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.

L(-1.2),y =5 =3

SOLUTION:
The slope of the line with equation ¥ = %x —3is % The line parallel to}* = %x — 3 has the same slope, %
¥y —y1=m(x —x1) Point-slope form
y—2= % [x —(—1] Substitute
¥ —2:%[x+1] Simplify.
e D %x + % Distributive Property
y—2+2=%x—|—%—|—2 Add 2 to each side.

¥ =%x+2% Simplify.

2.(0,4),y=—4x+5

SOLUTION:
The slope of the line with equation y = —4x + 5 is —4. The line parallel to y = —4x + 5 has the same slope, —4.

y—yi=m(x—xp Point-slope form
y—4= —4(x—0)  Substitute
y—4=—4x40 Distributive Property
y—444= —4x4+04+4 Add4toeach side
y=—4x+4 Siumplify.
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4-4 Parallel and Perpendicular Lines

3. GARDENS A garden is in the shape of a quadrilateral with vertices A(—2, 1), B(3, —3), C(5, 7), and D(-3, 4). Two
paths represented by AC" and BI? cut across the garden. Are the paths perpendicular? Explain.

u

of N

] &)

SOLUTION:
Find the slope of AC.

_F2—h

Xy =X

The slope of BD is the opposite reciprocal of the slope of AC , so the two paths are perpendicular.
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4-4 Parallel and Perpendicular Lines

4. CCSS PRECISION 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.

¥
E F
%
H G
SOLUTION:

Sides EH and FG are both vertical line segments and have undefined slopes, so they are parallel. Sides EF and

HG are both horizontal line segments and have a slope of 0, so they are parallel.

Side G has a slope of —1 (down 1 unit, right 1 unit). Side #H has a slope of 1 (up 1 unit, right 1 unit). Since the

slopes of Elr and FH are opposite reciprocals, they are perpendicular. The quadrilateral is a square.

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

SOLUTION:
The slope of the first equation is —2. Write the second two equations in slope-intercept form.

2y=x
y_x
2 2

|
V=—X
-

1
The slope of the second equation is 3

dy=2x+4
4y _2x+4
4 4
i
y==x+I
2

1
The slope of the third equation is 2

The slope of y = —2x 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.
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4-4 Parallel and Perpendicular Lines

1
xX,3y =x,y =5

b3 | —

6.y =

SOLUTION:

1
The slope of the first equation is 3 Write the second equation in slope-intercept form.

l 1
The slope of the second equation is 2 The slope of the third equation is — 3

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.

7.(-2.3).y=—2x—4
SOLUTION:
The slope of the line with equationy = — %x —4is _%. The slope of the perpendicular line is the opposite
reciprocal of _%, or2.
Y=Yl =miX = X1 Point-slope form

y—3=2[x—-(—2)] Substitute

y—3=2[x42] Siumplify.

y—3=2x+4 Distributive Property
Y—=3E3=2x-F4-+F3 A£dd 3 to each side.

y=2x1T7 Simplify.
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4-4 Parallel and Perpendicular Lines

8.(-1,4),y =3x+5

SOLUTION:
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 ~ 3.
y—yri=m(x —xp Point-slope form

y—4— —Y[x_(—1D] substitute
A

y—4= —%[x+1] Simplify.
3
y—4= —%x—% Distributive Property
2 2
y—4+4=—%x—%+4 Add 4 to each side.
2 2
1., 22 L
e = S l1fiy.
y 3x+;~3 unp ity

9.(2,3),2x+3y =4
SOLUTION:
Write the equation in slope-intercept form.
2x 43y =4 Original equation
2—2x+3y=4-2x Subtract Zx from each side.
3y=—2x+4+4 Sunplfy.

Bl —2x 44 L ' 3
= Divide each side by 3.

Y= —%x + 1% Sumnplify.

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

3 3
of =3, 0r 2.

y—yi=m(x —x1) Point-slope form

i %(x —2)  Substitute

y—3= %x =8 Distributive Property
y—3+3=%x—3+3 £dd 3 to each side.
g %x Sunplify.
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4-4 Parallel and Perpendicular Lines

10. (3, 6), 3x — 4y = 2

SOLUTION:
Write the equation in slope-intercept form.

k—dyp= -2 Original equation
3x —3x —4y = —2 —3x Subtract 3x from each side.
—4y = —3x —2 Sumphfy.

