
The intersection of two planes is infinite because it is a line. [See Figure 1.44(a) on
page 25.] If two planes do not intersect, then they are parallel. The parallel vertical planes
R and S in Figure 1.44(b) may remind you of the opposite walls of your classroom. The par-
allel horizontal planes M and N in Figure 1.44(c) suggest the relationship between the ceil-
ing and the floor.

Imagine a plane and two points of that plane, say points A and B. Now think of the line
containing the two points and the relationship of to the plane. Perhaps your conclusion
can be summed up as follows.

—
AB
!

Because the uniqueness of the midpoint of a line segment can be justified, we call the
following statement a theorem. The “proof” of the theorem is found in Section 2.2.

If M is the midpoint of in Figure 1.45, then no other point can separate into two
congruent parts. The proof of this theorem is based on the Ruler Postulate. M is the point
that is located units from A (and from B).

The numbering system used to identify Theorem 1.3.1 need not be memorized. How-
ever, this theorem number may be used in a later reference. The numbering system works
as follows:

1 3 1
CHAPTER SECTION ORDER

where where found in
found found section

A summary of the theorems presented in this textbook appears at the end of the book.

1
2(AB)

ABAB
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If two distinct planes intersect, then their intersection is a line.

POSTULATE 6

Given two distinct points in a plane, the line containing these points also lies in the plane.

POSTULATE 7

THEOREM 1.3.1

The midpoint of a line segment is unique.

Discover

During a baseball game, the catcher
and the third baseman follow the
path of a foul pop fly toward the
grandstand. Does it appear that there
is a play on the baseball?

ANSWER 

VISITORS

No;the baseball will land in the stands.

A BM

Figure 1.45

EXS. 13–16

EXS. 17–20

In Exercises 1 and 2, complete the statement.

Exercises 1, 2

1. AB � BC � __?_

2. If AB � BC, then B is the __?_ of .

In Exercises 3 and 4, use the fact that 1 foot � 12 inches.

3. Convert 6.25 feet to a measure in inches.

4. Convert 52 inches to a measure in feet and inches.

In Exercises 5 and 6, use the fact that 1 meter 3.28 feet
(measure is approximate).

5. Convert meter to feet.

6. Convert 16.4 feet to meters.

7. In the figure, the 15-mile road from
A to C is under construction. A
detour from A to B of 5 miles and
then from B to C of 13 miles must
be taken. How much farther is the
“detour” from A to C than the road
from A to C?

1
2

�

AC

A CB

Exercises 1.3

CB

A
Exercises 7, 8
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8. A cross-country runner jogs at a rate of 15 feet per second.
If she runs 300 feet from A to B, 450 feet from B to C, and
then 600 feet from C back to A, how long will it take her to
return to point A? See figure for Exercise 7.

In Exercises 9 to 28, use the drawings as needed to answer the
following questions.

9. Name three points that appear to be
a) collinear. b) noncollinear.

10. How many lines can be drawn through
a) point A?
b) points A and B?
c) points A, B, and C?
d) points A, B, and D?

11. Give the meanings of , , CD, and .

12. Explain the difference, if any, between
a) and . c) CD and DC.
b) and . d) and .

13. Name two lines that appear to be
a) parallel. b) nonparallel.

14. Classify as true or false:
a) d)
b) e)
c)

Exercises 14–17

15. Given: M is the midpoint of 
and 

Find: x and AM

16. Given: M is the midpoint of 
and 

Find: x and AB

17. Given: , , and

Find: x and AB

18. Can a segment bisect a line? a segment? Can a line bisect a
segment? a line?

19. In the figure, name
a) two opposite rays.
b) two rays that are not 

opposite.

20. Suppose that (a) point C lies in plane X and (b) point D lies
in plane X. What can you conclude regarding ?

21. Make a sketch of
a) two intersecting lines that are perpendicular.
b) two intersecting lines that are not perpendicular.
c) two parallel lines.

22. Make a sketch of
a) two intersecting planes.
b) two parallel planes.
c) two parallel planes intersected by a third plane that is

not parallel to the first or the second plane.

23. Suppose that (a) planes M and N intersect, (b) point A lies in
both planes M and N, and (c) point B lies in both planes M
and N. What can you conclude regarding ?

24. Suppose that (a) points A, B, and C are collinear and 
(b) . Which point can you conclude cannot lie
between the other two?

