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MHE #1032 - AX. SET THEORY FLORIDA INT'y w1,

- PROBLEMS FOR CHAPTER | SPRIMG 2008

Frove The 74//0w/»7 a/zreo/// 74&»4 The o/eﬁfu*f/éns
(@) Xu(nZ)= (XuY)a(XvZ) © X-Y= X-(XnY)
¢) Xn(wZ)=(XnY)U(XnY) | | '

X and Y are boik Smér&/} of Zz /)raz/t’ /%4[‘
W Z-(oY)= (X0 (Z-Y) @ Zo(zx) - X
%) zZ-Xay)= (Z-X)v(zZ-Y) |

. Fnd @ §8Y}- & ) §ig1} ~ i3
@) §.5¢1) - {igh] @ f{pRv {2, {@}}
) {B.i¢1 n (B3 ) 18} - {28
It x and Y are sels ) Whal are
@ Uix} © U fx,7} €) VP
@ 0 §x} dy 0 $x,7} (#) n@g ¢

X Zef (X!-: ceI) be a 74»1/% of subsels of Z. FProve
thad ' : '
- U Xi = N (Z-X; 4) Z-nNX; = Z-X;
) 2- YU Ki= 0 (2x)  #) 20K = U (ZX)
. del B and S be he thmy 're/az{/}n.r o N detined
é)f - a b 4 a s a mu//z/'?/e of b

aSs i a and b has no comimon iﬂacfgr_,
)eférmr}ve Née.ﬂer or ol K and & are
@) reflexive (6) Symmelric ) Fransitsve

(5{) Jonﬂecfzd/ e’ 4#1?{—- :)/mmefﬁ'c.



(42)

PROBLEMS FOR CHAPTER ! ‘ PAGE 2

7 lel A=§42} Funumerale a//ifée éx'mzr/v veladions
on A, (/%'nf: There are /e of hem)

8. Zef A= {d, é} -dr?/ B = {/‘,2,3} ' |
R How many Funelrons are [here Fom AL B 7
h) How wany of These funclions are ,',L,/’faf,;o,“. ?

9. (A) fow many Fanclions are fere From {1, 2f /o &
(é) .H o | 'y 7 " ,@ /fi {//Z}
(() . o ” - r’ % ﬁ fl)— ﬁ

. Lel 1 X =Y be a Ainclionand A and B
ée Sué.f&fs ﬂ/ }/ Pym/e /%af
@ f[AvB] = £TA] v £ [E]
(&) f'/[AmB] = /"'[4]/7 L[]
() {7(A-8] = £7[A] - £7T8)

/. " lef f X—>Y be a Aha?ébﬂ and /4‘- c Y Sor
cach vel. Which of e 7§//aw/}\7 are Tvue

-/ _ -/ ]
(@ 1 [z(e'jz 4] =Y FTA

iy ) _ "[‘4‘,‘7 2
&) 4 [EQI A’] z‘Qz / '

/2. gu/fo:e £i A= B  and v B C are bo7h
/'n/'ea//ife 7@/?&//'01/25. oaaes }/ 7§ flow //14/ ; o A A C
musl alfo be an /}:;/'eafﬁi/e ﬁrhc?ébﬂ.



MHFE 4008 - AXOMATIC SET THEoRY SPRING 2004
REJBLEMS FoR CHAPTER 2 FLORIDA _INT'L YNV,

L@ Write dowwnn all fhe elementc oF Vﬁ R
He  cormmlntye frevarchy of sels .

%) Find a fa’rmm/z for Wt arumber oF
elesmenls of U,

/0 zﬁe.rmr ﬂ/ 77 oné/.
2. Wrile auJ/ each of %e JO  axroms Co%?'?/@/ie&
m The /aryuofye of sel %feo/y. For &myé’
Nullsel Axiom . (Tx,)(Vx2)b(x2 € X))
Exfén;/‘oma//é/ foriom -
_. (Vx,)(b’x,,)((l/_xs)‘(x_géx, > X3eXz) &

(Vxy) (XyeXz » Xge X)) - (Xi=x;)

3. Llel V---— Co//éczl/'oﬂ of al/ sefs. Frove 7%4?‘
Vit o~ roper class . '
(é/_{_&/_t_lf : fse/%e Le ava/fon AKX D43t an&/ e
facl thal " R = §x: x¢xl s a/r?’k’/o/gd‘f)

g, Lel A be cluss . | -
@ /A s a sel prove hal A Ss roper class,
6) If A is =« /a;f?aer class dbes i Ao 724/; /Z;C

5 oa sel?

S Prove /Z&LZL %V any sel /4} 07/4) -ié—/}

(/L/I'nzl: Zef D = {4614-‘ af‘ag ) Show 744&2,




PRO BLEMS FOR cFHAPTER 2 PAGE 3
- B UL S

6. Use e Foundation axiom To Shay Thal here
's  wmo sel x such 7hal xex.
(f/_ug_i . Su/p ose X was & sel swch lhal xex.
let A = 1 . Show Thal A has »no 4/emenf

a such thal dnﬁ’rﬁ,). .

7 lel CA,<> be an ordered sel. An elesment a
;s said 5 be a wmaximal elewrenl of A
- if there /s w0 s ih A wilh a< x .,
Find #he Smar//esZ’ ordeved sels well

(a) 5 wmaximal e/émen?fr an&/ 2 m;m;oﬂd/e/én»rfnzlr ,'

4 X manimal elements and 4 wminivaal elewmends .

8. lel (A, <) Cbe an ordeved cel sucl 7'/1@7/—
ﬂn)/ MO - en/l/?/} sot,é_ref 0/ /4 /Iﬂ'.r -y .S‘ma//e_rf
,e/emenf ) Frove %a«f : = "’ mu.rZL be &

- Jtnéar arﬁ/erz'nj o A.