—4y _ -2 : "
= a4 Divide each side by —4.

Y= %x =5 % Simplify.

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

.00 3.
y —y1=m(x —x1) Point-slope form
y—6= —%(x—3)  substitute
4

y—6=——x+4 Distributive Property
2
y—6+6=—ix+4—5 Add 6 to each side.
4 o
=]l Simp lify.
2

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.
11.3,-2),y =x+4

SOLUTION:
The slope of the line with equation y = x + 4 is 1. The line parallel toy = x + 4 has the same slope, 1.

¥ —y1=m(x —x1) Point-slope form
y—(—2)=1(x—3) Substitute.

P e T Simplifyy.
y+2—-2=x—-3-2 Subtract
Y= 5 Sunplify.
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4-4 Parallel and Perpendicular Lines

12.4,-3),y=3x—-5
SOLUTION:

The slope of the line with equation y = 3x — 5 is 3. The line parallel to y = 3x — 5 has the same slope, 3.

y—yi=m(x —xy) Pomnt-slope form
Y= =3 =3x—4) Substitute.
p— =P =Fc—12 Distributive Property
y+3=3c—-12 Sumplify.
y—3+4+3=3%—12 —3 Bubtract
y=3x—15 Sunplify.

13.(0,2),y = —5x +8
SOLUTION:

The slope of the line with equation y = —5x + 8 is —5. The line parallel to y = —5x + 8 has the same slope, —5.

y—yi=m(x —xp Pomnt-slope form
Y—2=—8x ) Substitute.
g Zimims B Distributive Property
y—242=—-5%+0+2 Add?2to each side.
VY=l=Bat2 Siumnplify.

14.(-4,2),y = —2X+6

SOLUTION:

The slope of the line with equation ¥ = — %x + Gis —%. The line parallel to ¥ =
l

s
y—yi=m(x —xp Point-slope form

y—2= —%[x —(—4)] Substitute

y—2= —%[x+4] Siumplify.
i P %x i Distributive Property
y—2+2=—%x—2—|—2 Add 2 to each side
= —%x Sunplify.

eSolutions Manual - Powered by Cognero

)

2

X + & has the same slope,

Page 7



4-4 Parallel and Perpendicular Lines

15.(-2,3), ¥ = —§x+4
SOLUTION:
3
The slope of the line with equation ¥ = — %x +4is —3. The line parallel to ¥ = — %x + 4 has the same slope,

3
— 4. Use the point-slope form formula to find the equation for the parallel line.

y—y1=m(x —x1) Point-slope form
y—3= —%[x—{—Z)] Substitute,
y—3= —%[x—i—z] Simplify.
e R %x —% Distributive property
Yt k3= —%x—%—i—B Add 3 to each side
= —%x = 1% Simplify.

16.(9,12),y = 13x — 4

SOLUTION:
The slope of the line with equationy = 13x — 4 is 13. The line parallel toy = 13x — 4 has the same slope, 13.

y—yi=m(x —xp) Point-slope form
Vil =13{6=9) Substitute.
s ] =] Fapae | 1] Distributive Property
y=12412=13x—117+12 Add 12 to each side.
y=13x—-105 Sumplify.
17. GEOMETRY A trapezoid is a quadrilateral that has exactly one pair of parallel opposite sides. IsABCD a
trapezoid? Explain.
¥
C
Iz =1
N
L
b,
[*] X
=T (D
A
SOLUTION:

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

containing BC" have the same slope, ;(up 1 unit, right 3 units). Therefore one pair of sides is parallel. The slope of
AB is undefined and the slope of CD is —% , so they are not parallel. ABCD is a trapezoid.
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4-4 Parallel and Perpendicular Lines

18. GEOMETRY CDEF is a kite. Are the diagonals of the kite perpendicular? Explain your reasoning.
¥

F

13

SOLUTION:

" . .
Use the graph to determine the slope of each diagonal. The slope of CF is a (up 2 units, right 3 units) and the slope

of DF is % (down 3 units, right 2 units). The diagonals are perpendicular because the slopes are opposite

reciprocals.

|
19. Determine whether the graphs of y =—6x+4 andy = (—x are perpendicular. Explain.
3

SOLUTION:
l 1

The slope of y = —6x + 4 is —6. The slope of y = F.\‘ is g The slopes are opposite reciprocals, soy = —6x +4 and y
3

1 .
= F.‘L‘ are perpendicular.
3
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4-4 Parallel and Perpendicular Lines

20. MAPS On a map, Elmwood Drive passes through R(4, —11) and S(0, —9), and Taylor Road passes through J(6, —2)
and K(4, —5). If they are straight lines, are the two streets perpendicular? Explain.

