
PARALLEL LINES AND TRANSVERSAL (3.2) 
 
PARALLEL LINES:   Lines that are coplanar and do not intersect.  m || n 
PARALLEL PLANES:  Planes that do not intersect     Plane T || Plane U 
SKEW LINES:   Lines that are not coplanar and do not intersect.  line m and k are skew li 

     
 
PERPENDICULAR LINES: Lines that form a 90 degree angles.  Line k  Line l;  Line n || line l  
  
TRANSVERSAL:   A line that intersects two or more coplanar lines. 
ANGLE PAIRS:   Angles formed by two lines and a TRANSVERSAL. 
 
Corresponding Angles Alternate Interior Angles Alternate Exterior Angles Same Side Interior Angles 
 
 

          
______________________________________________________________________________________ 
EXPLORATION: Write a conjecture about the following pairs of angles formed by two lines and a 
transversal.    Which of the resulting pairs seem congruent? Which ones seem supplementary?  Why? 
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3.1 Lesson What You Will LearnWhat You Will Learn
 Identify lines and planes.

 Identify parallel and perpendicular lines.

 Identify pairs of angles formed by transversals.

Identifying Lines and Planes
parallel lines, p. 126
skew lines, p. 126
parallel planes, p. 126
transversal, p. 128
corresponding angles, 

p. 128
alternate interior angles, 

p. 128
alternate exterior angles, 

p. 128
consecutive interior angles, 

p. 128

Previous
perpendicular lines

Core VocabularyCore Vocabullarry

 Identifying Lines and Planes

Think of each segment in the fi gure as part of a line. 
Which line(s) or plane(s) appear to fi t the description?

a. line(s) parallel to  ⃖ ""⃗ CD  and containing point A

b. line(s) skew to  ⃖ ""⃗ CD  and containing point A

c. line(s) perpendicular to  ⃖ ""⃗ CD  and containing point A

d. plane(s) parallel to plane EFG and containing point A

SOLUTION

a.  ⃖ ""⃗ AB  ,  ⃖ ""⃗ HG , and  ⃖ ""⃗ EF   all appear parallel to  ⃖ ""⃗ CD , but only  ⃖ ""⃗ AB   contains point A.

b. Both  ⃖ ""⃗ AG  and  ⃖ ""⃗ AH  appear skew to  ⃖ ""⃗ CD  and contain point A.

c.  ⃖ ""⃗ BC ,  ⃖ ""⃗ AD ,  ⃖ ""⃗ DE , and  ⃖ ""⃗ FC  all appear perpendicular to  ⃖ ""⃗ CD , but only  ⃖ ""⃗ AD  contains point A.

d. Plane ABC appears parallel to plane EFG and contains point A.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 1.  Look at the diagram in Example 1. Name the line(s) through point F that appear 
skew to  ⃖ ""⃗ EH . 

REMEMBER
Recall that if two lines 
intersect to form a right 
angle, then they are 
perpendicular lines.

Core Core ConceptConcept
Parallel Lines, Skew Lines, and Parallel Planes
Two lines that do not intersect are either parallel lines or skew lines. Two lines 
are parallel lines when they do not intersect and are coplanar. Two lines are skew 
lines when they do not intersect and are not coplanar. Also, two planes that do not 
intersect are parallel planes.

Lines m and n are parallel lines (m $ n).

Lines m and k are skew lines.

Planes T and U are parallel planes (T $ U ).

Lines k and n are intersecting lines, and there 
is a plane (not shown) containing them.

Small directed arrows, as shown in red on lines m and n above, are used to show 
that lines are parallel. The symbol $ means “is parallel to,” as in m $ n.

Segments and rays are parallel when they lie in parallel lines. A line is parallel 
to a plane when the line is in a plane parallel to the given plane. In the diagram 
above, line n is parallel to plane U.
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 Identifying Parallel and Perpendicular Lines

The given line markings show how the 
roads in a town are related to one another.

a. Name a pair of parallel lines.

b. Name a pair of perpendicular lines.

c. Is  ⃖ ""⃗ FE   $  ⃖ ""⃗ AC  ? Explain.