9 [lel A be m Mdﬁ*em/é _;_eZL and R be
Zhe velation on A de frned é/
a Kb i/ aeb .
() /s e /9055’/'6/5 -7%;" RN be frans*/’//}/e 7
&) Is R always ;frr@;f/@ﬁfﬁf' z
) /s e /Mss/‘,é/e Jorr R 75 b€ ,g//mmeﬁ{f/'c.? |
(d’) /s // /705—5‘/5/? 74”’ R o be connecfe/?
@ /s & a/wa/: ﬂﬁ/mmefr/;: 2
ng A rs /rre_/A’Vx/‘Ve f a Ra 74)' all aeA.
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PROBLE MS _FOR _CHAPTER 3 SPRING 2004

/. ﬁn/ a //'r?é’dfé/ ordered ce? (Z,<) and
an Inital §ejm€/z/ S of L such Thal?
S Js ool sF Mo Sorm §x:xcal wilh ael

2. Find « //'m?ﬂré/ ovdered _(‘e/ L,<) and

an  Incréasin Arneon sy Swcth

Sl L) 7 x Sor al leas? ome xel and
/()<) < X o Al leas] ome xel .

3. f)(//ﬂ/ri I"JA/V {ﬁ) {#% {{¢}}} s w10l an orz%'}’iq/

4. /7701/6 7’4.4/' A s /fﬁn:/}{/ye // 4,4/4/;;,, /'/’

aeA = acA.

5. Delermine 0ok of T followsing stalemends are
’%?'Mé’r dﬂc/ adéxbé a7 6?5 - T
@) WX ad Y aw fmﬂff/}b’f, so s AXn)Y.
(&) /f X dna/)’ 4 fran,r///}/e) o /s XuY
{(c) /£ XeY auw{ yis 71)’&?”!///'://} Tt X s Fransitive
{/) 14 XY and Y rs /ran.f/'/f;/?/ Hhew X /s Pransifive
(e) /F every element mi X /s /raﬂr)//"cfe} Then
X rs /ran_r‘/'//'zfé ) :
-,'zyﬁye #m!i _
@ 1 A /s a sel of ordtnals ) UM s an ordinal
(k) A s a %onﬁén”/f_/i/ sel a/a)z//’/u/sj 74l
nH /o oan d/d//.;'?ﬂ/ .




7

/0,

/.

- »n

AL 7_4//7&0-(‘, :

- Frove Thal

| Fezd// %a/ Vw wa

RN

iy dfe#ﬂf/ /ﬂ/uo///lfd/ @{)

1
A\

.

+

= U

?7EL)

(A Ié, ic 7 rarisi i ve |
@) xe lw = {x3e Y,

(<) X & Vo =

@) Proue 7%3

ass‘oda//i/e

(x.p)- ¥ =

&) Prove he 74//aw/n'j

o-(p-¥)

= @/Vn) 747’ Lach nelo

Y,

X uix3 e W, .

law  Sor ord//'.nﬂ/ omer /¥

Ais Pribiitwe  fow For ardsnals

. (/gﬂf) = (or,z) —.L(or Y)

Séow 74(22/ %& %//wwn/ S/Ia.‘/é’mzni(r KY€ 740/{
4/;/1/2/: | 7£?’M€ X
(@ /If x+ ¥ = pHT Jltan x =@
[é) £ ¥>0 and o0¥=gyr , /7 x=p
(€) (p+¥). o< = (po)+ (o)
Sﬁr‘m///'év : | _
@ (wr2)+ & @ (wr2). (&+2)
(6) ws w? (dy  (w*1)° w3

/7rm/e 7%&(,/ an or /'Md/Oc

&r//'ﬁﬂ[' &

Find He

(A) WwtHo= o

«K = @B

/s a /m//
Ar Somé mﬂ’/bﬁ//e,

S‘m.«//w/ af/jﬂﬂ/ OCAD SmA Zhat

%)

w. o=

e) W = o
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PROBLENS FOR CHAPTER 4 ' SPRING 2 004

Lot F(AB) = sel of all funchons tom AL 8.
Frove thal for any sels A, 5./ g C --
(@) A =< F(AH

b A<B = FAC < FBC)

(¢) 1Bl =2 =» A < F(AIB)'
d)  BEc = FAB) = 4,0

Foove Thal
@ PW) ~ F(N,?2) (Remember 2= §o.71)
) FMm) = F(W,2) | .
Prove Thal -
@) A = N (A = se/ of sl nos. )
(46> R = [0,1) |
D) K =~ F(/V,Z) .../Z//_}i/ Show Z%ﬂ/ [0;/),.",’ F(//V,Z)
Let CpDpew be dﬂ-/ﬂ#h/'/c’ Sequence of oF
.a_n/ VA SR V/ say that <cnd Las ﬂnzfé’
SM@z,,W’Z(_ i e swmber oFf 1w @y or
,£1#1 f'Zze ) Frove 7%4%
(@) ﬂl{ Sc:flro/ Y/4 Se€gnens a/ 25 and /¢
N;fﬂ 74)7/'/? Szxy/aorf /5 2‘714//:&724% 7] N
(/) Fhe set 0/ all ﬂ'n/ﬁ/e Subsels o N i
€Z:/z//a/$";¢ll N
let BN, W) = set of all bijechins Fom W i W.

Is BW.N)= FW,N) 7
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CMHE 4102 ~ AX. SET THY.
PROBLENMS  [FOR  CHAPTER # SPRING 2004

6. For any Cﬂrd/fnﬁ/ viumbers K, M Y /7701/{ /Zﬂf
@) KEp = pEX
(6)  (Kip)+Y = K4(pt7)

) Ktreg = 2K

/. For &’U’I/ lardinals noanbers k/ /u)ﬂ/mz/a 7%%1

(a) _k-/ﬂ = /L{‘ K
b (kv = £ (M)
(c) £, (/Mfi/) = Kopo KoY

8. /;f 'ﬂn/ Zﬂm/z;ﬁ/ number k//z{) 2/ /mwf’%dl/
(ﬂ) Lo¥ = K .

(é) k,{,{fﬂ = K,u Kl}
v

(e) (k,/u;)?) -k’ M
() (k*"‘)” = &M

7. Dg/e_rmx“ne_ 4)4/}4- o e 44//01/0/';7 are  Tre

(4) /x<v =y K p < KtV

(6) MY & k>0 = Kpu< &Y
() p<y £ K>b = o < »F
@A) m<v & K>1 = < x¥

10, L/'s/ /7& '44*//01/!)”7 Zarj/”nﬂ/f ' mer&zw'ry ﬂrzé’/r
-

” / . i\ﬁo j’ﬂD X X ot
2. Mo N Wo ) , W, , 2 '; N, o, }\,9' .