SOLUTION:
Find the slope of Elmwood Drive ( RS ).

¥-—W
m= st

The two streets are not perpendicular because their slopes are not opposite reciprocals.
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4-4 Parallel and Perpendicular Lines

CCSS PERSEVERANCE Determine whether the graphs of the following equations are parallel or
perpendicular. Explain.
21.2x -8y =24, 4x+y="2,x—4y =4

SOLUTION:

Write the equations in slope-intercept form.
Equation 1:
2x —8pr = —24 Original equation 1
2x —2x —8 = —24 —32x Subtract 2x from each side.
—8 = —2x—24 Simplity.

-8 _ x4
8~  -E

Divide each side by —3.
Y= %x rk ] Siumplify.
1
The slope of 2x — 8y =24 is 1
Equation 2:
4x+y=—2 Original equation 2

4x —4x +y = —2 —4x Subtract 4x from each side.

y= —4x—2 Simplify.
The slope of 4x +y = —2is —4.

Equation 3:
x—4y =4 Original equation 3
X —X—4p=4-—-x Subtract x from each side.

—4y = —x+4 Simplify.

Ay _ x4 ' -
= Divide each side by —4.

l

y=3x—-1 Simplify.

1
The slope of x —4y =4 is a

The slope of 4x +y = —2 is the opposite reciprocal of the slope of 2x — 8y = —24 and x — 4y =4, so it is perpendicular

to the other two graphs. And, the slopes of 2x — 8y = —24 and x — 4y = 4 are equal, so they are parallel.
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4-4 Parallel and Perpendicular Lines

22.3x =9 =93y =x+12,2x —6y =12

SOLUTION:
Write the equations in slope-intercept form.

Equation 1:
I —9p =89 Original equation 1
x—3%—-Fy=0-3x Subtract 3x from each side.

—=8p="—3x4-2 Fumpliy.

__';g = _3:"'9"'9 Divide each side by —9.

Y= %x -1 Sumplify.

1
The slope of 3x =9y =9 is a-

Equation 2:

3y =x+12 Origmal equation 2

3 x411 o - 3
% = % Divide each side by 3.

s %x +4 Sumplify.
The slope of 3y =x + 12 is %
Equation 3:
2x —6p =12 Original equation 3
2x —2x. 8y =12=2x Subtract 2x from each side.
—6p=—2x+12 Simplify.

—fp _  —2x+412 '
= Divide each side by 6.

¥ =%x—2 Sunplify.

l
The slope of 2x — 6y =12 is 3

The slopes of 3x — 9y =9, 3y =x + 12, and 2x — 6y = 12 are all equal, so they are all parallel.
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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
perpendicular to the graph of the equation.
23.(-3,-2),y="2x+4
SOLUTION:
The slope of the line with equation y = —2x + 4 is —2. The slope of the perpendicular line is the opposite reciprocal of

1
—2,0r —.

2
¥—ryi=m(x—x1) Foint-slope form
y—(—2)=%[;-—(—3)] Substitute
¥+ =%[.T—|—3] Simplify.
1 3 o ]
y+2 =E.'|. —|—§ Distnbutive Property
1., 3 :
_}f—|—2—2=§.1 —|—§—2 Subtract.
y:lr_l Simplify
20 2 :

i
2

ol
24.(-5,2) = 2"

SOLUTION:
1

The slope of the line with equation ¥ = %x — 3is 2. The slope of the perpendicular line is the opposite reciprocal of
|

2, 0r—2.
y—yi=m(x—xy) Point-slope form
y—2=—2[x—(—5)] Substiute
y—2=—[x+5] Siumplify.

g s S ) Distributive Property
y—242=—-2x—-10+4+2 Add 2 to each side.
Y= =X '8 Sunplify.
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4-4 Parallel and Perpendicular Lines

I
25.(4,5), v= ;.1: +6

SOLUTION:

| l |
The slope of the line with equation y = ;.1: +6is 3. The slope of the perpendicular line is the opposite reciprocal of 3,

or 3.