25. Suppose that points A, R, and V are collinear. If 
and , then which point cannot possibly lie between
the other two?

26. Points A, B, C, and D are
coplanar; B, C, and D are
collinear; point E is not 
in plane M. How many 
planes contain
a) points A, B, and C?
b) points B, C, and D?
c) points A, B, C, and D?
d) points A, B, C, and E?

27. Using the number line provided, name the point that
a) is the midpoint of .
b) is the endpoint of a segment of length 4, if the other

endpoint is point G.
c) has a distance from B equal to 3(AC).

Exercises 27, 28

28. Consider the figure for Exercise 27. Given that B is the 
midpoint of and C is the midpoint of , what can you
conclude about the lengths of
a) and ? c) and ?
b) and ?

In Exercises 29 to 32, use only a compass and a straightedge
to complete each construction.

29. Given: and 

Construct: on line � so that 

Exercises 29, 30

30. Given: and 

Construct: on line � so that EF � AB � CDEF

(AB � CD)CDAB

A B

C D

MN � AB � CDMN

(AB � CD)CDAB

BDAC
CDACCDAB

BDAC

–3 –2 –1 0 1 2 3 4

A B C D E F G H

AE

RV � 5
AR � 7

AB � AC

—
AB
!

—
CD
!!

AB � 6x � 4
MB � 3x � 2AM � 2x � 1

MB � 3(x � 2)AM � 2(x � 1)
AB

MB � 3x � 2AM � 2x � 1
AB

A M C DB

AD � CD � AC
AB � BCAD � CD � AB
AB � BC � CD � ADAB � BC � AD

m

p

t

DC
!

CD
!

DCCD

—
DC
!—

CD
!

CD
!

CD
—
CD
!

A B

C

D

Exercises 9, 10

M

B
D

E

C

A

A DO

B C
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31. Given: as shown in the figure
Construct: on line n so that 

Exercises 31, 32

32. Given: as shown in the figure
Construct: on line n so that 

33. Can you use the construction for the midpoint of a segment
to divide a line segment into
a) three congruent parts? c) six congruent parts?
b) four congruent parts? d) eight congruent parts?

34. Generalize your findings in Exercise 33.

35. Consider points A, B, C, and D, no three of which are
collinear. Using two points at a time (such as A and B), how
many lines are determined by these points?

36. Consider noncoplanar points A, B, C, and D. Using three
points at a time (such as A, B, and C), how many planes are
determined by these points?

37. Line is parallel to plane P (that is, it will not intersect P
even if extended). Line m intersects line . What can you
conclude about m and P?

38. and are said to be skew lines because they 
neither intersect nor are parallel. How many planes are
determined by
a) parallel lines AB and DC?
b) intersecting lines AB and BC?
c) skew lines AB and EF?
d) lines AB, BC, and DC?
e) points A, B, and F?
f) points A, C, and H?
g) points A, C, F, and H?

Exercises 38–40

39. In the “box” shown for Exercise 38, use intuition to answer
each question.
a) Are and parallel?
b) Are and skew line segments?
c) Are and perpendicular?

40. In the “box” shown for Exercise 38, use intuition to answer
each question.
a) Are and skew line segments?
b) Are and congruent line segments?
c) Are and parallel?

*41. Let and . Point M is the midpoint of .
If , find the length of in terms of a and b.

CA B MN

NMAN � 2
3(AB)

BCBC � bAB � a

DCGF
BCAG
BCAG

FEAB
FEAB
DCAB

A B

D C

E

FG

H

 
—
EF
!

 
—
AB
!

P

m

�
�

TV � 1
2(AB)TV

AB

n

A B

PQ � 3(AB)PQ
AB

This section introduces you to the language of angles. Recall from Sections 1.1 and 1.3 that
the word union means that two sets or figures are joined.

Angle: Sides of Angle,
Vertex of Angle

Protractor Postulate
Acute, Right, Obtuse,

Straight, and Reflex
Angles

Angle-Addition
Postulate

Adjacent Angles
Congruent Angles
Bisector of an Angle

Complementary Angles
Supplementary Angles
Vertical Angles

KEY CONCEPTS

Angles and Their Relationships1.4

An angle is the union of two rays that share a common endpoint.

DEFINITION

1

B C

A

Figure 1.46
The preceding definition is illustrated in Figure 1.46, in which and have the

common endpoint B.
BC
!

BA
!
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