) 7
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WHE 4102- AX. SET THY. FIpRIPA  INT 'L oM.
PROBLEMS Fok CHAPTER 5 SFRING 2004
/. El/d/{/tﬁfe () Z i (¢) 77 (’é%/)
. . rneut New
6) > ) ) 1T et
of £ ’ e,

2 qna( 7@0 seju.zuce_c @/ m/ c‘drc_z‘f'na/_r '<K,,> |
and (/4/”> Cswch  Thal Kn < Uy Aoy !454 '

ne W dul yet S k= S u,

NEN neN

3 Ll BMA) - sel of al Knile subsels o/ A,
5 rove ‘ﬂmf A A can _ée //’”édr&l émé‘re/ dﬂﬁ{
ngf}(/{)) 7%% X has a clioree Anoz‘{"on.

4 fove Hal £ A can be wa//-_ar/ena/j Htn
PA) can be /z'nezrﬁ/ am?(e% ] ) -

s.  Pove ,’//raf // we  Loan #n/ A éyec/gc'm 744%4
an'/ sw/l{' 75 aun oka/_;’na/ 5 Then AC /s Frse,

¢ (0 Pove thal Ac = Dc, SRS
b)) Frove tHhal DCo = Ac. R

7 (Of//bka/) /e,/ A Fo>F be a 744/%574&34 Sm;%
Fhal /(X+)’> = £o)+ F) . Prove T A £ /s
mm?ﬁhua_us,. j‘,g.‘ /(/Y) = @ZXx 747, Some A€



MHE 4102 - Ax. Sel 74, . FDRIDA INTC ymy.
PROBLEMS FoR (A6 | SPRING 2004

. Fnd The afedlucea/ ﬁvm 0/ each 0/ 7%2 é/éw/}of
| *f’S{Md’a—sele '

(@) a ) spa ()
| | "
d@i@ b%’c | =
¢ . , d |

Z, ﬁmﬂ{ ﬂ// 7ZL£ /Df‘éua/o»S&Z{r %af Zan be o’f/?)?_ﬁ?n?{’ﬁ/
é/ a o’aoﬁc/ " dyr&yoA éu/7z < 2 v,erff‘ces.

2 5(/7//6 a{awh - the =1 :fp"‘-” 0?” £ Mﬂ//PO_Ms Sa. /;?74?/’
ﬁf Each 0f ﬁfé /D.Sé'ud‘/a’ﬁf feéa):

X ) . [ A
@ ax h) W ()
b , -2 o Z ©

¢ Find a psewdp- set Which  fas m#‘nf/a&
mﬂm; weméefs " bl &dé/cA /s 'nle_ we//.

- founded.,

s, Find a 74;‘4[/'3 /;em/é-:a/ b weeds 4
;’aoé?é{ d7{f47o/t 7;(“% m#_}w'feé/ rrany :/erf/'ce_r_
(/) 7’.?/7}’656:43[ " ~

6. Can a Fimile Va&/é/{/?;?é 'ﬁ?}t/f’ifn// et
/hzéh/'fe Pseaa/a-saf 7 .
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SOLVTIONS oR HINTS 7D PROBLEMS fHOM Ch.1. 'SP 2004

/. (@) 5179/0:6 a e XU(%? z?), 7Z€n ac X or aeXnZ.
Since ae 7 /m/o//‘es ae ), we lrave
de€ X or ae ).

And since ae YnZ /m/c%if; as 7, we AfLo

have ae X or ae?
Hevce we have
ae XouV and ae YuZ
Thus ae (XU)’)/T(XUZ).
S o Xobhz) € (XuY)n(wZ) .. -}

S’yyﬂ/vore_ A E (Xu)% ()(UZ). /then |
a & XL{}’ and

ae XUZ .
Now /-/ d—%X y ‘/Zfén e Wu.rf /mn/é
a € }/) _,éecau.re ae XuY
ane A e z | because ae XvZ.

Se o ad X then ae nZ.

Hewce we amus? have ae X or ae n?.
7las ae Xuv nZ) 5

So (XuY)nXvZ) e Xuv(YaZ) ... ()

F;om o) £ (2 /% 74)//0905 7%412[
Xu(aZ) = Xuv(n2)

(é) - The /zma/ /e very .S‘/;'/Wf’/d'?‘,

D)



[ ()

| 25
517,0/:0:@ ae X-Y  Then ae X and a¢ YC)
So ad XnY because a¢). -
Thus ae X and aeXn).
ae X-XnY)
Hence X-Ye X~(XoY) - - (1)

S(/L/J/?&S‘é aée X-*(X/IY), Thtn ae X and
ad Xn). Now s/.wze-aé)() we  amusl
hdt/f‘ aﬁ.{ Y (oﬂerwrke we  ounld j&ZL-ﬂéXn)’)
Soe aeX and ad ).

T s ae X-X.

Hewce X=XnY= XY - (2)

From (1) & (2 tlj' 7%//024} 714[1 X-Y= X-XnV,

2 (a) SW‘OM‘ AE Z-—(Xu)’)_ 7 leew

an._ané/ ﬂ¢5 X Y.
/ch)‘ !/ aﬁ XU)/) 7%.244 a,é)f an/dﬁ”y

{éecaa.rc i a was wm X or /V, et would

be in XvY) . Hence
aé‘—Z/‘, gm/ dﬁ,//( ﬂﬂd/dﬁ/){:
So ae Z and af X
Ao aeZ and ae).
Tlhus ae(Z-X) and af(Z—Y)
Heree a € (Z—X)/) (Z'—y)
' z-(XvY) « Ex)nEzy) .

SM/;/aose A €& (Z—X)n[z?ﬂf), Then



Z (a) -~ .. ae Z-X and ae Z=Y. @

Se ae Z and ad X | and |
ae = and ad ).

We then have — ae Z . Also  we have
ﬂ?g X ana/' 4¢ /

which owmeans Thal a & Xu)/ (é—écaux

A ad XvY we wmusl pave ae X oraeY ).

Hewce ae?Z and ad Xo7.

7hus ae Z-(XuY) .
(2-)n(z-Y) & Z-(xv¥)

Hence Z"(XU)’) - (Z-X)n CZ—}’) ,

(A) [ he /Dfav/ /s 7/5;7/ ver/\ <srwiilar.