Y=Yl =mix =Xl Poimnt-slope form
y—5= —3[x—(—4)] Substtute
y—5=—3[x+4] Siumplify.

Pages Sigpeslg Distributive Property
y—8+8= - —-12+5 Add3to euch side.

Y= =37 Sumplify.

26.(2,6),) = — ix +3

SOLUTION:

. : . 1 o 1 . . .
The slope of the line with equation ) = — EI + 3is —7. The slope of the perpendicular line is the opposite

|
reciprocal of 7, or 4.

y —yi=m(x —x1) Poimnt-slope form
y—6=4(x—2) Substiute
y—6=4x—8 Distributive Property

y—6+6=4x—8+4+6 Add 6 to each side.
y=4x -2 Siumnp lify.

27.(3,8),y=5x—-3

SOLUTION:

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 5.
Y=Yl =mix =Xl Point-slope form
b= —%(x —3)  Substitute
y—8= — %x + % Distributive Property
y—8+8= —%x—l—% +8 Add 8 to each side.
y= — %x + 8% Simp lify.
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4-4 Parallel and Perpendicular Lines

28.

29.

4, -2),y=3x+5
SOLUTION:

The sllope of the line with equationy = 3x + 5 is 3. The slope of the perpendicular line is the opposite reciprocal of 3,

or _E
y—ri=mXx—xip)

y=(=2)= -3 —4)

1 1

ST, (R | L
sl 3I+ 3
1 l

_}’+2= —§x+1—

-

e

1

Dy
Y 3 3
1 2
= —=X ——
Y 7 3

Point-slope form

Substitute.
Distributive Property

Sunplify.

X+ 1% —2 Subtract.

Siumplify.

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.

|
y=—-—x-4
2

SOLUTION:

1
The slope of the equation is - 2 so the slope of the perpendicular line would be the opposite reciprocal, or 2. Find

the x-intercept.

y:—%x—4
— 1y
0= X 4
O+4=—1x—4+4
l
4——§x

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

Original equation
Replace y with 0.

Add 4 to each side.

Siumnp lify.

MMultiply each side by —2.

Sumnplify.

y—yri=mix —xq) Pomnt-slope form
y—0=2[x—(—8)] Substitute
y—0=2[x418] Simp lify.

e Distributive Property
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4-4 Parallel and Perpendicular Lines

2
30, y=—x-6
3

SOLUTION:

-

2 2
The slope of the equation is 380 the slope of the perpendicular line would be the opposite reciprocal, or - é . Find

the x-intercept.
y=35x—-6 Original equation
0=2x—6 Replacey with 0.

D+6=3x—6—|—6 Add 6 to each side.

3
6= %x Simp lify.
%(6) = %I%x) Multiply each side by %
B=% Siumplify.

A,

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

y—y1=m(x —x1) Pomt-slope form
y—0=—3(x—9) Substitute

y= - %x + :;—? Distributive Property
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4-4 Parallel and Perpendicular Lines

31y =5x+3
SOLUTION:

1
The slope of the equation is 5, so the slope of the perpendicular line would be the opposite reciprocal, or = ra Find

the x-intercept.

Py =>35k+3 Original equation
0=5x+3 Replacey with 0.
0—3=5-+3—3 Subtract 3 from each side.
— 3 =05y Siumnplify.
_?3 = %T Divide each side by 5.
—% =23 Siumnplify.

Use the x-intercept I[ - %, ﬂ) and the slope, — %, to find the perpendicular line.

¥ —y1=m(x —xp) Point-slope form
y—0= —%[x —(- %)] Substitute
y—0= —%[x+%] Simp lify.

y=- %x =4 % Distributive Property
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4-4 Parallel and Perpendicular Lines

32. 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.

SOLUTION:

Write the equation in slope-intercept form to find the slope.

3 +2y =28 Original equation
Zx—3x|2p=8-3x Subtract 3x from each side.

2y = —3x+8 Siumplfy.

ETJ” - % Divide each side by 2.
y= —%x +4 Simplify.

oy

3 2
The slope of the equation is - 2 so the slope of the perpendicular line would be the opposite reciprocal, or 3 Find

the y-intercept.
y=— %x +4 Original equation

y= —%([J) +4 Replacex with 0.
y=4 Sumplify.