SOLUTION

a.  ⃖ """⃗ MD  $  ⃖ ""⃗ FE  

b.   ⃖ """⃗ MD  ⊥  ⃖ ""⃗ BF  

c.   ⃖ ""⃗ FE   is not parallel to  ⃖ ""⃗ AC  , because  ⃖ """⃗ MD  
is parallel to  ⃖ ""⃗ FE  , and by the Parallel 
Postulate, there is exactly one line 
parallel to  ⃖ ""⃗ FE   through M.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

 2. In Example 2, can you use the Perpendicular Postulate to show that  ⃖ ""⃗ AC   is not 

  perpendicular to  ⃖ ""⃗ BF  ? Explain why or why not.   

Identifying Parallel and Perpendicular Lines
Two distinct lines in the same plane either are 
parallel, like lineℓ and line n, or intersect in a 
point, like line j and line n. 

Through a point not on a line, there are infi nitely 
many lines. Exactly one of these lines is parallel 
to the given line, and exactly one of them is 
perpendicular to the given line. For example, line k 
is the line through point P perpendicular to lineℓ, 
and line n is the line through point P parallel to lineℓ.

PostulatesPostulates
Postulate 3.1 Parallel Postulate
If there is a line and a point not on the line, then 
there is exactly one line through the point parallel 
to the given line.

There is exactly one line through P parallel toℓ.

Postulate 3.2 Perpendicular Postulate
If there is a line and a point not on the line, 
then there is exactly one line through the point 
perpendicular to the given line.

There is exactly one line through P 
perpendicular toℓ.
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 Identifying Pairs of Angles

 Identify all pairs of angles of the given type.

a. corresponding

b. alternate interior

c. alternate exterior

d. consecutive interior

SOLUTION

a. ∠ l and ∠ 5 b. ∠ 2 and ∠ 7 c. ∠ l and ∠ 8 d. ∠ 2 and ∠ 5
 ∠ 2 and ∠ 6  ∠ 4 and ∠ 5  ∠ 3 and ∠ 6  ∠ 4 and ∠ 7
 ∠ 3 and ∠ 7
 ∠ 4 and ∠ 8

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Classify the pair of numbered angles.

 3. 
1 5

 4. 2

7

 5. 
45

 

Identifying Pairs of Angles
A transversal is a line that intersects two or more coplanar lines at different points.

Core Core ConceptConcept
Angles Formed by Transversals

2

6

t

Two angles are corresponding 
angles when they have corresponding 
positions. For example, ∠2 and ∠6 
are above the lines and to the right of 
the transversal t.

4
5

t

Two angles are alternate interior 
angles when they lie between the 
two lines and on opposite sides of 
the transversal t.

1

8

t

Two angles are alternate exterior 
angles when they lie outside the 
two lines and on opposite sides of 
the transversal t.

3
5

t

Two angles are consecutive interior 
angles when they lie between the
two lines and on the same side of 
the transversal t.

1
52

43

6
87
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Parallel Lines and Transversals3.2

 Exploring Parallel Lines

Work with a partner. 
Use dynamic geometry software 
to draw two parallel lines. Draw 
a third line that intersects both 
parallel lines. Find the measures 
of the eight angles that are 
formed. What can you conclude?

 Writing Conjectures

Work with a partner. Use the results of Exploration 1 to write conjectures about 
the following pairs of angles formed by two parallel lines and a transversal.

a. corresponding angles b. alternate interior angles

1
4

2
3

6
78

5

 

1
4

2
3

6
78

5

c. alternate exterior angles d. consecutive interior angles

 

1
4

2
3

6
78

5

  

1
4

2
3

6
78

5

Communicate Your AnswerCommunicate Your Answer
 3. When two parallel lines are cut by a transversal, which of the resulting pairs of 

angles are congruent?

