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A TS Tl
(Relations and Functions)

& There is no permanent place in the world for ugly mathematics ... . It may
be very hard to define mathematical beauty but that is just as true of
beauty of any kind, we may not know quite what we mean by a
beautiful poem, but that does not prevent us from recognising
one when we read it. — G. H. Hardy +

1.1 9fiehT (Introduction)
TR HIST R e XIH, Ha9 T Hor, Tid, F89id e
TR 3nfg it rauroned w1, fafa= R & arafas
AT el iR S ool afed qie@ wEn S g
21 7o | v ‘Had (Relation) ' 1 TeheuT i TS
a § 39 v o @red W foren e 7, fwes emER @
(Recognisable) &Sl 81l A <ifSC fof A, fRel wpat i
we X1 o faenfefai &1 gq==g T qen B & wha 1
wel X1k foenfefal &1 oq=a 21 o™ @g=a A ©
U= B O o Gadl o F SEN 39 YN €
() {(a,b) e AxB:a bl TE T, Lejeune Dirichlet
(i) {(ab) e AxB:a b3 T 2, (1805-1859)
(i) {(a,b) € AxB:q®h 3 bwt 3G W Aferh B},
(iv) {(a, b) € A x B: Tasell 1fan wian o ¢ 51 U< YU b G 9T QO &
%9 8},
(v) {(a,b) e Ax B:qSHI e @dl & &l bl 8.
qufy A¥ B d& o fRdl Ha9 R &l STWU&Y (Abstracting) ¥ & U@ |
A x B Uk @3 (Arbitrary) STEH=T %1 e TR % 2|
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A (a,b) € R, 1 &1 %ed B foh Hay Reh 3iaiid o, b ¥ Hefed 8 3L &9 30
aR b foa@d € g, 9 (q, b) € R, @ &9 39 o1 i foa 7 & € &
a T bk o= i AfTRE HE © toan T @1 SiEn R e XIH <@ gk ®, e
T Ta9iY YRR o e Bl 2

39 ™ °, g9 fafT=1 YR o Hael T %o, werl o A (composition),
A (Invertible) Herl R fgamemd Gfwansti &1 stezam w4

1.2 Haeh o UhR (Types of Relations)

79 =% § e fafi=T W o Haell &1 1ered w8 e 9 ¢ o frdt gy A
H g, A x A® TH TG B g1 o: fod Tg==a ¢ < A x A qen
Ax AT, q 3 Gad &) TR B, R = {(a, b): a— b =10} EN Y1 qq==A
A={1,2,3,4} W IRAM6 Th Foer R W forem w1 78 T Rom == €, it
TE HE ot g (pair) TE T S A€ o — b= 10 H FIE w1 2| TH THR
R'={(a,b):|a—b|>0}, 9ol Gq=sa A x A% qod &, HIfeh Ax A gt g™
(a,b),|a—b| >0 TG Hd 2| 7€ A A o I BH FEATeAiEd gReme
o ferg ofa = 2l

TS | g A R IR Wey R U Rad dae seerd €, A€ A g of
FTd Ao foRdl ot srema @ wefud e ?, etefq R=¢ < A x A.

TSI 2 W= A W YR Wed R, T @R (universal) Hael el B, 9%
A Y&F T Ach Wl ragel ¥ Hefud €, S R=A x A.

o deiwr qon gt Ged w1 -t g= (trivial) "ew ot wed 2

SETETT 1 9 A & A forlt skl o Thet o eft faenfefai <1 g 21 gwiizy
% R={(a,b):a, bl I&9 T} N US4 el Th R "ol § 9 R’ = {(a, b) :
a7 b Y A H HR 3 WX Y FH 2 ) g YSd HeH TH WEE oo gl

T YEAER, Fiifeh Thot STetehl 1 €, oTqud Thot 1 hig off famnefl, @her & fordht
off fereneff =1 T Tl & Wehan B1 o1d: R = ¢, oo™ wefvfa e @ fr R e devr 21
g off T ® T forel ot <) fomnfelai o) Semedl 1 X 3 e 9 %9 e & =ifsu
THH YHe BT € fF R’ = A x A T wey 2

feoguit e X1 foeneffmor dra 9ok € & ford Gaa 1 <1 9ahr @ frefia fopan s
Tkl ©, AHd: W fafer qen gqeaa Frofor fafe qenfu sga 9@ <@l g0 9=
{1,2,3,4} W IRTG SR = {(a,b): b=a+ 1} Hl R bW o F&fa fhan s
2, afE oI e A% b=q + 1 €1 59 FH9f Gfaursmes B, 29 «ff 39 Hoha (notation)
EaRe el




HaYy T wed 3

I (0, b) € R, &H H8d € o o,b W Feferd &' W 39 o4 &I &4 a R b gA
e U B

Toh I Heequl Heiel, f@ent o & we @ik (significant) 9ieRT ©, qowd

Ged (Equivalence Relation) Sheeiidl €1 qoadl Heel w1 31&78H hid o T &9 T

T TR oF Fadl, AMa: ¥qed (Reflexive), 9MHA (Symmetric) a2 HohtHeh
(Transitive) Hadl T fo=m w3d 2

RT3 F=gd A W qRfid §ay R;
(i) Tged (reflexive) Hedrdl €, 4% Y% a e A U (a, a) € R,
(i) F9fHd (symmetric) BT 2, A gaw a,a, €A = fag (a,,a,) e R ¥
(a,a)e RAT< Bl
(i) T (transitive) HET €, AR TA, o
(a,a)e RE (a,a,) e RA I
T 4 A W IR Hsiel R T qoddl HeY heelidl €, 9% R Tiged, qEi a9
T 2l

a, a, e Ah fau (al, az) c RadN

1°

SETETUT 2 A A o T forelt woaet o e wwa Biygsil o1 G 9q=ad 21 9=
TH R={(T,T,): T, T,% Waitan 8} w v 3 fag #fw &% R T qoa@
a9 2

T g9 R @Wded B, Fifeh yA® BIqs w@d o ganfgw egar @1 g
(T,T,) eR=T,,T,& Harmaq & = T,, T, % TaF&H € = (T, T)) € R. T
Ty R wAfAd 8 38ek Sfafed (T, T,), (T, T,) e R=T,, T, o Harras € qen

T, T,% Tafem € =T, T, % "ame™ € = (T, T,) € R. 37: a9 R THmEF 2|

3%9%{ R & qodl Hed 2|

STET0T 3 A WY o L frdt uda § frer e @iei 1 Uk gead © de
R={(L,L,):L, L, | @ ¢} o=@ L ¥ wRefod & wae €1 fag Fifw &6 R
guftrd 8 fohg @€ 7 o Tiged @ 3R A Hehme 2

%l R @qed T ¢, Hife HE W@ L, 0 U R Ad T e Thl g, i
(L,L,) ¢ R. R\ 8, FifH (L,L,) e R

= L, LR ?

- L,,L Wdd®

22771

= (L,L)eR
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REFEWE T 8 e @, ARk L, L, Rea e L, L,
LR @€, @ L, LR & s a7 81 Fehelt 81 o
o Ul < A L, L% WAWR BRI Ui, (L, L) € R,
(L,L)eR™g (L,L)¢R L,
saTevor 4 fag FIfTT fF W= {1,2,3} F R={(1, 1), (2,2), A 1.1
(3,3),(1,2),(2,3)} 5N UEd TWeie Tiged €, W 7 dl FHHG € AR 7 Hehmeh B
T R&@qed € Hitsh (1, 1), (2,2) 3R (3, 3), R o fe=e &1 R wafia &t 8, it
(1,2) e Rf&g (2, 1) ¢ R. 36 ¥R R Hehtaeh 7T&t 8, AR (1, 2) € R a9 (2, 3)eR
g (1,3) ¢ R
@1ET0T 5 fag HINT & quisl o 99==a ZH R = {(q, b) : &A1 2, (a — b) &I
famfsia et 3} 510 ST Heiel Uk oIl e g
WRW%,WWCZEZ é?fﬂqz,(a—a)ﬁﬁmﬁ'dm% Ad:
(a, a) e R. Gz, AR (a, b) e R, @ 2, a— b ! Tauisa sear € | e@ud b—q i o
2 fafSia =6t 1 31 (b, a) e R, F5e@ fiag eran @ fo6 R wufid €1 56 9o, 4af%
(a,b) e RAA (b,c) e R, @ a—bTAM b—c W& 2 @ 99 Bl 34,
a—c=(a—b)+(b-c)TH (even)® (F?)| 3W@: (a—c) W 2 ¥ 99 2| 309 fog
21 € o R "ok 81 o1d: Y=g Z W R U qoddl GaY 2|

SRR 5, A FifSe R adt gw qufe g 9 efud @, @m0, + 2),
(0, +4), .3 RE & ik *E ot famm quifr 0 9 daferg 7 €, =ifF (0, + 1),
(0,+3),...3MER ¥ & €1 &l R qelt foom quifer | | Heifera € @ik 18 o ww qoiien
| ¥ Hefed &l €1 TIud, THEd T YUishl 1 TH=AF E o1 T fqun quiet @
ggead O 99=ad Z % SY 99 ¢, W frefafaa gfaesi w g9 w@ €

() E% 99K 31699 Th W T Fafud € qe1 O o 9o 3799 T T 9
Haifea 2

(i) E1 g 9 e/@ga O o forelt ot sroge 9 Faiferd 7€t © oI forelima: O &1 &g
ff ere@E E o Tt ff sraga @ gefua 7@l 2l

(i) EdeNO $79g & 3R Z=E U ORI

STHH=A E, Y 1 AR (contain) FIA el qeddl-aft  (Equivalence Class)
e ¢ 3R 5 wdier [0] W Frefyd & &1 gt YR O, 1 i Sidfete e ot
qeaai-an €, 5@ [1] g frefua & €1 A sifse & [0] = [1], [0] = [27] 3R
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[1]=[2r+1],7 € Z. a7 ¥, Sl %o 04 SR 3@ 8, 98 fopddl ff Tyeea X § Th
Wy qodd Gad R % T g g 21 fordl yea @ 9= X ¥ Wed U W@
(arbitrary) JEId e R, X Hl TR g STag=al A § fgafsrg &< a1 2, o
X @1 faureH (Partition) #&d € @R W frAfefaa st & Hqe w 8:

() T i fAu A o | SoEe UE g ¥ watdd g 2

(i) A, B F o, A F o oo @ wafa e €, 5 i)
(i) UA=XTM A NA=0,i%]

STEeTd A Jedl-oft sheand 8 36 feufq o1 Juek war 9% @ fF = fawdia foen
ff HT THY T ST F AU 2 F 37 U R AR #if, St ZF T =
TER STHIR ST A, A, T A, BRI 9Sd €, fSe 9fmes (Union) Z 2,

A={xeZ: xT@M3H PEE}=1{.,-6-3,0,3,6,..}
A={xeZ: x— 193 F PN &} ={.,-5-2,1,4,7,..}
A={xeZ:x—29&N 3 H PN &} ={.,~4,-1,2,58,..}

Z¥ TH WS R = {(a, b): 3, a— b fawifera zar &) gl sifsw) sgeeo
5 H Ygo deh o STIER BH 95 Y Gahd € T R U douar ded € 5@ srfafie
A, Z% 37 | YOIl o oo o SR €, W YA ¥ Wafyd €, A, Z % 3T |
TUTfeRl % A o AR 8, S 1 ¥ Haifud € 3R A, Z % 37 |eft iR o T
TR T, S 2 W Hafud €1 a1 A, =[0], A, = [1] 3T A, =[2]. o= H A = [3r],
A, =[B3r+1] 3R A, =[3r+2], 5 r e Z.