2
Use the y-intercept (0, 4) and the slope, 3 to find the perpendicular line.

y—yi=m(x —x1) Point-slope form
- g -
Fh=3 (x —0)  Substitute

y—4= 2y 0 Distributive Property

3
¥ —4+4=%x—0—|—4 Add 4 to each side.
2 s .
y=3x+4 Simplify.
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4-4 Parallel and Perpendicular Lines

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

SOLUTION:
Write the second equation in slope-intercept form.
4x +y =3 Original equation
4x —dx +y=3—4x Subtract.
y= —4x+3 Simplfy.

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.

34.y =2
2x+y=3
SOLUTION:

Write the second equation in slope-intercept form.

2x+y=3 Original equation 2
X — X=X Subtract.
y= —2x+3 Simplfy.

The slope of the both equations is —2 so the graphs of the equations are parallel.
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4-4 Parallel and Perpendicular Lines

35.3x+5y =10
Sx =3y =-6
SOLUTION:
Write the equations in slope-intercept form.
3+ 5y =10 Original equation 1
Ik —3x|5y=10-3% Subtract 3x from each side.

Sy = —3x+4+10 Sumplify.

5% = @ Divide each side by 5.

= —%x—l—z Simp lify.

3= -6 Original equation 2
5 —5x —3y = —6 —5x Subtract 5x from each side.
—3y = —5x—6 Sumplify.
3 _ 56

-3 =3

Divide each side by —3.
i %x +2  Simphfy.

-

2 5
The slope of the 3x + 5y =10 is —% and the slope of 5x — 3y = —6is — . They are opposite reciprocals, so the
o P

graphs of the equations are perpendicular.
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4-4 Parallel and Perpendicular Lines

36. 3x+4y =28
—4x +3y =-6
SOLUTION:

Write the equations in slope-intercept form.
—3x+4y =8 Original equation
—3x+43x+4y=843x Add 3xto each side.
4y =3x+8 Sunplify.

4T.P o # Divide each side by 4.

y= %x +2 Sunplhify.

—4x 43y = -6 Original equation.
—4x +4x 43y = —6+4x Add 4x to each side.
3p=4x —6 Simplify.

3% = 41:_3—6 Divide each side by 3.

Y= %x —2  Smmplify.

.

4
The slope of the first equation is i and the slope of the second equation is 3 They are neither equal nor opposite

reciprocals, so the graphs of the equations are neither parallel nor perpendicular.
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4-4 Parallel and Perpendicular Lines

37.2x+5y =15
3x+5y=15
SOLUTION:

Write the equations in slope-intercept form.

2x+5p =15 Original equation 1
2X —ixAar =15 ~7x Subtract 2Zx from each side.
Sy = —2x+15 Smmplify.

5% = % Divide each side by 3.

P= —%x+3 Simplify.

3+ 5y =15 Original equation 2
k& —3x 5 =15—-3% Subtract 3x from each side.
Sy = —3x 415 Simplhfy.
o 415 i :
=2 Divide each side by 5.
Y= —%x—i—S Simp lify.

-

2 .
The slope of the first equation is - : and the slope of the second equation is —% . They are neither equal nor

opposite reciprocals, so the graphs of the equations are neither parallel nor perpendicular.
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4-4 Parallel and Perpendicular Lines

38.2x + Ty = 35
Ax + 14y = —42
SOLUTION:

Write the equations in slope-intercept form.

2x 4Ty = —35 Original equation 1
2x —2x+Ty =—35—2x Bubltract 2x from each side.
Tp=r==Jx=35 Swnplily.

Ty —:x-35 i
= = = Divide each side by 7.

y= —%x—ﬁ Sumplify.

dx 4+ 14y = —42 Original equation 2
4x —dx 414y = —42 —4x  Subtract 4x trom each side.
14y = —4x —42 Sumplfy.

14y  —4x—42
4 — 14

Divide each side by 14

Y= —%x —3 Simplify.