) lel ae Z- (Z"X)_ 7211/% ae?Z and '
| ad Z-x) .  Since ae Z we anusl also
havé ae X (Oﬁ:{}’a}fif f/’ 62¢/X Tt
we woutld je,f ae Z-X) , et e
an L' Z-(Z-X) « X

Lei’ ae X. Then ae Z  becawse XEZ.
Now since ae Z |, we sl have

ad Z-X (b&:ame A ae Z-X ) Tai s
wouwld mean thal ad X )

Hewe ace Z  and ad (Z-X)

e Z-(Z-X). so x& Z-Z-X
Herce Z-@Z-X) = ’



3. @ §@} | d) 54

%) i@t €) {1, ip1}

) {p} (F) a3
4 (@) u.fx}= X . | @) fx,y} = XnaY
%) N3 = X - € U@ = &

(cj U ;X,, Y} = Xv 7 (1(,) ﬂ¢ ~  collection of

all sets.

5. (4) [el ae Zﬁig)z A; . Then aeZ  and
A ¢ UA . So a%/}t» For eact 2e& L

ey
becawmse f/ A RS M ANy 4://7&; A, A w?lf
be in fhe wwnion L /}z' | |

te f

Hence aeZ and ag A;  hr each ve7
Thus A € Z-A; Sor each 1 e v
e a4 € ﬂ (Z'Ai
ze?
S e z- VA <= [(Z- ,4)

¢€I : 15]’

let ae [1(Z-4;) . Then For cach reZ
ae Z2-A,; .
So ae Z  and a;%/?' forv fach vel
Mevw aé Z  and ad U
ze_z
pecavse f a was sn U A, /Z.w wonld have
7 be /n al leasl one 4 ' '
Téur a € Z**z_féJIAz.. /7(2" A;) € Z-U 4

’ e
Henee  Z- .U A; - 0, (2-A2)

®

(.é) The /DrZM/ /S Vx’?’?"&'l)ﬂ//d’f'



&.

| (3
) ;tfé f/_ a IS 4 mu/f?/{' of b ﬂ,é.é'//V.

) K i retionsve becawse a= ta
(6) £ /s Maf_ Symm_&/w‘c because
¢ Kz bt =2 ?4 B
() /? /s 7‘7’&1145///'3/8 ' ée_cau.re' /‘/ a b & b6Fc
Then  a= bk b and b= le
So a= kb= (kd).c . Heww afc.
(d) K Js a0l canneczle/. becase
& /f 73 amm’ 4 f?é
(e) K ¢ anti Jymmgitr/'c becanse
if a#b and alb The
a>b or a=o0
mc/m( to1 ~€17ZA/ cAase ng;e we. seéee }Zﬂjl
b ﬁ‘al .

(17) aSé '// a and b have »no £ MION éd‘df
| | abel.
(2> S /s no? reflexive  becruse 28 2
C‘é’) : ‘S « 57%4&72@/7(.: becoese 2/ & dna/
b have o cowmon Acfof Yot b and
a  have st cowmumon 7§4/ar ;
(c) S ;s il toransitive becawse
6Ss and 559 bul 6;54‘9 :
(d) S s ol comneced because
e >3{ & and & ?81 & . |
() S /s moZL au #o< mme/Lr/}_- becau re
2# 3 bul 352 and 252



®

AxA = S, 42>, ), &, 258, A binary velalyon

on A s MJZL a subsel of AxA . Srrce .
There are /6 SMé_re/s of AxA, there are
A : ,éfﬁ’ﬂ)’/ é/a//anr 2 /)

g (8 There are 9 Komctons Fom fad] 1 fr.2,20
3 chories for /’é)/ 3 chores A //é))
(é) Six of IThese “?. Avﬂ&ﬁ&”-f aré /llf!/:ea/[r.'on_r

C 3 C—éO/‘fo 74?" /(d) y an// 2¢.Ag/.c‘€.f' 7%/’ f(é))

g9. (d) 12, (TAM aré wo chores 74;* —,f(/) & f(z) )
SO (P e oy Lt o B B 121 )
e (P IR

10. (&) lel ae ,{’-2’/4-5] Jhen é/ /274}4///:0%
fl) e A-8 .
So f@ed ard Lad B
ae f"[ﬁj arnd af f [g]
Thees ae L7417 L7128
' f Al = FTA]-4T[B]

Now lel ace f*/&i]-/??], o
dééo[?'/?} and - a ¢ 'f'_/[fg:( '
<, te A ad fa) ¢ B )
’ fa) e H-8 . Thus @€ £ (A-8]
| £~ £ < £ [A-8) |
Herrce ;”[4-3] = /L7A]- f-’[gj

(a) Q,) The /prvo/fr ag ver/v S/m//ar.



. i@ -TEUE.' The /9)’00/ 1s  Similar 7 7%27 /pm,/‘,/@;

k) TRUE.
é&f A E J["/ [ﬁzéI Az] ) 7%.&/!
e g, 0
So F@ e A; for each 1e T
a € /'%41-] 74/ actk te I
ae N 170A]
| a [z/é)I /41_7 = z'é/_?Z f [-/)t]
NMow  Jfof  ae ZQQ_ f -1@5] } Tt
a e f—/[A’z'] for each zel
| So df(d)é /iz' 74/ Cach el
[(ﬂ) € ﬂI' /?2‘ - So & & ,/-//.ﬂ ,4!-]

ze 5y

N LR] = S 0 4]
fuce f10 4] = (0 F7CAT

12, ygs . 5&7770'33 (;"7[’)(“/) =<?°/)(4;> :

Then j(/@f)) = 7 (7[@?2)) |
So yc(a,) = 7[(42) bec . ; ’s /}y’ecfé'up, _
Also we /hen 352‘

_ A = A3 bec. / /s /7.54 74:/(9 .
‘ AZ&M@ C o/) (@, ) = opf) (dz) o pfre s
A, =2, ; TL!»L( s % 6 / /s /'sy"e/;%l'we‘
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ANIOMATIC SET7 THEOSRY ot DA s BRI

ANSWERS & HINTS T0 PROBLEMS- (h.J  SPRING RV0Y

iwlet o=@, 1= fo}  T= {1} 2= 8]
and 3= $0,1,2}%  Then

(4)

= fo, 0, 7,011, 42, o34,
2,40, 2} {o iy, £ §1,23 {7,273,
) 3; 0//}} 1"0;’;2?) §/)712} }

