
BXERCISES FOR CHAPTBR 1

Section 1.1: Describing a Set

1.1. Which of the following are sets?

(a) 1,2,3
(b) {1,2},3
(c) {{ I }, 2}. 3

(d) {1, {2},3}
(e) {r,2, a, b}

1.2. Lets : {-2, -1,0, 1, 2, 3}. Describe each of rhe following sers as {x e s : p(x)}, where p("r) is some
condition on x.

(a) A: {1,2,3}
(b) B : 10,1,2.3)
(c) C: {-2,-r}.
(d) D : {-2,2,3}.

1.3. Determine the cardinality of each of the following sets:

(a) A: {1,2,3,4,5}
(b) B : {0,2,4,...,20]l
(c) C : {25,26,21, ...,j5}



28 Chapter 1 Sets

(d) D : ur,2l,{r,2,3,4ll1
(e) E : {Øl
(Ð F : 12,{2,3,4}}

1.4. Write each of the following sets by listing its elements within braces.

(a) A: {neZ: -4<n<4}
(b) B = {n eZ'. n2 <51
(c)C:{re N: re3<1001
(d)D:{¡eR:x2-x:0}
(e) E:{.re R: x2+1=.0}

1.5. Write each of the following sets in the form {.r e Z : p(x)\, where p(.r) is a property concerning x.

(a) A : {-1, -2, -3,...}
(b) B : {-3, -2, .. .,31
(c) C:{-2,-1,l,2l

1.6. ThesetE : {2x: x eZlcanbedescribedbylistingitselements,namely E: {'.. '-4,-2,0,2,4, "'}
List the elements of the following sets in a similar manner.

(a) A:{2xil: xeZl
(b)B:{4n:neZl
(c)C:{3q+ltqezl

1.7. ThesetE: t...,-4,-2,0,2,4,...)ofevenintegerscanbedescribedbymeansofadefiningcondition
by E : {y : 2x : x e Z} - {2x : x e Zl.Describe the following sets in a similar manner.

(a) A : {..., -4, -1,2,5,8,...}
(b) B : {..., -10, -5,0,5, 10, ...}
(c) C : {1,8,27,64, 125,...}

Section 1.2: Subsets

1.8. Give examples of three sets A, B, and C such that

(a) AÇBcC.
(b) Ae B,BeC,andAÇC.
(c) Ae BandAcC.

1.9. Let (a,b)be an open interval ofreal numbers and let c e (a, b). Describe an open interval 1 centered at c

suchthatl c(a,b).

1.10. Which of the following sets are equal?

A:{neZ: lnl<21 D:ÍneZ'. n2<l¡
B:{n eZ'. n3:nl E: {-1,0, 1}

C:{neZ: n2<n}

1.11. ForauniversalsetU: {1,2,...,8}andtwosetsA:{1,3,4,7}andB:{4,5'8}'drawaVenndiagram
that represents these sets.

1.12. Find P(A) and l?(A)lfor
(a) A : {t,2J.
(b) A : IØ,1,{a}).

LI3. Find P(Ðfor A : {0, {0}}.
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1.14. Find P(P({l})) and its cardinality.

1.15. Find P(A) and lP(A)l for A : {0, Ø, {Ø}}

1.16. Give an example of a set S such that

(a) S c 21¡¡
(b) ,s e 2(N)
(c) S c 2(N) and lSl :5.
(d) S e 2(N) and lSl :5. .

Section 1.3: Set Operations

l.17.Letu:{1,3,...,15}berheuniversalser,A:{1,5,9, l3},and B:{3,9,r5}.Determinethefolrowing:
(a)Au B, (b)AnB, (c) A-8, (d)ß_ A, (e)A, (ÐAnB.

1.18. Give examples of three sets A, B, and C such that
(a)AeB,AcC,andBçC.
(b)BeA,BcC,andAaC*Ø.
(c) A e B,B cC,andAg=C.

1.19. Giveexamplesof threesetsA,B, andC such thatB lCbttB _ A:C _ A.
1.20. Give examples of two sets A and, B such that lA - Bl = lA fì Bl : lB _ Al :3. Draw the accompanying

Venn diagram.

1 '21 ' Let [/ be a universal set and let A and B be two subsets of U. Draw a venn diagram for each of thefollowing sets.

ta)ZuB (b)AnB (c)AnB (d)AuB
What can you say abour parrs (a) and (b)? parts (c) and (d)?