2
The slope of the both equations is — 7 so the graphs of the equations are parallel.

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

SOLUTION:

The slope of the line with equation y = 7x — 3 is 7. The line parallel to y = 7x — 3 has the same slope, 7. The origin is
the point (0, 0).

y=y=mx-x)
y—0=T(x-0)
y=Tx-0
y=Tx
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4-4 Parallel and Perpendicular Lines

40. EXCAVATION Scientists excavating a dinosaur mapped the site on a coordinate plane. If one bone lies from (5,

8) to (10, —1) and a second bone lies from (=10, —3) to (—5, —6), are the bones parallel? Explain.
SOLUTION:

Find the slope of the first bone.

m:}:_y'
(L o
_ -1-8
C10-(-5)
9
1%
-
5

Find the slope of the second bone.

-

The two bones are parallel because their slopes are both —; .
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4-4 Parallel and Perpendicular Lines

41. ARCHAEOLOGY In the ruins of an ancient civilization, an archaeologist found pottery at (2, 6) and hair
accessories at (4, —1). 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.

SOLUTION:
Find the slope of the line through the pottery and hair accessories.
Ya=h
X, =X
_=1-6
T 4-2

m=

Find the slope of the pole.

Vo =W

# L

m=

X, =X
12-10
==
-
7

7 2
The slope of the line through the pottery and hair accessories is - 3 and the slope of the pole is 7 They are

opposite reciprocals, so they are perpendicular.
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42. GRAPHICS 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 (=2, 1) and (4, 3). The other coordinates that Andeana entered are (2, —7)
and (8, —3). Could these points be the vertices of a rectangle? Explain.

SOLUTION:
Find the slope of the first line segment she drew.

m:‘}‘:_l'

l':—'l.l

3]

" 4-(2)
2

=
|
b

ad | b2 S|

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.

43, MULTIPLE REPRESENTATIONS In this problem, you will explore parallel and perpendicular lines.
a. GRAPHICAL Graph the points A(-3, 3), B(3, 5), and C(—4, 0) on a coordinate plane.
b. ANALYTICAL Determine the coordinates of a fourth point D that would form a parallelogram. Explain your

reasoning,.
¢. ANALYTICAL 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.

SOLUTION:
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.

¥ 8

A

eSolutions Manual - Powered by Cognero Page 26
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i l =
b. Looking at the graph, the slope of A is 2 (up 1 unit, right 3 units). To form a parallelogram, €12 would have to

il oy el
have the same slope as A8, o So, using the same slope as A8, find the y-intercept using the fact that C'1) using

the coordinate of C. Then write an equation for ([},

y = %x +b Slope-intercept form of CD
fj s %{ —4)+Db Replace variable with (—4,0).
0= —%+b Add —%toeachside.
% - Sunplify.
4 4 : 4 ;
y=3x+3 Add -3to each side .
¥ = %x + % Sunplify.

Looking at the graph, the slope of AC is3 (up 3 units, right 1 unit). To form a parallelogram, BD would have to
have the same slope as AC, 3. So, using the same slope as A", find the y-intercept and write an equation for £/,

y=3x+b Slope-intercept form of BD.
5=3(3)+5 Replace (x,y) with (3,5).
=gl Add 2 to each side.
5—9=9—-9+b Subtract@from each side.
—4=5 Sumplify.
=34 BD in slope-intercept form.

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.
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44,

e t2_ 34 CD = BD
2 2
%x — %x + % =3x — %x —4 Subtract;x from each side.
2 2 2 3 |
i Simplify.
3 3
1% +4 = E%x —44-4 Add 4 from each side.
| |
1 2 : ;
S & lify
3 3% implify
16 &8 : :
— == Simplify.
3 =3° mmplify
2l 2 oy Multiply each side by E
8 3 8 3 &
2=X Sunplify.
y=3x-4
y=302)-4
yr=6—4
y=2

So to form a parallelogram, point D must be (2, 2).

¢. 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 AC" and B parallel.

CHALLENGE If the line through (=2, 4) and (5, d) is parallel to the graph of y = 3x + 4, what is the value of d?

SOLUTION:

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

Lad
.
|
|
L |
—
=]
- -

2l=d -4
25=d
So, the value of d is 25.
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45. 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?

SOLUTION:

Sample answer:

|'\|
Lk
Il
I
g
|
[

L

F1 ¥

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-intercepts are different. Any point on one line will not be on the other.