SETET0T 6 A ooy foh aq=sa A= {1,2,3,4,5,6,7} HR = {(a, b) : a7 b &I
7 4t fovm © = wm B} g aRet Tk ey B g i R R T qeddn gay 2
it € fag HIfS o STag=aa {1,3,5,7) & G4t o9@d Tk S O gefud 2, 3R
STHGEE {2, 4,6} % Gt 3 U g W Gatud ©, Wy STHge {1,3, 5,7}
HIE 9t e SUHTEEA {2, 4, 6} o fepell oft st W Helfua @l 2

o1 A 1 USK IS aTd o A1 A faud ® 91 U B, oWUd (4, @) € R. Wb AfaRem
(a,b) eR=qgampA &, o @ fam € o1 @@ €= (b, a) € R T F&HR
(a,b) e RAAT (b, c) € R=> 34 a, b, ¢, qft =1 d oo™ € 1 @0 & = (a,¢) e R.
3d: R U qoadl Hee &1 G, {1,3,5,7) o 9 o1a9d T @ § Gefud €, it
T SUgesd o qeft ead faum B 36 WhR {2, 4, 6,) % G r9Ed TH TR G
e €, Fifer 4 et T € WY @ Swegsea {1,3,5,7) &1 *E Ff e
(2,4, 6} o fopet off erage § Gefa & 81 Wbl €, T {1,3,5,7) % 1aga T
g, 5 T {2, 4, 6}, 3o@E &9 2




[ wrgeraret 1.1
1. fruif@ +ifSe fo& @ fefafea 999 4 9 98 @qed, 99t aen
HhTHaE B
() T==F A={1,2,3,..., 13, 14} & G R, 38 YR qRwfoa € fo
R={(xy):3x—y=0}
(i) 9Topa et & T NHR = {(x, ) : y=x+ 570 x <4}gN qReftd
a4 R.
(iii) == A={1,2,3,4,5,6} § R={(x,y):y 9T Bx ¥} gR URwIftre Talef R2|

(iv) TEd Ui o "gesd Z W R = {(x,y) : x —y Tk Yol €} gRI aRi
HaY R.

(v) Tordt favie oma W fodl TR & fafaa & ag==g ¥ fmfafed
q9Y R
(a) R={(x,y): x My TH & WM R w1 & &}
(b) R= {(x, ) : x 9y T & el § & &)
(©) R={(x,y):x,y ¥ Sh-3lw 7 A el B}
(d) R={(r,y):x,yH i &
(©) R={(r,y):x yo fom &}
2. fag =S & arafas Femstt o 9g=wa RH R = {(a, b) : a < b}, T
Refo G R, 7 @ e €, 7 gafid € R 9 € g 2
3. i Hifee fos o1 9= {1,2,3,4,5,6} 8 R={(a, b): b=a+ 1} gR uqfoa
Tey R e, TEd A1 Wbt ¢l
4. Tog ®INC R RYR = {(a, b) : a < b}, 5} IRG T4 R WA a1 HohHh
¢ forg wmfta e 21
5. Wirg HIfT fF MR HER = {(a, b) : a < b’} G IR Feie Toqed, TAAT
AU HHHE €2
6. fag +ifST f 9= {1,2,3} 9 R={(1,2),(2, 1)} 5} 984 ¥as R TAMHA
2 foRg 71 @ Tged @ @R 9 Hemw 2
7. Tog FINT f& 5 *ics & JxHeE w1 9K JHI oh q=ad A H
R={(x,y): xqU1 y ¥ U s F& TG0 8} TR U9 Hael R Th qoddl
e B




10.

11.

12.

13.

14.
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fag =INT fF A=1{1,2,3,4,5} 9, R={(a, b): |a—b| TH &} T e Hael
R U qoadl ded g1 yuifor wifere & {1, 3, 5} o @f g9t @ 9
Gafua & IR ggeed (2, 4} o 9ot 1ed Uk T 9 afud § W {1,3,5) @
HIE f e (2,4} o fopdl sraFa @ Hefa Tl B
fog ffeT ff 9=s@ A= {x € Z:0<x <12}, ¥ fu u fr=fafaa da«f R
T ¥ Yo% Th qodd HaY e

() R={(a,b): |a—b|, 41 T T &},

(i) R={(a, b) : a= 1>},
JI® M H | ¥ Hafya ste@al Sl T el
T Hey A1 3 AT, S

(i) TafHd & g 7 @ Tqed g 3R T Ghmeh |

(i) HeRTHeh B R 7 df Tged 8 X 7 qufEd @

(iii)y T qeN TAMHG B fohg GRS A B

(iv) Sged T Fohmeh @l fohg TG A B

(v) 99 qen Hehre 31 fohq @qed A 3l
fog wifSe for foret Ivae o feem fagsti o6 w==a °, R = {(P, Q) : g P!
e fag o g, fog Q &1 7ot faig ¥ g o WHM 2} gN Yed Hee R Th qeadl
ey 21 I fag wifse fos g P (0, 0) @ Fafua qsft faget &1 gq==a P
T T IH I T T g9 1 el #=ar €, e o qafag | R
fag i foF T fysi o 9q=" A, R={(T,T): T, T, % 99&7 ¢}
BN TR T R Tk qoadl Hed €1 qene 3, 4, 5 9 "W S T
el 5, 12, 13 Al WO S T, 9 STt 6, 8, 10 Al FHbIUN S
T, R foem ®IT T, T, 3T, % ¥ ®F & Hs WeR Fafea 2
g IS o woed agysi & Tg==a AH,R = {(P,,P,): P, 72 P, &1 ¥statl
1 TN T €} YR § IRAG Hee R T qoddl Gad 21 3, 4, 3 5 ol
1 SISTSTl el TR0 TS ¥ Fafud Sead A o 9 Tagal s 9= 9
HifsT
M TS for Xy-aet ® feor wwea Tansti 1 9q=9a L8 SR LT R={(L L)
(L, 99R ® L%} 3N uRefaq way R ¥ fag #IfSe & R T o way
BN y=2x+4 9 Gaferd THE {@etl 1 G 1 iy
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15. == et f wg=== {1, 2, 3, 4} ®, R = {(1, 2), (2, 2), (1, 1), (4,4),
(1,3), (3, 3), (3, 2)} 51 uRefoa Geier R 81 Frefafaa o 9 @€t sw g

(A) R @ded q GAfHd © fohg Tk el 21
(B) R Tged d Gk @ fehq Tafha et 2
(C) R gufta den Gshmeh & fohq Tiged et 21
(D) R T qoodl Ga 2|

16. W oifST for wqesa N, R= {(a,b): a=b—2, b> 6} R Y1 Ga9 R 2|
frfertom & @ WA T e
(A) 2,49eR (B) 3,8eR (C) (6,8)eR (D) 8,7 eR

1.3 wel o W (Types of Functions)

Tl 1 SR, F a9 oM S de@HR Hol, e o, 9gUS He, IRAd
e, A %, T8 o i o1 99 3ok fer@l dfed senm XIH fowar s
IHT T

T el o A, AT, O AL A 1 A STeEA R S et 7)1 AR Ber i
Tehe T TV qe STEAE i 311 TS (Disciplines) ¥ Faltueh Hewyul €, g@fey
T e o aR W STU ST TRl @ AT S Wied €, STel 36 Ueel WA fehe el
39 =] o, &0 fafa= YR & worl @1 STeEE S|
frafafed sl 510 <RMT T ®em [, f,, £, T f, R fo=m it

aepfa 1.2F &9 <@d ¢ fF X, % = (distinct) 3To@al o, Wl £ o ST,
fafsra «ff fom €, fohg £, o ot <1 foa= etemat 1 7en 2 o wfdfes ook &t € Twa:
bTN A X, W TS TH 999 T WY eTA £ W £ o Hqq X, o fRe off soa
% wfafaa & 2, Sfw £, sfwia X, o A+t stema X, & et 7 et srema o
yfafaa &1

St uftersi 9 e frefafaa g g g 2
qRTeT 5 T 1ilv_c”I:{f:X—)YQaﬂﬁ (one-one) ﬂwm(injective)wm
2, af% £ o sfadd X o fa= el o wlafas o fa=r g €, stefq v
x,x, € X, & AU f(x)=f(x) & a0 T F x =x, FFA [ TH IGH
(many-one) HeTT hecdldl 2l

ST 1.2 (1) H Wl £ Thebl e © a1 ST 1.2 (i) H £, Th 98T e ¢




S

1 a
. [ b
pA /(/ c
3 d
e
4 f
X
1 : 2 Xy . 2
() (i)
fs fi
1 a 1 a
2 2 b
3 b 3 c
4 ¢ 4 d
X, (iif) X, X, (iv) X4
TRt 1.2

