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Chapter 2
Set Theory

Check Points 2.1

1. Set L is the set of the first six lowercase letters in the English alphabet.

2. M ={April, August}

3. 0={1 3,5,7,9}
4. a. notthe empty set; Many numbers meet the criteria to belong to this set.
b. the empty set; No numbers meet the criteria, thus this set is empty
c. not the empty set; “nothing” is not a set.
d. not the empty set; This is a set that contains one element, that element is a set.
5. a. True; 8 is an element of the given set.
b. True; r is not an element of the given set.
c. False; {Monday} is a set and the set {Monday} is not an element of the given set.
6. a. A={1,2,3}
b. B={15,16,17,...}
c. 0={13,5,...}
7. a. {1,2,3,4,.., 199}
b. {51, 52,53, 54, ..., 200}
8. a. n(A)=5; the set has 5 elements
b. n(B)=1; the set has only 1 element
c¢. n(C)=8; Though this set lists only five elements, the three dots indicate 12, 13, and 14 are also elements.
d. n(D)=0 because the set has no elements.
9. Yes, the sets are equivalent. Each language in the table is paired with a distinct number of 15-24-year olds.
10. a. True, {O, L, D} = {D, O, L} because the sets contain exactly the same elements.
b. False, the two sets do not contain exactly the same elements.
Exercise Set 2.1
1. This is well defined and therefore it is a set. 4. This is a matter of opinion and not well defined,

thus it is not a set.

2. This is well defined and therefore it is a set.

5. This is well defined and therefore it is a set.

3. This is a matter of opinion and not well defined,
thus it is not a set. 6. This is well defined and therefore it is a set.
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10.
11.
12.

13.

14.

15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29.
30.
31.

32,

The set of known planets in our Solar System.

Note to student: This exercise did not forget Pluto.
In 2006, based on the requirement that a planet must

dominate its own orbit, the International

Astronomical Union removed Pluto from the list of

planets.

The set of weekend days.

The set of months that begin with J.

The set of months that begin with A.

The set of natural numbers greater than 5.
The set of natural numbers greater than 8.

The set of natural numbers between 6 and 20,
inclusive.

The set of natural numbers between 9 and 25,
inclusive.

{winter, spring, summer, fall}

{ April, June, September, November }
{September, October, November, December}
{e,f, g, h,i}

{1,2,3}

{1,2,3,4,5, 6}

{1,3,5,7,9,11}

{2,4,6,8)

{1,2,3,4,5}

{1,2,3,4}

{6,7,8,9, ...}

{5,6,7,8, ...}

{7,8,9,10}

{8,9,10, 11}

{10, 11, 12,13, ..., 79}
{15,16,17,18, ...,59}}

{2}

{6}
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33.
34.
35.
36.

37.

38.

39.
40.
41.
42,
43.
44.
45.
46.

47.

48.

49.

50.

51.

52,

53.

54.

ISM

not the empty set
not the empty set
empty set
empty set

not the empty set

: Thinking Mathematically

Note that the number of women who served as U.S.
president before 2000 is 0. Thus the number O is an

element of the set.

not the empty set

Note that the number of living U.S. presidents born
before 1700 is 0. Thus the number O is an element

of the set.
empty set
empty set
empty set
empty set
not the empty set
not the empty set
not the empty set
not the empty set

True

3 is a member of the set.

True

6 is a member of the set.

True

12 is a member of the set.

True

10 is a member of the set.

False

5 is not a member of the set.

False

8 is not a member of the set.

True

11 is not a member of the set.

True.

17 is not a member of the set.
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56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

65.

67.
68.
69.
70.

71.

72.
73.
74.
75.
76.

77.

Thinking Mathematically

False
37 is a member of the set.

False
26 is a member of the set.

False
4 is a member of the set.

False
2 is not a member of the set.

True
13 is not a member of the set.

True
20 is not a member of the set.

False
16 is a member of the set.

False
19 is a member of the set.

False
The set {3} is not a member of the set.

False
The set {7} is not a member of the set.

True
—1 is not a natural number.

True
-2 is not a natural number.

n(A) = 5; There are 5 elements in the set.
n(A) = 6; There are 6 elements in the set.
n(B) = 15; There are 15 elements in the set.
n(B) = 11; There are 11 elements in the set.

n(C) = 0; There are no days of the week beginning

with A.

n(C) = 0; There are no such months.
n(D) = 1; There is 1 element in the set.
n(D) = 1; There is 1 element in the set.
n(A) = 4; There is 4 elements in the set.
n(A) = 3; There is 3 elements in the set.

n(B) = 5; There is 5 elements in the set.
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78.
79.
80.

81.

82,

83.

84.

85.

86.

87.

88.

Section 2.1

n(B) = 7; There is 7 elements in the set.

n(C) = 0; There are no elements in the set.

n(C) = 0; There are no elements in the set.

a.

Not equivalent
The number of elements is not the same.

Not equal
The two sets contain different elements.

Equivalent
The number of elements is the same.

Not equal
The two sets contain different elements.

Equivalent
The number of elements is the same.

Not equal
The elements are not exactly the same.

Equivalent
The number of elements is the same.

Not equal
The elements are not exactly the same.

Equivalent
The number of elements is the same.

Equal
The elements are exactly the same.

Equivalent
Number of elements is the same.

Equal
The elements are exactly the same.

Equivalent
Number of elements is the same.

Not equal
The two sets contain different elements.

Equivalent
Number of elements is the same.

Not equal
The two sets contain different elements.
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89.

90.

91.
92,
93.
94.
95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

a. Equivalent
Number of elements is the same.

b. Equal
The elements are exactly the same.

a. Equivalent
Number of elements is the same.

b. Equal
The elements are exactly the same.

infinite

infinite

finite

finite

finite

finite

{x|x eNand x> 61}

{x|x eNandx> 36}
{x|x eNand6l<x< 89}

{X|xeNand36< xs59}

Answers will vary; an example is: {O, 1, 2, 3} and

1,2,3,4).

Answers will vary; an example is:
{X[xeNandx<5} and {1,2,3,4}.

