“Tomcs N ANALYSIS: MISSION 1 SETS, RELATIONS, FUNCTIONS, CARDINALITY:

The text for this course is Mathematical Analysis 1 second edition by Beatriz Laferriere, Gerardo
Laferriere and Nguyen Mau Nam.

Problem 1:
Problem 2:
Problem 3:
Problem 4:
Problem 5:

Problem 6:

Problem 7:

Problem 8:
Problem 9:
Problem 10:
Problem 11:
Problem 12:

Problem 13:

Problem 14:

Tell me something you learned from reading the article by Pete Clark.
Let A, B,C, D be sets. Prove AU(BNC) = (AU Byn{AuC).

Let A, B,C, D be sets where A € C and BC D. Prove Ax BCCxD.
Let A, B,C be sets. Prove A — (BUC) =(A-B)N (A~ C).

Let B,C € X where X is the universal set. Prove BU(C = BnC.
Hint: you may reference the result of the previous problem

Consider A, B,C finite sets. Let card(A) = |A| denote the number of elements in A.
Clonsider using an appropriate picture {Venn Diagram) to solve the following:

(a.) Explain why |[AU Bl = [A|+ \B| — |AN Bl

(b.) Explain why [AUBUC] = |A]+ |B|+\C|—|ANB} - [ANC|—[BNC|+ |AnBNC|.

There are similar formulas for unions of more sets, however, Venn Diagrams are only easy
to draw for up to 3 sets.

Let F: R?? = R be defined by F ([ ‘Z‘ fl

one-to-one. Prove or disprove that F is onto.

}) = ad — be. Prove or disprove that F 1s

Exercise 1.2.2 from the text.

Exercise 1.2.3 from the text.

Exercise 1.2.4 from the text.

Exercise 1.2.7 (just part (d})) from the text.

Exercise 1.2.8 (just part (¢)) from the text.

Let A =[0,2} and B = {1, 2,3,4} define a relation on R by R=AxBCRxR

(a.) find the domain of R

(b.) find the range of R

(c.) is R a function ?

Define G, C B2 by C) = F~1({k}) where F(z,y) = #° + y? and k € [0,00). For each
(1, 11), (X2, 42) € R?. define (xy,y1 ) R{T2.y2) if and only if there exists k € [0, o) such

that (x1,11), (T2, y2) € Cp. Prove Ris an equivalence relation on R?. Also, describe the
equivalence classes of R and how they form a partition of R?.




Problem 15:

Problem 16:

Problem 17:

Problem 18:

Problem 19:

Problem 20:

Let 7,y € Z be Rrelated iff y —z € 3Z = {3k | k € Z}. Prove R is an equivalence
relation on 7. Also, describe the equivalence classes of R and how they partition Z.

Suppose A and B cach have n-clements. Prove a function f: A — B is injective iff f is
suriective.

Suppose A and B are infinite sets with the same cardinality and suppose f : A — Bis
a function. If f is injective then is f surjective 7 Likewise, if f is surjective then is f
injective 7 Discuss.

Explain how the cardinalities of the sets below are related. In particular, place the scts
in order from smallest to greatest cardinality.

R, (0,00), N, (3,7, Q, P(R},Q x Q, £1,2,3,4}, P({a,b}),0

Find a bijection from [0, 1] to [4,8].

Find a bijection from {—m/2,7/2)" to R



Prosem 2. Av (8nc) = (AvB)n[AuC)

Prack: Let X € AulBnc) Ahen xe A or Xe 8nC.
T X e Yhen x e RUB  and Xe AVCE +hw xe¢ (Ru@n(ﬁuc)‘
Th xe BnC Anen XEAUB wd Xe AUC Hhw xe (Ave)n(Avc),

Uene X € [AvB)n(Av c) in all persible caner and wefve
Shown AUV (BncC) € @cuejfl (AvcC)
I\chfl Suppen X € (Avg)n (AvC). Then Xe AVE
and X & AUC, Thut xeh v X €B und XEAor Xe C.
Y xeA Yhon xXe AY (8nc), TF X & A dhen we st b