TRATET 6 HeH f: X — Y =S85 (onto) L TSR (surjective) el 2, af
£k fata Y &1 g e, X o fRet 7 frelt staera o wfdfsa g 2, sreifq adiew
yeY, s fau, Xd u 14 suga x & At © fF £(x) = ).
ST 1.2 (iii) H, @ £, ST=IH ¢ T SFHA 1.2 (i) H, e £ A=D6H
T 7, W X, T o o, A [, [ F Fawd X, o TR ff v o wfofaa
T 2
fewuit f:X - Y T T=s1eah ®er ¢, 9% X ohael A% /1 IRER (range)=Y.
TR 7 T %o f: X > Y T& Teheh! AT TTeSTEH (one-one and onto) 3 Toheh!
=BTl (bijective) Fol HE 8, IE £ Tcheh! qe SesKeh 41 &1 il 2
P 1.2 (iv) H, B £, TF Thah! a1 STeDE Her 2|
SETET0T 7 HE ST R e X o |l 50 fenfe w1 wgesm A @1 WH ity
fiASN, f(x)="Tamnedf x &1 a0 FR, g7 IRenfod wk wer 21 fag wif
f Tkl 2 forg tesEe Tl R
g shen o ] fa-fa= faanfefa o T Fo) TmE 7 € Wehd B oTaud fUoheh! €l
el 1 Tor &fd fore &0 o g & T foranfeil & Oa Fav 1 9 50 9% 21 39T
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AT 9% g foh N1 319ad 51, Feql o fohadt off fomneff &1 Jot FoX 7 2, orqua
f o Siatd 51, AW Rl ot sreme &1 ufafas @Y 21 s £ oTesRE e R

saretul 8 fag FINT fF f(x) = 2x R US4 ®ed f: N—> N Theh! € g sears
& 21

%F[WfQW%,EPﬁ‘Fm“f(xl):f(xz):>2xl:2x2:>x1:x2.3ff:,f STeg8eh Al
?, Fifeh 1 e N, o fou N 0@ fordlt x o1 etfiqes =i ® aifeh f(x) = 2x = 1 @I
saretu 9 fag FIT fF f(x) = 20 SR 954 e £ R — R, Toheh! 91 ST=sGH ¢
T f Theh! T, FF f(x,) =f(x,) = 2x, =2x, = x, =x,. WA &, RE U7 ferat
T arafas qen yéﬁ?mRﬁgaﬂwﬁﬁa%,aﬁﬂ )=2.( )=yRlem: f

s 2|

Y
A
y=f(x)=2x
X'¢ >
5 X
v
Y/
3TTeRTd 1.3

serEtor 10 fag e fF f(1)=/2)=1 TN x>2 & fau f(x)=x—1 5} T
%M £ N— N, eTesiees o © fohq Tohehl &l 2|

T £ Whdl T B, FE f(1)=f2) =1, W [ A=DEF ¢, Wk fHE wEw
yeN,yil,av‘fﬂQ,gqxaﬁ y+1ﬂ?ﬁﬁ%,mf(y+l):y+l—1:ym9«'f€°f
leN® faw £ (1) =12

SaEoT 11 fag T & f(x) = x2 gR1 R e £: R — R, 7 d Toheh! € 3R
q BEH 2

(SRS



Ty T Hed 11

e
=~

T FE f(- 1)=1=/(1), WA THH
&l B qA: Hewid R 3@@d -2, Wid R f)=x
et ot sterrE x w1 wfdfeia T © ()
Iq: [ TSRS TEl 2l

L JED=t fm=1_
ST 12 fag it fr 9 uRefyd wom x=-1 [Ox=1
f:N—> N, Tohah! q1 381 M & 2

_@x+1,qﬁ‘{ x foom ;;,
f(x)_éx_l’qﬁxw%\ £ sima 1 e -1 @ wfafss §
3R i 1.4

T WH ST f(x) =f(x,) B HISC R Az x fawm & qon 99 8, @ x + 1
=x,— 1, 390G x,—x, = 2 5 T T 9 THR x, o T 0 x, 5 00 89 T ft
TTo &l 81 THiAT x, T x, A S A A favm e o wm e 5 e i o
qen xzﬁﬁ'qq%,?ﬁf(xl):f(xz):xl-klzxz-kl:>x1:x2. aﬁwwﬁxlam
xzﬁW%,ﬁ ":ﬁf(xl):f(xz):xl—l:xz—l:>x1:x2.34'd:f1lﬁ I CR |
Hewid N &1 ig ot foom §& 27+ 1, 9id N &1 S 2 + 2 %1 Yiates © 3 Tedid
N1 & o ¥9 §& 2, Nl G 27 — | &1 Hidtad €1 37d: [ =srs ¢l

SaTE0r 13 g N fF ST=sre Wl £ {1,2,3) — {1,2, 3} T3 Theh! e el 2l
T HM TSI foh £ Woheh! &1 €1 31d: S9oh Wid § 4 ¥ %4 T 1age 7 foran o
| T 2 1 e @ TSier wewia o gfafse SHM 21 |19 & £ ok SHarid 3 1 idtae
cherel Weh Bl o1agd B 37, TRER H, Wewid {1,2,3} ok, sifeehan < € e el Wehd
&, TEQ weohe B @ & £ s T ®, S fF uw feifaa €1 ord: /o whent
BT 1 =feul

aTeT0T 14 Tag SIS 76 T The! wed £ {1, 2,31 > {1, 2, 331 w9 9
e o B

T T £ TR, T {1,2,3) % O 9 £ o S wew (1,2,3) % @
ST 37T 3197l | HA: Tafed il or: [ s o 2l

fewuit I 13 qA1 14 H yred qRoms fret off @@= 9RfAa (finite) I3 X, o
fau wer 2, 1o U Thah! Wed £ X — X SAferda: STesee gl € ad gk
IR T X o T U eTesee wer £ X —> X SAferEd: Then! eidl €1 3ok




12 T

foroa S<eTw 8 e 10 © T g € o foelt stafifi (Infinite) S=ea o foq =g
el Tt off B Henan €1 e W T uffia den SaRfid aeeE o ot s stfereries
(characteristic) 3R |

| ot 1.2 |

1. foag #ifST fF f(x)= 570 9Refo@ ®eM f: R, — R, Tehehl qell STesiceh
2, W&l R, |l RO ardiesh S@et %1 gyead €1 47 9id R, N ¥ el
feon Sq, 59 fof wewid geed RET @, A ot F I8 aiomd | Bem?

2. frfafaa wori w1 Theh (Injective) A 3BT (Surjective) TON w1 Sir=
EAIE LS

(i) f(x)=x* B WA f: N — N %o 2l
(i) f(x)=x> SR ST f: Z — Z FeH T
(iii) f(x)=x* S/ W9 f: R —» R FeH 2
(iv) f(x)=x* W U&T f: N — N Her 2l
(V) f(x)=x* S0 9 [: Z —> Z e &

3. fag #IfT fF f(x) = [x] S 959 We9H Ui ®ed /1R —> R, 7 @ Theh! @
3R 7 resTEH 7, Wl [x], x ¥ HH A1 SHh TR HewH Ui i FEfa
LT B

4. Tag =INT &% f(x) = |x| §0 959 A% ®eH [ R — R, 7 @ Theh! & 317
T SMMeBIEH 8, Wl | x | ek x, A x o7 a1 I & a9 | x| R —x, AR
xﬂz_UT%l

5. fog =i 6 /R >R,

SN e e wer | dl Toheh! € 3R 7 TS ©l
6. WM ST fFA={1,2,3},B=1{4,5,6,7} 7 f={(1,4),(2,5),(3,6)! A¥ B
T TH e ¢ fag SN 6 £ et 2



10.

)

11.

12.

Ty T Hed 13

frfefea o o g feafd o SRy & 0 KT gu wer T, =K
el Teheh! =BT (bijective) €1 3T IW 1 Aifeed ot adqersy)

(i) f(x)=3—4x g U %o f: R - R 2

(i) f(x) =1+ x2 B GRAM@ Fe f: R - R

M ST o Aden B ageea 21 fag #IfST & /2 Ax B — B x A, 30 ¥R
% f(a, b) = (b, a) Th Tehsh! 3BT (bijective) Her 2l

n+1, qﬁnﬁ'ﬂﬁ%

oM fifee fo6 99 n e N& faw, f(n) =
% ,Zl'ﬁ‘(nﬂ'cl%

EN IR Tk e £ N — N €| Saasy {6 o %o f Tohsh! 3Tesle]
(bijective) Bl 394 I 1 A ot aqemsy)

M ofifse fFA=R— (3} @B=R - {1} &1 f(x)= BRI IR we
1A — BW fo=R ST 0 £ Teheh! qe =o€k 2 3104 I o S
ot Saesy|

oM ST o £ R > R, fix) =x* R R 81 T&l ST 1 =94 it
(A) f Theh! A=BTH 2 (B) f SBUH S=SEH ©

(C) f THa £ fiFg oTesr® T § (D) £ 7 @ THE § 3R 7 TesnE
M ST fF f(x) = 3x g WF{‘HTFEIHW]”:R—)R%IWWW:
(A) f The! ST=BEH T (B) / TETH SBRF &

(C) / THHT T WY =oRF T&l & (D) £ 7 @ Tha § ok 7 s @

1.4 Tl Rl WIS qAT FSHAITT Wt (Composition of Functions and
Invertible Function)

TH ITeS% | BH < Worl o GAeH qe TRE Theh! TSI (bijective) We ok
Jiae® (Inverse) T 3TEEH 4| T 2006 i vt aie (IREF) T e X i qh&T
o 93 g gl fonfelal & aqea AW R SifSw) & #1 wdien o o 9 g
foranefl =1 << g0 W Yot R T swen 7, o ferenedt wdven o woe 1ot SR qfeht
R for@an 81 Motar WH & fog o fomnfef & It o i faw (deface) Heh,
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Yook Ul el ! Ueh Tehell Wiehfaeh Fa (Fake Code Number) ® a<et al €1 HH
T fF B < N 9% Ut Fari o1 9q==d €, 991 C < N THe Giohideh ekl ol
e B1 TE % Hed 1A > BAd g: B > C S € S HH: f(q) = famnedf 4
1 & T YA TR AN g (b) = A TR b I I]A H &A1 Aiehfas FeR, g
Refea 1 39 Uik § wer £ g wekeh fernedt o forw weh et e fwifa g @
U He g G Yk Ued Fo o foIq Uk Hiohfash e feila eran 21 o7d: 39 =i
el o HASH W Yeeh ferenefl i afad: T Wiehtdes o) W Hele Y A1 S B
zod Trefafaa aitam o et 2|

ftreT 8 7 ST foF £ A > BAM g: B — C ¥ %o 81 @6 [ 3R g w1 HaASH,
gof g Tiefya g ®, q e gof 1A > C,gof(x) =g(f(x)), xe A8
Rt et 2|

A L g C
O O %
gof
TRl 1.5

SETETOT 15 9 S 6 12 {2,3,4,50 — {3,4,5,9} 3R g: {3,4,5,9} — {7, 11,15}
T wer W UER © fF £(2) =3, /(3) =4, f(4) = f(5) =53 g(3)=g(4) =7
g(5)= g(9) =11, gof @ Il

T T gof(2) = g(f(2) =g(3)=7,20f(3) = g(f(3) = g(4) =7, gof (4) = g(f(4))
=g(5) =11 3 gof(5) = g(5)=11.

FETET0T 164 £ R > RAA g : R — R & AL f(x) = cos x 941 g(x)=3x> N
gRefE € gof Siﬁ'{fogﬂﬁ HiVW| fag FINT gof = fog.