Impossible. Equal sets have exactly the same
elements. This would require that there also must be
the same number of elements.

Answers will vary; an example is: {1} and {1, 2} .
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105.
106.

107.

108.

109.
110.
111.
112.
113.
114.
115.
116.

117.

124.
125.

126.

ISM: Thinking Mathematically

{New Zealand, Australia, United States}
{New Zealand, Australia, United States}

{ Australia, United States, United Kingdom,
Switzerland, Ireland }

{ Australia, United States, United Kingdom,
Switzerland }

{United Kingdom, Switzerland, Ireland}
{Switzerland, Ireland, Spain}

{}

{New Zealand}

{12, 19}

{10, 14, 16}

{20, 21}

{20, 21, 22}

There is not a one-to-one correspondence. These
sets are not equivalent.

d
a

This question contains a paradox. Sweeney Todd
cannot shave himself because he does not shave any
men who shave themselves. That suggests that

s ¢ A which implies s € B. However, if Sweeney
Todd does not shave himself, the question states he
shaves all such men who do not shave themselves.
That suggests that he does shave himself, giving

s € A which implies s ¢ B . Therefore,
paradoxically, s belongs and does not belong in both
sets.

a. no

b. no



ISM: Thinking Mathematically Section 2.2

Check Points 2.2

1. a. ¢ ;because 6,9, and 11 are not in set B.

b. < ; because all elements in set A are also
in set B.

c. C;because all elements in set A are also
in set B.

2. a. Both < and < are correct.
b. Both ¢ and < are correct.

3. Yes, the empty set is a subset of any set.

4. a. 16 subsets, 15 proper subsets
There are 4 elements, which means there are 2* or 16 subsets. There are 2°— 1 proper subsets or 15.

b. 64 subsets, 63 proper subsets
There are 6 elements, which means there are 2° or 64 subsets. There are 2°— 1 proper subsets or 63.

5. a. This set has 3 elements. Therefore there are 2° = 2x2x2 =8 subsets. This number means that there are 8 ways to
make a selection, including the option to bring no books.

b. {}
{The Da Vinci Code}

{The Lord of the Rings}

{America (The Book)}

{The Da Vinci Code, The Lord of the Rings}

{The Da Vinci Code, America (The Book)}

{The Lord of the Rings, America (The Book)}

{The Da Vinci Code, The Lord of the Rings, America (The Book)}

c. 7 of the 8 subsets are proper subsets. {The Da Vinci Code, The Lord of the Rings, America (The Book)}is not a
proper subset.

Exercise Set 2.2
1. ¢ 8. ¢
Subset cannot be larger than the set.
2.
9. ¢
3. ¢
10.
4. ¢
11. ¢
5. ¢
12. ¢
6. ¢
13. < or c
7. ¢
Subset cannot be larger than the set. 4. c orc
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.
28.

29.

30.
31.
32.
33.

34.
35.
36.

37.

38.

39.

40.
41.

N

N

N

or C

or C

N

c

c
neither
neither
True
True

False
{Ralph} is a subset, not Ralph.

False
{Canada} is a subset, not Canada.

True
True

False
The symbol “J ” is not a member of the set.

True
True
True

False
All elements of {1, 4} are members of {4, 1}

True
True
True

{ } {Border Collie} {Poodle} {Border Collie,
Poodle}

{ } {Romeo} {Juliet} {Romeo, Juliet}
{3 {t} {a} {b} {t, a} {t, b} {a, b} {t, a b}
{ } {1} {1} {100} {L, 11} {1, 11} {IL, 111} {L, IL, I1 }

{110}
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42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

5S.

56.

57.
58.

59.

ISM: Thinking Mathematically

%)

16 subsets, 15 proper subsets
There are 4 elements, which means there are 2* or
16 subsets. There are 2*— 1 proper subsets or 15.

16 subsets, 15 proper subsets
There are 4 elements, which means there are 2* or
16 subsets. There are 2*— 1 proper subsets or 15.

64 subsets, 63 proper subsets
There are 6 elements, which means there are 2° or
64 subsets. There are 2°— 1 proper subsets or 63.

64 subsets, 63 proper subsets
There are 6 elements, which means there are 2° or
64 subsets. There are 2° —1 proper subsets or 63.

128 subsets, 127 proper subsets
There are 7 elements, which means there are 2’ or
128 subsets. There are 2" —1 proper subsets or 127.

32 subsets, 31 proper subsets
There are 5 elements, which means there are 2° or
32 subsets. There are 2° —1 proper subsets or 31.

8 subsets, 7 proper subsets
There are 3 elements, which means there are 2° or
8 subsets. There are 2° —1 proper subsets or 7.

32 subsets, 31 proper subsets
There are 5 elements, which means there are 2° or
32 subsets. There are 2° —1 proper subsets or 31.

false; The set {1, 2,3, .., 1000} has 2% —1 proper

subsets.

false; The set {1, 2, 3, ..., 10,000} has 2'"°* -1

proper subsets.
true

true

false; & < {@, {@}}
false; {@} c {@,{@}}

true
true

true



ISM:

60.
61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.
73.

74.

75.

76.

77.

78.

79.

80.
87.

88.

89.

Thinking Mathematically

true
true

true

false; The set of subsets of {a, e, i, 0, u} contains 28
or 32 elements.

false; The set of subsets of {a, b, c, d, e, f} contains
2% or 64 elements.

false; DT

false; RcT

true

true

false; If xeW, then x e D.

false; If X e M, then xe D.

true
true
true

true

2° = 32 option combinations
2° =512 topping combinations
2° = 64 viewing combinations
2* = 16 response options

2° = 256 city combinations

2" =128 viewing combinations

b

0, 5¢, 10¢, 25¢, 40¢, 15¢, 30¢, 35¢
Since there are 3 elements or coins, there are 2° or
8 different coin combinations.