1'22' Give an example of a universal set U, two sets A and B, and an accompanying Venn diagram such thatlA.lBl:lA_ Bl:lB _ Al:lq¿El:2.
l'23' Let A, B, and C be nonempty subsets of a universal set U. Draw a Venn diagram for each of the following

set operations.

(a) (C - B)u A
(b)cnØ-B)

1.24. Let A : {Ø, {Ø}, UØl}}.
(a) Determine which of the following are elemenrs of A: Ø, tØ\, tØ , tØ]t .

(b) Determine lÁl.
(c) Determine which of the following are subsers of A: Ø, tØ\, tØ, tØ]t.

For (d)-(i), determine rhe indicared sers.
(d) Øn A
(e) {Ø}nA
(Ð {Ø,{ØI}.A
G)Øu¿
(h) {Ø} u A
(i) IØ, {Ø}} u A.
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Section 1.4: Indexed Collections of Sets

1.25. Give examples of a universal set U and sets A, B, and C such that each of the following sets contains
exactlyoneelement:A r-ì B.C, (A nB) -C,(A nC) - B,@ nC) - A, A - (BUC), B -(AUC),
C - (AU B), A U B U C. Draw the accompanying Venn diagram.

l.26.Forarealnumberr,def,ne A,.:{r2},B,.astheclosedintervaltr'-1,rf ll,andC,.astheinterval 0',oo).
For S : {1, 2, 4]¡, determine

(a) U*.s Ao and llo.s Ao

(b) U".s Bo and Oo.s Bo

(c) Uo.s Co and llo.s Co.

l.27.LetA:{1,2,5},8:{0,2,41,C:{2,3,4l,andS:{A,B,C}.DetermineU".sXand[1"."X.
1.28. Forarealnumberr,define$. tobetheinterval lr -l,r *2l.LetÁ: {1,3,4}.DeterminelJo.oSo and

O*.¿ So'

l.29.LetA:{a,b,...,t} bethesetconsistingof thelettersof thealphabet.Forø eA,letÁoconsistofaand
the two letters that follow it, where A, : {y,z,a} and A, - {2,a, b}. Find a set S c A of smallest
cardinality such that l.Jo.s Ao : A. Explain why your set S has the required properties.

1.30. For each of the following collections of sets, define a set 4,, for each n e N such that the indexed collection

{An },.rv is precisely the given collection of sets. Then f,nd both the union and intersection of the indexed
collection of sets.

(a) {tl, 2 + t), Ú,2 + 1 /2), lt,2 + t l3), .. .}
(b) {(-1, 2), (-3/2, 4), (-s /3, 6), (-7 /4,8), . . .}

I .31 . For each of the following, find an indexed collection {4, },.rv of distinct sets (that is, no two sets are equal)
satisfying the given conditions.

(a) |Ër A,¡ : {0} and [J[,4,, : [0, l].
(u) llËr An : {-1,0, 1} and Ui-, A, : Z.

Section 1.5: Partitions of Sets

1.32. Whichof thefollowingarepartitionsof A : {a,b,c,d,e, f, g}?Foreachcollectionof subsetsthatisnota
partition of A, explain your answer.

(a) 51: {{a,c,e,c},{b, f},{dÐ
(b) 52: {{a,b,c,d},{e, fl}
(c) 53 : {A}
(d) 54 : {{a},Ø, {b, c, d}, {e, f, el}
(e) 55 : {{a,c,d},{b, s},{el,{b, fÐ

1.33. Which of the following sets are partitions of A : {1,2,3,4,5}?
(a) 51 : {{1,3}, {2, s}}
(b) s2 : ur, 2\, 13, 4,s\, {2, rÐ
(c) 53 : {{r,2}, {2,3}, {3,4}, {4, s}}
(d) s4: A

1.34. Let A : {1, 2, 3, 4, 5, 6}. Give an example of a partition S of A such that I Sl : 3.

1.35. Give an example of a set A with lAl : 4 and two disjoint partitions 51 and 52 of A with lS1 | :
lSzl :3'
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1.36. Giveanexampleof threesetsA,Sl,and,S2suchthatSl isapartitionof A,s2isapartitionof 51,and
lSzl <lSrl=lÁl.

1.37. Give an example of a partition of Q into three subsets.

1.38. Give an example of a partition of N into three subsets.

I .39. Give an example of a partition of Z into four subsets.

1.40. Let A:11,2,...,12lt. Give an exampleof apartition S of A satisfyingthefollowingrequirements:
(Ð lSl :5, (iÐ T is asubsetof S such that lTl :4andlUx.r Xl: 10, and (iii) thereis noelement.B e S
such that lB I : 3.