T T gof(x) = g(f(x)) = g(cos x) = 3 (cos x)? = 3 cos? x. TH TFR, fog(x) =
flg(x) = f3x?) = cos (3x?) €| AT HITY o x =07 fAC 3cos® x # cos 3x* Bl 37:
gof # fog.

30T 17 I g gRwnfya wem qen
Tx+4 .
g(x)=5x_3§mvﬁwfqﬁw e ®, @ fag st fw
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fog =1,7 gof =1, 3H T o I[,(x)=x, yxe A 3R I[,(x)=x, xeB, i
A=R-  ,B=R- 1 1,7 11 9 THeed ATl B R ac@m e (Identity)
e HEd Bl
T T8l W

21x+28+20x-28 4lx _

T 15x+20—15x+21 41

((7x+4)j
C(7x+4) T (5x-3) 21x +12+20x—12 _ 4lx _
= fog(x)_f(Sx—J_s (Tx+4))_,  35x+20- 35x+21 4l
(5x-3)
3 g@&(zg_)érj vxeBSﬁ'{ fog (x) = x, xeA,ﬁi’HﬁﬂWﬂ%’%f’m“
Zg}(x) _ (3;59/2 54087)
S¥sm fF Ak f1A > BT g:B > CTHH &, @ gof 1 A - C
eﬂqﬁ px=7)
A gof (x)) = gof(x,)
= g(f(x)) = g(f(x,)
= f(x) =f(x,), TR g ThAT &
= X, =X, ‘cPﬂ'Fm"fQW ?
3Tq: gof it Tk Bl
32TET0T 19 fag HifST fF afE f: A > Bae g:B — C =86 &, @ gof: A >C
off sTesEE o

T A AT fF Tw WS 7999 z e CRI g oh 3faid z ok wh qd gfafas
(Pre-image)yeBWme%ﬁ?,g@):z?ﬁﬁ?gaﬂmélﬁw
y e Boh fau A W Uk 37ed x 1 ATk 3 YRR ® TR, £(x) =y, Flh £ =R
Bl 3: gof(x) = g(f(x)) = g (v) = z, TaQ y=fora ran g fw gof 3T=51eh 2l
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SETETUT20 £ 94 g UH ] Herl W R Hife i gof uRwfia ® dqen wohehl 21
1 f AU g <A SATTeRIA: Tohshl &7

T W £ {1,2,3,4) > {1,2,3,4,5,6} f(x)=x, xgN aREIeR N g (x)=x,
x=1,2,3,470 g(5)=g(6)=581 aR«fd g: {1,2,3,4,5,6} > {1,2,3,4,5,6} ®
e ifSTT) =&t gof: {1,2,3,4) — {1,2,3,4,5,6) Gl & 940 gof(x)=x, x,
e8I Bl © Toh gof Tohehl @1 fohq g Toseaen Woheh! Tl B

IETETUT 21 AR gof 3A=5eHk €, A 0 £ AU g Al SATATd: HA=BEH €2

T £:{1,2,3,4) > {1,2,3,4} 70 g:{1,2,3,4} - {1,2,3} R fo=r Fifsw, =,

R f(1)=1,/(2)=2, f3)=f(4)=3,g(1)=1,g(2)=2TAg(3)=g(4)=3.51W
R €1 F8f e ¥ 2@ S Wehell € T gof =S ©, Tohq £ STesEe @l B

femuft =€ Geaua foan ST Gehdl @ T =9 &9 W gof o Weheh! 8 1 drcqd @
& / Theh! Tl B1 T YRR gof SAeSIRH B %1 acqd ® fh g SesEE e €l

379 81 39 3TT=8] o YR H a1 i wdien o g # affa e £ @R g W i
Y foR T wed 81 diE &1 el X i qhen # ded o goksh fereneff &t wer £
o Il T Ued Ao TS fohan ST @ 3R Yeieh el el i g oh 3favic Weh Hiohiaeh
FaR YA Tehen STl €1 S¥R YRAehiat o qodieh o SIS WKieTh Wedeh Hodiiehd Jieeht
W Fichfash R o THE WIaiish for@ oY a1 o HEicd § J&d wl 21 SIS &
SR, g oh Toradia Ufsha BRI, Uieh Hiehfaeh Fek ol 9_d Y JH: WA U Fak T&H
X I € 3R TH YR Wdleh Wichiceh Fa o ooy WY Ued ok § Helferd g Sl 2|
[:, £ 1 fouda ufshan g1, Tois U ek @i 39 e AR arel faenefl § a5 fon
ST R | S Wi €e Hetua foeneft o A frifa € S 21 79 2wd © R £ den
g, % FANH g gof, W id 94, Ted f 3R Rl g ol Wge d €, o foh Hger
gof, 1 Toadia ufsan W, Teet g w1 faudia wfeman &R fRe £ =1 faoda fswan & 2l

SETETUT 22 WH ASC R £ {1,2,3} > {a, b, ¢} TF Tcheh! AT o3k Her T
TR B & f(1)=a,f(2)=b 3R [(3)=c, 1 fag ST f&F & g: {a,b,c} — {1,2,3}
F1 TE afedea @, @F gof = I A fog = 1, W&l X = {1, 2, 3} @1
Y = {a, b, c¢}7

e Tl g {a,b,c}—){1,2,3}%Glﬁg(a):1,g(b):23ﬁ'{g(c):3,‘ﬂﬂ“ﬁlﬂ
FIT 98 TG H WA ¢ fF 999 6@ gof =1, X R THTF He g 3R
TIH B fog=1,, Y W TEHF FeH &
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feuruit 718 Uk Uaek qed © T Suded Sereenr o afvlq aftom fredt off @es Tt
AT BEH e f: X — Y & A g1 e 81 ohaa g€t Tl enfug @ foedy
(converse) *f T =1 B, 3tefq, A /2 X > Y Tk UH Wod € T Rt wem
g:Y - X 1 e 39 THR € 7 gof =1 TN fog =1, T f Thh! TN ST=DTah
g 2l

U e, S 22 den fewel fFrefetea uitemn & fog 9Rd w €

TR 9 Be f: X — Y Sgehuuita (Invertible) HE@Tl €, AR TH e
2:Y > X H I 38 TR § R gof=1_ TN fog =1 & FTH g H Hed [ H
W(Inverse)ﬂﬁ%ﬁsﬁmf‘mmm_&%l

Iq:, A% £ F[hHNE €, @l fAfardda: Tohen! qe STesIes el € 3R foema:,
A £ Tohen! AU eBEH €, A £ ATTama: Sqehaviid Bial €1 98 a1, f i Teheh!
A STeBTEh TG Hich, S[ChATTE FHITUE %3 § Heequl &9 ¥ He@eh g €, fagm
®9 W TG f F Yqel™ ard § A T8l w8

IETET0T 23 HH AT & £: N > Y, f(x) =4x + 3, g1 IRI(A Th %o €, Sel
Y={yeN:y=4x+3 e x e N & fou}| fog #IfSC & 1 sgcraoia 21 wfaam
é/@%j})ﬁ(wﬁ)ﬂﬁﬁm il
4 4

gief Y & fdt @ staaa y R faar #ifsu) Y, &1 aRamn g, wid N ok foadt oeea

x o faT y=4x +3 21 T8 Frnd faherar @ 6 %Img(y)ZQW

(4x+3-3) _
4

aen fog(v) =f(g() =/ =y-3+3=y 2 TEY W< Bl

g T gof =17 fog =1, fowem acwd a7 g1 & / Fohmoia & iR Bem g wer

£ 1 yfaed 2

2:Y — N &I gRenfad F1fSe 38 TR gof (x) =g (f(x)) =g (4x+3) =

SETETOT 24 A AT fF Y= {n*:n e N} c NBI®ed f:N > Y&l f(n)=n
W fomm Hifvw fag Ity e Fogeraia 1 £ o1 gfaam ot T iy

T Y 1 T WD SIS y, n2 % T B E Tein e N. 7R a0l @ € Foa= [y
TE g(y) = g0 R’ WH wed g Y > N 9T eial 21 e
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gof(n)=gn?*) = :n?rﬁ'{fog(y): ,ﬁuﬁw&m%ﬁm%ﬁ
gof =1 T fog =121 3T: [ FHAMEG T T f1=g.

IETETOT 25 91 difoT fF 1N - R, f(x) =4x> + 12x + 15 §R IR0 Tk Herd
21 fig SIS 7 £: N—> S, T S, £ o1 URER €, SqehAvi™ €1 foh1 Tiaeid ot
it

O U ST 5 £ o 9RER 1 ) T WD 3fed 81 ST p=4x2 + 12x + 15, &l

x e N. 381 awd 7 B T 3 = (2x + 3)? + 6. 3rwd
—((“y_f)_3))mtrﬁqua e

THRR gof(x) = g(f(x)) =g (4’ + 12x + 15) = g((2x + 3)* + 0))

_ ((«/(2x+3)2 +6—6)—3) _(2x+3-3) _

2 2 ¥ :
fg@

((=8)-3+3)] +6=(fr=a) +6 =y -6+0-n

S gof =1, T fog =121 T0H1 A T T T [T T 7o [ = g B
SEEIT26 I Wed f: N> N,g: N> NT 4 : N> R fqur *ifsu w=f
f(x)=2x,g()=3y+47TM h(z)=sinz, x, yad ze N. fag =it =&
ho(gof) = (hog) of.