Number of proper subsets is 2" —1, which means

there are 128 total subsets (127 + 1).
128 is 27, so there are 7 elements.
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Section 2.3

Check Points 2.3

1. a. {1,5,6,7,9}
b. {1,5,6}
c. {7,9}
{a, b, c,d}
b. {e}
c. f{ef g}
d. ({f g}
3. A'={b, c, e}; those are the elements in U but not
in A.
4. a. {1,3,5,7,10} n {6,7,10,11} = {7, 10}
b. {1,2,3} n {4,5,6,7}=O

c. (1,23} D=0

o
®
—

1,3,5,7,10} U {6,7, 10, 11}
=1{1,3,5,6,7, 10, 11}

b' {19293}U{475’697}={19273,495’6’7}
e. {1,2,3} U @={1,2,3}

6. a. AuUB={b,c e}
(AUB) ={a, d}
b. A'={a d, e}
B'={a, d}
A'nB'={a, d}
7. a. {5};regionll

b. {2,3,7,11, 13,17, 19}; the complement of
region II

c. {2,3,5,7,11,13};regions I, II, and III

d. {17, 19}; the complement of regions I, II, and
1T

e. {5,7,11,13,17,19}; the complement of A
united with B

f. {2, 3}; A intersected with the complement of B
8. n(AuB)=n(A)+n(B)-n(ANB)

=244+230-89
=385
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Exercise Set 2.3

1.
2.

3.

10.

11. C'=

12.

13.

14.

15. C

16.

17.

18.

19.

20.

U is the set of all composers.
U is the set of all writers.
U is the set of all brands of soft drinks.
U is the set of all models of automobiles.
A'={c,d, e}

={a, b, f, g}
C'={b,c,d,e,f}

={a}

A'=1{6,7,8, ...,20)

= {1,2,3,4,5,10, 11, 12, 13, 14, 15, 16, 17,

18, 19, 20}
(2.4,6,8, ..., 20}
D'={1,3,5,7, ..., 19}
={21, 22, 23,24, .. }
={51, 52, 53, 54, ..}
{1,357, ..}

={2,4,6,8,..}

A={13,5,7}
B={1,2 3}
AnB={1,3}
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21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

ISM: Thinking Mathematically

A={1,357}
U={123,4,56T7}
={2,4,6}

{1,2,3}
{1,2,3,4,5,6,7}
{4.5,6,7}

A= {2,4,6}
= {4’ 57 677}
A B = (4,6)

={1, 7}
AUC'={1,3,5, 7}

B= {1,2,3}
= {17}
BUC'={1,2,3,7)

A={1,3,5 7}

C ={23,4,5,6}

ANnC = {3,5}
(ANC) = {1,2,4,6,7}

A={1,3,5,7)

B {12 3)

ANB={1,3)

(ANB)Y =1{2,4,5,6,7)

A={1,3,5,7} C={23,4,5,6}
A ={2, 4,6} c'={1,7}

A'UC'={1,2, 4,6, 7}

A={1,3,57}B={12 3}
(AUB)={1,2,3,5 7}
(AUB) ={4, 6}
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Thinking Mathematically

A={1,357}
AU@ :{1; 31 51 7}

C: {2, 3747 5’6}
Cud=1{23,4,5,6}

AN =0
CNnd=0

AuU =U
U=1{1,2,3,4,5,6,7}

BuU =U
U={1,2,3,4,567}

AnU = A
A={1, 3,5, 7}

BAU =B
B={1,2,3)

A={a g, h}
B={b, g, h}
AnB={g, h}

A={a g, h}
B={b, g, h}
AUB={a b, g, h}

= (b
= {b, d, c, f}
uC ={b,c,d,e,f, g h}

A={a g h}
U I{a, b, C, dl el f7 gl h}
A'={b,c,d, e f}

B ,g h}
C c,
B =

B={b, g, h}
U={ab,c,d,e,fgh}
B'={a,c,de,f}
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47.

48.

49.

50.

51.

52,

53.

54.

5S.

56.

57.

58.

A'={b,c,d e, f}
B'={a c,def}
A'nB'={c,d,e f}

B’ = {a, C, d9 c, f}
C = {b, c, d, €, f}
B'ﬁC = {Cs d9 c, f}

A={a g, h}
C'={a g, h}
AuC’'={a, g, h}

B={b, g, h}
C={b,c,d,e,f}
C'={a, g h}
BUC'= {a, b, g, h}

A: {a’ ga h}
C={b,cde f}

ANC =9
(AnC) ={a b, c,d,ef g h}

A= {a’ g, h}

B ={b, g, h}

ANnB={g, h}

(AnB) ={a,b,c,d,e,f}

A ={b, c d e f}

C’ Z{a, g, h}
A'uC'={a, b, c, d e f g h}

A'={b,c,d, e, f}
B’ = {a, C, d9 c, f}
A’UB': {a, b, c, d, e, f}

A: {a, gs h}
B={b, g, h}
AUB :{a, b; g: h}

(AUB) ={c, d, e, f}

A={a, g h}
C={b,c,d,e,f}
AuC={a,b,c,d,e,f g h}
(ALC)' =@

Aud=A
A={a g, h}

Cuy=C
C = {b, c, da <, f}

Section 2.3
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59. AN =7
60. CNngd=0
61. A={a, g h}

U Z{a, b! C! d! e! f, g! h}
AuU ={a b, c, d, e f, g h}

62. B= {b9 g’ h}
U= {a, bs C, d’ e, f9 g’h}
BuU ={a,b,c,d, e f,gh}
63. A={a g, h}
U ={a, b, Ci d1 e, fl 91 h}
AnU ={a, g, h}

64. B={b, g, h}
U={a,b,c,d,e,f, g h}
BNU ={b, g, h}

65. A={a, g h}
B={b, g, h}
B'={a ¢, d,e,f}
AnB={g, h}
(AnB)UB'={a c,def, g h}

66. A:{a,gah}
B ={b, g, h}
B'={ac,d,ef}
AUB:{a, b| g, h}
(AuB)nB'={a}

67. A={1,3,4,7}

68. B={2,3,5,6,7}

69. U=1{1,2,3,4,5,6,7,8,9}

70. AUB:{1,2, 3’47556’7}

71. AnB={3,7}

72. A’:{Z, 5, 6’ 87 9}

73. B'={1,4,8,9)

38

74.

75.