X € B wd X&Cbu] x . and so xXelBnc.
’ﬂr\ercﬁurc/ x e AUV (Bnc). Iu/ i odl (oata, XE€ Au{Bnc)

and  welve estublichad (Aué’}n(ﬂvc)_cf Av(enc),
Uena , by socble contuin mend, (Av@)n (AvC) = AV (G nc)y

Prosiem 3: Lot A, 8 ¢, D be Fofs wih A C and B ED,
Jach beB fach het

Suppoa xe AxB Ahen
ond BED hene be D

X = (o, b6) . Bt ASC hen e o€ C
omd 5o (8, b)E CxD . Thas X € (XD and dhir

proves  AXB € CXD.,

Paoaam Y1 A- (BYC) = m-8)n(A-C)

X & f— (BuC) = X eR und w & BucC
> w e wd x& G od XE€C

& (XeA and X &8 )und (xe k o x¢ C)
& X e A-B o Xe A-C
“>  x e (R-@8)n (A-C)
Twaws K- (8ucC) = (P\‘“B)ﬂ (A-C) Sine Ahese sk have
dre  semt elemenks




PRoGLeEm S
fet @6 Cc € X and deie B = -3 and € =X~C,
rd

Thaom sina —~ (Buc) = (x-8)n (K—c) by Prestemd
we Hwd Quec = Bn 'C“I".//
Proguam G : _

Lk A 8 C b Anik sotr and dende (ard(A) = A= 1Al

\F\\‘* 18] doeuwble ounty
elemeandy n ANG
c,o..z.,n.-} merbers of P\U@,fa

Sub%’rau(' [An 3/ carredt,

“&uel= (m+uﬂf¢AQ@]

(b) T To Cann+ elirmenty of AUBUC—
we  Lhot wih [A[+[B]+]C]

Lut Ahet over connts wverfopy
o adjv'.{'{' b'«, Jwb’f'f‘t—bhhz

lAnB |, (Anc] & (enc)
Bt Aham, £ we earsdea

X e ANBNC pohu o towaded by LAy, Lel, | cl
and VAn8l, {Ancl \ancl S M Frmele  needs
o odd |AnBncC) A e coffedt

(hvgvel = 1Alx 81+ 1l — langl = la0c|- [8nc) + (AnGnc] |

P'EF kg.,l” mofe Lun vin (.;'i\a ""a 5 "W ’h}-bh O-F (__umn‘h)\b}

Disgoimtr CRIES Vet \ e} \ 1cl |~lane} |aac) -lenc) M"G“C)l
A~ [gvc) | o o o o o o
8 - (Avg) o \ o 0 o ol o
¢ = “\UL o 6 { ()] O O e
G\"‘B)”C =__An8-— {Anenc) { \ o -1 o o 5
AncC)-g \ 0 { o -1 0 G
@nc) - A ) t l o T e
AnBncC i ! \ L \ 3 .y g l —




PRogLem F:

ILL'(' F: "2 -—?R be olehacd b; F([C J]) = ad-bc,

N ehi F([ ) ([u_‘)=1 yot [“’0']# P O]

o ~

HNaws  Fois net [r\.jt(_,h\m, T s
Ahn  notiee F( s ?])

C_,u-vl’("a.\;"‘/ [,,f- X & lTZ
= X|—-00 = X -fthw F s ento.

Proeiem ¢ (€x. (.2.2 from dext)

[et f: IR — IR be gwen by £(x)=X"=3 and [t A=[3, 1)
and B = (-1,6). Fad £(A) and £7'18)

fry = {fo0 | xen] - VZ%XZ-?
2 (~3,1)
= {X-—3\ XGE'Q;‘)] =X
= {x*-3) -a=x<1]

= [-3, 1]
Il” be (onternt with 4he above Iofaof 67 p/'},ﬁnre.

f0) = {xeR| fxe 8]

= {xemr| x*~3 € (-L,6) /
We need to folve

-l<x*-32<¢

O -1<x*-3 = a<x® = lx\2>af x € (-20NT)U(E, 29) .
Ix\ = Jz°

@ x-3¢6 = x*<q9 = Ix|{<3 = xe (-3,3)
We need both @ ond @ dhws form the  intecse chim)
(-2,3) n [ (-20,NT)U(T, 20)] = (-3, —ﬁ)u(ﬁ 3)

-lln :-mh..

