
EXERCISES . For more exercises, see Extra Skill, Word Problem, and Proof Practice.

o Practice by Example

- Examples 1, 2
(pages 127, 128)

for
Help

Example 3
(page 129)

Name the two lines and the transversal that form each pair of angles.
Then classify the pair of angles.

1. L2 and L3

2. Ll and L4

3. LSPQ and LPQR

4. L5 and LPSR

Classify each pair of angles labeled in the same color as alternate interior angles,
same-side interior angles, or corresponding angles.

5.
5

6. 7.

8. The boards securing this barn
door suggest two parallel lines
and a transversal. Classify L1
and L2 as alternate interior
angles, same-side interior
angles, or corresponding angles.

9. Developing Proof Supply the missing
reasons in this two-column proof.

Given: a II b, c II d
Prove: L 1 ~ L3

Statements

a

Reasons

1. a II b
2. L3 and L2 are supplementary.
3. c II d
4. Ll and L2 are supplementary.
5. Ll ~ L3

1. Given
2.
3. Given
4.
5.

~ 10. Write a two-column proof for Exercise 9 that does not use L2.

Example 4
(page 130) 11.

Find mL1, and then mL2. Justify each answer.

12.
q
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Example 5 Ii:! Algebra Find the value of x. Then find the measure of each labeled angle.

(page 130) 14. 15. (3x - lOt 16. .----+----,
(x + 40t

o Apply Your Skills

Problem Solving Hint
In Exercise24, turn
your book so the other
two parallel lines
appear horizontal.
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f17. In the figure at the right.j' II g and m II n.
Find the measure of each numbered angle.

18. Two pairs of parallel segments form the
"pound sign" on your telephone keypad. To find ..•n{--_-.:..-*-=-=-=_-=-=:::~":-=-~
the measures of all the angles in the pound sign,
how many angles must you measure? Explain.

m

Two lines and a transversal form how many pairs of the following?

19. alternate interior angles

21. same-side exterior angles

20. corresponding angles

22. vertical angles

~ Algebra Find the values of the variables.
23. 24. =----;c".....,~--;c"""7\ 25.

(3p - 6t

~ 26. Writing Look up the meaning of the prefix trans. Explain how the meaning of
the prefix relates to the word transversal.

27. Open-Ended The letter Z illustrates alternate interior angles. Find at least two
other letters that illustrate the pairs of angles presented in this lesson. Draw the
letters, mark the angles, and describe them.

Proof 28. Write a two-column proof.---
Given: a II b, Ll == L4

Prove: L2 == L3

29. Prove Theorem 3-2.

If a transversal intersects two
parallel lines, then same-side
interior angles are supplementary.

Given: a II b

Prove:
Ll and L2 are
supplementary.

a
a 3

2
b

b

~) 30. Engineering Engineers are laying pipe below ground on opposite sides of the
street as shown here. To join the pipe, workers on each side of the street work
towards the middle.
a. If one team lays pipe at the angle shown,

what should the other team use for mLl?
b. Are these two angles alternate interior,

same-side interior, or corresponding angles?
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_ Real-World

Parking Two workers are painting lines for angled
parking spaces, The first worker paints a line so that
mLl = 60°,The second worker paints a line so that
mL2 = 60°, Explain why their lines are parallel.

) Connection

The angles are congruent alternate exterior angles.
By the Converse of the Alternate Exterior Angles
Theorem, the lines are parallel.

Ci!QuickCheck 49 If the second worker uses L3, what should mL3 be for parallel lines? Explain.

EXERCISES For more exercises, see Extra Skill, Word Problem, and Proof Practice.

o Practice by Example

Example 1
(page 135)

Which lines or segments are parallel? Justify your answer.

1. 2. C H.:':
M A R

4. P Q

for
Help

3. K

s T

Example 2 bIj Algebra Find the value of x for which e II m.
(page 136) 5 6• .e 550 •

m (x + 25)0

7. 8.
(3x - 33)0

(2x + 26t
m e

Example 3
(page 137)

9. Drafting 'An artist uses the drawing tool in the
diagram at the right. The artist draws a line,
slides the triangle along the fiat surface, and
draws another line, Explain why the drawn
lines must be parallel.

m
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o Apply Your Skills

Real-World ~ Connection

Careers A carpenter must
draw angles precisely to
ensure good fit.
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Developing Proof Using the given information, which lines, if any, can you
conclude are parallel? Justify each conclusion with a theorem or postulate.