Lel  Towlzn) be He Finction defined
vecursive/ As Ao ows
fow(2,0) = /
Tow (2, nt)) =
[be n Vp har 7ow (2, n-7) é’/"mérz 7s

2
Fow(a,n) = 23"/ ws’s here.

2 /'o‘w(g"‘ }q)

2 A @x)k) (7 (ngx,))
/712(2 (U/X;) (X3€X,—-> X3€><> & (VXV)()( éxz—a)(%(g)())

— (X, = Xz)

Brs  (Vx,)(Vx2) (Txs) (VX,,) (X,, € X3 & (X=X, v Xpex)

-

;

-

(Vx,)(flxz) (VX;) ( Xz & X3 > (Hx‘})(x—s‘gx,}& quXé



s (B)ER) (sexe e (V3 (nexs > X0

Axe (3x|)<¢éxa & (sz')(xzex, > X} ¢ X:) |
o T hen 4ef/ace “955)(’” ‘ by
@x) (xsen & (%) (A(xyexs))
and veplace Xz3e x, &

(3X5)- (Xgéx; & (VX&)(XgéXS- &> Xé:X2>> .

ﬁ;ﬁ]_ Who meeds K ﬂjj/af}/ﬁ?één/
(Vx) ( (sz)(b/)@) ((-Xz X, = Xz 2B)k
(2 #%5) & (% €%, & X36x,) > (V) (7 (e Xz & Xyexs))
—> (Hxs) ((VX,;)(‘Xg ex, —» (3 xy){ X, Xs & Xp€Xc) & '
(V) (%3 2 %7 & XgeX)— X, ¢ X )))) Oyt

Arg  (Vx) ((sz)(xzém) - (Gxs) ( Xz e x, &
(VX)) (7 (Xy €X, & X4 éxs))))

A)( 1 (VX;)(E’Xz)(VXg> (Xgé)(z &3 XzeX, & @(X;))
S ince P(xz) /s Sorwnla in L.0.S.T J o
&)/I’&/é’ 72!./';07 s . L.O0.S. 7

Ax.10 (Vx,)(((i’xz) (3xs) (960,%2) & (v, xs)) > (% = X3)
— (V%) (3% (Vxe) (X4 € x5 <> (Fx7) (x ,Xe)))

A-j&?rln Siwee qﬂ (Xt', 39) /'S a 74;' mu/d /y; /R wa
/Z{’ w’éo/e 771/#7 /'S inm Z-é)-f-z (Or. .s*éau//
we say 7hhe whd/e %z;y s Josl P )

/;7/ /%e way %é’ ansuwér /47' Ax.7 fné'za/_r' '.ramé'

o FIXIR blcans€ Xz #ﬂ) Xg #x;») and ng)(s'
Aré »o allgwed 1 087



: ‘.;H.‘f)\
B

iX-__ﬁ (VM) (3 Xz) (VXB) ( Xz € X5 <> (thf) (Xy € X3 ";‘Xv 6X:)>

Ave  (3x)(Sex & (Vx) (xz ex, > {X}e x,))
Ther's s ol rawt/yé/éé i LD ST becaure
‘BeX," and "{x,3ex,” are ol albwed
m £.0-5. 7.
Bud “Bex" can be replaced by
(Fx3) (X3ex, £ (ny)-(ﬁ(xeléxs)))
Avd "§Xz’§ €xX," camn be yeplaced &y, A
(Fxe) (xsex, & (Vx) [ %s€ Xs <> X5:x2>> -
Jbis méédr Ty 721/::7 a/ca/_

Ax. 7 Who seeds The AgGrava Aon /

(V%) ((Wﬂ(%f‘?fa) —> Xe 2B & (Vxg)(7(Xp€ X2 & Xg ?"Xs)))-, |
=P (I )xe) (Yo € X - (Fxy)( XK1 € %6 & X7 exXs & (¥ ) (Xa #;(z(
-7 Xg As
Ax. 8 (Vx,) (X, _7—‘;5 — (Exz) é(zex, &

7(%@) (—1 ( X3€& X, & xz¢ X,_))))
0F course ” X, 28" is wmel allowed bul

we can 7’6’/0/4254 na a// ,
Fxe) (Xe €%,)

Ad (Vx) (Fx) (Y xs) (Xaé X2 & X6 X & qo(x3)>
Since P (%) /s a Svmula in L.0.S.T  The  whole
7%1'}4-7 /S m [.0.5.7. '

/]X./D ,4&(‘3});@ 18 a 714{;45%}?;?-7-[7/96 ﬁrmu/d —
(VX)) (3x)(Vx3) (xsex2 o (Ix) ?(Xy;xa))

yéu winsl o/”(aur.re vl place ”V(X;,)Q) s a 7[('4”5;4;,”_
@ 71'//’5 ﬁ?’?’nu/a é)/ .Some/%;i‘?j corn//e/e/)’/ s L.0.5.7,




5. Firt of Al Ve fxi xex} . Se ¥ s
/l/ow' 5&4f.oj£ Soal Vs 5 J‘e/“

2 ﬁ/ﬁS'S' .

Then é)/ 7%8 _s’e/zwf ralion  axiem
{XE V: xé x] |

Z«J/// ﬂ/.fa be A J’&f, gmj

fxeV: xdx3 = [x: x¢gx} = F
| _NA_/L/Z e é’nﬁw ,‘,/3‘ 7 /r?odf‘_ 5/..@./‘.;" [/.é. ﬂ&/ﬂfézt)

e € A";”/'—e S é‘ﬁ'ﬂf}"ﬂ._ﬂ,’/‘&%/ré‘l_’?. /Z’Zé"léf

V s mo?  a sel .

