(Relations and Functions)

12081CHO1

s 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 FHifST for Fan XIH, 9aY UF ®ed, Wid, Tewid qel
qRER mfe &1 saumonstt &1, fafy= YR & arafas
AT ol IR Sk il dfed ufera wHaEn S e
21 o § veR ‘Hay (Relation) ' ST FehoudT ! AU
qr o TW W o 1 9 foran w2, e emER <
(Recognisable) &El &1l A1 ifeC foh A, forslt Tpat ot
el X1 % foenfefai o1 9q==a & qon B S whel &I
wen X1 % foenfelal &1 qgesm ¥ o™ ugeeg A @
U= B O o GaHl o i S 39 YN €
(i {(a,bye AxB:a b=l 941_5:%}, Lejeune Dirichlet
(i) {(ab)e AxB:a b® 5& 2}, (1805-1859)
(i) {(a b)e AxB:awhl o bl g 4 fers B},
(iv) {(a b)e AxB: fuset sifan 7hen 9 agr 9T YUl b g 9w Yot §
1 2},
(v) {(& b)e AxB:aSHl W @l & S&l b &l 2.
qAfT AW B % o el Ha R &l STA&Y (Abstracting) ¥ TH 0@ |
A xB % Tk @3 (Arbitrary) STEH=IT %1 TRe TR i 2|
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2 Tfora

Ife (a,b) e R, dl &9 %ed ¢ T Ha¥ Ro 3{aiid a, b ¥ Hafud € 31X &9 39
aR b fa@d g1 9M=d:, 9§ (a, b)e R, &H 39 & i foq1 781 *@ © &%
add bk i g fRa wEt T Stere &l 71 S R e XIH <@ gk §, e
T To9Y GRR & HaY B B

39 ™ H, g9 fafT=1 YR oF el T %o, Terl o A (composition)
FHATE (Invertible) Fer! IR fgamemdt Ffswansti 1 stezam w4

1.2 Gl ok YR (Types of Relations)

79 1eee H e fafa= YR o Heell o1 1o w0 e T © R TR g A
H G, Ax AH TH STEG=E B g1 o: fod =g ¢ < A x A Tl
Ax AT, I I FaY &) TR Bq, R = {(a, b): a—b=10} g7 Y0 g=A
A=1{1,2,3,4} W IRAE TH Fee R W fo=m SISy 78 T o == €, witeh
o % ft g (pair) & ® S Ufq€¥ a—b=10 ® HqE w1 21 TH FHR
R'={(ab):la-bl>0}, 9l q=aa Ax A% qed 8, FfH Ax A gt g™
(a b),la—bl>0F H< F &l T8 M FF o IR eH Tt aRemsi
& fau 3f@ # 2

T | S AR IR Hed R Uh e Gaier sheeldl €, 9% Al Hig o
eTd Ah fRdt off ergea @ wafud € ®, @i R=¢ c AxA.

LTS 2 W= A R YR He R, TH @A (universal) Hael el 8, 9%
A Y% FaFa Ao Gl el ¥ afud ®, 1o R = A x A.

i deer qon gt Gay w1 -t g=9 (trivial) " off wed B

IETETOT 1 HH A 56 A fenelt sTeteri o Toet o weft fernfefal =1 o= 21 <9iisq
fF R={(a,b):a b®! 9&7 T} g 91 a9 Tk o Heel € @eN R’ = {(a, b) :
adel b 1 SAEA H FW 3 HX ¥ FH T ) 5N S HeH U HEE Ha o

Tl YTAAR, Fifh Thot STelshl 1 €, oTqud Thot 1 hig off famefl, @har & fawdt
off fereneff =t we= &l & Weha1 €1 374 R = ¢, Fe@ wefifa e € fr R foa dew 2
g ot oy ¢ fop fonel oft < fomnfofai &1 S=meal 1 i 3 WX 9 %9 g € =R
THY The Bl © T R’ = A x A Gl gy 2

feoguit wen X1 faeneffmor dra oo € foF fohdl gea &1 < voR 9 frefua fear
Tohdl ®, Hd: I fafer qen gqeaa Frofor fafe qenfu sga 9@ <@l g0 9=
{1,2,3,4) W 9Refod a9 R = {(a,b): b=a+ 1} & aR bgr ot f&fua fewan sma
2, afE 3R Fhee 4% b=a+ 1 81 S %90 gfaursmes 8, g9 ot 39 Hoha (notation)
T AT |
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HaYy T ®ed 3

I (a,b) e R, dl &4 %ed € foF ab ¥ Hefum 2’ oIk 39 o1 & 9 aR bgM
e U B

T 3T Hequl Heel, fgent Tiford & Wk Tefeh (significant) 9ffeht 8, goaan

Ts4 (Equivalence Relation) Sheelidl €1 qeadl Heel w1 31&8H hid o foIy &9 Ted

T TR oF Fadl, AMd: ¥ed (Reflexive), TAMHA (Symmetric) 1 Hehioeh
(Transitive) Ha& T fo=m #d 2