10. L2 is supplementary to L3.

11. L6 is supplementary to L 7.

12. Ll is supplementary to L4.

13. mL 7 = 70, mL9 = 110

14. Ll == L3 15. L9 == L12

16. L3 == L6

18. Ll == L8

17. L2 == LI0

19. L8 == L6

b

20. Lll == L7 21. LS == LI0

22. Developing Proof Complete this paragraph proof of Theorem 3-6.

If two lines and a transversal form supplementary same-side interior angles,
then the two lines are parallel.

Given: Ll and L2 are supplementary.

Prove: ell m

Proof: L2 is a supplement of a. ~ and L3 is
a supplement of b. ~. Since supplements of
the same angle are congruent, c. ~ == d.~.
Since L2 and L3 are also corresponding angles, e II m by the e. .L: Postulate.

~i 23. Carpentry A T-bevel is a tool
used by carpenters to draw
congruent angles. By loosening
the locking lever, the carpenter
can adjust the angle. Explain
how the carpenter knows that
two lines drawn using the
T-bevel are parallel.

Locking lever

I£l Algebra Find the value of x for which e II m.

24.

m

25.

(5x + 40t

26. Multiple Choice Lines f and g are parallel. Which statement
can you not deduce from this information?
® Ll == L8
CD mL2 + mLS = 180
CD L4== L7
® mL3 + mL8 = 180

g

Proof 27. Prove Theorem 3-8.~
If two lines and a transversal form same-side exterior
angles that are supplementary, then the lines are parallel.

Given: mL1 + mL3 = 180
Prove: ell n

2

n
3
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a Challenge

fij Algebra Determine the value of x for which r II s.Then find mLl and mL2.

28. mLl = 80 - x,mL2 = 90 - 2x
r29. mLl = 60 - 2x,mL2 = 70 - 4x

30. mLl = 40 - 4x, mL2 = 50 - Sx 5 2

31. mLl = 20 - 8x,mL2 = 30 - 16x

~ 32. Crew If the rowing crew at the left strokes in unison, the oars sweep out angles
of equal measure. Explain why the oars on each side of the shell stay parallel.

Open-Ended In each exercise, information is given about the figure below. State
another fact about one of the given angles that will guarantee two lines are parallel.
Tell which lines will be parallel and why.

33. L1 == L3

34. mLS = llO, mL9 = 70

35. L5 == Lll

36. Lll and L12 are supplementary.

37. Reasoning If L1 == L7 in the diagram, what
theorem or postulate can you use to show
that f II n?

j

n
Proof For Exercises 38-39, use the diagram above and write a two-column proof.---

38. Given: f II n, L12 == LS 39. Given: j II k, mLS + mL9 = ISO

Prove:j II k Prove:e II n

Proof 40. Rewrite this paragraph proof of Theorem 3-6 as a flow proof.---
If two lines and a transversal form supplementary same-side interior angles,
then the two lines are parallel.

Given: L1 and L2 are supplementary.

Prove: e II m
Proof: It is given that L1 and L2 are
supplementary. Ll and L3 are also
supplementary, so L2 == L3. Since L2 and L3 are corresponding angles, e II m.

€:;=t:32 .m

Which sides of quadrilateral PLAN must be parallel? Explain.

41. mLP = 72, mLL = lOS, mLA = 72, mLN = 10S

42. mLP = 59, mLL = 37, mLA = 143, mLN = 121

43. mLP = 67, mLL = 120, mLA = 73, mLN = 100

44. mLP = 56, mLL = 124, mLA = 124, mLN = 56

~ 45. Prove the following statement is true by following the steps below:

If a transversal intersects two parallel lines, then the bisectors of two
corresponding angles are parallel.

a. Draw and label a diagram on paper.
b. State what is given and mark the diagram to keep track of the information.

c. State what you are to 1ove.
d. Write a plan for proof. .
e. Follow your plan and rite the proof.
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EXERCISES For more exercises, see Extra Skill, Word Problem, and Proof Practice.

1. A carpenter is building a trellis for vines
to grow on. The completed trellis will have two
sets of overlapping diagonal slats of wood.
a. What must be true of Ll, L2, and L3 if slats

A, B, and C must be parallel?
b. The carpenter attaches slat D so that it is

perpendicular to slatA. Is slat D perpendicular L::::=========~==~
to slats Band C? Justify your answer.

Example 2 ~ 2. Study what is given, what you are to prove, and the
(page 142) diagram. Then write a proof.

o Practice by Example

Example 1
(page 142)

,~. for
~Help

o Apply Your Skills

For a guide to solving
Exercise 3, see p. 145.

Real-World ~i Connection
This ladder's rungs are
perpendicular to each side.
Therefore, the rungs are
parallel to each other.

b

Given: In a plane, a J. b, b J. c, and c II d.

Prove: a II d
a

3. Developing Proof Copy and complete this paragraph proof of Theorem 3-9 for
three coplanar lines.

If two lines are parallel to the same line, then they are parallel to each other.