Se V v a - proper elass,

4. (a) Su/;/m:e A i oa sel Now /;[) ﬂc wAS
alse a sel , Hitin Ao A wowdd be

a ted . Bul Ao d" =V ‘z«)é/"aé
/s yro ? P _sz,f ) ,4/ Ence. A s

a sel, 7, see Thal A <
el yoplr lwss we. ﬁéejf fave T5
5 p&/u@ Had A 5 A/ elars,

8 . fx DX A }

Soe A4S e gé.gr// 7 @ér; o rm/ s
ArE. ﬂ/a}?e . | ' -

ol

(é) ,/V0 Zéf ﬂ = 5}( N X: }zﬁ: MZZ/ one g/gméﬂf}
T/L&/L /72 coan 68 ..S'Ap.a)/f 7%‘%7/ Jﬂ &wﬂé?/ A N

are bolh /}r?.efr c/ﬂ;j{s‘_



5, e Wz/znf o | ,s*éaw Wl GD@) ?f A ‘_ lel Cﬁfi’,\) f
D = ,{aeﬁs afal o
Jhen D is cém’//' P :més&fa/ﬁ’ , So Dedh)

Now 54770_1‘6 De 4. Then D bas a chance
oF éez"nj’ a  amémber of -b -

Bt | A De D) Hen D& D (c&.ﬂ?(?"d_t/fc/t/bn> becanse
D consish of & // gémzwfr o A wihich  are
ol & vnbers A Hemselves . | |

f“f}/f'dy ;/’ -D Q[D P /ﬁzn‘ ,;96 D (_cémfrﬂﬁ/fzﬁ%ﬂ ?74;'»_1) '
be caunse D z:&/?ff_f‘/ PA a//__ifgm-pniés g;/ A which |

AaAré O’IJf anlpbers a/ %gmyg/(()_f’,

So SF e  ASSume ,,Zé?A/ w_f_jéf a
wzfz.flrﬂﬂ//c:ﬁé/). Hence bgzﬂ . (// w e
ASsume e A?) Hew D ja/.ﬁ hance oF
| éﬁ/’nj ,’h O = Fhalt had cawnced al) He
‘/pyoé/ﬁwflf. // weE  assume 2#4 e 4/5/47
el any such yoblewms  because D Aoes
({o.f j@jz; A &/;4;(,6, o/ Jéfﬂ'jr /777 ,3 ﬂﬂ}
elowtids of A has a chance 4_/ .ée/’nf o ,2)

/m M/ d/uf/ A E N 2 7%%/ De Wﬂ)
bt DEA, fowce  FR) & A

‘ (_/ Zﬂ/e?“ on  wWé WZ// See 7%4/ I OTE 7Zan 7%#‘1
o Fome (o For s %gomm ot Al ws
. /Zﬂzl /07(/])/ > /A/ /wf/ 74 (éﬂf// mya/”e_r
) Hal T E A 7 | ‘



£ SLL/;/MM Hoe s oa sel x  such Thal xe X,
7 A= 53, We wanl lo shiw Thal"

A has e elemenl a sucth Thal |

anhd = ﬁ§ | Siﬂce, A has Oﬂ/} o vie eé’-»%\mg

m.;zmg// X, JE s He -p/?ér cands dale

which can give us an a swch Thal

- xn A # @ because xex and xeh.
M&m‘ag Hore 15 olamen? ae A such Thal
an A= g, '

Batf Hats z’aﬂ%fﬂ//zb/ﬁs 7%2 @r;/ﬁ?gbﬂ CRxSON
Né ‘ol »S’o’/'//f Hen? /‘/ A oo 100~ “

A

/
sel Thoe we can 741/7&{ an eww’f/;g/}
f&tc[» F/A&L’f 7 4 = Qj

a b e , _
. ) d,6,c,d,6 are
ha |

7 ()
- mancimal olements

d’, é‘;/ are  aminrmal eémf%-/x

_ (é ) a L a2 and b are mm{/bw/éém&d[;
| | | Y c, de are '/??z;‘?‘;;?;ﬂ_/ elements




€.

| ¢
S/nee | (A,g) /s a,/r.eﬁ;/y Py d’fzferea/ J‘e]t"
il we meed B do b show Hak A

//‘nécff// ordered 12 T Show Thal
L a<éb or bsoa | Sor any a,beA |

S’/‘/’;’_‘;e '61/9"/ | X101~ 8%/79/} subsel a/4 hore s
ﬂ/p S‘WM/ZBJf -e/&;/mmzz, Z@// a Vﬁnm/ b be
ﬂn/ Tovo elewents of A . | Lon siier 7Z£
sel {a,h].  Swee 2,43 # @ A has |

a  smallestf element Lo

a < b , /1/ A /lr /ZZ szz//é}/
sr b= a s ;/ ooy //Lz EMA?(//a‘Jf’ '

a< b or bsa

/;Zf?/l./acg "5’"'(:3“ A lnear o /;77 on /4 |

9. (> VESUA-S B 1Y, 1Bt Thew R s

¢y Yes . for any

Fransitive on A | |
se? /I} we  ams?  Save

ada fr o each acd by Poblem 6.

) WS A bas mfz_;v one elesment , 7 vt

ya puz"// be .s‘/,‘y;me/r/c on A .é/ /é’;%u/?/

(dy YES Thersel A = { 3, @]’} Js  connecled

vnder R ,

(e) YES. WA v oa seld and 2éec /

and aeb . Jhew Lfa



MuF 4162 — AXOMATIC SET THEIRY [LORIZA INTL U

SOLUTIONS OR HINTS 7O PROBLEMS FOR Ch. 3 sPeING 2008

1. Zef /= R ) 2 :é?l a/ v 74};44/ wuméem‘) and
"< be The tirmal a’r_/eﬂhj n & Take Ay
4 be e sel of all ﬂan-'—/as/'//}/e i bbers s ]
.. S= {xell: xso}, Thtn S canwel
be wrillen in Fhe  prwm  Sxe & x <af
o ot ny a2ell because /%en__e /s wmo rwmmediale
Sutcef sSor 07£ o @ ) ‘

z. lel [ = Z ﬂm/ "« be The  uSun/ ofréﬁf/'%/_
on 2. Detive Ffio Z—>ZZ by
L) = (r+z /. m>o0
o o L =0
: , - {”*Z L wm<o
721//'4 / /s m:feap/'n; on Z | éuz‘
Fo)= 3 > |
and  fer1)=-3 < /.
3. {fé, {¢},{{¢}}} /s wol an  ordival  because
it s ol 5/7'/2%4/ wel-ordered é/" &
The subsel {ﬁ, {fﬁﬁ}}} has no swmalls!

e[émﬁnz Pleotetsé gé and §f¢}} zre fnaZ[
cam/l/)dr'aé/é-

pole:  Beipp  and  {p]efigi}
but B ¢ Fo1y |
0F cowrse pVe £ B edber



b ) Sippose A v o hamitive sl We wan?
7o Show Hint déﬁ = a & 4

So Jel @ be an element oF A,
SM/)/ﬂaSé X /s an e/emen/’ c’/ 4. 7 lren

we have xed and a< A. S vce
A V7 Frans 7 7ive we je/ xe .
Thus +f xea ) Mo xe A L oac A .