TRTST 3 H=Id A W IRHAd F99 R;
(1) ¥EIA (reflexive) sheclrdl 2, 97 9% ac A fat (a, @) € R,
(i) FEHA (symmetric) FEA €, 9K WO a,a € A & AU (a,a) e R¥
(a,a)e R =l
(i) HhTHF (transitive) HEATd % If FHe, a,a,ae AT foag (a,a)e Ra
(a,a)e R¥(a,a)e R« =il
TfteraT 4 A W gRefed Ged R Tk qoddl G sheeldl 8, A€ R Wiged, SafHd qo
ThHeh 2

IETET0T2 0H W o T feorelt woaer & feord oo Sysi o61 Toh wq=ed €| Sq=ad
TH R={(T,T,):T,T,& Taitan g} w% oo 3| fag Fw fF R wF o
e 2l

T G99 R T@qed 2, #ife ycdw e @d o gantgw edr g1 g
(T,T)e R=T,,T, & Halmgq 8 = T,, T, & Tamed ¢ = (T, T) € R. 7:
Hey R wAfd 81 38k Sfafad (T, T,), (T, T,) € R=T,, T, % Haitas € qen
T, T,% Haitad & = T,, T, % Tae™ € = (T,, T,) € R. 37: Fa4l R Hshoeh 2|
TH YR R TF qoddl Gay 2|

SaTET0T 3 A Wfifoe ff L frdt guda § feora g @isti 1 U Gged €
R={(L,L,):L, L, | @ ¥} 9= L H wRenfoa & waw €1 fag e fF R
Tafa € fohg 7€ 7 @l Tqed © 3R 7 Hhwew 2

T R Wged T ¢, Hifh FE W@ L, A0 A W A9 T 8 TRl 7, e
(L,L)¢ R. R¥AMG &, FifH (L,L)e R

= L, LR o2

= L,L ® o2

= (L,L)eR
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4 Tfora

R EHmE & 2 frm d ARk L L, R g L, L,
LR @@ €, @ L, LR & o o T 81 whdt 21 awd
H Ut <wm H L, L% ®AWR e #®id, (L, L) e R,
(L,L)e RWg (L,L)¢ R L,
saTETuT 4 g e fF == {1,2,3) 8 R={(1, 1), (2, 2), P 1.1
(3,3),(1,2), (2, 3)} 5} US4 Taie Tiged 8, T 7l GAMHG € IR 7 Gk B
& REqed € itk (1, 1), (2,2) 3R (3, 3), R o e &1 R wafia &t 8, it
(1,2) e Rfég (2, 1) ¢ R. 36 YR R HehiHeh &l 8, ik (1,2) e R (2, 3)eR
g (1,3) ¢ R
a0 5 fag HIfNY % quiel o 99=9a ZH R = {(a, b) : §&1 2, (@a—b) &l
famfsra et @) 510 U<d HeW Th Joadl e gl

L,

T R@ded 8, Fif 9a%d ae Z & fow 2, (a—a) %1 faufsa wwar 21 3r:
(a, @) e R. I:, 9% (a,b)e R, @ 2, a— bl faufsa sar € | ewud b—aw®i st
2 faufsa sear €1 31: (b, a) e R, @@ fag g © for R wmfia 21 3o v, afg
@bye Ram (b,c)e R, a-bdem b-cHEwN 2 ¥ 99 81 o4,
a-c=(a-b)+(b—c)TH (even)® (F?)| 31d: (a—c) Hl 2 ¥ wF 1 399 g
eIl € foh R Whmes 21 3d: =9 Z W R U qoddl GaY 2|
I 5§, A Few F ol gw quie 3= 9 gefad @, @m0, £ 2),
(0, +4),..3M& RH € IR *IE i foum quies 0 & waifer =& 2, w0, 1),
(0,+3), .3 R ¥ & €1 &l R wefi fovm quifer | 9 Heifera € @ik 1S o 9w qoiien
| ¥ Heferd &l T STIud, THES T YUishi 1 TH=AA E de1 9H& fqun quiet @
gUesd O 9=9d Z % 39 9gead €, S Frefefaad gfeel o1 gqe w2
() E< Tu 3199d TH O O Gafud & 9o O oF 99 odad T TR °
Heiferd B
(i) E1 FE 9@t s/ea O fordht ot staga § Hafud 781 2 IR faeimd: O =1 &1
ff sreg E o frell oft stererm @ Hafud &t 21
(i) ETeNO EYH 8 A Z=EUO?I
ITEH=A E, ¥ ! AR (contain) FT el qeadl-of1  (Equivalence Class)
FEdr B IR 59 wdie [0] 9 &g & 81 36 TR 0, 1 1 Adfate s oren
Togar-ai 2, f5@ [1] g fefua s €1 A it f& (0] = [1], [0] = [2r] R
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g9y 9 e 5