 4. In Exploration 2, m 1 = 80°. Find the other angle measures.

ATTENDING TO 
PRECISION

To be profi cient in math, 
you need to communicate 
precisely with others.

Essential QuestionEssential Question When two parallel lines are cut by a transversal, 
which of the resulting pairs of angles are congruent?

−3 −2 −1 0

0

1

2

3

4

5

6

1 2 3 4 5 6

1
4
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6
78
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ANSWERS
1. m 1 = m 3 = m 5 = m 7, 

m 2 = m 4 = m 6 = m 8, 
and any odd-numbered angle is 
supplementary to any even-numbered 
angle.

 2. a. Corresponding angles are 
congruent when they are formed 
by two parallel lines and a 
transversal.

  b. Alternate interior angles are 
congruent when they are formed 
by two parallel lines and a 
transversal.

  c. Alternate exterior angles are 
congruent when they are formed 
by two parallel lines and a 
transversal.

  d. Consecutive interior angles are 
supplementary when they are 
formed by two parallel lines and 
a transversal.

 3. corresponding angles, alternate 
interior angles, and alternate exterior 
angles

 4. m 2 = 100°, m 3 = 80°, 
m 4 = 100°, m 5 = 80°, 
m 6 = 100°, m 7 = 80°, 
m 8 = 100°
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PRACTICE:   

1. The measure of three of the numbered angles is 120 degrees.  Identify the angles and explain your 
reasoning. 

 

 

2.    
 
 
 
 
 
 

3. Find the value of X.     

a.   b.   c.  Solve for X.  X = _____ 
 

 
 
 
 
HW3.2; 1, 2, 3-13ODD, 13, 17, 23, 25-28 
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3.2 Lesson What You Will LearnWhat You Will Learn
 Use properties of parallel lines.

 Prove theorems about parallel lines.

 Solve real-life problems.

Using Properties of Parallel Lines
Previous
corresponding angles
parallel lines
supplementary angles
vertical angles

Core VocabularyCore Vocabullarry

 Identifying Angles

The measures of three of the numbered angles are 
120°. Identify the angles. Explain your reasoning.

SOLUTION

By the Alternate Exterior Angles Theorem, m 8 = 120°. 

5 and 8 are vertical angles. Using the Vertical Angles Congruence Theorem 
(Theorem 2.6), m 5 = 120°. 

5 and 4 are alternate interior angles. By the Alternate Interior Angles Theorem, 
4 = 120°.

  So, the three angles that each have a measure of 120° are 4, 5, and 8.

ANOTHER WAY
There are many ways 
to solve Example 1. 
Another way is to use the 
Corresponding Angles 
Theorem to fi nd m 5 
and then use the Vertical 
Angles Congruence 
Theorem (Theorem 2.6) 
to fi nd m 4 and m 8.

TheoremsTheorems
Theorem 3.1 Corresponding Angles Theorem
If two parallel lines are cut by a transversal, then the pairs of corresponding 
angles are congruent.

Examples In the diagram at the left, 2 ≅ 6 and 3 ≅ 7.

Proof Ex. 36, p. 180

Theorem 3.2 Alternate Interior Angles Theorem
If two parallel lines are cut by a transversal, then the pairs of alternate interior 
angles are congruent.

Examples In the diagram at the left, 3 ≅ 6 and 4 ≅ 5.

Proof Example 4, p. 134

Theorem 3.3 Alternate Exterior Angles Theorem
If two parallel lines are cut by a transversal, then the pairs of alternate exterior 
angles are congruent.

Examples In the diagram at the left, 1 ≅ 8 and 2 ≅ 7.

Proof Ex. 15, p. 136

Theorem 3.4 Consecutive Interior Angles Theorem
If two parallel lines are cut by a transversal, then the pairs of consecutive interior 
angles are supplementary.

