0, 0) and (0, í2) 
-� (0, í2) and (í4, í2) 

62/87,21���
Find the slope of the points for choice F. 

 

This is the same slope as that of the given line, so the correct choice is F.

����Which equation best fits the data in the table? 

$� y  = x + 4 
%� y  = 2x + 3 
&� y  = 7 
'� y  = 4x í 5 

x y  
1 5 
2 7 
3 9 
4 11 

62/87,21���
Substitute the x-values from the table into each equation to determine if y-YDOXH�LV�WKH�VDPH��
Choice A: 

� 
Choice B: 

� 
Choice C: 

� 
Choice D: 

Equation B is true for all values in the table. So, the correct choice is B. 

x y  = x + 4 y  
1 y  = (1) + 4 5 
2 y  = (2) + 4 6 
3 y  = (3) + 4 5 
4 y  = (4) + 4 8 

x y  = 2x + 3 y  
1 y  = 2(1) + 3 5 
2 y  = 2(2) + 3 7 
3 y  = 2(3) + 3 9 
4 y  = 2(4) + 3 11 

x y  = 7 y  
1 y  = 7 7 
2 y  = 7 7 
3 y  = 7 7 
4 y  = 7 7 

x y  = 4x ± 5 y  
1 y  = 4(1) ± 5 ±1 
2 y  = 4(2) ± 5 3 
3 y  = 4(3) ± 5 7 
4 y  = 4(4) ± 5 11 

����6+257�5(63216(� Tyler is filling his 6000-gallon pool at a constant rate. After 4 hours, the pool contained 800 
gallons. How many total hours will it take to completely fill the pool? 

62/87,21���
Use proportion to find the number of hours to fill a 6000-gallon pool.
. 

 

� 
So, it will take 30 hours to completely fill the pool. 

Write each equation in standard form.
����y  í 13 = 4 (x í 2) 

62/87,21���

����y  í 5 = í2 (x + 2) 

62/87,21���

����y  + 3 = í5 (x + 1)

62/87,21���

����y  + 7 = (x + 2)
 

62/87,21���

����  

62/87,21���

����y  í 2 = (x í 8)
 

62/87,21���

����&$12(�5(17$/� Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

 
D�� Write a linear equation to find the total cost C of renting the canoe for h hours. 
E�� How much would it cost to rent the canoe for 8 hours? 

62/87,21���
a. Find the constant daily rate. 

 

Write the equation. 
C = 10h + 15 
b.  

So, the cost to rent a canoe for 8 hours is $95.

Write an equation of the line that passes through each point with the given slope.
����(5, í2), m = 3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í5, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 0), m = í2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(3, 5), m = 2 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í3, í1), m = í3 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

����(í2, 4), m = í5 

62/87,21���
Find the y-intercept. 

 

Write the equation in slope-intercept form.
 

Simplify each expression. If not possible, write simplified.
����13m + m 

62/87,21���

����14a2 + 13b2 + 27 

62/87,21���
There are no like terms to be combined. The expression is already simplified.

����3(x + 2x) 

62/87,21���

����),1$1&,$/�/,7(5$&<� At a Farmers¶�Market, merchants can rent a small table for $5.00 and a large table for
$8.50. One time, 25 small and 10 large tables were rented. Another time, 35 small and 12 large were rented. 
D�� Write an algebraic expression to show the total amount of money collected. 
E�� Evaluate the expression. 

62/87,21���
a. 25(5) + 10(8.5) + 35(5) + 12(8.5) 
b.

So the total amount of money collected is $487. 

Express each relation as a graph. Then determine the domain and range.
����{(3, 8), (3, 7), (2, í9), (1, í9), (í5, í3)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, 1, 2, 3} 
and the range is {í9, í3, 7, 8}. 

����{(3, 4), (4, 3), (2, 2), (5, í4), (í4, 5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í4, 2, 3, 4, 
5} and the range is {í4, 2, 3, 4, 5}. 

����{(0, 2), (í5, 1), (0, 6), (í1, 9), (í4, í5)} 

62/87,21���
Plot the points. 

 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {í5, í4, í1, 
0} and the range is {í5, 1, 2, 6, 9}. 

����{ (±7, 6), (±3, ±4), (4, ±5), (±2, 6), (±3, 2) } 

62/87,21���
Plot the points. 

 
� 
The domain is all x values of the relation, and the range is all y  values of the relation. So, the domain is {±7, ±3, 4, ±
2} and the range is {6, ±4, ±5, 2}. 
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