}I:—%x+1 Y| A
e\
PRERY
X
y=2x+17
4

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.

eSolutions Manual - Powered by Cognero Page 29



4-4 Parallel and Perpendicular Lines

46. OPEN ENDED Graph a line that is parallel and a line that is perpendicular toy =2x — 1.
SOLUTION:
To graph a line that is parallel to y = 2x — 1, draw a line with the slope of 2 that has a y-intercept other than —1. To
1
graph a line that is perpendicular toy = 2x — 1, draw a line with the slope of ~ 3

Sample answer:

)4 F|

5 A

H A4
T

Fl Pl

47. CCSS CRITIQUE Carmen and Chase are finding an equation of the line that is perpendicular to the graph of y =

|
Ex + 2 and passes through the point (=3, 5). Is either of them correct? Explain your reasoning.

Cavwmen M
y=$ = 3bx-(3)] 3 —d=dmo (2]

y-5=3(x+3) y-5=3(x+3)
y:-?.,c-f-'u-g y=3x+9+5
Y:-’;;.c-d- )"=3J¢+f'f
SOLUTION:

Both students used the formula correctly and used the correct point, but only Carmen used the correct slope for a

|
line that is perpendicular toy = Ex + 2. The correct slope is —3 because it is the opposite reciprocal of the slope of

the original line.
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48. WRITING IN MATH Tllustrate 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
TTPTHEI T
1
}f
0 x
L”z‘r Y= I%.Jlrv- 14
i EEE
SOLUTION:

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

3 3
—1, then the lines are perpendicular. The graph of y = e is parallel to the graph of y = —at | because they have

2 3
the same slope, —. The graph of v = - ;.1: is perpendicular to the graph of ¥ = =it | because the product of their

b |

slopes is —1.

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

As5-2

B

L

M
8
C 5=

D —-5

SOLUTION:

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.

a number minus five
divided by
eight
n ; 8 - 5
T - 5

So, the correct choice is B.
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50. A line through which two points would be parallel to a line with a slope of i ?

F (0,5)and (-4, 2)
G (0,2)and (-4, 1)
H (0, 0) and (0, —2)
J (0, -2) and (-4, —2)

SOLUTION:

Find the slope of the points for choice F.

Y= N
m===
nL-x

This is the same slope as that of the given line, so the correct choice is F.
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51. Which e?uation best fits the data in the table?

Substitute the x-values from the table into each equation to determine if y-value is the same.

1 5
2 7
3 9
4 11

Ay=x+4

B y=2x+3

Cy=7

Dy=4x-5

SOLUTION:

Choice A:
1 y=(1)+4 5
2 y=2)+4 6
3 y=03)+4 5
4 y=#4)+4 8

Choice B:
1 y=2(1)+3 5
2 y=2(2)+3 7
3 y=2(3)+3 9
4 y=2(4)+3 11

Choice C:
1 y=17 7
2 y=7 7
3 y=17 7
4 y=17 7

Choice D:

I TS B
1 y=4(1)-5 -1
2 y=4(2)-5 3
3 y=43)-5 7
4 y=4(4)-5 11

Equation B is true for all values in the table. So, the correct choice is B.
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52. SHORT RESPONSE 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?

SOLUTION:
Use proportion to find the number of hours to fill a 6000-gallon pool.

alt oy X

500 G000

4(6000) =800x Find the cross products.
24, 000=300x Sunplify.

24,000 _ &00v
800 — 800

30=x Sunplify.

Proportion

Divide each side by 300.

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

Write each equation in standard form.
53.y—-13=4(x—-2)

SOLUTION:
y—13=4(x—2)

Pl =Ax -8

y=4x+5
—dx+yp=5
AX — = — A2

54.y —5=-2(x+2)

SOLUTION:
y—5==-2(x+2)
y=53==-2x-4

y==2x+1

2x+yv=1

55,y +3=-5(x+1)
SOLUTION:

y+3=-5(x+1)
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|
56.y +7= ;(x+2)

SOLUTION:
y+T=2(x+2)

y+T=1x+1
y:%x—ﬁ
2-y =2(x—6)
2 =gl
—X iy = =12
X2y =12

57‘y —1=%(x—4)

SOLUTION:
y—1=2(x-4)
¥ —1=%x—%
s -D=ef3x 1)
Gjr:=l =220
6y —6+6=5%—20+6
ey =5x —14
et o ot et S b S
—x+6y=—14
— =88y = =t —14)
Ix -6y =14

eSolutions Manual - Powered by Cognero

Original equation
Distributive Property
Multiply each side by 6.