76.

77

78

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

ISM: Thinking Mathematically

(AnB) ={1,2,4,5,6,8,9)

(AUB) = (8,9}
A'={2,5,6,8,9)
B={2,3,56,7}
AAB={25,6)
A={1,3,4,7)
B':{1’4’8’9}
ANB' ={1, 4}
A={1,3,4,7)
B'={l,4,8,9)

AUB' ={L, 3, 4, 7, 8, 9}

B ={a, two, four, six}

A={a, # $}

AUB={a, #$, two, four, six}
ANnB={s}

n(AUB)=n({a, # $, two, four, six}) =6
n(AnB)=n({a})=1

n(A)=5

n(B')=4

(An B)’ ={#, $, two, four, six, 10, 01}

(AUB) ={10, 01}

A’ B ={two, four, six}
ANB ={#, $}
nU)-n(B)=8-4=4

nU)-n(A)=8-3=5
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93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

n(AuB)=n(A)+n(B)-n(AnB)
=17 +20 -6
=31

n(AuB)=n(A)+n(B)-n(AnB)
=30 +18 -5
=43

n(AuB)=n(A)+n(B)-n(AnB)
=17 +17 -7
=27

n(AuB)=n(A)+n(B)-n(AnB)
=30+24-7
=47

A={1, 3,57}
B={2,4,6,8}
AUB :{1, 2, 3, 4, 51 6! 7, 8}

B={2,4,6,8}
C={23,4,5}
BUC={2 3, 4,5,6,8}

U={,23, 458678}
A={L,3,5 7}
ANU ={L,3,5 7}

U={,23,4586,7 8}
A={L 3,5, 7}
AUU ={L, 2,3,4,5,6,7,8

A={L,3,5 7}
C'={l,6,7, 8
ANC'={l, 7}

A={L,3,5 7}
B'={l,3,5,7}
ANB'={L,3,5,7}

U={1,234,56,7,8}
B={24,6,8}
C={2234,5}
BNC={2 4}

(BNC) ={1,3,5,6,7,8}
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104.

105

106.

107.

108.

109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.

127.

Section 2.3

U={1223456,78}
A={1,3,5 7}
C={23,4,5}
ANC ={3, 5}

(ANC) ={1,2,4,6,7,8

.AU(AuB)
={23, 29, 31, 37, 41, 43,53, 59, 61, 67, 71}

(A'"B)U(ANB) ={41, 43, 47}

nU)[n(AUB)-n(AnB)]|=12[7-2]
=12(5) = 60

n(AnB)[n(AUB)-n(A)]=2[7-6]=2(1) =2

{ Ashley, Mike, Josh}

{Mike, Josh, Emily, Hannah, Ethan}

{ Ashley, Mike, Josh, Emily, Hannah, Ethan}
{Mike, Josh}

{ Ashley}

{Emily, Hannah, Ethan}

{Jacob}

{ Ashley, Mike, Josh, Emily, Hannah, Ethan, Jacob}
Region I, The U.S. is in set A but not set B.
Region II, Japan is in set A and set B.

Region I, France is in set A but not set B.
Region I, Germany is in set A but not set B.
Region IV, England is in neither set A nor set B.
Region III, China is in set B but not set A.
Region I, 11 is in set A but not set B.

Region II, 22 is in set A and set B.

Region IV, 15 is in neither set A nor set B.
Region IV, 17 is in neither set A nor set B.

Region II, 454 is in set A and set B.
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128.
129.
130.
131.

132.

133

134.

13s.

136.

137.

138.

Region I, 101 is in set A but not set B.

Region III, 9558 is in set B but not set A.

Region III, 9778 is in set B but not set A.

Region I, 9559 is in set A but not set B.

Region I, 9779 is in set A but not set B.

{ spatial-temporal, sports equipment, toy cars and
trucks} M {dollhouses, spatial-temporal, sports
equipment, toy cars and trucks}

= {spatial-temporal, sports equipment, toy cars and
trucks}

{dollhouses, domestic accessories, dolls} M
{dollhouses, spatial-temporal, sports equipment, toy
cars and trucks}

= {dollhouses}

{ spatial-temporal, sports equipment, toy cars and
trucks} U {dollhouses, spatial-temporal, sports
equipment, toy cars and trucks}

= {dollhouses, spatial-temporal, sports equipment,
toy cars and trucks}

{dollhouses, domestic accessories, dolls} U
{dollhouses, spatial-temporal, sports equipment, toy
cars and trucks}

= {dollhouses, domestic accessories, dolls, spatial-
temporal, sports equipment, toy cars and trucks}

{toy cars and trucks } m {dollhouses, domestic
accessories, dolls, spatial-temporal, sports
equipment}

{toy cars and trucks } U {dollhouses, domestic
accessories, dolls, spatial-temporal, sports
equipment}

= {dollhouses, domestic accessories, dolls, spatial-
temporal, sports equipment, toy cars and trucks}
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139.

140.

152.
153.

154.

155.

156.

157.

ISM: Thinking Mathematically

n(AuB)=n(A)+n(B)-n(AnB)
=178 +154 -49
= 283 people

n(AuB)=n(A)+n(B)—n(AnB)
=96 +97 - 29
=164 people

b is true.

d is true.

U‘B

U‘A

U‘A

U‘B




ISM:

Thinking Mathematically

Check Points 2.4

1.

4.

a. BAC={b,f)
AU(BNC) = {a,b,c,d, f)

b. AuB={ab,cd,f}
AuC={ab,cd,f}
(AuB)N(AuC)={a, b,c,d,f}

c. C'={ad, e}
BuC'={a,b,d, e, f}
An(BuC)={a b, d}

a. Cisrepresented by regions IV, V, VI, and VII.
Thus, C = {5, 6,7, 8, 9}

b. BwuUC is represented by regions IL, III, IV, V,

VI, and VII.
Thus, BUC = {1, 2,5,6,7,8,9, 10, 12}

c. ANC isrepresented by regions IV and V.
Thus, AnC = {5, 6, 7}

d. B'is represented by regions I, IV, VII, and
VIIL
Thus, B'= {3, 4,6,8, 11}

e. AuUBUC isrepresented by regions I, 11, III,
1V, V, VI, and VIL.
Thus,
AuUBUC = {1, 2,3,5,6,7,8,9, 10, 11, 12}

a. AuUB isrepresented by regions I, II, and III.
Therefore (AU B)' is represented by region

IV.

b. A’ isrepresented by regions Il and IV.
B’ is represented by regions I and V.
Therefore A’ B’ is represented by region IV.

c. (AUB) = A'nB’ because they both represent
region I'V.
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5.

