Exercises from Section 2.1: (8), (12), (18), (34), (36), (42)

8. Suppose that A = {2,4, 6}, B={2,6}, C = {4,6}, and
D = {4, 6, 8}. Determine which of these sets are subsets
of which other of these sets.

12. Determine whether these statements are true or false.

a) 0 e (g} b) 0 € {0, {0}}

o {0} € {0} d) {4} € {{0}}

e) {#} {0 {0}} f) {{9}} c {9 {0}}
g {{9}} c {{9},{9}}

18. Use a Venn diagram to illustrate the relationships A C B
andA C C.

Exercises from Section 2.2: (14), (28), (38), (40)

14. Find the sets A and Bif A—-B={1,5,7,8}, B—A=
{2,10},andANnB = {3,6,9}.

28. Draw the Venn diagrams for each of these combinations
of the sets A, B, and C.

a) AnBUC) b) ANBNnC
) A=B)UA-C)UB-0)

Exercises from Section 2.3: (10), (14), (22), (34)

10. Determine whether each of these functions from
{a, b, c, d} to itself is one-to-one.
a) fla)=b,f(b)y=a,f(c)=c,f(d)=d
b) f(@)=b,f(b)=b,f(c)=d,f(d)=c
o) flay=d,fb)=b.f(c)=c.fd)=d

14. Determine whether f: Z X Z — Z is onto if
a) f(m,n)=2m—n.
b) f(m, n) = m> — n.
¢) f(mn)y=m+n+1.
d) f(m, n) =|m| - |n|.
e) f(m, n)=m>—4.

34. LetA = {a,b,c}, B= {xy},and C = {0, 1}. Find

a) AXBxC. b) CxXBXxA.

¢) CxXAXB. d) BXBXB.
36. Find A3 if

a) A= {a}. b) A={0,a}.

42. Explain why (A X B) X (C X D) and A X (B X C) X D are
not the same.

The symmetric difference of A and B, denoted by A @ B, is
the set containing those elements in either A or B, but not in
both A and B.

38. Find the symmetric difference of {1, 3,5} and {1, 2, 3}.

40. Draw a Venn diagram for the symmetric difference of the
sets A and B.

22. Determine whether each of these functions is a bijection
from R to R.
a) f(x)=-3x+4
b) f(x) = -3x2+7
¢ f)=x+1D/x+2)
d) fx)=x"+1

34. Suppose that g is a function from A to B and f is a func-
tion from B to C. Prove each of these statements.

a) If fog is onto, then f must also be onto.
b) If fog is one-to-one, then g must also be one-to-one.

¢) If fog is a bijection, then g is onto if and only if f is
one-to-one.



Exercises from Section 9.1: (2), (6), (10), (44)

2. a) List all the ordered pairs in the relation
R = {(a,b) | adivides b} on the set {1,2,3,4,5, 6}.
b) Display this relation graphically, as was done in
Example 4.
¢) Display this relation in tabular form, as was done in
Example 4.

6. Determine whether the relation R on the set of all real
numbers is reflexive, symmetric, antisymmetric, and/or
transitive, where (x, y) € R if and only if

a) x+y=0. b) x = +y.
¢) x —yis arational number.

d) x=2y. e) xy>0.
f) xy=0. g x=1.

h) x=1lory=1.

Exercises from Section 9.3: (2), (8), (32)

2. Represent each of these relations on {1, 2, 3,4} with a
matrix (with the elements of this set listed in increasing
order).

a) {(1,2),(1,3),(1,4),2,3), (2. 4), (3,4)}

b) {(1, 1),(1,4),(2,2),(33),4 1}

o) {(1,2),(1,3),(1,4),(21),(23),(24),31),3,2),
(34,4 1),(42),43)}

d {(24),G,1),32),34}

4. List the ordered pairs in the relations on {1, 2, 3, 4} corre-
sponding to these matrices (where the rows and columns
correspond to the integers listed in increasing order).

110 1 1110
1010 0100
o P Do 01
10 1 1] 100 1
(0 1 0 1]
ol 010
01 01
1 0 1 0]

10. Give an example of a relation on a set that is

a) both symmetric and antisymmetric.
b) neither symmetric nor antisymmetric.

44. List the 16 different relations on the set {0, 1}.

8. Determine whether the relations represented by the ma-
trices in Exercise 4 are reflexive, irreflexive, symmetric,
antisymmetric, and/or transitive.

26. 27.
a b a b
i E O
c d ¢
Y QD

a b

@—=0

C

32. Determine whether the relations represented by the di-
rected graphs shown in Exercises 26-28 are reflexive, ir-
reflexive, symmetric, antisymmetric, asymmetric, and/or
transitive.



Exercises from Section 9.5: (2), (8), (16), (24)

2. Which of these relations on the set of all people are equiv-

alence relations? Determine the properties of an equiva-
lence relation that the others lack.

a) {(a,b) | a and b are the same age}

b) {(a, b) | a and b have the same parents}

¢) {(a,b)| aand b share a common parent}

d) {(@, b) | a and b have met}

e) {(a,b) | aand b speak a common language}

. Let R be the relation on the set of all sets of real numbers
such that SR T if and only if S and 7 have the same car-
dinality. Show that R is an equivalence relation. What are
the equivalence classes of the sets {0, 1,2} and Z?

16.

24.

Let R be the relation on the set of ordered pairs of pos-
itive integers such that ((a, b), (¢, d)) € R if and only if
ad = bc. Show that R is an equivalence relation.

Determine whether the relations represented by these
zero—one matrices are equivalence relations.

1010

a)

c)

—_0 =

11
11 b)
11

O = = =
O = =
O =
— o o O

0101
1010
0101