[1]=[2r+1],r e Z. a%d ¥, Sl s g4 SR 3@ 8, 9 fohdl ff gyeea X o
Weg qodd Gad R % T 91 g 21 ford) e @ 9= X ¥ Ued Uk @
(arbitrary) Tl Tae R, X o TER STHI Suag=aai A H fasisa ¥ 3 8, 5
X 1 fg9eH (Partition) 8d € R W frAfefaa wfasiei & qqe w 8:
() T i fou A & 9+t oo TR g ¥ wafud w9 2
(i) A, T B o o, A % R off s @ wafeq T e €, SR Q%
(i) UA=XTT A NA=0i#]
ST A, Qeadl-on1 head ¢ 39 feefq o1 Teek ue @ € i wm fawda fEn
off T Tehd 8| IS o ToIU Z o S SUTEHSH T foa=m SIS, St Z & U@ o
TR TEIH STHL==El A, A, 1 A, 5 < 2, fs=e1 |ftger® (Union) Z %,
A ={XxeZ:xH&M 3 H N €} ={.,-6,-3,0,3,6,..)
A=(XeZ:Xx—19&N 3 H PN T} ={..,-5-2,1,4,7,..)
A,={xe Z:x-29E&N 3 B PN 8} ={..,-4,-1,2,58,...}
Z ¥ T Ha¥ R ={(a, b): 3, a— bl Tauism wwar 2} qiefa sifsa) Seeon
5 H Y deh o ER g9 TG Y ¥ehd € foh R U qoddl Ga €| 58 sifdiem
A, 2% 3 |t YUl o TeEd o SUeR €, S Y § Hafud €, A, Z % 39 9
qUTieRT o e oF AR 8, S 1 ¥ Hefud € 3R A, Z % 37 9eft quiieR o T
TER €, S 2 ¥ Hafud €1 e@: A, =[0], A, =[1] 3T A, =[2]. a0 | A, = [3r],
A,=[3r+1] 3R A, =[3r +2], &l r e Z.

IETET0T 6 A efife fo Tq=aa A= {1,2,3,4,5,6,7} HR = {(a, b) : adem b &t
71 4 fawm ® = @m ¥} 510 uRenfid u e ?)1 fag $IST & R ©F qoadr gy 21
T € fag HIfST & STag==a {1, 3,5,7) % it o19@d Tk S 9 gefud 2, 3R
STHTEE (2, 4,6} % Gt o Uh TR § afud €, WY STEgEEA (1, 3,5,7) 0
HE 9t feEd SUHTEEA {2, 4, 6} o fndl oft sreEe @ wefua @l 2

o1 A %1 US4 SIS fo9d aFl d fauq € a1 ¥ ¥, 3 ( a) € R. THeh AT
@b eR=adubeq &, =1 o fam § a1 &9 8 = (b, a) € R. 3 THR
(@, bye R7 (b,c)e R= 3@Fd g, bc, @i AMaA fom e M T € = () e R.
3d: R Uk qoadl dee &1 IH:, {1,3,5,7) % Gft o199d U o 9 gafud €, Fife
T4 SUHYea o qeft eregd faum €1 56 UhR (2,4, 6,) & Gt orgEd TH TR W
wefed €, it 4 et ww € WY @ SwegseA {1, 3,5,7) 1 *iE f e
{2,4,6) o Terglt oft e o Gafud & & @ €, it {1,3,5,7) & ragd foaum
g, 5@ T {2, 4, 6), % @9 €9 2
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[ wrgeraret 1.1

1. fuif@ wiNe f& =1 fAfafed g9d 5 8§ y&® T@qed, 9afda qen
GHHF o
() ¥==d A={1,2,3,..., 13, 14} & G R, 38 YR qRIfoa € fo
R={(xy) :3x-y=0}
(i) TeRd Hemell o FH=ad NHR = {(X,y): y=X+ 5T X< 45N qReAfa
g9y R.
(i) = A={1,2,3,4,5,6} HR={(xy):y ¥d ¥x¥} gR1 uRwIfr Talel RE|

(iv) THEd qUIishi o THed Z W R = {(X,y) : X—y T qulieh ©} gRI qReiea
Ty R.

(v) Tt favte wma W fodl TR & Fafaat & wg==g 7 fmfafed
Hay R
(@) R={(X,y): XAy Th & TE W H& w8}
(b) R={(x,y): XxTqy Tk & Higed] ¥ Ed €}
(©) R={(xy):x y¥ 3%-3i% 7 4 o1 8}
(d) R={(xy):x,yH T &)
@ R={(xy):xy® fa &}
2. fag =T f arafas emst & ¥=9d R¥ R = {(a, b) : a < b?}, 3}
R g R, 7 @ W €, 7 i € oK T & Ghmd 2
3. Sit9 wifse fo o1 99==d {1,2,3,4,5,6} T R={(a, b): b= a+ 1} gr ufifa
TaY R e, gafd a1 Wbt &l
4. foag #ifSw fF RYR = {(a, b) : a< b}, 571 9Rfed Hefer R Tqed qem Hehmoh
 forg wmfia & 21
5. Sia sifee fF FMR AR = {(a, b) : a< b’} g IRefod sy wgea, Tafaa
A HehTHF B2
6. fag =wifve & ¥g==a9 {1,2,3} 9 R={(1,2), (2, 1)} 1 984 ¥a9 R HAMHA
2 &g 7 @ e € @R 7 G 2
7. fog wive fo fFdl Fias o W@ o 999 [l o 999 AH
R={(xy):Xxaa y¥ Uil s G T0H 8} §R U9 Hael R Th qodal
T 2l
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10.