Section 2.4

a. BuUC isrepresented by regions II, III, IV, V,
VI, and VII.
Therefore An(BwC) is represented by

regions I, IV, and V.

b. ANB is represented by regions Il and V.
ANC is represented by regions IV and V.
Therefore (AN B)W(ANC) is represented by

regions I, IV, and V.

c¢. An(BuC) = (AnB)U(ANC) because they
both represent region IV.

Exercises 2.4

1.

BAC ={2,3)
AU(BANC)= {1,2,3,5,7)

BUC={1,2,3,4,5,6)
AN(BUC) = {1,3,5)

AUB=1{1,2,3,5,7}
AuC=1{1,2,3,4,5,6,7}
(AuB)N(AUC)= {1,2,3,5,7}

(AnB)=1{1, 3}
(AnC)={3,5}
(AnB)U(ANC)={1, 3,5}
A ={2,4,6) C'={1,7}
BuC'={1,2,3,7}
An(BuCH)= {2}

B'={4,5,6,7}
C'={1,7)
AuUB'={1,3,4,5,6,7}
C'n(AuB)={1,7}

A= {2,4,6}
A'nB= {2}
AnC'=0

(A'NnB)U(A'NC") ={2}

C'={1,7)

B'={4,5,6,7}
C'={1,7}

(C'nA)= {1,7}
(C'nB)= {7}
(C'nA)U(C'NB)={1,7}
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10.

11.

12.

13.

14.

15.

16.

17.

18.

A={,35 7}

B={1 2, 3}

C={23 45,6}
AuBUC={,23 4,56, 7}
(AuBULC) =0

{1,3,5,7}

{1,2,3}

{2,3,4,5,6}

ANBNC = {3}

(AnBNC)' ={1,2,4,5,6,7}

A
B
C

A={,35 7}
B={ 2, 3}
AuB={1,2,35 7}
(AUB)' ={4, 6}
C={2734,5, 6}
(AuB) NC={4, 6}

BuC={1,2,3,4,5,6}
(BLC) = {7}
(BUC)YnA= {7}

BAC ={b}
AU(BAC)={a b, g, h}

BUC = {b, C, d7 c, f7 g7h}
An(BUC) ={g h}

AuB={a b, g, h}
AuC={a b,cdef g h}
(AuB)N(AuC)={a, b, g, h}

AnB ={g, h}
AnC =g
(AnB)U(ANC) ={g, h}

A’ ={b,c,d, ¢ f}
C'={a g h}
BuC'={a, b, g, h}
A'n(BuC') ={b}

C'={a, g, h}
B'={a,c,d,e,f}
AUB'={a,c,d,e,f, g h}
C'n(AuB’) ={a, g, h}
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19.

20.

21.

22,

23.

24,

25.
26.
27.
28.
29.
30.
31.
32.

33.

34.

35.

36.

ISM: Thinking Mathematically

A ={b, c, d, e, f}
A' B ={b}

C'={a g h}
ANnC'=¢g
(A'nB)U(A'nC") ={b}

C'={a, g, h}
B'={a,c,d,e,f}

C'nA={a, g h}
C'nB'={a}
(C'mnA)U(C'nB")={a, g, h}

AUBUC={a, b, c, d,e f g h}
(AuBULC) =0

ANBNnC=0
(AnBNC) ={a,b,c,d e, f g h}

AuB={a, b, g, h}
(AuB) ={c, d, e, f}
(AuB)'nC={c, d, e f}

BuC={b,c,d,e,f, g h}
(BuUC) = {a}
(BuC)YnA={a}

IL 1, V, VI

IV, V, VI, VII
LILIV,V, VL VI
IL 11, IV, V, VI, VII
I,V

IV, Vv

I, 1V, VII, VIII

L IL, 11, VIII

A={l, 2,3, 4,567, 8

B={4,5, 6,9 10,11}

AUuB={l,23,4,5,6,78,910,11}

B={4,5,6,09, 10,11}
c={6,7,80912
BuC={4,5,6,7,8,9, 10,11, 12}



ISM:

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Thinking Mathematically

A={1,234,56,78}
B={4,5,6,9,10,11}
AUB={l,234,5,6,78,910,11}

(AUB) ={12,13}

B={4,5, 6,9 10,11}
Cc={6,78,9 12}
BuUC={4,5,6,7,809,10,11, 12}

(BUC) =11, 2,3,13}

The set contains the elements in the two regions
where the circles representing sets A and B overlap.
AnB={4,5, 6}

The set contains the elements in the two regions
where the circles representing sets A and C overlap.
AnC={6,7, 8}

The set contains the element in the center region
where the circles representing sets A, B, and C
overlap.

ANnBnNC ={6}

The set contains the elements in the seven regions
of the circles representing sets A, B, and C. Only
element 13 lies outside these regions.
AuBUC={,2,3,4,5,6,7,8,9,10,11,12}

ANBNC ={6}
(ANBNC) ={1,2,3,4,5,7,8,9,10,11,12,13}

AUBUC ={L, 2,3, 4,5,6,7,8,9,10,11, 12}
(AuBuC)’ ={13}

47.

48.

49.

50.

51.

52,

53.

54.
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Section 2.4

¢. AnB=BnA
a. LILII

b. LI I

c¢. AuUB=BUA
a. LIILIV

b. IV

c¢. No, (AnB) #A'NnB’

a. IV
b. LIIL IV

c. No, (AuB) A UB’

Set A is represented by regions I and II.

Set A’ is represented by regions III and IV.

Set B is represented by regions II and III.

Set B’ is represented by regions I and IV.

