2.5

Graphing - Parallel and Perpendicular Lines

Objective: Identify the equation of a line given a parallel or perpendic-

ular line.

There is an interesting connection between the slope of lines that are parallel and
the slope of lines that are perpendicular (meet at a right angle). This is shown in

the following example.

Example 1.

R

The above graph has two parallel
lines. The slope of the top line is
down 2, run 3, or — % The slope of
the bottom line is down 2, run 3 as
well, or — %

The above graph has two perpendic-
ular lines. The slope of the flatter line
is up 2, run 3 or
%. The slope of the steeper line is down 3,

3
run 2 or -3

World View Note: Greek Mathematician Euclid lived around 300 BC and pub-
lished a book titled, The Elements. In it is the famous parallel postulate which
mathematicians have tried for years to drop from the list of postulates. The
attempts have failed, yet all the work done has developed new types of geome-

tries!

As the above graphs illustrate, parallel lines have the same slope and perpendic-
ular lines have opposite (one positive, one negative) reciprocal (flipped fraction)
slopes. We can use these properties to make conclusions about parallel and per-

pendicular lines.

Example 2.

Find the slope of a line parallel to 5y —2x=7.

By —2x="1

+ 22+ 22  Add 2z toboth sides

To find the slope we will put equation in slope — intercept form



dYy=2x+7
5 5 5
—zx—l—z
V=575
m=2
5
2
5

Example 3.

Put x term first

Divide each term by 5

The slopeis the coefficient of x

Slope of first line. Parallel lines have the same slope

Our Solution

Find the slope of a line perpendicular to 3z — 4y =2

3r—4y=2

— 3z — 3z
—4y=—3r+2
—4 -4 -4
3 1
V=13
m=23

4

m=_ 4

3

To find slope we will put equation in slope — intercept form
Subtract 3z from both sides
Put z term first

Divide each term by — 4
The slope is the coefficient of x

Slopeoffirstlines. Perpendicularlines have oppositereciprocal slopes

Our Solution

Once we have a slope, it is possible to find the complete equation of the second
line if we know one point on the second line.

Example 4.

Find the equation of a line through (4, —5) and parallel to 2z — 3y =6.

2 —3y=6

— 2z — 2z

—3y=—22+6
-3 =-3-3

yz%x—Q

We first need slope of parallel line
Subtract 2z from each side
Put z term first

Divide each term by — 3
Identify the slope, the coefficient of



Parallel lines have the same slope

We will use this slope and our point (4, — 5)

Plug this information into point slope formula

y—(—>5) :§ x—4)  Simplify signs
2 .
y+5= g(x —4)  Our Solution
Example 5.
Find the equation of the line through (6, — 9) perpendicular to y = — %:c + 4 in

slope-intercept form.

y:—§x+4
m=—_3
5
o

e

)
y+9=—(z—6)
3
y+9:§x—10
-9 -9

yzgzp—19

Identify the slope, coefficient of x

Perpendicular lines have opposite reciprocal slopes

We will use this slope and our point (6, — 9)

Plug this information into point — slope formula

Simplify signs

Distribute slope

Solve for y
Subtract 9 from both sides

Our Solution

Zero slopes and no slopes may seem like opposites (one is a horizontal line, one is
a vertical line). Because a horizontal line is perpendicular to a vertical line we can
say that no slope and zero slope are actually perpendicular slopes!

Example 6.



Find the equation of the line through (3, 4) perpendicular to x = — 2

xr=—2 Thisequation hasnoslope, a vertical line
noslope  Perpendicular line then would have a zero slope
m=0  Usethisand our point (3, 4)
y—yi=m(x —x;) Plugthisinformation into point — slope formula
y—4=0(x —3) Distributeslope

0 Solvefory

+4 Add4toeachside

y=4  Our Solution

Being aware that to be perpendicular to a vertical line means we have a hori-
zontal line through a y value of 4, thus we could have jumped from this point
right to the solution, y=4.
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2.5 Practice - Parallel and Perpendicular Lines

Find the slope of a line parallel to each given line.

1) y=2z+4 2)y:—§x+5
3) y=4xr —5 10

5)x—y=4 6) 62 — 5y =20
N Te+y=—2 8) 3xr+4y=—38

Find the slope of a line perpendicular to each given line.

9) x=3 10)y:—%x—1
—_1

11) y=—32 12) yz%x

13) 2 —3y=—-6 14) 3zv —y=—3

15) z+2y=8 16) 8z —3y=—-9

Write the point-slope form of the equation of the line described.
17) through: (2, 5), parallel tox =0

18) through: (5, 2), parallel to y = %x +4

19) through: (3, 4), parallel to y = %x -5

20) through: (1, —1), parallel toy = — %x +3
21) through: (2, 3), parallel to y = %x +4

22) through: (—1, 3), paralleltoy = — 3z — 1

23) through: (4, 2), parallel to x =0

24) through: (1,4), parallel to y = %x +2

25) through: (1, —5), perpendicularto —x +y=1
26) through: (1, — 2), perpendicular to — z + 2y =2

27) through: (5, 2), perpendicular to 5z 4+ y = — 3



28) through: (1, 3), perpendicularto —z +y=1

29) through: (4, 2), perpendicular to — 4z + y =0

)
)
30) through: ( — 3, —5), perpendicular to 3z + 7y =0
31) through: (2, — 2) perpendicular to3y —z =0

)

32) through: ( —2,5). perpendiculartoy — 2z =0

Write the slope-intercept form of the equation of the line described.
33) through: (4, — 3), parallel to y = — 2z

34) through: (—5,2), parallel to y = %x

35) through: (—3,1), parallel to y = — %x -1

36) through: (—4,0), parallel to y = — %x +4

37) through: (—4, — 1), parallel to y = — éx +1

38) through: (2, 3), parallel to y = ga: -1

39) through: (— 2, —1), parallel toy = — %x -2

: (4, — 3), perpendicularto —x +2y=—06

—4,1), perpendicular to 4x + 3y = — 9
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2.5

Answers - Parallel and Perpendicular Lines

1) 2 18) y —2=1(z —5) 34) y=2245
2) _§ 19)y—4—§(:€—3) 35)y:—§:p—3
z;él_% 20)y+1:—%(3:—1) 36)y:—%x—5
5) 1 2D y-3=5-2) 37) y=—52 -3
6) 5 ) y=3=-3e+1) 38) y="1u—2
23) x=4

" _Z 24) y —d=-(v—1) 39) y=— 57 —2
Y 25) y+5=— (v —1) 10) y=zz—1
b 26) y+2=—2(zx—1) A1) y=z—1
1(1)32 27) y —2= (v —5) 42) y=2z+1
12) -2 28) y —3=—(z—1) 43) y=2

13) -3 29) y—2=—4(z—4) 44) y=—2z+1
14) —3 30) y+5=1(z+3) 45) y=—x+3
15) 2 31) y+2=—3(z —2) 46) y=—2z+2
16) -3 32) y—5=—5(z+2) AT) y=—2x+5
17) =2 33) y=—2x+5 48)y:%3;+4
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