T Tal

A, Tk BeH g:S—>N, g(y) =

R fog ()

ho(gof) (x) = h(gof (x)) = h(g(f(x))) = h(g(2x))
= h(3(2x) + 4) = h(6x + 4) = sin (6x + 4),

EICE ((hog)of) (x) = (hog) (f(x)) = (hog) (2x) = h(g(2x))
=h(3(2x)+4)=h(6x +4)=sin (6x+4), xe N
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T YHIUE Bl ® 6 ho(gof) = (hog)of
5 o = feufd § ot 9o e 7
AR X > Y, g: Y > ZqM h:Z—>SEH ®ed B, @l

ho(gof) = (hog)of

Syt 7%l &9 3 € f&
ho(gof) (x) = h(gof(x)) = h(g(f(x))), xinX
a= (hog) of (x) = hog(f (x)) = h(g(f(x))), xinX
3d: ho(gof) = (hog)of

SEAETOT27 f:{1,2,3} > {a, b,c} AN g: {a, b, c} — {¥9, 75, faeet} f(1)=a,
f2)=b, f(3)=c, g(a) =89, g(b) =T AN g(c) = facett gr1 aRwfog werl R fo=m
HIfey| g ST 7 £, g 3R gof Sehmia €1 £, g ! G (gof)! T whifTQ qe
I ST R (gof) 1=/ log 'Rl
T AR WY o aRam gR £ IR g Tkl eT=wTEl e 1 WM ofifeiw TR
Flida, b, et —>(1,2,3) AR : (¥, 7, faeelll — {a, b, ¢} 3@ TR IRIE € T
fHay =L Yb =2, f e} =3, g '{Ta) =a, g 'R} = b 3R g {fael) = c.
T FOdd w1 W@ € F flof =1, . fof =1, glog=1,, 3K
gog! =1,V D= {4, 7, faceit}| 81@, gof: {1, 2, 3} — (¥4, g, focet)
gof(1) = T4, gof(2) = T, gof(3) = faeeht g W™ 2

B (gof) ! : {Fa, Tig, fawedl} > {1,2,3} & (gof)! (FH) =1, (gof) ! (]) =2
U (gof) ! (fareedt) = 3 g TR« Y Fehd B1 € TLeral § WHIford feman s Heman
g & (gofy'o(gof)= L, 4 (gof) o (gofy'= ID%ﬁTﬂl

TH YR THITUT Bl € o £ g A gof SIchHUNA #
I flog! (W) = £ (g \(HN) =f(a) = 1 = (gof)" (T

flog! (R) = [ (g (W) =f(b) = 2 = (gof) ! (1) e
flog ! (faeedl) = /(g ' (fareedh) = £ 1(c) = 3 = (gof) ! (Tereed)

d: (gof)' =f 'og!
Sude aitom e feafa o off wer e ©
T2 WA ST R £ X > Y dMg: Y > Z W FchHuiE wed €, d gof
FhAIE B qAl (gof) ! = fog!
ST gof I FGHAUIA T (gof) ' =/ log !, Tl g & oF faw o= wwifora e
e © f (f'og)o(gof) = L, T (gof)o(f'og") =1, 2
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S| (f'og Yo(gof) = ((f'og™") og) of, T 1 5N
= (f'o(g '0g)) of, WA 1 EN
=(f"'ol,) of, g 'l RW F{
:IX

T YRR, TE T T S TR & B, (gof) (fog ) =1,

SEETOT 28 HA iftST TR S = {1, 2, 3171 fuifa i fr s = aRfa wem
f:S—> Sk Yfaem wer 21 /1, A HIfT A z@en e

(@ f=1{1,1),(2,2),3,3)}

®) f=1(1,2),2, 1), (3, D}

(©) f=1(1,3),(3,2),(2, )}

Bl

(a) TE T W @1 S Hehell & T £ Toheh! S=aTE B, THAT £ Sqehoi & qell
£ @ ufaem £ = {(1, 1), (2, 2), (3,3)) =f E 9w Bl 2l

(b) FfF £(2)=/(3)=1, 3UH f Teheh! &l 7, 37d: f FHANA T 7

(c) ¥E TR Yeish 3@ ST Gehell © T £ Ueheh! qe TSk €, AT / kAUl
A £ 1= {(3,1),(2,3),(1,2))%

| vt 1.3 |
1. 9 oo T £ {1,3,4) > {1,2,5} @ g: {1,2,5} - {1, 3},

£=1(1,2),(3,5), 4 D} A g={(1,3),(2,3),(5 1)} 57 ¥4 81 gof T
HifeTg|

2. wH ST & £ gaan h, RE Ras KU wer 81 fag wife
(f + 2@ oh =foh + goh
(f - g)oh = (foh) . (goh)
3. gof AU fog T hifsrg, Al
(@) f()=|x[ T glx)=[5x—2]

(i) f(x)=8x* A g(x) =



=

a9y @ wed 21

. AR f(x) = , |l fag wifs fo @sdt @ T fof (x) =x B

£ 1 UiTem wer w82

. N0 GiEd Sqest foh o FEfeiad el o gided 2

() f:{1,2,3,4} — {10} S&l
£=1(1,10), (2, 10), (3, 10), (4, 10)}

(i) g:{5,6,7,8} > {1,2,3,4} v&l
g=1(5,4),(6,3),(7,4), (8,2)}

(i) /:{2,3,4,5} — {7,9, 11, 13} STl
h=1{2,7),(3,9), (4, 11), (5, 13)}

. fag TR S -1 1] >R, f(0) = , 51 UG ol Uoheh! €1 o
71, 1] > (f =1 9R&R), &1 Sfaey wer A i)

(Fohd y e IRW £, o faW, [1, 1] 3 fREt x o6 sidd y=f(x) = , ST

x = )

. f(x)=4x+3 W YA WeH f: R » R fa=r &ifsw) fag =ive & f
FHUTE B £ 1 A Her Fa HiTe)

. f()=x+4 B U ®e f: R, - [4, 0) W fo=n wifsw) fag wifse & f
SHAUNE § 91 £ Waedm £, f(y) = , BN U T §, el R,
Gl B e GEmst %1 e 2

. f(X)=9x2+6x— 58N U&A WM f: R, — [ 5, 0) W fom=m wifsw) foag sifsg

o £ IeRHuiE ® al f(y)= 2l

. HH AT R £ X o Y T ekt wed @1 fag wifse R £ o wfaem
Her SAEAE (unique) B (Tehd: HEUl HIST f&F £ o I Ifq@m we g,
T g 71 q@ W y e Y T fog, (1) = 1,(0) = fog,(v) T T f o Thebl T
Eﬂﬁﬂﬁﬁl@)
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1. £:{1,2,3) > {a, b, c}, f(1) =a, f(2) = b AN f(3) = c. R T HeM £ W e
FIfw /1 9@ S @ik fag wifse &5 () '=7

12. 99 AT & £2 X > Y T Jchauid wer € fag it o £ 1 giaem
S & S (1) =/ ®

13. A LR R, [(x) = VBN WEE ®, A fof (x) IR 2
(A) x% B) x*° ©) x D) B-x)
14. W <ife & £(x) = BRI IR Tk e £ R— —> R f &1
fieim, st TRMEE (Map) g : TRER f> R— |, Freifafad & & s
R T B
4
(A) (B) g(y)=$
©) g(y)=3f—Zy (D) g(y)=4i—y3y

1.5 ﬁ;’—amxlfrvﬁﬁmﬁ (Binary Operations)

3T Topel oF oAl ® 2 o9 =R o |ishansdi, md: AN, $TaX, o aen 9r 9 R
& g B1 37 Fiwaet &1 g faviva 97 @ foh < & T gemet o7 b, 9 76
TS a+ b a—ba ab™ %,bioﬁm (Associate) T 33 §1 7 a1 e
HI foh, T a9 o, shaet < H@AT & SIS A1 qOT 1 S Wehdl €1 W& eH A
TEeT i Sigd HI AEvIRdl Bl B, A §0 Tl 1 st &l wied § R 9w
ATl 1 TR A Sen o S %d €1 o 9w, On, S den Wit fgenrd wimen
o S, FIR fgeme’ w1 oref @ ‘1 SUR S| AfE 79 TR A g
ed 2, w7 =) Wit off o S ¥, 9 e gemstl o 9u=ad o TH W TE
W ggead X oAl WIfeT 3R a9 = ®9 9 fgenurd w@iwa, g9 o= 1 s,
X o q SFEFel ¢ b X ok € Rt reee | Wag e €1 3Hd fefefea s
R I B 2

4
x3

Wpl=
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afterer 10 frdh aq==a A ¥ U fgenerd SR «, T wer+ A x A > ARl e
% (a, b)  q * b g Ti&fyq w4 &
3aTEv0r 29 fag ifse fof R =W, @ier @ik Ton fgenurd wfeard €, forg wm RE
fgamemd wiewean &1 ®1 @t € fag SISy foF 9 B arsdfoss g@nst o g
R ¥ fgemamd dfwan 21
&1 +:R><R—>R,(a,b)—>a+b§l'l'l‘3lﬁ93ﬁfﬁ|ﬂ%

—:RxR—>R, (¢, b)) >a—- b8 Refa ©
:R xR >R, (a, b) — ab g 9RwlE &
Fifer +, SR > HeH §, Fd: 4 RY fgenamd wiwmad €)

X

g :RxR>R, (a,b)> ,T% %o T &, Fifh b=070 oy
gftsifea &Y 2

Jafd + R xR, >R, (a,b)—> 5 IRAMGG TF e T R @
TE R, ¥ TH e wiE 2
a1 30 g HINT foh 3@ (sFaesmer) qen 9 N ¥ fgenard @fwan =& 2
g —:NxN N, (g, b) > a—b, 50 U1 Tk fgemurdt dfewan =& 2, ifes

o SAdd (3, 5) ®1 Ufafdd 3—5=—2¢ N. T ¥HR, + N xN >N, (a, b) -

BN WEH U Tgemerd dfepen el ®, it ‘+' o Sfid (3, 5) T Widiee 3+ 5= ¢ N.

3aE0T 31 fag T fF «: R x R > R, (a, b) - a + 4b* G Y84 T fgsmemd
Hfema 2

Tl < * TI% T (g, b) T R & T SMGdT 3099 ¢ + 40> T & ST €, 37
+ R™ wh fgenamd @fwan 2

SETET0T 32 °AF S R P, Tt wea g X o 9ued SU 9gsedl i, 9 2
fog #IST ff U:PxP > P (A,B)>AUBEN W™ @ N:PxP P,
(A, B) > A N B gR1 qRwifi %o, P fgemur wiwmand €

1 Hiteh WAEH Hhal (Union Operation) U, P x P 3 J&® I (A, B) &l P&
T Afgda SeEd A UB @ of St ®, 3T U, q=EE P U U fgener wiwen
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Bl 3l YR TEf (Intersection) |fshAT N, P x P o Tieh Rk (A,B)®I P TH
Afgda s/@a AN B dh & Wl €, U N, Teed P Uw fgenerd wiwan 2

saTEuT 33 fag ST fF (g, b) > 31f%ad {q, b} 570 IRAHMT :RxR — R TN
(a, b) - F=T® {q, b} §R1 wRAfo@ ;R x R — R fganemd wiwand €

T Hfh, RxR & J&& I (a, b) 1 =99 Rk TH AfGdd 3999, AHd:
a T hH U AfUFHIH, WS S0 8, 3aud U fganur |iwan @ sl YR o deh
TN € el S Wehdl € fh off W gy wiwan 2

fewuit  (4,7)=7, 4,-7)=4, @4,7)=47qM @4,-7)=-7T7%|

o Tt wgeed AW el i WEN %H el €, Ol ¥W WgeId AW Th
feamamry dfshan « 1 T WRON g0 e o Wehd ®, T wfwa « w1 g |t
ed g1 seEoned A= (1,2, 3} W fa=m Sty 79 Serew 33 o gk AH wfwan
FreAferfed @roft (FRoft 1.1) R oo 1 ST Wehdl ¢1 Ul @i Rof § (1,
H=3, 2,3)=3, (1,2)=2.

