
PARALLEL AND PERPENDICULAR LINES (3.1) 
 
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 angle. 
 
PRACTICE   a. Parallel Lines b. Skew Lines  c. Parallel Planes d. Perpendicular Lines 
   ____________ ____________ ______________ ________________ 

 
 
POSTULATES:   Rules that does not have to be proven to be true. 
 

 
 

 
 
WHICH LINES ARE PARALLEL VS. PERPENDICULAR? 
 

 
 
  
 

126 Chapter 3  Parallel and Perpendicular Lines

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.
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 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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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 
 

    
 
PRACTICE: 
1. 

 
 
2. Classify the numbered angles 
 

     
 
 
 
 
 
HW3.1; 1, 2, 3-21odd; 24-31 all (Draw Diagrams) 128 Chapter 3  Parallel and Perpendicular Lines

 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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CONSTRUCTION OF PERPENDICULAR LINES (videos at www.mathopenref.com) 
A. 

 
 
B. 

 
 
 
CONSTRUCTION OF PARALLEL LINES 
 

 

on your paper draw figures roughly like those shown. Use them in constructing
the ligures described in Exercises 23-25.

-___L____=--
,d.

23. An isosceles triangle with a vertex angle of n" and legs d
24. An isosceles triangle with a vertex angle of n" arrd base s

c 25. A parallelogram with an n" angle, longer side s, and longer diagonar d
* 26. on your paper draw figures roughly like the ones shown. Then construct a

triangle whose three angles are congruent to 11, L2, and /_3, and whose
circumscribed circle has radius r.

8-2 Perpendiculars and Parallels
The next three constructions are based on the following theorem and postulate.
(l) If a point is equidistant from the endpoints of a segment, then the point lies

on the perpendicular bisector of the segment.
(2) Through any two points there is exactly one line.

Construction 4
Given a segment, construct the perpendicular bisector of the segment

Given: AB

Construct: The perpendicular bisector of AB

Procedure:
l. Using any radius greater thanlAB, draw four arcs of

equal radii, two with center I and two with center B.
Label the points of intersection of these arcs X and y.

2. Draw 7i.
€AXI is the perpendicular bisector of AB.

Justification: Points X and Y are equidistant from,4 and
B. Thus i7 is ttre perpendicular bisector
of AB.

Constructions and Loci / 339Construction 5
Given a point on a line, construct the perpendicular to the line at the given point.

Given: Point C on line k
Construct: The perpendicular to k at C

Procedure:
1. Using C as center and any radius, draw arcs intersect-

ing k at X and Y.

2. Using X as center and a radius greater than CX, draw
an arc. Using Y as center and the same radius, draw
at arc intersecting the first arc at Z.

3. Draw tZ.
E i, p"rp"ndicular to k at C.

Justification: Points X and Y were constructed so that C is equidistant from X
and X Then point Z was constructed so that Z is equidistant
from X and Y. Sirce tZ is the perpendicular bisector of {y, tZ
is perpendicular to k at C.

C

Construction 6
Given a point outside a line, construct the perpendicular to the line from the
given point.

Given: Point P outside line ft
Construct: The perpendicular to k from P

Procedure:
1. Using P as center, draw two arcs of equal radii that

intersect k at points X and Y.

2. Using X and Y as centers and a suitable radius, draw
arcs that intersect at a point Z.

3. Draw FZ.

FZ i" p"rp"ndicular to ft.

Justification: Both P and Z are equidistant from X and
X Thus PZ is the pernendicular bisector
of xY, una FZ t i. I

P.

3& / Chapter 8

Construction 7
Given a point outside a line, construct the parallel to the given line through the
given point.

Given: Point P outside line k

Construct: The line through P parallel to k

Procedure:
l. Let A and B be two points on line k. Draw Fi.
2. At P, construct L l so that /-l arrd LPAB are con-

gruent corresponding angles. Let / be the line con-
taining the ray you just constructed.

/ is the line through P parallel to k.

Justification: lf two lines are cut by a transversal and
corresponding angles are congruent, then
the lines are parallel. (Postulate I l)

Classroom Exercises
1. Suggest an alternative procedure for Construction 7 that uses Construc-

tions 5 and 6.

Describe how you would construct each of the following.

2. The median of LABC that contains vertex B A

3. Ihe altitude of LABC that contains vertex B
4. The altitude of LABC that contains vertex I
5. The perpendicular rc Ee at C
6. A square whose sides each have length/C
7. A square whose perimeter equals lC
8. A right triangle with hypotenuse and one leg equal to AC and BC, respec-

tively
A triangle whose sides are in the ratio l:2ttfi
Suppose you want to construct a circle that is tangent to /
at X, and that passes through Point X
a. Where must the center lie with resPect to line / and

point X?
b. Where must the center lie with respect to points X

and Y?
c. Explain how you could carry out the construction.

9.

10.

x
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