Examples  In the diagram at the left, 3 and 5 are supplementary, and 
4 and 6 are supplementary.

Proof Ex. 16, p. 136

p

t

q

1 2
43

5 6
87

120º 52
43

6
87
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English Language Learners

Notebook Development
Have students record Theorems 3.1, 
3.2, 3.3, and 3.4 in their notebooks. 
Include a sketch, the full theorem 
name, and an example for each 
theorem.

Extra Example 1
The measures of three of the numbered 
angles are 75°. Identify the angles. Explain 
your reasoning. 

1 2
75° 4

5

p

t

6
7 8 q

2, 6, 7; Sample answer: By the 
Vertical Angles Congruence Theorem 
(Thm. 2.6), m 2 = 75°. By the Alternate 
Interior Angles Theorem (Thm. 3.2), 
m 6 = 75°. By the Corresponding Angles 
Theorem (Thm. 3.1), m 7 = 75°.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Write the theorems.

 Probing Question: “Will there always be four acute and four obtuse angles when the 
transversal intersects the two parallel lines? Explain.” no; There could be eight right angles if 
the transversal is perpendicular to the parallel lines.

• MP3 Construct Viable Arguments and Critique the Reasoning of Others: Students 
need to justify why each angle has a measure of 120° in Example 1. There are different trains 
of logic that students may follow. Give time for partners to discuss before having the whole-class 
discussion.
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3.2 Lesson What You Will LearnWhat You Will Learn
 Use properties of parallel lines.

 Prove theorems about parallel lines.

 Solve real-life problems.

Using Properties of Parallel Lines
Previous
corresponding angles
parallel lines
supplementary angles
vertical angles

Core VocabularyCore Vocabullarry

 Identifying Angles

The measures of three of the numbered angles are 
120°. Identify the angles. Explain your reasoning.

SOLUTION

By the Alternate Exterior Angles Theorem, m 8 = 120°. 

5 and 8 are vertical angles. Using the Vertical Angles Congruence Theorem 
(Theorem 2.6), m 5 = 120°. 

5 and 4 are alternate interior angles. By the Alternate Interior Angles Theorem, 
4 = 120°.

  So, the three angles that each have a measure of 120° are 4, 5, and 8.

ANOTHER WAY
There are many ways 
to solve Example 1. 
Another way is to use the 
Corresponding Angles 
Theorem to fi nd m 5 
and then use the Vertical 
Angles Congruence 
Theorem (Theorem 2.6) 
to fi nd m 4 and m 8.

TheoremsTheorems
Theorem 3.1 Corresponding Angles Theorem
If two parallel lines are cut by a transversal, then the pairs of corresponding 
angles are congruent.

Examples In the diagram at the left, 2 ≅ 6 and 3 ≅ 7.

Proof Ex. 36, p. 180

Theorem 3.2 Alternate Interior Angles Theorem
If two parallel lines are cut by a transversal, then the pairs of alternate interior 
angles are congruent.

Examples In the diagram at the left, 3 ≅ 6 and 4 ≅ 5.

Proof Example 4, p. 134
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Examples In the diagram at the left, 1 ≅ 8 and 2 ≅ 7.

Proof Ex. 15, p. 136

Theorem 3.4 Consecutive Interior Angles Theorem
If two parallel lines are cut by a transversal, then the pairs of consecutive interior 
angles are supplementary.

Examples  In the diagram at the left, 3 and 5 are supplementary, and 
4 and 6 are supplementary.

Proof Ex. 16, p. 136
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3.2 Lesson What You Will LearnWhat You Will Learn
 Use properties of parallel lines.

 Prove theorems about parallel lines.

 Solve real-life problems.