A’ U B is represented by regions II, III, and I'V.
ANB' is represented by region 1.

Thus, A"UB and ANB' are not equal for all sets
A and B.

Set A is represented by regions I and II.

Set A’ is represented by regions III and IV.

Set B is represented by regions II and III.

Set B’ is represented by regions I and IV.

A’ B is represented by region III.

AU B’ is represented by regions I, II, and I'V.
Thus, A'nB and AUB' are not equal for all sets
A and B.
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5S.

56.

57.

58.

59.

60.

61.

Set A is represented by regions I and II.
Set B is represented by regions II and III.

(Au B)' is represented by region IV.
(Am B)’ is represented by regions I, III, and I'V.

Thus, (AU B)’ and (AN B), are not equal for all
sets A and B.

Set A is represented by regions I and II.

Set B is represented by regions II and III.

(Au B)' is represented by region IV.

A’ B is represented by region III.

Thus, (Au B)l and A’ B are not equal for all
sets A and B.

Set A is represented by regions I and II.

Set A’ is represented by regions Il and IV.

Set B is represented by regions II and III.
Set B’ is represented by regions I and I'V.

(A’ N B)’ is represented by regions I, II, and IV.

AU B’ is represented by regions I, II, and IV.
Thus, A'nB and AUB' are equal for all sets A
and B.

Set A is represented by regions I and II.
Set A’ is represented by regions III and IV.
Set B is represented by regions II and III.
Set B’ is represented by regions I and I'V.

(Au B')’ is represented by region III.

A’ B is represented by region III.
Thus, A'nB and AUB' are equal for all sets A
and B.

a. ILIV,V, VI VII

b. ILIV,V, VL VI

c¢. (AnB)uC=(AuC)n(BuUC)
a. IV,V, VI

b. 1IV,V, VI

c. (AUB)NC=(AnC)u(BNC)
a. ILIV,V

b. LILIV,V,VI

c. No
The results in a and b show
ANn(BuUC) = Au(BNC) because of the

different regions represented.
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62.

63.

64.

65.

66.

67.

68.

69.

70.

ISM: Thinking Mathematically

a. ILIV,V, VI VI
b. 1V,V, VI
c. No

The results in a and b show
Cu(BnA)=Cn(BUA) because of the

different regions represented.

The left expression is represented by regions II, IV,
and V. The right expression is represented by
regions I, IV, V, VI, and VII. Thus this statement
is not true.

The left expression is represented by regions I, 11,
IV, V, and VI. The right expression is represented
by regions IV, V, and VI. Thus this statement is not
true.

Both expressions are represented by regions II, III,
IV, V, and VI. Thus this statement is true and is a
theorem.

Both expressions are represented by regions II, V,
and VI. Thus this statement is true and is a
theorem.

Both expressions are represented by region 1.
Thus this statement is true and is a theorem.

Both expressions are represented by regions I, 11,

III, IV, V, VII, and VIIL

Thus this statement is true and is a theorem.

a. AU(B'nC')={c, e f}
(AUB)N(AUC")={c, & f}

b. AU(B'AC')={13,5,7,8)
(AUB)N(AUC')={1,3,5,7,8}

¢. AU(B'nC)=(AUB')n(AUC’)

d. AU(B'nC’) and (AUB')"(AUC’) are
both represented by regions I, II, IV, V, and

VIII. Thus, the conjecture in part c is a
theorem.

a. (AUB) NC={4)

A'n(B'nC)={4}

b. (AUB) NC={e}
A'N(B'nC)={e}
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71.

72.

73.

74.

75.

76.

77.

78.

79.
80.
81.
82.
83.
84.

85.

86.

87.
88.
89.
90.

91.

Thinking Mathematically

c. (AuB)’ NC=A'n(B'NC)

d. (AUB) NC and A'n(B'NC) are both

represented by regions IV, V, and VI. Thus, the
conjecture in part c is a theorem.

(AnB')n(AUB)

(AUB)
A'UB
A'nB
(AnB)uC
An(BuUC)

A'n(BUC)

(AU B)’ nC

{Ann, Jose, Al, Gavin, Amy, Ron, Grace}
{Jose, Ron, Grace, Lee, Maria}

{Jose}

{Ann, Jose}

{Lily, Emma}

{Ron, Grace, Lee, Maria}

{Lily, Emma, Ann, Jose, Lee, Maria, Fred, Ben,
Sheila, Ellen, Gary}

{Jose, Ron, Grace, Lee, Maria, Al, Gavin, Amy,
Fred, Ben, Sheila, Ellen, Gary}

{Lily, Emma, Al, Gavin, Amy, Lee, Maria}
{Ann, Jose, Ron, Grace}

{Al, Gavin, Amy}

{Lily, Emma}

The set of students who scored 90% or above on
exam 1 and exam 3 but not on exam 2 is the empty
set.
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92,

93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.

105.

106.

Section 2.4

The set of students who did not score 90% or higher
on any of the exams.

Region II
Region VI
Region V
Region VIII
Region I
Region VII
Region III
Region VI
Region V
Region IV
Region VII

Region IV

U

Woolf

Gump Ring
Chicago

C Poppins
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109. AB’ VIIL

110. O @%E

11 N
) NEDZ

112. Yes S

4. a. 63 asrepresented by region III.
Check Points 2.5
b. 3 asrepresented by region IV.
1. a. 55+20=75

c. 136 as represented by regions I, IV, and VII.
b. 20+70=90

d. 30 as represented by regions II, IV, and VI.
c. 20

e. 228 as represented by regions I through VII.
d. 55+20+70=145

f. 22 as represented by region VIII.

e. 55
f. 70
Exercise Set 2.5
g. 30
1. 26
h. 55+20+70+30=175
2. 20
2. Start by placing 700 in region II.
Next place 1190—700 or 490 in region III. 3. 17
Since half of those surveyed were women, place 4. 11
1000-700 or 300 in region I. )
Finally, place 2000—-300—-700—-490 or 510 in 5. 37
ion IV.
region 6. 9
a. 490 men agreed with the statement and are 7
represented by region III. - 7
b. 510 men disagreed with the statement and are 8. 44
represented by region IV. 9. Region I has 21 — 7 or 14 elements.