S o aecAd = acAh.

& Now su ppose A = ach  Me wan?
% show Hial A & FransiFwe . |
So Jel x dud a  be any cells  swed
fial xea and ae A. Since aed = ach
we jef Xe a and acA. So xe A
7 boncs xea & acA = x€A.
A b a fﬁm.rf%ife' :ef _

5 (a) TRUE (/'//'nf: - Xea & ae XnY /M/)//Jfr
. wxea & ae X and xea & a<Y . So
xe X gna/ xe )Y - Xe Xﬂ)’)

(’b) TRUVE -(/71173[(: - Ssee /7/!4/ aém/d)

@ Fase . Ll X ={ig}) and Y= {8 i#3 {igif}
Then Y 15 Fransitive and Xe). bu?

X v ol Frans/ Five A

0, @) FAMSE. [lel X= §p35 and Y= {0}
Then XSV & Y v Ptransitrve, bul X /s 10l



—

5 (e) FALSE Lol X =§{a7} St every e/wpg,/
0/ X /s Fransitwe bu? X G sl ;

6.(a)ZeZt A be 4 sel 0/ ovdinals.  dle M/ﬂl/l/r 75
show 7%6«2‘ vd  fs an ordinal Lol ‘X: vt
T bt X = 5/3 ﬁ e X Jor al las! e o wi H)

We f/rsll show Thal X /s a 7{?’4'?)‘/'74 e sel.
SM//OS@ Ye /8 and /66 X Thtan we can
find an ordinal  x n A sich Hhal B e
o we ﬁﬁ{,jb'ﬁ. o Xe/s and /géo( ' '
Srvee s an o‘r{:'/m/ , we (7&% Ye o,
So Ye X  fom e Aefinition of X
Heww X o a Fransitive sel

Now we know 74-”4 /?z’)/) 6'(6)?;'-5’%.' 4.3 @: c:é?rr)
that 7 o rs an ar/f;m‘/_ and --/ge X s
p o« an ovdival Se X o a set of
ordivial and <o i 74//9:,«): 740»4 Thm & &/
Ch. 2 fhat (X,e) € e s///'c/é/ wells ovdéred J’t’/’{-

Thuws X o an df&{fﬁd/,'

(6) Hint: Swmge g ﬂ/mﬁ—e’u%/:é// nA
o sell, Xou can Strow 72&11[ X = [754 (5
o Trawnsifive sel /'uslzl as above. |

X=ip: pew 4 every x md}
X w.w'// be a ._S‘e/Zt 0/ ava/f'nﬂ/_r am/ SO (X,e)
will be a S?‘w”cf/)/ we//-dﬂ/érea/ _?eZL‘/'wZL asr above

G

)

/7)



7 @) We have Zhat Vw = ﬂgw v,
Lel xe V, . |
14 x=@ Hhen xS Vo .
-~ And if X#+p Thon xe WY Aov sowme ”GW-
Bl Vorr = Gp(l/n), S xe 69(1/,4) re. xc V¥,
Since VM c V, ) /'It n@//aws ’f/szL X < Vw,

I ma@ WA/

;s Transifive,

74’0144 ﬁfaé. H Y (4—3) fal U,

(é) //MZI: X e Vw == Xe Vm »,Q—y Somé el

- = {xl< Vm_
= fxle V.,
=] §'X3 = VU)

() M‘ﬂf: See Hint above .

5. () We prove  wfprY)= (p)r(e¥) by -
{ramshnilte  induclon on ¥ ( x & g are /amme/éfzﬂ

I Y=0 , Hhen we have
m.(f&%)’) = d'{tg+0)= o B

= (w.g) + 0 = (o(.!;),LT_
S() 7%{’, /re.m/% P> 7Lm£_ fér g,

Suﬁme Z%g rre.m./f' v frue 7417 Y. M/e'
r prove if e YHi Now we have

nts



| G
o ((prr)er) by Aef of addin
x . (F—W) + b/y det of mulf
(. p) + (. X))+ 0 bec remé’iin;e
(o(.j%)-f-((o(-‘()-i- c{) é/v /Dm/:.é’ ,
@ £) + (o (¥4 I)) by def. rf mu/%

i

&(b) oc,( F + (‘(H))

n

A

1

AS ere; lft/'rez .

F!Mﬂ//// 564/9/2{*-?6 /Zé veswl? o Prone 74’%// 7<A
wéw )& a /m;/ srdsnal We .»mu_r/ /7de£ //
for A We  have |

o(.q%h\) = Sup _{O(.(Ff'Y) : X()} b)’ Af. of o/

_ . vesuly
= su/a g(d,)g)—}(o(.‘() ! Y<>'} ii:,e :f:r://RA

= ((x.!g) + S'u/a_{(ar_Y) L Y<H e Sup foar:redl

Vs a lwmid erdina

= (0(&) +(o(.)) ' aé)z A2 F. ﬁmu/f

So 7%4 vesaulf ?‘me Lor ¥ S s nce
X ﬂna/ WEere ﬂfé/‘/rﬂry 7%1 .m?s:/t//' Lo 7!;*?46
é”' m// a’,'@ a/rw(r.

8. (@ We wnll  prve Sl (o/.. ),Y:— a/.(/s.)’) .é\
f'mt.sﬁ)q,‘/é yndmetoon /jn Y. [o(' &Z/M’//ﬁ
wi // be A fé/ ./fdf/' éﬂ/ 74,’22/,; L. /df_ame /f%m‘]

/¥ B’zo- | e wE hare

(- Y = (K. p).o =0
= .0 = o, (30) — o(( b’)
@ Co e rre.!‘u// s Toere 7@7()/“‘-‘ e, P



g (a)

musf/;mve ot i Y] We . have
(@) -(OH) = (. pY-¥ + (xp)
‘ (o (1) + (o )

o - (G,?f + f;)
o, ({g.\(b’-l-l))

Now 5‘077036 The resalt o Pme hr Y. We

i

& s rez uirf/ )

;‘”ﬂ/é 50777.”61 He recwlt v tree Sor all ¥<)
3 s A oa frmi/ odvnal e W,,,J/ /7;@1/{ 7

Ar X, We — have

(cxﬁ) P S’u/ {(o(.fz).)’ ' b’(f\}
5'07)' fo. B-¥) " Y<A3
éf ] Sut/?m%.Y) :' ¥< A3
= . (PR)

—
—

So b/v 7&6 7;&;4.5'7434/%? Tund FBrive “he
ﬁé.rm// ' Zlv’ne %Yd// Y.