11.

12.

13.

14.

HaY T ®ed 7
fag w7 A={1,2,3,4,5} %, R={(a, b): la—bl &9 2} 51 W&q el
R &% qoadl Ted €1 yaifor shiferg & (1,3, 5) & @ o9 t% @ 9
Gefua & 3R ggee {2, 4) % qeft seFe Uk g 9 eifud € W (1,3,5) @
HE off sEga (2,4) % fHdt steeE @ Hefud 72 2
fag fefST ff == A= {xe Z:0<x< 12}, fRu 7 fr=fafaa d@aut R
o 9 Yo T qoddl Hed e

() R={(ab):la-bl, 4= TF T g},

(i) R={(a b):a=bj},
Y% 3 H 1 | Hafyad steFal Sl 71 it
TH HaY 1 3T AT, S

(i) F9fHd &1 g 7 @ Tqed & 3R T Ghmh @

(i) Heh™eh B WY 7 Tqed @ R T wAfa el

(ili)y T qo AMHG B fohg G A B

(iv) Tged a1 Fohmek l fohg TG 7 B

(v) T qe Hoheeh 81 fohq =qed A B
fag wifse for fordt T9ae o feem fagstl o ¥z ®, R = (P, Q) : fag P=i
e fag @ g, fag Q&1 7ot fag @ g o WM ©) g ed HeY R T ool
ey 81 : g wifse ff f6g P = (0, 0) o Hefea qsft fagent =1 aq==a P
T TR I Il T T g9 1 el #=ar €, e oy qafag | R
fag ®ifse foF T fAgsit o 9q=AAH, R={(T,T): T, T, 99&7 T}
SR TR T R Toh qoadl Hael &1 ensl 3, 4, 5 o guehiv s T
A 5, 12, 13 A FHHIO S T, qe G 6, 8, 10 At FHDIOT A
T, R faaR ®IST T, T, 3N T, T &7 ¥ Hqs Wem wafed 82
g ST o woed agysil & Tq==F AH,R={(P,,P,): P, 72 P, %1 =Tt
1 G THH € WhR § IR Hsiel R TH qoddl Gau 21 3, 4, 3R 5 olee
T SISl aTel FHRI0T TS ¥ Fafd S=ad A o 9 Tagdl T 9=ad 9
il
M ST foh XY-aet o feor wwea Tansti 1 99=99 L8 S LT R={(L L)
(L, TR € L, %) 5N URefd ey R 1 fag FIT fF R T qeaa gey
B @ y=2x+4 W Gafed g W@iel s geed 96 S
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8 Tfora

15. 9 dfifsu f ggeea (1,2, 3,4} %, R = {(1, 2), (2, 2), (1, 1), (4.4),
(1,3),(3,3), (3,2)} 57 IR Hsier R 71 Ffafed & @ @€t 3w gfw)

(A) R Tqed qe gafid © fohg Tohmeh el 21
(B) R Tged e ke & fohg fha =it 21
(C) R EHHa qen Gehiveh € fohg Toqed &l 2|
(D) R U qoodl GaY 2|

16. 94 ofifs fF @9==a N®, R={(a, b):a=b-2,b> 6} 5K Ysd Hsel R 2|
frfafed & 9 w8 W g
(A) 2,4)eR (B) 3,8eR (C) (6,8eR (D) (8,7)e R

1.3 we ok W (Types of Functions)

Tl 1 SFURON, F a9 BoH S de@HE B, e o, 9gUs hed, iHd
T, AT %, T8 o i o1 999 396k Tei@l dfed el XIH foman 5
THT T

T el o A, S, O qU1 WO T A AR e S gkt 1 Tk Wt i
GeheTH1 T qe 3TeF7 1 31 W@ (Disciplines) H @aifre Heeyul €, gafen
TH e o aR H ST SR del 9 ST Sl Hied €, STl 39 Ued WHIa fRan ol
T TTe] |, &9 faf = YR & el @1 STeHeE wi|
ffeiea sepfael g1 <wiT T wer ), f, f, 7o f, W fo=r =ity

sepfa 1.2W 59 3@d ¢ o X, % = (distinct) 3ol &, wed f & i,
yfafsa «ff fort 2, fohg £, i < fo el 1 9en 2 o wfafee T & € Tma:
b3l [ X, F9 U 31oa € 99 eqq f S f, o Fq@q X, & e off stoma
o wfafea 7 2, S f,% sfria X, & |+t stama X, % et 7 et stawa
wfafae &1

S uftert 9 e freafafaa aiRamd g g 2
‘Tﬁ'ﬂTﬂTS@Wf:X%Y@Fﬁ (one-one) me (injective) Tl Shgclrdl
2, afs f o ofald X o fa= steal o gfafas ot fa=1 g €, stufq g
x,x € X, & faq f(x)="f(x) 1 dareqd B o X =X, A f TH qgH
(many-one) Tl shgcdldl B
ST 1.2 (i) § Wi f Thehl Terd @ T i 1.2 (i) H f, T 98T %o 2
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1 a
, [ b
pA
/P “
3 d
e
4 S
Xl X2 Xl X2