—3" —E




Progiem 9: Exeran 1.3.3, Prove {fhe «ﬁ:/(am)-é thoty are 5{}'&#0\«'

(a.) f: (~os,3]—> [-7 o0) given by Flx)=[x-3]-2
(6] 9z (1,2) —> (3, o) given by 9x) = 52

(ﬁ.) S&q)pq& a, b e (- 09, 3] and 10[““) = ‘F)/G}, ' W\en
la-3[-3 = [6=3] - & implics [a-3] = [6-3]
henw G -3 =+ (b-3), If (#) then a-3= 6-3

henee = b. T (-) #hen 6-3 = (f-3) =-b+3

Whith give a+b =6 but q/b-:-ss fo we And

a= b=73 i fhis case. Thu £ Q5 injechve

a =
Jet Y e [-a,00) and avkc —A= QG = ~y € D143

At X =1-94 € (-00,3), Note f0a=|
Foy = FO-9)=[1-9-3]-13
= |-4-31-2
= {4 +R\*§ '2 ~3 €2

- = o = W0+,
9+ -3 L\l = 0.

= 9.
Thws £ ois su\rJeLh{m and (}é —/o/ﬁwy 7[' i 6{:}'chléﬂ_

{L.) Sppen 0, b € (1,2) and 9(a) = 9(6) Shen af[ = bi/

hene  3(b-1) =3(a-1) = 3b=3a = a=0b. Thws, @ i1 (-4

et Ye (3,2°)

Then W >3 = I>% >0 = a» I+ % >
l+3/\9 € {I,Q) = dom&fa\ (03) T:Jfﬂ‘efﬂwr{/

4 h vy
2 S =
i+ %) = +3% -1 79 7.

ﬂgrefl—“t 94 s anthp Saw 3 - and ety ik %tl«m %ﬁb;jeo‘huh.



PRodtem (0 Cx. [.2.9
Proue Fh ot ,'-f -F: X — Y ir :'njec.ﬁ\/e/ Mtﬂ%ﬂ A//auw/'g/\g/c/_-

(a.) £ (AnB) = £(Raf(e) FHr AC e X
(b) £ (a-8) = F@)-F(6) H AC X

() Suppore 'F is I-1. Lot Y e f(ang) 4hen I x € An B
Juch Fhot Fi(x) =9 . Then X e€eA and X € B hen ¢
‘3 € -F(AJ ond Y € £ (B) which proves 9 € £ nf [B)

fr\\crc-[-wve] £ (Ang) S L) n £(.). Frue He f\anfnjeah\:ﬁe
funchong jwb Ihe

J anal

Next, suppore 4 € £ (m)0 £(8)
Yhen N e £(A) ad Qe £(8) hence JaeA ad be B
—Pur which 4 = —F(c») wad Y ‘-=-F(b)_ Thws La) = £16) el
Sine £ s inhtd\\lt we hid a=b € AnG. Thir
Shewg 9 € ‘F (P\n B). Cnnuqmcnﬂn/ £(A)ﬂ—”6) < L(An B)__

%—!‘l(t’ —l(/ﬂ(l 6) = -F{A)('I-F[e) b7 olow{)u — Cb/\—'}'“‘;\ﬂ\tp-ﬂ"_

(b) fSuppuu ¢F s 1-1. LC'I' '9 (= ‘F(PI" B) ‘H\m BKGA"'B
Such dhet Y =409, Bu, Xe A-B give x e A and

» X8 hinu e Rl and 9 L), Tonr 9 £1R)-f(0).
w.r Py Thece frre Fla-8) € £(r) - £(8).
i

%
3“‘%‘] Jof 9 e £ ~FLR) thon D€ £(A) and Y & £L8)
0 ‘N""“'{ Awu dageA For whith 9 =+(s) and ﬁ b eB
Wf] 2 which £(b) =9. It bller Q& € A-8 sy Yef(A-8)