ot 1.1
1 2 3
1 1 2 3
2 2 2 3
3 3 3 3

el Gfepen groft & 3 ofemal qen 3 ww ®, fEd (i) ufafe aq=a A%
& e jof oreEel § W stfushad Bl €1 SUehl Uil fRE off " wfmen
* A X A—)AQGWWETW%IWﬁ{A:{al,az,...,an}%ﬁmWﬁ
n feRTE A TR € QA (G, )l FAE @, % o T T o oo aon n w@
WWWWW,WWWA:{al,az,...,an},aﬂ@W%,
% fou wa ww fgamad |@fma «: A x A > A Refid ¢ Hehd ®, 39 YR TR
a,+ a =i RN HY & A e d T F grane €

BW e Y € foh 3 a2 4 o forelt oft %9 (order) ® SIS, 9Romm (FNTHS) THH
Tl §, AU 3 +4=4+3,Tq 3 A 4 &I W F fafq= wq fafa= afom <9 €,
AU 3—4#4—3. T YHR 3 91 4 TON HE § %A Hequ TEl ¥, W 3 941 4
o o fafe= o fafu= qitom <9 &) ord: 3 9o 4 1 =R qen qon eyl € fohg
3 4 1 I qel 9N A B R qen Wi o faw g fora ugar € fR 3 |
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T4 R A4 T W3 HIRY AL ‘3 Bl 4 § 9E HINT AT 4 HI 3 G AN Hifere|
o9 frefarad IRe W S e

TfraTeT 11 S=e X § U fganu S « wHEteE (Commutative) Hea 2,
RIS PED a,beX & fAaw gxb=b*aw

IETEI0T 34 fag # fF +: R x R > R @A x : R x R > R wafafma fgenamd
Tfpamd §, Wg —: R x R > Rd +: R, x R, » R, swafafmg & 2
TAFE a+b=b+adqM axb=>bxa, a,beR,3T@ + T ‘x> FAATHT
fgemuTty wftpamd €1 et wufarTaa e §, A 3424 -3,

T THN 3 + 4 24 + 3, e Tr= g © T+ wAfatg T R

3aTevT 35 fag IS fF o * b= + 25 g0 IR9IA * : R x R > R $Afa87
T 2
TAFNF 3%x4=3+8=113R 43 =4+6=10, 3: FFEA * FHAfEFHT T8l 2|
% &9 Tg=ag X & o ofe@El & X H uRenfya fedht fgememrd d@fean & gra
g HET dRd © A TH @R gHSn IS B SAGE a * b+ ¢ F A
(a*b)*c AU a* (b*c)B bl & 3N TE A A5ish, AETIF &1 ¢, fF ToE
Bi1 SeToned (8 — 5)— 2 8 — (5 2). 3HeA, T Wt 8, 5 @R 3 w1 fgemurd wiwan
‘SR’ o g Hay 31fEH § S qek ok HIs® (Bracket) s TANT TET TR ST
T AN T GlRAr W, § + 5+ 2 1 A GHM Bl €, W€ €H TH (8 +5) + 2 el
8+ (5+2) ¥R ¥ fa@| o1a: @ =1 0 ¥ Afys HWemst &1 Aam &1 |Wiear g7
G, fo shisaeni o wam fepu off, srefqul 21 so@ frfafea aRam g e 2:
TfveTTeT 12 T fgamamd |iFa «: A x A — A @8 (Associative) Feamd! ©, I
(axby*xc=axbd=*c), ab,c €A.
IaTeT0T 36 T HIfST for R A 9n1 den Jon we=d fgenemd wiswand €1 wq Hesher
T 9 R ¥ He=d el 2

AN q O "ewd €, Fh (a+b)+c=a+(b+c) T (axb) x c=a x (b * c),
a,b, c € R¥| a1l faR den 9w we=d el €, @it (8 —5)—3 %8 —(5—3)
(8+5)+3=8+(5+3).
SaTeTu 37 Tag HIT 75 a* b —> a + 26 5R W& * : R x R —> R 8= =& 2|
(8% 5)*3=(8+10)*3=(8+10)+6=24,
SEICY 8*(5%3)=8x(5+6)=8x11=28+22=30.
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froguitfeg fgememd wfenan o1 Tre=rd o 59 oref H st Hewyut © foh & W Ao
a *a* .. +a fo7@ wohd €, FiH 38 O % FHRO 98 Wiy T @ S 8l W
TH UM o A H, Pk q, * a,* ... * a, W (Ambiguous) T&dl 2, 54 & T
IS T TAM A fohal ST TR HISC fF qeadi wansti |, 5@ wef $Ta a1 90 &t
Hiepard Steen Teh § ek Ginard o= i TS off, q9 ISl ol SAN R T e
R fgememdt wfipan ‘+' @ Haifud G&n 91 (zero) &1 Tk ek foreioan o & ff
a+t0=a=0+a, aeR,ﬂ%WﬁWﬁ?ﬁﬁﬁ@ﬁWﬁ%ﬂ@Tmﬁaﬁh
Wl B wg on w1 feafd § 7@ i (Role) F@A 1 N S HI W B, Ffw
axl=a=1xa, aeR%Imﬁﬂﬁf@ﬁqﬁWWﬁ?ﬁél
ufrarer 13 et uem fgsmemdt Ofshan «: Ax A > A, & T, T 999 e e A, AR
THehT M €, qeH (Identity) <hgedrdl g, AR agxe=a=ex a, acATI

SarEor 38 fag Hife 6 R™ 3 (0) =T o1 dcqwsh € @91 | 7O 1 Gcdfeh 21 Ty
Tpaet —: Rx R > R 3N +: R xR, » R, F U #f dqusr sraga 7 2

Wa+0:0+a:a3ﬁTa><1:a:1><a, a e R& aqd & foF 0 den 1 s
P FAT X, THE IE Bl WU B RH UH HIE T e € fF a—e =
e—a, acRT & TR g R H HE TH 079 e & o q&ar 2 &
ate=e+a, aeR T = T = o qHGF g9 T&l e

feoguit RY 3 (0) ¥ Gka 1 acqwsh ¢, fhg 78 N o Ffwan &1 aogmes =&t
2, HifH 0 g Nar&qal § NH o G &1 I qe@meh &1 8l 2|

B QA: %@ ¢ fm oF WA +: R xR > R fau, fret weda e R
et RH — o o1 3 38 YR € T a + (— a) = 0 (*+ o T8 H) = (— a) + a.

T YR R ¥ o0 ik o fow, fFdt 989 a e R,a#0 ¥ Tafyd 34 RE &l

THURR A TRA B foh g x = 1(" 1 qc@0h) = x ¢8Il 30Q Frefertaa afemn
e B 2

TR 14 A H THSh 3T e a6l T U84 g | « :Ax A > A% fau
foRell 3Rl @ € A 1 EiRAT * o Hed § SqehAvE wed §, AL AT Th UH e
b e € fhaxb=e=b*a® A b a Fae™ (Inverse) Fed ¢, Tl
Tt o ! g e # B

Q=<
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TaTEv0T 39 fag T fF R Y o9 9fFa “+ & fa0 — ¢ &1 Ufaa™ 08 SRR §
o iR x° @ fAT g2 0 AlaeE R

A HAE a+(—a)=a—-a=0TA (—a)+a=0,3AC — ¢ ¥7 Gfwa & faw o

T TR 81 T TR, a0, T ax =1= x g, o acd o2 2 &
o WA & AT o 6 wfiem 2
TaTETuT 40 fag ST fF N ¥ o9 9 '+ & f90 g e N &1 9Ra™ — ¢ 781 7

IR N o 9fspan < & 0 g e N, a= 1 &1 9faadm = 2

TAFNF —a ¢ N, TOAT N T o9 G & AU o &1 9faad| — o 77 8 9ol ©
T — g, UdET g+ (—a)=0=(—a) + a B TG BT &1 TH GHR, NH q= 1k

fam g N, foge a1 w8 © f 1| & sifafed N o el ot stama o1 fgel| N
o Ton Gfiper o forg =2 e 2
I 34, 36, 38 AT 39 ¥ T Bl & Toh R o Eiehan swHta—aa qen qe=d

feamamdy i €, S99 0 9o 3/99d 99 @ e R, o &1 Yiadai™ 316949 — g Bidl
2l

| sroerarett 1.4 |

1. fuffm =wifst f& == fafafed gyer 9@ oRafie dvo@s 9fFa« 3
Teenurl wfran i Bt € o1 el 39 90 W S« + Ueh fgene G el ©,
FAifaea «ft aqasu

() Z© ¥, ax*b=a—bgN ARG AHA *
(i) Z*¥, a*b=abgW ARAMG AlhaT *
(i) R¥, 9FRA =, a* b=qgb® g ARG
(iv) Z'H, |fRal %, a * b=|a— b| N RN
(v) Z* ¥, G =, a * b= q R AR
2. fr=fafaa o g fgemamd dfwan « o fou fauifa sifve f& = «
fganemd swafafma € qen #1 « "ewd 2
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() Z ¥, a*b=a—bgW IR
(i) Q H a*b=ab+ 15N IR

(i) Q ®, a* b= FW ARG

(iv) Z'H, a*b=2% g aRwfE
(V) Z* 9 axb=q" N URGa

i) R—{-1}H axb= g gt

3. 9= {1,2,3,4,5) " a  b="TTa9 {q, b} 50 aRema fgaememdt whear W
fo=r wifsu 9fe o o wfsran 9ron fafew)
4. 9= {1,2,3,4,5) " Fafafea w@fear aroft (Fwef 1.2) g/ aRkefid,
fgemurdt i + W fo=r *ifsw qen
(i) (2%3)*47M 2% (3 * 4) h IRehad HIFTTY
(i) I * T €2

(iii) (2 * 3) * (4 * 5) %1 GRehad HIFTTY ab
(Toha: T GOt 1 gE Fife)) R+1
RO 1.2

* 1 2|1 3| 4] 5

1 1 1] 1] 1 1

2 1 21 1| 2] 1

3 1 1| 3] 1 1

4 1 2| 1| 4] 1

5 1 1l 1] 1] 5

5. WM oifee f 9= {1,2,3,4,5) ¥ T Gl @fepan «, a ' b=qqeM b
1 HCF gr1 ufwifa ©1 o0 |iehan « Sigea e 4 o uienfod wfewan « o
T B2 310 IT 1 Sfifeed o Sdensu)

6. A ofifee foF N U fgenemt @fehan =, a * b= T b1 LCM 5N TR
2| frefafed @ sifea:

() 5%7, 20*16 (i) = EWfwa  wafafwa € 2



10.
11.