® (i)

X, (i) X, X, (iv) X

3TTeRTd 1.2

TN 6 e f: X — Y SA=S8E® (onto) AT STEBRI (surjective) THaardl 7, afg
f 3 Siarld Y o1 Goieh ferrel, X o fordll = fopelt sterrel o1 wfafeia g €, stufq ueie
ye Y, % foy, X § T U8 3foe x 1 A 2 % f(x) =V.

aeRfd 1.2 (iii) ®, ®er f, STresrsh ® qe aMepfa 1.2 (i) W, e f ar=sTeen
T 8, FifE X, % sTema e qu |, f, o Sfavid X, o fRe ff s o wfafaa
& 2l
fewuit £: X — Y T Tesid e ¢, 9% 3R shaa 4% f &1 9IR&E (range)=Y.
TRTITST7 W el f: X — Y U Tehsh! 2l 3T=81E% (one-one and onto) 72Tl Tehsh!
M=ol (bijective) el heddl 8, I(€ f Tohsh! qol MT=o1Seh <A &1 il 2|

ST 1.2 (iv) H, BeH f, TF Toheh! a1 S0 Herd ¢l
SETET0T 7 HE ofifS o e X o |l 50 fernfeai w1 wgeem A #1 wH it
f: AN, f(x =T x #1 Ia FR), gu aRwfia s wem 21 fag sifteg
f Wohe! & fehq eTreaes 7 21

TA®E & q FaA-fo= fomnflei & o 7R TOH T8 8 T 21 3Taud f Toheh! B
STl 1 for & forT &0 o T & T formnfelal o Uat Fa0 1§ 50 9 B 36T
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10 7o

A 7E goN foh N 379ad 51, el o fohedt off fomeff &1 Jo1 @ = €, erqug
f o sffd 51, Ak et oft orea o1 wfdfas 7 €1 or@: f oTeoRE T 2

SaTetuT 8 fiag HINT fF f(x) = 2X 5R 98 el f: N— N, Theh! € fohg s
Bl

T B f ThHT 8, FE f(x) =F(x,) = 2X = 2x, = X, = X,. [T, f 3T=8%H Tal
2, ik 1e N, o fau N¥ U9 fordlt x o1 stfide &) @ aifeh f(x) = 2x = 1 &l
IEET0T9 Tog HIST T f(X) = 2X R 9o ®er f: R — R, Thebl qell =06 2|
T f Tkl 7, FfF f(x)=f(x) = 2x =2x, = X =X, T &, RH 7 Foheft

ff oreafass g@n ya fau RY %‘cﬂ@ﬁﬂﬁ%,ﬁﬁf(%):l(%)zy%lm:f

=R i B

Y
A
y=f(x)=2x
X'< B
0 X
v
Yl
3TTeRfd 1.3

serevor 10 fag féfsu fF f()=f(2)=1 TN x>2 & faw f(x)=x-1 g0 U&7
%o f:N— N, 38R o 8 fhg That & 2

T f Thd! @ 2, HfE f(1)=fQ2)=1, Wq f =sE* 2, Fife fHd &
ye N,y#1, & foq, 8axs y+1 T od &, a1k f (y+ D=y+1-1=y T &
le No faw f (1)= 1%

32RO 11 Tag Hifee & f(X) = x2 g0 qRetd ®ed f: R — R, 7 @ Toheh! © 3R
T STBRHF 2
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& i f(— 1) =1=1(1), 38T { That Y
&l ¥ qA: "ewid R 3699 2, Wid R f)=x
fFet Wt s/EEa x F1 wfatad T@ T (F?)|
Ia: f ar=srs Tl 2l

L JED=1 fm=1
arevor 12 fag Fifee fF = uRafig wem x=-1 [Ox=1
f:N— N, Thah! a1 3T=sRs 4 & &

o= x+1,afe x fomm g ;;
()= x—1afs x T f 3 3@l 1 g -1 & wiates g1
TRt 1.4

TA M A f(x) = f(x) BT FIST 7F Al x fomm € qon x, 9\ R, x4 1
=X, — 1, 3190q X, — X, = 2 S ST T 39 THR x, F T T x, o 90 g9 &7 7t
T TET €1 gy x, qe x, <A S A favm e o T i /e A G x
qem x T A ¥, @ f(x) =f(x) = X, + 1 =x + 1 = x =x,. T TFR AR x, 70
X T HEE, @ W F(x)=f(x) = x —1=x -1 =x =x.: f Theh! 21 M &
FEgld N &1 g i fowd §en 2 + 1, 9id N1 &1 2r + 271 Sidtes © 3% Gevid
N & &g o g9 & 2r, N &1 §& 2r — | &1 yfafaa g1 374 f sr=srs 2

sarETor 13 fag i for sTesre wer f: {1,2,3) — {1,2,3) Hed Theh! o Bl 2l

ToT WA ST foh f Topeh! 72T 21 371d: 39 9id | 9 4 &7 T {999 74 foran fw
| g 2 1 SAfca @ fomer wewid o ufafss g9 81 e & f o sfarla 3 =1 ufafss
ehael Teh B 7o B 3, URE |, Wedid {1,2,3) o, e < &1 2ed 8 Hehd
g, T8 wehe el @ T f oo @l ©, S foF e faiwife 1 ofa: f ol Toheht
21 &1 =rfeu)