Given: e II k and m II k

Prove: e II m

Proof: C II k means that L2 =0 Ll by
the a. -.:L Postulate. m II k means that
b. -.:L =0 C. -.:L for the same reason.
By the Transitive Property of Congruence,
L2 =0 L3. By the d. -.:L Postulate, C II m.

Each of the following statements describes a ladder. What can you conclude about
the rungs, one side, or both sides of each ladder? Explain.

4. The rungs are each perpendicular to one side.
5. The rungs are parallel and the top rung is perpendicular to one 'side.
6. The sides are parallel. The rungs are perpendicular to one side.
7. The rungs are perpendicular to one side. The other side is perpendicular to the

top rung.
8. Each side is perpendicular to the top rung.
9. Each rung is parallel to the top rung.

10. The rungs are perpendicular to one side. The sides are not parallel.

_ Proof 11. Prove Theorem 3-11: In a plane, if a line is- perpendicular to one of two parallel lines, then it is
also perpendicular to the other.

Given: In a plane, a J. b, and b II c.
Prove: a 'J. c

a

b

c

Proof U. Prove: If a line is perpendicular to each of two other lines, all in one plane, then- the two other lines are parallel. 5

Given: t J. r, t J. s

Prove: r lI·s
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a Challenge
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~
~ 13. Writing Theorem 3-10:1n a plane, two lines

perpendicular to the same line are parallel.
Use the rectangular solid at the right to
explain why the words in a plane are needed.

a, b, c, and d are distinct lines in the same plane. Exercises 14-21 show different
combinations of relationships between a and b, b and c, and c and d. For each
combination of the three relationships, how are a and d related?

14. a II b, b II c, c II d

16. a II b, b .L c, c II d

18. a II b, b ~ c, c ..L d

20. a .L b, b .L c, c II d

15. a II b, b II c, c ..L d

17. a ..L b, b II c, c II d

19. a ~ b, b II c, c ~ d

21. a .L b, b ~ c, c ..L d

Critical Thinking The Reflexive, Symmetric, and Transitive Properties for
Congruence (9:) are listed on page 105.

22. Write reflexive, symmetric, and transitive statements for "is parallel to" ( II ).
State whether each statement is true or false and justify your answer.

23. Repeat Exercise 22 for "is perpendicular to" (~).

Multiple Choice 24. In a plane, line e is parallel to line i, line f is parallel to line g, and line h is
perpendicular to line e. Which of the following MUST be true?
A. e II 9 B. h II f c. 9 II h D. e II h

~ ~ ,

25. In a plane, AB is parallel to CD. LABC is a right angle. What can you
conclude?

~ ~
LAB .L BC

F. I only

~ ~
II. BC J.. CD

G. I and" H. "only

~ ~III. BC J.. AD
J. I, II and III

lesson 3-2 ~ Algebra Determine the value of x for which a II b.
for
Help

lesson 2-2

26. 27. b
a

(3x - 2t

b (2x + 1St

Each conditional statement below is true. Write its converse. If the converse is also
true, combine the statements into a biconditional.

28. If x = 7, then x2 = 49.

29. If two lines in a plane do not meet, then the lines are parallel.
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f.i! Quick Check

EXERCISES

o a. Change the setting on the lounge chair so that mL2.=;,33iirid mL3 = 97. Find
the new measure of L1. '

b. Explain how you can find mL 1 without using the Exterior Angle Theorem.

'Practi.ce and-Problem 'Solvin!J."~;'--·.. , :~--~:":'~-"":, ,'. :,,. ,C: .. :", ':"""'" -~'. "?,,,.: 'A: _ ,-' -.:;,;'''';
" A-.- ••~__ ~ - • > -

For more exercises, see Extra Skill, Word Problem, and Proof Practice.

o Practice by Example

Example 1
(page 148)

for.
Help

Example 2
(page 148)

Example 3
(page 149)

FindmLI.

2.
3.~

52.2°

~ Algebra Find the value of each variable.

4. 5. 70° 30°
30°

Use a protractor and a centimeter ruler to measure the angles and the sides of each
triangle. Classify each triangle by its angles and sides.

9.8.

If possible, draw a triangle to fit each description. Mark the triangle to show known
information. H no triangle can be drawn, write not possible and explain why.
10. acute equilateral 11. equilateral right
U. obtuse scalene 13. obtuse isosceles
14. isosceles right 15. scalene acute

16. a. Which of the numbered angles at the
right are exterior angles?

b. Name the remote interior angles for each.
c. How are exterior angles 6 and 8 related?

17. a. How many exterior angles at the right
are at each vertex of the triangle?

b. How many exterior angles does a triangle
have in all?