12.

13.

Y W9 Hed 29

(iii) = * TE=E 29 (iv) N ¥ * o1 qcdHeh T69d T Ty
(v) Noh & o o1agd * G o forg sepmoi €72
F A==d {1,2,3,4,5) % g+ b=qqAhH LCM FRI IRHG * Th
feanumdt |fran 82 97 S 1 Sfifac off aaesu)
A ST fE N H g b=qda b1 HCF R URea T fgemardt dishan
B1 N + HHGEET 82 0+ Wewd €2 0 NH 4 fgenudt |l o o
1 i 872
M e for afie demedl & 9g=ad Q ¥ f=fafad YR & R « T
fgamamdy i 2

() axb=a-> (i) a*b=a*+ b?
(i) a*b=a+ ab (iv) a * b = (a — b)?
V) axb= (Vi) a * b= ab?

A FIT 6 70 9 ®F 9 G HAared © ok siad aeed §l
e 9 § < T wiemansti | fRe 1 douwe ®, 9% dqesy)

M iy TR A=Nx N @21 A ¥ (a, b) * (¢, d) = (a + ¢, b+ d) G i
T Tgemurd wiwan 21 fag HIfST f « wufafea deon ge=d 81 A * &1
qEHH 3T, AfE HE €, W T BT
Ty o o Frefafad wem 9 ® a1 o6 71 eifae off aqansu)
() 99==a N¥ foret ft @ fgemard wfpan & fW axa=a, aeN
(i) 9% N¥ * Tk sofatmeg fgenud d@fwma €, @ a*(b*c)=(c*b) *a
a*b=g+b THR G TR NH T gt dfepan » W fo=m wifsu) o=
frafafad 5 ¥ W8l W &1 =999 FiT
(A) * Fre=d qen HatermT S9 €
(B) * wafatma 2 fohg de=d 7 ?
(C) = Tre=d ¥ g wafafma =& €
(D) * 4 q s € @R 7 wewd §
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fafasr 3qrgyor

SETETUT41 AR TN R, T AH ool ey €, @ fag Fife fF R, AR, T
ool Hed 2|

T i R TN R &l §adl ¢ SO (0,a) € R, T (a,a) eR, a e A TEH
e ¥ % (,0) eR,.NR, o 589 fog 2@ T & R AR g 81 T:
(@,b) e R "R, = (a,b) e R, T (a,b) e R, = (b,a) e R, T (b,a) e R, =
(b,a) € R, "R, 31: R, "R, T 21 T ¥R (a, b) € R, "R, T (b,¢) e R, MR,
= (a,¢) € R, T (a,¢) € R, = (4,¢) e R, "R358 fag & & f& R "R Tewme
g1 3T R, "R, TF Tl Hae 2|

SEMEI0T 42 AH Ao fF 9=e@ A § 99 quiiehl o shiad 7 (ordered pairs )
T Hay R,(x,y)R(u,v),qﬁﬁ?éﬁﬁﬂﬁ,xv:yumqﬁﬂﬁﬁélmﬁm
fF R T qouar Hey 2|

T WA (x, ) R (v, )), (x,p) € A, FifF xy=yx el TEQ T a1 -6 R
W%I qT: (x5, ) R, vy =>xv=yu=uy=wx SﬁTW(u,v)R(x,y)%l T
T g € T R 9afHd 21 36 ¥R (x, ) R (4, v) @A (u,v) R (a, b) = xv=yu

b a
qAq ub = va = = xvgzyuz = xb=ya AR zEfey (x,y) R (a, b)%l

U R GehWeh €1 3d: R T qoadl deel 2

SEETOT 43 AE WAt fF X = {1, 2, 3,4, 5,6, 7,8, 9} AF oy f& X o
RIZ{(x,y):x—yﬂ@T3 q W%}WWWWH RI%HW R, ={(x, »): {x,»}
c{1,4, 7} {x,y} < {2,5,8} A {(x,y} < {3,6,9} B Y& X H Tk 374 Ha¥ R,
21 fag #ifag % R =R.2

e AR Bty TR {1,4, 7}, {2, 5,8} 41 {3,6,9) =l § ¥ Yh h1 A0
(characterstic) @& & T 5¥eh ferelt ot Q1 Sferel o1 3@ 3 1 TH O 2| EfAQ
(,y) eR, = x—yFEN 3 F TN T = {x,y} < {1,4,7} 9 {x,y} < {2, 5, 8}
qMix, yy < 13,6,9; = (x,y) € R, q: RICRT%'H'TW x,y} e R,=> {x,y}
(1,4,7: T {x, v} < {2,5,8 M {x, y} € {3,6,9} = x—yFEA 3 § 9T & = {x, )}
cR,. 799 = B € fF R, c R.%W: R, =R 2

SETETUT 44 |F AT f5F /2 X > Y Tk ®er 81 X W R = {(q, b): f(a)=f(b)} T
USd Uk Heie R uReifu wifsw) Sifew fF 9 R T dqoddr dei R
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WWanéh‘fFI'Q(a,a)eR,wﬁf(a):f(a),mﬁwm%ﬁ?RW
2l T UFR, (a, ) e R=f(a)=f(b) = f(b)=f(a) = (b, a) € R. g@f@q R 9dfHq
2l 9: (a, b) € RAA (b, ¢) € R = f(a) =f(b) AA f(b) =f(c) = f(a) =f(c) =
(a, ¢) € R, Tr@sht @i ® foh R @shmieh 21 37: R Tk qoddl Ha 2

SaTEuT 45 fuifia FifST for gg=ag R g0 fefafaa fgemard afeeret § @ <F
o "ewd € R wH W watatmg 2

(@ a*xb=1,V a,beR (b) axb= a,b e R
k3

(a) TT<qd IR G axb=b*a=1, a,bec R I & (axb)*xc=
(1xc)=1TqM a*x(b*c)=ax*(1)=1, a,b cec R RIAEII a

wHafarE <H 2
(b) a*b= =b*a, Va beR, 8 o= g g & « watatma
e B
Bl ().,
IEXs! a*(b*c)_a*( +cj
= (|
Ia: + Hewd Tl 2l

SETETUT 46 =9 A = {1,2,3} § W& qh Gl Tohehl %o &1 GE& T e

T {1,2,3} ¥ T q% Uoheh! el oheel oI Wdlehi 1,2, 3 1 HH=d 81 37:
{1,2,3} 9 @F % o Wfarasll (Maps) 1 d §&AT o Gadlehl 1,2 , 3 o6 hu=al
F P GEA & I el S 31=672
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IETETUT 47 WH SIS TR A= (1,2, 3} B1 79 fog ST fF 0@ deui 1 9@ = -
g, B (1, 2) @@ (2, 3) € @R S TIqed a1 G df € fohq @HiEd el 2|

g {(1,1),(2,2),(3,3),(1,2),(2,3),(1,3)}, (1,2) (2, 3) SFaFa =Tl T Fad DIl
Tee R, 7, S WIged q9n W ¢ fohq TAfAG 96 €1 o/ ARk R, W W (2, 1) 5@
%, @ U G R, f Wged 91 W ¢ W A T ¢l S YN, T R,
H (3,2) @ *T R, W < Hehat &, T s7sfie qorert €) wenfa g R, o forel <1 gt
(2,1),(3,2) o TH ¥ (3, 1) I T o@1 Wehd B, iR T HH R W, HehTHehdl
TAIT W@ o foQ, 319 9 i o o folg s1e el ST SR 39 uishan g e Hele
afa ot g o, S et 7@ 1 ot i Wal & el We e R

sarevul 48 fag wiNT fd w==@ (1,2, 3} | (1,2) T (2, 1) i A<fae w3 o
ol Wl w1 FEA 2 @)

& (1,2) qA(2, 1) 1 3fdfdee wT oell Fa® Bi Joaal 9+ R, {(1, 1), (2,2),
(3,3),(1,2),(2, 1)} &1 276 sheed 4 i, TH: (2,3), (3, 2), (1,3) 71 (3, 1) 99 5= &
Ik &0 T ¥ fort Tw w1, S (2, 3) & R H ofdfdw FW €, @ T o fon
7 (3, 2) 1 ot o9 9SW, W & HehThdr =g 89 (1, 3) @M (3, 1) Hl wH F
fer area 1 o1a: R, © 91 Jodd HaY shad WiEiTh e g1 3 T g € TR
(1,2) @ (2, 1) & SHafee HH el qedl Gaul B pe T & 2

IaTeTuT 49 g iy T (1,2} o et fgenu wiwmanet =t gen shad wh €, feh
JomE 1 7 den foger ofaria 2 o1 gfaed 2 2

o {1,2) ® g fgenrd wiwan , {1,2} x {1,2} ® {1,2} ¥ Th ®ed €, FUiq
{(1,1),(1,2),(2,1),(2,2)} B {1,2} T T %ol Hifh e fgenamd Giswan « o
U qoqwe erEEe 1 €, 3, « (1, 1) =1, % (1,2) =2, * (2, 1) =2 3R W (2, 2)
o faIu €1 sheet forshed 39 @ a1 €1 iR 2 1 Ufdad 2 €, SEfaT * (2, 2) STEvash
w9 Y | % U B 3d: A fgenart wiwae w1 Wem shad U 7

SEETOT 50 qoHeh Bed [N —> NW femm &I, st [ (x) =x, yvx € NgRI
wfenfia 21 fag Fifs 6, =@y 1, sresrs € g fefafed ger 9 wfenfyd wem
I, +1,: N — N 3T=srsh e &

(Gt =)+ (x)=x+x=2x
T TRl [ Seses § g I+ 1, seses € ?) HifE wW gewd N ¥
T 3E9d 3 o Hhd © forgeh fow uid N o fordt @9 x &1 effacs =&f ¢ &
(I + 1) (x) = 2x = 3 =l
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IETELUT 51 f(x) = sin x S YA ®eld [ qAT g(x) = cos x SN IS el

g: R ferem i) fias HI &/ de g TheRt €, W f+ g Tohht TRl
e

ElcRIED , o0 & fa=-f9= sfegel x, 99 x, % fAT sin x, # sin x, 9@
COS x, # cos x, THEIY £ T g T & 3Tewash &9 § Thah! &1 W (f+ g) (0) =
sin0+cos0=14de (f+g) = 21 3T f+ o ThaR! & 2

3T 1 G¥ fafaer goaract

1. "M ST fF /2R > R, f(x)=10x + 7 g R %o 21 Th U@ Hod
g :R > RIE@ &ifSC feh faT go f=fog= 1,3l

@}#:12. A ST fR W W, f(n)=n—1,3 n'ﬁﬂq%ﬂmf(n):nJrl,Tlﬁ‘( n
1+]2]

Tn ¥, gR1 uieifia ®1 fog wifSe &6 £ oJehduia B f o1 Sfdem 31 it
Te W GHE qUiishi 1 G=a4 2|
3. AR f:R—> RSE flx)= x>~ 3x + 2 gF 9Rsfid & @ £(£(x)) I S

4.fETs\'E'I:?IQfm"f:R—){xeR:—l<x<l}\_rlﬁ ,x € RsU

IR el TR qe oS ol

5. fag #IfT &6 f(x) =x* g7 989 e f: R — R The (Injective) T

6. A HmN N> Z T g:7Z — 7 TR T St 39 TR & 6, gof
THa ¢ WY g Thh Tl 2
('Hav_d:f f(x) =xTM g(x)=|x| R fo=r ﬁml)

7. & Werl f:N->NTM g: N> NF I[EWO 9T, St 39 TR & 6,
go f TSRS B fohg f =R e 2

x—=1,x>1

(R f()=x+ 17 g(x)= 7 W feR i
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10.
11.