IEETOT 14 g HIST 6 TF Thebl ®em f: {1, 2,3} — {1, 2, 3)31ed &9 9
s o 2

Tl ek f Teheh! €, 3TfAT {1,2,3) o A1 379ad f o 3favia Teid (1,2,3} o o
-3 STaFal 9 HAY: Gafd anl| a7d: f =srs 9 2

fewuit IO 13 qA 14 § yred qRomd fret off w5 aRkfHa (finite) I=93 X,
fau oo 2, e U Thah! e f: X — X SAferda: STesee gl € a9 gk
uRkfrd Tg=aa X o oIt Tk oesied Bor f: X — X SIfardd: Theh! gl 21 39k
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faodia ST 8 e 10 § T gl © o et erafifia (Infinite) T==a o faw =
& e ot e Geha €1 Sr%da | =g ki qen erufifia aqeeEl o | ueh sifircrerie
(characteristic) 3 21

[ wrgrerett 1.2 |

1. fﬁ@'ﬁﬁ?ﬁf(x)zlx‘g’mtrﬁﬂﬁﬁw f: R, —» R, Teheh! qo 370G
€, el R, 9+l oI ardforss Seet 1 9= €1 9 9id R, %1 N9 a5
fean S, St for wewid qeed REN @, A ot % I8 9o | Bm?

2. frafafaa werl ®t Theh (Injective) A1 3TESE! (Surjective) TON @1 Sir=
I

(i) f(x) = B9 98T f: N — N Fe 2l
(i) f(x) =X 5 USA f: Z — Z e T
(i) f(x) = U Y@ f: R — R %e
(iv) f(x) =X BN 984 f: N — N Fe 2l
) f)=x S0 94 f: Z — Z Herd &l

3. fag ST foF f(x) = [x] 5 9<9 H&9H QUi el f: R — R, T @ Theh! @
X 7 T=BTEH €, WEl [x], X § FH A1 STk T Hedd Yol Hi i
LT B

4. fag IS & f(x) = x| g0 953 AW %o f: R — R, 7 @ Thep! € 3R
T STERIEH €, Wl | X | e x, A% X ¥ A I 7 qAl x| WK — x, AR
X BT B

5. fag =St f& f: R > R,

1,9 x>0
f(x) =40, & x=0
-1,3fg x<0,
SN 9w Toee e 7 df Theh! @ 3R A a1 2

6. TH eifee ff A={1,2,3},B={4,5,6,7}a f={(1,4),(2,5),(3,6)}A¥ B
T TF Hor 2l g ST T f Then! 2
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10.

11.

12.

a9y T He 13

frferfea o o o feafa o saaey fF w0 K gu wer T, sresesh
U Teheh! =BT (bijective) B1 I ST &1 3fifecd ff eyl

(i) f(X) =3 — 4xgN GRwEa ®ed f: R — R
(i) f(X) =1+ g1 TR e f: R — R

oM T for Aden B < wqeea 81 fag #ifST i f: Ax B - B x A, 30 TR
% f(a, b) = (b, a) T Teheh! =BT (bijective) e &1

nTH,Wﬁnﬁrqﬂ%
T ofifse fF ¥ ne N& fag, f(n)=g e

B YR Tk ®er f: N — N8| 9qcist o R ®er f Toheh! STrese)
(bijective) B 394 I =1 e i sdemsul

ﬂﬁ?ﬂﬁl@ﬁA:R—B}ﬂ%B:R—{l}%lf(x):(%)‘s’mqﬁﬂﬁﬁw
f: A— BT fomuR SIS &1 f Toher! qe1 3E0TEH 82 3104 S 1 g
f Sqas|

AH ST fF f:R > R, f(x) =x* § GRHMA 81 T8 ST &1 =91 Hife
(A) f THH! T=BRF 3 (B) f 9ETF S=BEH ©

(C) f Thant © T TR &1 € (D) f A df Theb! € R 7 eT=a 2|
oM ST R f(x) = 3x g R wer f: R — R 81 T8 SW g
(A) f The! TT=0RF © (B) f SEUH A=BEH