Region III has 29 — 7 or 22 elements.

3. Since 2 people collect all three items, begin by Resion IV has 48 — 14 —7— 22 or 5 el ¢
egion as 48 — 14 — 7- 22 or 5 elements.

placing a 2 in region V.

Since 29 people collect baseball cards and comic 10
books, 29 — 2 or 27 should be placed in region II.

Since 5 people collect baseball cards and stamps,

5 —2 or 3 should be placed in region I'V.

. Region I has 23 — 7 or 16 elements.
Region III has 27 — 7 or 20 elements.
Region IV has 53 — 16 — 7- 20 or 10 elements.

Since 2 people collect comic books and stamps, 11. 17 as represented by regions II, III, V, and VI.

2 — 2 or 0 should be placed in region VI.

Since 108 people collect baseball cards, 12. 15 as represented by regions I, II, IV, and V.
108 — 27 — 3 — 2 or 76 should be placed in region I.

Since 92 people collect comic books, 13. 6 as represented by regions I and II.

92 — 27 -2 -0 or 63 should be placed in region III.

Since 62 people collect stamps, 62 —3 -2 —0 or 57 14. 9 as represented by regions III and VI.

should be placed in region VII.

Since there were 250 people Surveye(L place 15. 28 as represented by regions LILIV,V, VI and
250-76—27-63—-3—-2-0-57 =22 in region VIL
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16.
17.
18.
19.
20.
21.
22,
23.
24,
25.

26.

27.

28.

Thinking Mathematically

24 as represented by regions I through VI.

9 as represented by regions IV and V.

8 as represented by regions I and V.

3 as represented by region VI.

2 as represented by region I'V.

19 as represented by regions III, VI, and VII.
17 as represented by regions I, IV, and VII.
21 as represented by regions I, III, and VIIL.
6 as represented by regions II, IV, and VI.
34 as represented by regions I through VII.

13 as represented by regions II, IV, V, and VL.

Since n(ANB) =3, there is 1 element in region II.

Since n(ANC) =5, there are 3 elements in region
IV.

Since n(BNC)=3, there is 1 element in region
VI.

Since n(A) =11, there are 5 elements in region I.
Since n(B) =8, there are 4 elements in region II.
Since n(C)=14, there are 8 elements in region VIL
Since n(U ) =30, there are 6 elements in region
VIII.

Since n(Am B) = 6, there are 4 elements in region
1I.

Since n(ANC) =7, there are 5 elements in region
IV.

Since n(BNC)=8, there are 6 elements in region
VI.

Since n 21, there are 10 elements in region I.

(A)=

Since n ( B) 15, there are 3 elements in region I1I.

Since n(C)=14, there is 1 element in region VII.
v)-

Since n 32, there is 1 element in region VIIIL.
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29.

30.

31.

32,

Section 2.5

Since n(Am BN C) =7, there are 7 elements in
region V.

Since n(ANB) =17, there are 10 elements in
region II.

Since n ( AN C) =11, there are 4 elements in region
1V.

Since n(BNC)=8, there is 1 element in region
VL

Since n = 26, there are 5 elements in region 1.

Since n = 21, there are 3 elements in region III.

Since n =18, there are 6 elements in region VII.

(
(
(
Since n(
VIII.

38, there are 2 elements in region

Since n(Am BN C) =5, there are 5 elements in

region V.

Since n(ANB)=17, there are 12 elements in

region II.

Since n ( AN C) =11, there are 6 elements in region

Iv.

Since

VL

Since n(A) = 26, there are 3 elements in region 1.
B

n(BNC)=9, there are 4 elements in region

Since n(B) =22, there is 1 element in region II.

Since n(C) = 25, there are 10 elements in region

VIL
Since n(U)=42, there is 1 element in region VIII.

Since n(ANBNC) =2, there are 2 elements in
region V.

Since n(ANB)=6, there are 4 elements in region
1I.

Since n(ANC) =9, there are 7 elements in region
1V.

Regions II, IV, and V contain a total of 13 elements,

yet set A is stated to contain a total of only 10
elements. That is impossible.

Since n(ANBNC) =5, there are 5 elements in
region V.
Since n(ANB) =86, there is 1 element in region II.

Since n ( AN C) =9, there are 4 elements in region

IVv.

Regions II, IV, and V contain a total of 10 elements,
yet set A is stated to contain a total of only 8
elements. That is impossible.
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

4+5+2+7 =18 respondents agreed with the
statement.

8+2+3+9 =22 respondents disagreed with the
statement.

2+ 7 =9 women agreed with the statement.

4 + 2 = 6 people who are not African American
agreed with the statement.

9 women who are not African American disagreed
with the statement.

8 men who are not African American agreed with
the statement.

Parts b, ¢, and d are labeled.
U

.

smokers support ban

Parts b, ¢, and d are labeled.
U

.

binge behind
drinkers in school

Parts b, ¢, and d are labeled.

. spent time with
religious terminally ill

&

assisted suicide should be an option
Answers for part e will vary.

Parts b, ¢, and d are labeled.
U

me college

&

c
agree

Answers for part e will vary.
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43.

44.

ISM: Thinking Mathematically

Begin by placing 7 in the region that represents both
newspapers and television.

Newspapers Television

a. Since 29 students got news from newspapers,
29-7 =22 got news from only newspapers.

b. Since 43 students got news from television,
43-7 =36 got news from only television.

oD

Newspapers Television

U

¢c.  22+7+36 =065 students who got news from
newspapers or television.

d. Since 75 students were surveyed, 75—65=10
students who did not get news from either.

O

Newspapers Television
10

Begin by placing 40 in the region that represents
both math and English.

Math English

(&

a. Since 75 students registered for math,
75—-40 = 35 registered for only math.

b. Since 65 students registered for English,
65—40 =25 registered for only English.

. Math English

Ce)?
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45.

46.

c. 35+40+25=100 students who registered for

math or English.

d. Since 120 students were surveyed,
120-100 = 20 students who did not register
for either.