Using Properties of Parallel Lines
Previous
corresponding angles
parallel lines
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vertical angles

Core VocabularyCore Vocabullarry

 Identifying Angles
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 Using Properties of Parallel Lines

Find the value of x.

a

b

4
115°

(x + 5)°

SOLUTION

By the Vertical Angles Congruence Theorem (Theorem 2.6), m 4 = 115°. Lines a and 
b are parallel, so you can use the theorems about parallel lines.

 m 4 + (x + 5)° = 180° Consecutive Interior Angles Theorem

 115° + (x + 5)° = 180° Substitute 115° for m 4.

x + 120 = 180 Combine like terms.

 x = 60 Subtract 120 from each side.

  So, the value of x is 60.

 Using Properties of Parallel Lines

Find the value of x.

c

d

1 136°

(7x + 9)°

SOLUTION

By the Linear Pair Postulate (Postulate 2.8), m 1 = 180° − 136° = 44°. Lines c and d 
are parallel, so you can use the theorems about parallel lines.

m 1 = (7x + 9)° Alternate Exterior Angles Theorem

44° = (7x + 9)° Substitute 44° for m 1.

 35 = 7x Subtract 9 from each side.

 5 = x Divide each side by 7.

 So, the value of x is 5.

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Use the diagram.

 1. Given m 1 = 105°, fi nd m 4, m 5, and  

521
43

6
87

m 8. Tell which theorem you use in each case.

 2. Given m 3 = 68° and m 8 = (2x + 4)°, 
what is the value of x? Show your steps.   

Check

 115° + (x + 5)° = 180°

 115 + (60 + 5) =?  180

 180 = 180 ✓

Check

 44° = (7x + 9)°

 44 =?  7(5) + 9

 44 = 44 ✓
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MONITORING PROGRESS 
ANSWERS

1. m 4 = 105° by Vertical Angles 
Congruence Theorem (Thm. 2.6); 
m 5 = 105° by Corresponding 
Angles Theorem (Thm. 3.1); 
m 8 = 105° by Alternate Exterior 
Angles Theorem (Thm. 3.3)

 2. 54; m 7 = m 3
  m 3 + m 8 = 180°
  68° + (2x + 4)° = 180°
  2x + 72 = 180
  2x = 108
  x = 54

Extra Example 2
Find the value of x. 

2x°

120°

a

b

x = 30

Extra Example 3
Find the value of y.

(6y − 3)°

129°

c

d

y = 22

Teacher ActionsTeacher ActionsLaurie’s Notes
• Students recognize that when parallel lines are given, angle pairs are going to be supplementary 

or congruent. Still, expect justification for how the problem is set up. In Example 2, the angles 
are supplementary because a vertical angle is substituted for a consecutive interior angle.

 MP3: “In Example 3, what is the relationship between the given angles? Explain.” Students 
need to label an additional angle. In the diagram, 1 is a linear pair with the angle labeled 
136° and is the alternate exterior angle with the angle labeled (7x + 9)°. Students may label a 
different angle and still give a valid explanation.
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 Using Properties of Parallel Lines

Find the value of x.

a

b

4
115°

(x + 5)°

SOLUTION

By the Vertical Angles Congruence Theorem (Theorem 2.6), m 4 = 115°. Lines a and 
b are parallel, so you can use the theorems about parallel lines.

 m 4 + (x + 5)° = 180° Consecutive Interior Angles Theorem

 115° + (x + 5)° = 180° Substitute 115° for m 4.

x + 120 = 180 Combine like terms.

 x = 60 Subtract 120 from each side.

  So, the value of x is 60.

 Using Properties of Parallel Lines

Find the value of x.

c

d

1 136°

(7x + 9)°

SOLUTION

By the Linear Pair Postulate (Postulate 2.8), m 1 = 180° − 136° = 44°. Lines c and d 
are parallel, so you can use the theorems about parallel lines.

m 1 = (7x + 9)° Alternate Exterior Angles Theorem

44° = (7x + 9)° Substitute 44° for m 1.

 35 = 7x Subtract 9 from each side.

 5 = x Divide each side by 7.

 So, the value of x is 5.
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