Distributive Property
£dd 6 to each side.
Sumplify.

Subtract 5x from each side.

Sumnplify.
Multiply each side by —1.
Sumplify.
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2
58y —2==—=(x—-9)
2

SOLUTION:
2
_1'—2=—§{.1:—H}

2 16
L, DO T Ui
3 51+5

5[}'—2]=5[—§x+ﬁ]
3

3
Sy—-10=-2x+16
Jy=-2x+26

2x+5y=26

59. CANOE RENTAL Latanya and her friends rented a canoe for 3 hours and paid a total of $45.

e ]

Daily rates
plus $10 per hour

a. Write a linear equation to find the total cost C of renting the canoe for 4 hours.
b. How much would it cost to rent the canoe for 8 hours?

SOLUTION:
a. Find the constant daily rate.
y=mx+b

45=10(3) + &

45=30+b

15=h

Write the equation.

C=10n+15

b. C=10(8)+15
C=80+15
C=95

So, the cost to rent a canoe for 8 hours is $95.
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Write an equation of the line that passes through each point with the given slope.
60. (5, 2),m=3

SOLUTION:

Find the y-intercept.
y=mx+h

=2=3(5)+b
-2=15+b

-17=h
Write the equation in slope-intercept form.
y=mx+b

y=3x-17

61. (-5,4), m=—5

SOLUTION:

Find the y-intercept.
y=mx+b
4=-5(-5)+b
4=25+b

=21=bh
Write the equation in slope-intercept form.
y=mx+b

y=-5x-21

62. (3,0), m=—2

SOLUTION:

Find the y-intercept.

y=mx+b

0=-23)+b

O=-6+b

6=h

Write the equation in slope-intercept form.
y=mx+b

y=-2x+6
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63.(3,5),m=2

SOLUTION:

Find the y-intercept.
y=mx+b
5=23)+h
5=6+b

=1=h
Write the equation in slope-intercept form.
y=mx+b

y=2x-1

64. (-3, -1),m=-3

SOLUTION:
Find the y-intercept.
y=mx+h
~1=-3(-3)+b
~1=9+h

-10=b
Write the equation in slope-intercept form.
y=mx+b

y==3x-10

65. (-2, 4), m= -5

SOLUTION:

Find the y-intercept.
y=mx+b

4=-5(-2)+b
4=10+b

—6=5
Write the equation in slope-intercept form.
v=mx+h

y==5x-6

Simplify each expression. If not possible, write simplified.
66. 13m+m

SOLUTION:

13m0 4+ 11 = 1dan
67. 14a° + 13b° + 27

SOLUTION:

There are no like terms to be combined. The expression is already simplified.
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68.

69.

70.

71.

3(x + 2x)

SOLUTION:

3x+2x)=3x+0x
=0y

FINANCIAL LITERACY 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.

a. Write an algebraic expression to show the total amount of money collected.
b. Evaluate the expression.

SOLUTION:

a.25(5) +10(8.5) + 35(5) + 12(8.5)

b.25(5) +10(8.5) +35(5) +12(8.5) =125+ 85+175+102
=487

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),(2,79), (1, 79), (-5, -3)}

SOLUTION:

Plot the points.
¥

L1 ]

o | 2 46 81X

| hes
The domain is all x values of the relation, and the range is all y values of the relation. So, the domain is {-5, 1, 2, 3}
and the range is {-9, =3, 7, 8}.

{3,4),(4,3),(2,2),(5,—4), (-4,5)}
SOLUTION:
Plot the points.
4 ¥
L ] E
4T
2
B 64 O] 2 46 BX
—4 -
-5
-8
|

The domain is all x values of the relation, and the range is all y values of the relation. So, the domain is {—4, 2, 3, 4,
5} and the range is {—4, 2, 3,4, 5}.
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72. (0, 2), (-5, 1), (0, 6), (-1, 9), (-4, -5)}
SOLUTION:

Plot the points.

ﬁ’l

6

4

2

E

—8-F—4

Q

el

-4

-6

-3

|

The domain is all x values of the relation, and the range is all y values of the relation. So, the domain is {5, —4, —1,

0} and the range is {5, 1, 2, 6, 9}.

73. { (-7, 6), (-3,4), (4,-5),(-2,6),(-3,2) }
SOLUTION:

Plot the points.

¥

e’

864

B X

o4

-6

-8

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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