12.

13.

14.

Tfora

. T e g X o g3 71 P(X) S o X o 99 Suegsedl 1 gy

g, W fomr ®ifsy frefefea @ 9 P(X) | T Wy R qRwifd i

P(X) " STag=Al A, Bk felt, ARB, 9% iR shadt afs A= B 1 1 R, P(X)
" U goddl G 27 31 SW 1 Siifa o fofau)

. fret uea e o= X o foau w& fgamard wfhan « : P(X) x P(X) — P(X)

T foeR HIT, ST A*B=ANB, A,B e P(X)gN IRwifid g, SEl P(X)
TH=I9 X &1 ¥d 99=99 (Power set) g1 g FIfST f 5@ Gfpan #1 aaams
e X ® a1 Gihan + o fag P(X) ® sheet X ek eeEd R
=4 {1,2,3,...,n) ¥ 9 T oh TAK TeSEH Herl i 9@l A hifag|
M NS o S={a, b,c} a2 T={1,2,3} BISHT s o =Atciiad werl
Fo foau F' 9@ ife, afz soe aifeae 2:

@) F=1@3),(5,2, (D} (i) F=1{(a2),( 1) (c D}
a*b=|a—b| A aob=a, a,be R g RSG fgemard Gfewamett
#:RxR—>RdMo0:R xR - RN faur wifsu fag sifge fF « wofafe
? W e T €, o Wewd € Wy wutatm 6 81 g fag witey o wed
a,b,c e R& TT a % (boc)=(a* b)o(a*c)@ [aR U@ el €, @ 80 Hed
& for wferan + Gfshan o W forafid (Distributes) et 21 5T o Ffsha + W feafia
BIdl 87 94 ST 1 Aifae ot aaesy
et yem o1fed Ig==a X & foaw Am <fifse fF « : P(X) x P(X) — P(X), <&l
A*B=(A-B)U(B-A), A,BeP(X) s uRufua 21 fag Hifsw & fom
e ¢, WA * 1 qedHeh § qU1 P(X) o WHE 1Edd A F[hHUIE €, T
THR fF AT=A. (Hhd : (A- ) U(p—A)=A. T (A-A)U(A—A)=
A* A=)

Frfafed 9R & 9= {0, 1,2,3,4,5) ¥ T fgamemrd diehan » aRenfia sifse

fag HIfeT fF = (0) 39 diran &1 dcqHeh € qe1 G=IF HT Goish 3T
a+0 SEHAE €, T8 YHR T 6 — a, o 1 Yfaei™ 2|

a b=



15.

16.

17.

18.

v I, x>0
f(x)=40, x=0
-1, x<0

19.

HaY T wed 35
e ity foF A={-1,0,1,2},B=1{-4,-2,0,2} 3R £, g: A - B, Ha:

f(xX)=x*—x,x e AT g(x)=2

X—%‘—l,xeA_sT{l R wer €1
f AU g AN B2 ST ST kT SffEed ot Fdqesy| (Fehd ; Al Hifse f <
%o f:A—> BA®g: A —> B ¥HH F8AW 2 AR f(a)=g(a) a<AFT

€ A= {1,2,3} 8 @ U@ Gael T erea (1,2) @@ (1, 3) 8 IR S wqed
Ao gl ¥ fohq HWeprdeh T €, 1 wEw §

(A) 1 (B) 2 © 3 (D) 4
R A={1,2,3} 8 @ 3fE (1, 2) 9T Joddl HeHl w1 @ 2
(A) 1 (B) 2 © 3 (D) 4

oM ST &6 /1 R— R @ Frefaiad wer o it fogd wem (Signum
Function) 2|

A g:R >R, g(x)=[x], 5N 91 T&dH Ui ®eM €, Sl [x], x T HH =
x o S YU €, @ A fog T gof, awet [0, 1] H G (coincide) &7
e {a, b} § Tgenur wiwmash w1 gem €

(A) 10 (B) 16 (C) 20 (D) 8

qrIsT

30 A o, g0 fafay yeer o gai, wedl aon fgemem gisaneti o1 steaeq fowan
21 3 e %1 g faug-ewg fefafea 2:

*

*
*
*

X H, R=¢cXxX 30 94 ¥ R, e Gaier 2in =1

X ¥, R=XxX 3N Y50 T4 R, Wiafrer el 2|

X #®, Tm gey fo van'(a,a)eR,WW%T%l

X ®, 38 YR 1 Gee R, S fdsel (a,b) € R 1 a@cd & % (b, a) € R
I g e & wafE e 8

X ¥, gfd@¥ R, (a,b) € RAA (b,c) eR=(a,c) eR  a b, c € X Hl FT=
F ol Hea R HeheR dae 2
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*
*

*

*

*

*

*

*
*

Tfora

X ¥, Gy R, S Wiged, GHHG qe ke €, doddl dee 2|

X ¥, forell goa@ Hay R o faT ¢ € X & 6@ qoadt & [a], X 1 98
STHYe ¢ fo@eh geft etaed ¢ @ gefud 2

TH HeH f: X - Y Theh! (HAUe Toheh) el &, 9%
fx)=fx)=>x=x, x,x,€X

Th W £ X o Y ATeSEd (g DTl ) %o 2, I fohel wen
yeY,Ixe X, 38 YR Th f(x)=y

T HEH £ X — Y Uchehl AT TESIEeh ( AUST Uehehl ATSTET ) Herd
®, 9% / Wohe! 91 3TeSEE T 2
Wf:A—)BHWg:B—)CWW'Wgof:A—)C%,Gﬁ gof (x)
=g(f(x)), x e ATN ¥4 2l

TH He [ X - Y FFRAIT T, A 3g: Y - X, T ThR & gof= 1 a2

fog=1,.

T oM f: X —> Y SFehAUNE ¢, 3% IR el I/ Teheh! qe1 Aok ¢
fret wem uifim ogesm X o folq ®wed £ X — X Thsh! (qEER
ABEF) B 8, AR SR Feaw AR £ TEORF (TWHER THED) B T
foreht ufifira weea o1 erfyemerfores e (Characterstic Property) 81 8
srafifir wyeem o forg wed el ©

AT TH fgameard Gferan«, A x A9 AdH Th Hod * 2

T S e e X, fganu® €@iman 1 X x X - X, &1 qcdHe 7o9d 7, A
a*e=a=e*a, aecX

FE T e € X fgamul GfRa #: X x X » X, & fau gesuvig
@W%Qﬁ@@ beXEHSTﬁ?Ic_OT%T\E a*b:e:b*a%?@?
e Teamuml Giwa + 1 qcHE €| SAo¥E b, @ 1 Wiae™ wea §, 59
o' 9 Trefud @ 2

X 1 Uk Giwa * HAMGHE € A axb=b*a, abeX
Xﬁ,@ﬂﬁh‘ﬂ*,W%Wﬁ‘((d*b)*c:a*(b*c), a, b,ceX




Ty T Hed

Ufeerfaes gtk

et i Feheddl, R. Descartes (1 1596-1650 ) § URH & &Y THh oo
et o fassfiad gg €1 Descartes ¥ T 1637 S § e1ot wigfafd “Geometrie”
o veg ‘e 1 WA, ST wehi, S Stfawee™ (Hyperbola) , Tieer™
(Parabola) eI STEid (Ellipse), T STEATA hid HHA, Teh =% T x oh &7 Ulh
oA x" ok 21 § TR o1l James Gregory (¥ 1636-1675%.) = o791 &fd “ Vera
Circuliet Hyperbolae Quadratura” (¥ 1667 §.) H, %el ! Teh THT TRT AT o,
S fordt 311 T W sfisig stuan o= wihaed Sl SRR WA i ¥ U gt
21 9% § G. W. Leibnitz (1646-1716 £) 5 1673 S ® fafga ot wigfafy
“Methodus tangentium inversa, seu de functionibus” ¥ 3155 ‘e’ w1 fondt Tt
1 ok 272 | WA fohan, S TRl ook oF U foig § 3@ g a0k 39 YR aRafad
B Tt ®, S ok W f6g o Fdunish, ok 1 YauT, 9% ki Tqeil qen sifrcie
gRefda B €1 qenfy 31aet shfa “Historia” (1714 S.) ¥ Leibnitz 4 %o i Th =R~
TR SIRG TRT oF €9 H FAF FRAT &1 AR x 1 BT TAM H AW o o
Tayeg Afed 91 John Bernoulli (1667-1748 £.) 7 Ta9e™ 1718 5. H TohaHd
(Notation) dx h! ST ‘x T HAT’ Tl Yehe i oh TaIC feopal ol TRG e
i T e o foIT wdiehi, 19 £, F, ¢, y ... %1 =419 ¥4 Leonhard Euler
(1707-1783 %) BRI 1734 8. ¥ 319t WA “Analysis Infinitorium” o JeH @UE
¥ foan 7o o 9] H Joeph Louis Lagrange (1736-18138.) 5 1793 5. § 319+t
qEfAfd “Theorie des functions analytiques” Y11 T, fSEH 3= fageioomeTs
(Analytic) e o R | U=t 1 ot ae HWehad £(x), F(x), d(x) 3T T TR
x o F-fi wert o fere foRan oml a’mid Lejeunne Dirichlet (1805-1859 ) =
Tl i IR 37| et JHR 39 99A T 31 @1 Sd o 9dHM R H e
1 e Ygifaes TR 1 T &l g9, S Georg Cantor (1845-1918 %)
5 foefad T=oa fagid o 1% g7l adaH sia § Jafad wod & gqead
Ugifdsh TRATT Dirichlet §R1 W™ e i RAST &1 HH (AT
( Abstraction) %I

— o ——
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