Nohuw LW Then hore  £UR) —£18) € £ (A-8) = £(a]-£16) = f(A-8),
ned V19 — : )
-m-}u{{uit‘y ¥ why s 0 £ £(8) !
\/t*. \Ndﬂ, SuppeLe S £1(8) Ahen W = 'F([’) for Suma beGB
i . wnd oy, \.6-_-__@[,,\) =,Hb) = X=05b but x € h-8
H;‘;}}F“‘ Haos % ¢ 8 ok beB Which i o —P<—




Progtem ll + Exercie 1.3.7 prive A= 125 pod ol

LQ‘)L 1(‘_. X —3 Y be O -Amc'/!&n and {8(-‘; eT anl;w&.Xec/
')Qr.m:’}-j U'P fu,éu’a&h‘ Gf Y. (an:r’a‘m/

\/E-‘ 'F“‘(n 8@3 & dxe (-)8(3 Such et £ ) =9

¢el BeT

& Idxe 8(3 V(} eT swch bt fx) ="
& Yef(8,) VeeT
=y ¢ ﬂp“'[@?)

Pev

Consequantly, £7(n 8,) = [(147(8).,

8eT (JG‘J‘

pﬁﬂ&[«m /Q*’ gx, /,Q,g p{au( P&f‘l‘ C 076 ﬂ.ﬂ I—Q:é
LI—[ .F and 9 are Sfurjechve +hen ?o—,ﬂ it Sor]echve

Prosk: trecdd 1 X —Y and 9: Y —> Z ore fvackions

S\/ppou— ‘F ond 9 are onto. Nebre %O‘FZ Z’_ﬁ”Y”’i}"—)’Z

[ fonchen, : L et 2 e 2 Adhun Srta
9 iy oenh = DE Y foech Fhot 9(‘0)1:’}. BU"/‘/ £
Ej’ onto hen (e 3 X € X swch —{4\&/{’ f (x) = ‘Q s Jbrerve

@Bof)x) = 9U#0) =9(u)= >
/nrw\; (ﬁ“'p \s ur\,‘}‘O.//




PRosLem (3

A = [0/ a] ond (B = {[/ a; 3/ C/]

ond dehm o refehon on ”2 b? }?':’ AXG < @Xﬁa
(a.) demuin (R) = A = [¢,2)

(b) romye (RY =8 = {12,534/

(€.) Lat v§ Comgidan (o, 1), (o,zj! (0,3) (0,4) € K
ar'npb-’f_ of 0

Thws R iy net &« Funclion sihw Aha
9 Neg ‘ﬁ)u\( Ov-*PU't'J',

Proacem |4
Ch € R by Cp = F“f/féfj whine  Flxy) = x“+y*
and ke lo, 00), We debiu (x,,0)R (x,9.) iH dke (o o0
S'u\.CA M (X,/%, Jl [.X‘l./ ‘9;) & Ck '

(D Let (x4)e R* fhen lef fo = X249 and nok x%49°2 0 hena b0,
[x{'g)}{ (x9) whith shvair j it cellexyve .

Shw (%) € (f we And

B fgpor (%, 9) R (X, %) Hhen 06,9), (6,%) € G 4 ami b2 o
Tham  (Xo, D), (X,4%) € Cfy shows (X., %) R (X,4,] hena
Ahe  relahun R is Ja;;mﬂw'f/fc_,

@ Supore X, 9) R 0%,%) o (xa, 4)R (X3 %) +Kam
(%,9,), (xs,%:) € Cp ot (X3, %), (X595 ) € &,,
Mo XZE Y= Xa A= b ound Xt V=X Y =,
That #, = #, and we And (X 4), (X3, v;) € Cp (h,=ks)
Mme  (%,49,) R (X5,9;) Thae R iy dransi?ive
Trarnt fore R U an eguichomee Ceflahin |
E?Li;“"“ [(x,2)) = ] g e R | x*+0" =k=R"/
circlse T ettt el ok T ac iyl

e
p 'y ™
d s O yin and [lo,0))= {(vye)],

Y