Section 1.6: Cartesian Products of Sets

1.41. Let A : {x, y, z} and B : {x, y}. Determine A x B.

1.42. Let A: {1, {1}, {{1}}}. Determine A x A.

1.43. For A : [a, å]. Determine A x P(A).

1.44. For A : {Ø, {Ø}}. Determine A x P(A).
1.45. For A:{1,2}andB: {Ø},determineA x B andP(A)xP(B).
1.46. Describe the graph of the circle whose equation is ¡2 + !2 : 4 as a subset of R x R.

l'47. Listtheelementsof thesetS: {(¡, y) eZxZ: lxl* lyl :3}.Ptotthecorrespondingpointsinthe
Euclidean.r-y plane.
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1.48.

1.49.

1.50.

Let S : {-10, -9,..., 9, 10}. Describe eachof the following sers as {x e S
condition on -r.

(a) A: {-10, -9,..., -1, l, ...,9, 10}

(b) B : {-10, -9,..., -1,0}
(c)C:[-5,-4,...,71
(d) D : {-10, -9, ...,4,6,7,..., t}l
Describe each of the following sets by listing its elements within braces.

(a) {x e Z: x3 - 4x:01
(b) {x e R: lxl : -l}
(c){meN:2<m<5}
(d) {ne N:0<n<3}
(e) {fteQ: k2-4:0}
(Ð{¿eZ:9k2-3:0}
(g) {¿eZ: l<k2<l0l
Determine the cardinality of each of the following sets.

(a) A : {1,2,3, {1 ,2,31, 4, {4}}
(b)B:{xe R: lrl :-l}
(c)C:{meN:2<m<5}
(d)D:{zeN:n<0}
(e)E:{freN:l<k2<100}
(ÐF:{keZ:1</.2<100}

p(x)), where p(x) is some
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ForA : {-1,0, l} and B : {x,y},determine A x B.

LetU :11,2,31 be the universal set, and let A : {1,2}, B : {2,3}, and C : {1,3}. Determine the
following.

(a) (A u B) - (B.C)
o)Ã
(c) B uC
(d)AxB
LetA:11,2,...,10).GiveanexampleoftwosetsSandBsuchrharScP(A),lSl :4,BeS,and
tDt 

- 
a

IDI - 
L,

ForA: {1} andC: {1,2},1íve anexampleof aserB such thatp(A) C B Cp(C).
Give examples of two sets A and B such that

(a) AnPØ)eB
(b) P(A) C A¿ B.

Which of the following sets are equal?
A:{neZ: -4<n<4} D:{xeZ: x3:4x}
B:{x e N:2x*2:0} E:{-2,0,2}
C:{xeZ:3x-2:0}
LetAandBbesetsinsomeunknownuniversalsetU.Supposethatã:i3,8,91,A-B:{1,21,
B - A: {8}, and A1, B : {5,7}. DetermineU, A,andB.
Let 1 denote the interval [0, oo).For each r € 1, define

1.51.

1.52.

1.53.

t.54.

1.55.

1.s6.

1.57.

1.58.

xR: ¡21y2:r2
xR:¡2ty2.r'
xR: ¡2+y2rr,

(a) Determine U,.t A, and fl,..,4'.
(b) Determine U,.t B, and ('1,.., 8'.
(c) Determine U,.t C, and f'1,.., C,..

1'59' Giveanexampleof foursetsAl. Az,At,AasuchthatlA¡nA¡l: li - jl foreverytwointegers iand j
withl<i<j<4.

1.60. (a) Give an example of two problems suggested by Exercise 1.59 (above).

(b) Solve one of the problems in (a).

1.61. LetA:0,2,3\,8:11,2,3,4],andc:{1,2,3,4,5}.Fortheserssandldescribedbelow,explain
whether lsl < lZl, lsl > lZl, or lSl : l7l.
(a) Let B be the universal set and let S be the set of all subsets X of B for which lxl + lxl. Ler I be the

set of 2-element subsets of C.
(b) Let S be the set of all partitions of the set A and let I be the set of 4-element subsets of C.
(c) Let S: {(å, a): b e B,a e A,a t bis odd} and let Z be the set of allnonemptypropersubsets of A

1.62. Giveanexampleof asetA:{1,2,...,k} forasmallestfte Nhavingsubsets At,Az,A3suchthat
lA¡ - A¡l:lAj - Arl: li -Tlforeverytwointegers i and j with 1< i < j <3.
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