4
2 5

~ Algebra Find each missing angle measure.

18. 19. 20.
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Example 4,
(page 149)

o Apply Your Skills

Problem Solving Hint
In Exercise 31, use x
and 2x for the angle
measures. In Exercise
32, use 2x, 3x, and 4x.

21. Music The lid of a grand piano
is held open by a prop stick
whose length can vary,
depending upon the effect
desired. The longest prop stick
makes angles as shown. What
are the values of x and y?

22. A short prop stick makes the
angles shown below. What are
the values of a and b?

I£.l Algebra Find the values of the variables and then the measures of the
angles. Classify each triangle by its angles. Note that some figures have
more than one triangle.

A

co

55°
H

C G

27. Reasoning What is the measure of each angle of an equiangular triangle?
Explain.

~ 28. Writing Is every equilateral triangle isosceles? Is every isosceles triangle
equilateral? Explain.

29. Visualization The diagram shows a triangle on a 3-by-3 geoboard.
How many triangles with different shapes can be made on this
geoboard? Classify each triangle by its sides and angles.

30. Multiple Choice The measure of one angle of a triangle is 115.The other two
angles are congruent. What is the measure of each?
® 32.5 CD 65 CD 57.5 ® 115

~ 31. Algebra 'A right triangle has acute angles whose measures are in the ratio 1 :2.
Find the measures of these angles.

~ 32. a. Algebra The ratio of the angle measures in 6BCR is 2 : 3 :4. Find the
angle measures.

b. What type of triangle is 6B(:R?
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EXERCISES For more exercises, see Extra Skill, Word Problem, and Proof Practice.

o Practice by Example

Example 1
(page 157)

Example 2
(page 158)

Example 3
(page 159)

Is the figure a polygon? If not, tell why.

Name each polygon by its vertices. Then identify its sides and angles.

6. 7. P T1 \
P L H

A

N

Find a polygon in each photograph. Classify the polygon by its number of sides.
Tell whether the polygon is convex or concave.

8. 9.

Find the sum of the measures of the angles of each polygon.

12. dodecagon

14.20-gon

13. decagon

15. l002-gon

Example 4 ~ Algebra Find the missing angle measures.
(page 160)

Example 5
(page 160)

16. yO 17. 18. 116°
129°

120°
120°

85° 53° 115° l

19. 20. j2hO 21.2h"1
151°

81°

Find the measures of an interior angle and an exterior angle of each
regular polygon.

. 22. pentagon 23. dodecagon 24. 18-gon - 25. lOO-gon
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o Apply Your Skills

Real-World ~~ Connection

At a theater-in-the-round,
seats are arranged so the
audience surrounds the stage.

~.nline
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Packaging The nut container at the right has the
shape of a regular octagon. It fits in a square box.
A cheese wedge fills each corner of the box.

26. Find the measure of each angle of a cheese wedge.

27. Critical Thinking Show how to rearrange
the four pieces of cheese to make a regular
polygon. What is the measure of 'each angle
of the polygon?

Use a protractor. Sketch each type of regular polygon.

Sample: dodecagon

Use the protractor to equally space 12 points
around a circle. (360° -i- 12 = 30°,so mark a point
every 30°.) Connect these points to form a
regular dodecagon.

28. triangle

30. hexagon

29. quadrilateral

31. octagon

The sum of the measures of the angles of a polygon with n sides is given. Find n,

32. 180 33. 1080 35.288034.1980
CBOD

A E

1

36. Multiple Choice In the figure at right, LB ;;= LD and
mLC = 130.What is mLB?
®25 ([)50
cD 115 CJD160

@El 37. Stage Design The diagram at the right shows platforms
constructed for a theater-in-the-round stage. Describe the
largest platform by the type of regular polygon it suggests ..
Find the measure of each numbered angle.

38. Error Analysis Miles said that he measured an angle
of a regular polygon to be 130°.Explain why this result
is impossible.

39. Critical Thinking A triangle has two congruent angles and an exterior angle with
measure 100.Find two possible sets of measures for the angles of the triangle.

The measure of an exterior angle of a regular polygon is given. Find the measure of
an interior angle, and find the number of sides.

40. 72 41.36 42. 18 43.30 44. x

45. Probability Find the probability that the measure of an angle of a regular
n-gon is a positive integer if n is an integer and 3 :::;n :::; 12.

~ 46. Algebra A polygon has n sides. An interior angle of the polygon and
an adjacent exterior angle form a straight angle..
a. What is the sum of the measures of the n straight angles?
b. What is the sum of the measures of the n interior angles?
c. Using your answers above, what is the sum of the measures

of the n exterior angles? .
d. What theorem do the steps above lead to?
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