Math English

Construct a Venn diagram.

U Rock Classical

NE)

Jazz

20

a. 23

b. 3

c. 17+3+12=32
d. 23+17+12=52
e. 7+3+5+7=22
f. 6

Construct a Venn diagram.
gy Fraternities Sports

Tutorial Programs

a. 30

b. 8

c. 23+8+30=61
d. 23+30+14=67
e. 8+7+9+5=29

f. 84
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47.

48.

51.

52.

53.

Section 2.5

Construct a Venn diagram.
y  Alcohol Cigarettes

iy
@,

Drugs

a. 1500 (all eight regions)

b. 1135 (the six regions of sets A and C)
c. 56 (region VII)

d. 327 (region II)

e. 526 (regions I, IV, and VII)

f. 366 (regions II, IV, and VI)

g. 1191 (regions I through VII)

Construct a Venn diagram.
7 Prescription Meditation

Drugs m
(N

St. John’s Wort

a. 833 (all eight regions)

b. 675 (the six regions of sets A and C)
c. 8 (region VII)

d. 80 (region II)

e. 463 (regions I, IV, and VII)

f. 102 (regions II, IV, and VI)

g. 0683 (regions I through VII)

a. 0; This would assume none of the psychology
students were taking mathematics.

b. 30; This would assume all 30 students taking
psychology were taking mathematics.

c. 60; U= 150 so with 90 taking mathematics, if
we assume all the psychology students are
taking mathematics courses, U — 90 = 60.

Under the conditions given concerning enrollment
in math, chemistry, and psychology courses, the
total number of students is 100, not 90.
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Chapter 2 Review Exercises

1.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

the set of days of the week beginning with the letter
T.

the set of natural numbers between 1 and 10,
inclusive.

{m, 1, s}

{8,9, 10, 11, 12}
{1,2,3,...,30}
not empty
empty set

IS
93 is an element of the set.

&
{d} is a subset, not a member; “d” would be a
member.

12
12 months in the year.

15

+
The two sets do not contain exactly the same
elements.

*
One set is infinite. The other is finite.

Equivalent
Same number of elements, but different elements.

Equal and equivalent
The two sets have exactly the same elements.

finite
infinite
c

&

N
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21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.
39.

40.
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=
both

False
Texas is not a member of the set.

False
4 is not a subset. {4} is a subset.

True

False
It is a subset but not a proper subset.

True

False
The set {six} has only one element.

True

@ {1} {5} {1,5}

{1, 5} is not a proper subset.

There are 5 elements. This means there are 2° = 32
subsets.

There are 2° —1= 31 proper subsets.

{January, June, July}

There are 3 elements. This means there are 2° =8
subsets.

There are 2° —1=7 proper subsets.

ANB= {1,2,4}
AUB'={l, 2,3, 4,6, 7,8
A'AB= {5}

(AUB) = (6,7, 8}
A'nB' = {6,7,8}
{4,5,6}

{2,3,6,7}
{1,4,5,6,8,9)
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41.
42,
43.
44.
45.

46.

47.

48.

49.
50.
51.
52.
53.
54.

5S.
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{4.5}
{1,2,3,6,7,8,9}
{2,3,7}

{6}
{1,2,3,4,5,6,7,8,9}

n(AuB)=n(A)+n(B)-n(AnB)
=25+17-9
=33
BNC ={1,5)}
Au(BnC)= {1,2,3,4,5}
ANnC={1}
(AnC)' =(2,3,4,5,6,7, 8}
(AnC)YuB={,23,4,56,7,8
{c.d,e, £, k,p, 1}
{f.p}
{c,d, £k, p, r}
{c,d, e}
{a,b,c,d,e, g, h,p,1}

{f}

51

Chapter 2 Review Exercises

56. The shaded regions are the same for (AU B)' and
A'nB'. Therefore (AUB) = A'nB’
U

57. The statement is false because the shaded regions
are different.

Arni(Bu) Au(EnC)

A E A E

58. a. regionl
b. region III
c. region VIII
d. regionlIl
e. regionV

59. a. Parts b and c are labeled.

U

Republicans favor
death penalty




Chapter 2: Set Theory

60. Begin by placing 400 in the region that represents both stocks and bonds.

Since 650 respondents invested in stocks, 650400 =250 invested in only stocks.

ISM: Thinking Mathematically

Furthermore, since 550 respondents invested in bonds, 550 —400 =150 invested in only bonds.

i)
stocks honds
a.
Place this data in the Venn diagram.
)
stocks bonds
b.

gtocks hornds

61. Construct a Venn diagram.

U cars public trans.

N

a. 50

b. 26
54+26+50=130
d. 26+16+4=46

0

250+ 400+150 =800 respondents invested in stocks or bonds.

52

Since 1000 people were surveyed, 1000 —-800 = 200 respondents who did not invest in either.
ur 200
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Chapter 2 Test

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

{18, 19, 20, 21, 22, 23, 24}
False, {6} is not an element of the set, but 6 is an element.

True, both sets have seven elements.

True

False, g is not an element in the larger set.

True

False, 14 is an element of the set.
False, Number of subsets: 2" where N is the number of elements. There are 5 elements. 2° =32 subsets

False, & is not a proper subset of itself.

@ {6} {9} {6.9}

{6, 9} is not a proper subset.

{a,b,c,d, e, f}

BNC ={e}

(BAC) ={a b, ¢, d, T, g}

C'= {b,c,d,f)
AAC'= {b,c,d}

AuB={a b, c, d, e, f}
(AUB)NC ={a, €}

B'={a, b, g}
AuB'={a, b,c,d, g}

n(AUB')=5
{b,c,d, i, j, k}
{a}

{a,f,h)

U

QY

2
3

Both expressions are represented by regions III, VI, and VII. Thus this statement is true and is a theorem.
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21.

22,

a.

region V
region VII
region IV
region [

region VI

2/

Ice Skate

Snow
board

25

263 (regions I, III, and VII)

25 (region VIII)

62 (regions II, IV, V, and VI)

0 (region VI)

147 (regions III, VI, and VII)

116 (region I)
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