. /
weve arb. | il's

and Y.

Srvce x g I

éf/j;a %’/2,45 74;)’ all o, F

7 (@) b)), 3 (). JTbese. /deéW.f are /oqrf
d/ PROTECT #E/ arm/ »10 IVOTE w'_z’// f(
fﬂfﬂ/ aéouf HAemt . )/au Aare rﬂdf d//&a/é/

5 Arsecwss Hese /m’é@mr‘ wr e classmalzs

@)




RSN
-/

0. (a) @ +2)4@ = @+ 2rw)
- 72 Y
= w.2

%) wtw® = W)+ W
= W (I1+w)
= ww = w’

(&) (wr2)(wes) = (wr2), 0 + (w22) 3

= (WH2) (wihmes) +» (w+2) (3 Frmes)
YA + (w.3 + 2 )
W+ W3 £ 2

() (weNiw® = (wri)wrr). @F
= [(@W+).e + (wf'/)./].w;
= [ww + @#H)] @
= [wPs W] wE
= wir |
= W

N/ANCY gu/a/ﬂ’oé‘@ A s oa //‘wzf'/ om(f'ma/.'-' Thew

A s WA Zelz (8 be e Sme//ér/’
ordinal & such  Hhal A< ©.%K. Theun |
wWe [d.n S/mw 7%42’ A= a)../;

arﬁﬂf,@é'ef , 5’070/6&?{3 ﬂ 7 .d. /w,.ff d%i@z/. NMoww
of vYep, Then . X > wY éy%o(euf: ‘/P

S'o l ) = S‘Lt/) {h)a" 37< /53 - éJ/B So
we will have A= IS



@

| (e
/471./ /f ﬁ : V%-'/ e W) < A azn/"
W, /3 world  He mex? //im‘f ordinal ﬂ/[%’r

w. ¥ So s/ e A IS = Jrwm /'/ de//'mq/

Wt  wmusl have )z wp

/()

/lrzs s esher case we 7/6’/7/ A= @5
w s a)./e é/’ él/é/ o/ﬁ AE
cla foned

S;M(é’

7a'f W p = P AS

(é) 7'?-3 o‘m{/'na/ a).ﬁ f/’a_ (’/Zé’ﬂ./ P Am;f
orJ//'ﬂé/ betca wse A/ Tht Aot % P a

wp =  w (ﬂ_fzméf)

= —_— Y T s D =
W
Fv‘z}nef

So W 15 po  chance for ﬂﬁ 7o have
es! efesmens  Hud This ameans

A /my
thal w./e cannol be Jhe S clkox sor d%zm/
d’fﬂ//‘)ﬂd/' _
12 @) a)Z Wiwlé = suf {a)/-} a-n ﬂcu’li
= S’uf?{w.ﬁwi) ¢ new} = W = w?
¢ w” ww = Spfw el )
= sup fa)’w.- newl = @®
(c) £ odg = sup {wﬁi ww/w"’ 1 = &
. J/ " |

& s {-&0 ww u)w 1}
— “ 7 R T
Adef f ’ 7
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MHE 4102 — AX. SET7 THEORY FLORIDA INT L ppry
SOLYTIONS OR HINTS To0 (4.4 Pméé’mr sPrmvg ‘o4

@ for euch aed, Ll £ be He Amhon
Adetline d é)x LK) = a Sor each xeh.
776’//0 &{2/4‘146- J' '1‘4“"') F(A/A) é)’

j@ = 4,
Tt J it o ft"/fa/éom So A < F@,A)

7(3') lel ¢ ée any elowmen? of C. For each
Jﬁuftcfa'am £ A , Ll £ B be
7%‘2 fém.::/{bn 4’2%5/;@4’ é\/

4 x) = £60 £ xed

| gc | o x € B-A
Now fﬁ&gmﬂ J F‘(A,C) — F@,C) éy

Jé)=

7 he J /s an lvy?cig&n/ So F@}C):‘é F/&C)

(c) Zef B= §bo,4, ...} . Fov eack o« e A
&5{274/14.2 /Zf_é A{ncébn‘ 74: 4—-—3’5 /)z

f("r) = i x+a
{51 | [r X =
Now 5{’@/401.2 J A - F@,B) éy
J(a? £,

The J /s an /Eyécﬁbﬂ‘ So A« F’/t},g)
[We can actually sho Bal ) < @, 8) i 1§22

@ (d) This is Qe:ify easy



L. (4) v eact  subsel A of N, ﬁééﬂé A
Amc'“f/'o'm Zﬂ N fc?//_} ,éy .

162’):0 1/ Z¢W
! 5/ A oxe N

Now defme /. W) > Fil,2) 4y
FA)= Xy Thew Fi5 o oa bogecon.
Se W)= FW,2). |

&) Firsl observe Hhal FW,2) = F(W,W)
A)f #/(6,) éﬂe(‘d&id‘e 2= f&[{i < N . ‘

We Z/U?// prove Thol F(/A/,N) £ /-'(W,z)_

I’f will fHen 74//@0 Thal F’(/MW)’,& F@V,Z)
57 the Cranlor- gern:é‘/h Yogrem |

Lel @ WNxN — AN be Aotined by

4 (mﬂ’l)) = zm 2nrt) -1 7t @ /s

A (é{/;vféizf'oﬂ. S'(o Hie /Zwra/gén ‘
7 PWNxHN) — P(W) '

Ao fine A .é/ ;
g(A) = {pEww) + e d]

/IS a éx)'ec on .

Wow a »/éznc:/rén vy //]/—>W o J’MJ'[L a
sel of ordered parvs, e £as MW,
 Se P N) s PxN) . Thes '

Fimop) < Pvxw) = Cl)= FW,2)
Fv, W) < FW,2) and we are dome,



| 2 (D T[«ws /s }rﬂf/é’:/ﬂ #/ ﬁd/t_é‘dz,/- #:‘2 ) Lﬂ‘é@
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