(C) f Toheh! © W MeoR® &l & (D) f 7 @ Toheh! © IR 7 =0EH 8

1.4 TN SRl WA a9 HERAUTE %o (Composition of Functions and
Invertible Function)

TH IS W BH < Worl o GAeH qel TRdl Tohehl RISl (bijective) e ok
Jfqe™ (Inverse) 1 STEAAT 41| T 2006 i ol a1 (TREF) T e X i TlaT
o 93 5o gl famflel o aqeaa AW R SifSw) 9 w1 wdien o oo 9 g
foremeff =1 =€ g0 Tk e oR fen e €, for feremed wdien & wma oo SR g
T ferEar g1 oAl W o fo e feamnfef o Uet el b1 fawq (deface) ok,
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e Ul Fel 1 Ueh -ehedl Hiohfash =) (Fake Code Number) H &el =al B1 HM
ifee fF B < N 9% Ut ki 1 Gqead 8, 9o C < N GHE Hichfdeh e 1
e 81 399 ¥ Hed f: A Bddl g: B — C o € S %HIl: f(a) = fomneff a
1 T T S R qen g(b) = U R b ! 9_A L A T Aiehfas FeR, g
aRetrg €1 5@ Sl § wer f g Yok foreneff o fow weh Ue e feifa g @
AU He gER Yelsh Uel Fel o T Weh Hichfash e feifa eran 81 o7d: 39 =i
Hedl oF TS ° Yodoh foaneli i 37dd: Uk Hichideh el § Ha¢ Y 5o Sam B
T8 Fefefead giem g gt 2l

aftarer 8 7 ST 7 f: A > Bad g: B — C ¥ %o €1 ad f 3R g &1 FaieH,
gof g Fr&fyd g1 €, 9= wed gof : A — C, gof (X) = g(f(X), v X & A §N
R B 2

A f B 8

(= 2

SETETOT 15 9 ofifo T f: {2,3,4,5) — {3,4,5,9} 3R g: {3,4,5,9} — {7, 11,15}
T w3 YRR € TR £(2)=3,f(3)=4,f(@) = f(5) =53 g@3)=g(@) =77
g(5)= g(9) = 11,4l gof ¥ =ifw]
& =l gof(2) = g(f(2))=9(3)=7.90f(3) = g(f(3)) = g(4) =7, gof (4) = g(f(4))
=g(5) = 11 3R gof(5) = g(5) = 11.
IETE0T 16AfE f: R > RAA g: R — R Hed hH: f(X) =cos X T g(X) = 3% 5N
uftafod © @ gof 3R fog ¥ it fag HIST gof = fog.
T TEl gof (x) = g(f(x)) = g(cos X) = 3 (cos X)? = 3 cos? X. H WdR, fog(x) =
f(g(x) = f(3x) = cos (3x?) Bl e HINT fh x=07 TIT 3cos? X # cos 3% Bl 3T
gof # fog.
3x+4
S5x=7

g R e f:R—{%}aR—{%}am

sargor 17 afg f(x) =

TX+4
5x-3

g% = ‘g’r{rqﬁﬂﬁlﬂwg:R—{%}eR—{%} ¥, 4 fag wifT fe
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a9y T He 15
fog=1,a gof =1, 39 ¥R fob [, (x) =X, yXe A 3R LL(X)=X vXe B, S

3 7| &
A=R- {—} ,B=R- {g} €1 1,72 1 I T AT B R G (Identity)

5
el Fed Bl
T TR W
7 (Bx+4) N
3x+4 5x=7) 2IX+28+20x—28 41x
QOf(X):g = = =——=X
5x=17 5((3x+4)j_3 15x+20-15x+21 41

5x=T7)

[(7x+4))+
7x+4): (5x-3) :21X+12+20X_12:ﬂ:x
5x-3 5((7x+4)j_7 35x+20-35x+21 41
(5x-3)

=6 gaR, fog(x) = f(

@ gof(X) =x, vXxe B3R fog(X) = x, vXe A, e o 98 ¢ f%
gof:IBaiﬁT fog=1,.

saTETor 18 fag wifse fo6 af€ f: A > Bden g: B — CUohe! &, @1 gof: A —> C
Ff ThHT 2

& gof (x,) = gof(x,)

= g(f(x)) =g(f(x,)

= f(x) =f(x,), FifH g THHT &
= X, =X, iR f Thah! &
aa: gof “ff Wohent @1

3aTevor 19 fag ifse 6 af f: A > Baen g: B — C 3= €, dl gof: A »C
ff s B

Tl 9 oifST i Tw Wes 7999 ze CRI goh 3faifd zoh wh qd gfafad
(Pre-image) yeBWWwW%ﬁ'g(y)zz,Wﬁ gmélgﬁw
ye B U A o T 3197 x 1 M 39 TR € o, f(x) =y, i f ==K
21 31: gof (%) = g(f(x)) = g(y) = z F5T&® wmIfor g1 @ fF  gof sr=s©s 2
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SEET0T20 f 991 g UH <} Herl W foER wifse R gof ufwfia @ dqen whe! 21
1 f qu g SAferEid: Toheht 8?2

T W f:{1,2,3,4} > {1,2,3,4,5,6) f(X) =X, v XER TRATTG 3 g(X) =X,
x=1,2,3,47A g(5)=g(6)=538R IRWd g: {1,2,3,4,5,6} = {1,2,3,4,5,6} |
fer shifSTa) =t gof : {1,2,3,4} — {1,2,3,4, 5,6} aieite & a2 gof (x) =X, v X,
e s g © foh gof Woneh! €1 Tehq g Tseden Topehl T 2

IETET0T 21 A gof =sesh €, @ & f e g3 SAferda: oK &2

gt f:{1,2,3,4} > {1,2,3,4} 70 g:{1,2,3,4} - {1,2,3} R fo=r =ifqe, =,
wH: f(1)=1,f2)=2, f3)=f4)=3,9(1)=1,gQR)=27ag3)=g(4)=3.50
ufefyrd €1 Fel et | @1 S Wehal @ o6 gof s 7, fohg f s T 2

femuft =€ Hetua fehan <1 Wehdl @ foh =9 &9 ¥ gof o Toheh! B o1 arcqd @
& f Theh! B B1 TE WK gof SAesIad e 1 arcqd @ fR g eTesee e 2l

319 B9 39 0% o URY H SIS &1 wdian o gaef o afofq e f iR g W St
¥ =R =TT =ed 81 S #1 e X 1 e ¥ §oq ol gl famnefl il wer f
o Sfdiid Teh UeA AR YLM ol a1 € 3R Yedeh Aot el o1 goh faiid ek Wichfdeh
FoR Y Temen S €1 STR YRieh1st o Hodish o SIS WKieTh Wcdeh Hodiiehd ieent
W Hichfah R o GHET WI<lish for@ o a1 o HEied § J&d Hdl 21 S o
TR, g oh foradia gfshan §1I1, Tcieh Hiehldeh Fe il 98 T JH: WA U Fak Y&H
T I € IR TH YohR WIsdlh Hichfdeh HeR o oy, W Jel Fo) & Heiferd gl el 21
A:, f T foada gfsran 11, Toish Ua Fex &l 39 A e arel foreneff ¥ s_a fan
ST B 9 Wiwhish € waiferd fereneff o A feifd e wmar 21 #w @ € R foqen
g, % FISH gNI gof, I i THT, U8d f 1R fh g 1 95 d €, 5 for dgert
gof, &1 faadia wfran #, Teat g =1 fauda wfspen ik fhe £ =1 foadia wfsan e 2

SETETOT 22 0 AiteT TR f: {1,2,3) — {a b, ¢} T Teheh! qN1 ST=56Hh Ho 39
¥R € TR f(1)=a,f(2)=b 3 f(3)=c, d fag HINT f ®er g: {a b,c} — {1,2,3)}
®1 TE eifedea @, @ifd gof = [ e fog = I, W&l X = {1, 2, 3} @I
Y = {a, b, c}%

1 Wer g: {a b, ¢} — {1,2,3} 8 W& g(@) =1, g(b) =2 3R g(c) =3, W fo=w
FITI 78 TS HTT WA ¢ fF 95 B gof =1, X R THHF Fed ¢ 3R
TgH wer fog=1,, Y W T&HE Fed &
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femuft o8 T w921 © for Sudsd S § afvfa aiomm fardt ot wes whent
AT AEBEH Her f: X - Y o fau oot el 21 shaer 9t & eifuqg g@ent foeim
(converse) ¥t T Bl €, @1fd, 4 f: X > Y Th UHN o ¢ foh fonel o
9:Y — X &1 3 30 YR 8 f&F gof =1 e fog=1, f THeT 7o =1
g 1

Suer ufteret, S 22 qen fewell ffafaa ity & fog ofa w2

TR 9 He f: X — Y SIwhuvita (Invertible) HEamal €, A% TH e
9:Y > X 1 e 39 FhR 8 R gof=1_ qe fog=1 I HeTt gkl Ted f b1
Sfaei™ (Inverse) %ed & IR 3§ Tdieh ' g1 Yehe id Bl

37d:, A f IchHoi §, d1 f Afardd: Tehehl qo STresiee el 8 IR faaid:,
IfE f Woheh! AU =B €, A1 f AFTama: Sgehaviia Bl €1 98 q, f i Toheh!
A STeBTEH TG Hich, S[ChATITE FHIUK % § Hewqul &9 ¥ He@sh gl 8, fasi
w9 W 99 f 1 Yiqelq arad § A @l w8

IETETOT 23 0 SifST T f: N =Y, f(X) = 4x+ 3, §N TRAT TH Hor 8, Sl
Y ={ye N:y=4x+3 gt xe N & fau}| fog #ifSe & f Sgcraoiia 21 wfaam
T ot 9 i)

T Yo fhdl W saua y W faar #ifs) Y, &t aRamn g, wid N o fhdt seea

X T y = 4x+3%|swﬁraﬁsfﬁwm%?mrx—(y 33\ (y)_(y 3 e

9:Y —N i wfefi FT 38 THE ot (x) = g(F(x) =g dx+ 3) = L) X+43‘3):X
dar fog(y) =f(g(y) =f (y=3) =4(y_3)+3=y—3+3=y 21 3HY T B

4 4
€ T gof =1, TN fog =1, fSmer A o7 gen f& f ehAvig € R %o g wem

f 1 giaed 2

IEETOT 24 FH AT % Y={n:ne N} cN28I®ed f: N > Y&l f(n)=n
W foem Hifvw) fag Sty for fogeraoiia 21 f =1 gfadm i o ity

T Y 1 UF o9 3109 y, 0o 9 H € Weine N.36H a7 € fF n=fy
W8 g(y) = Jy S uRenfd ww wad g: Y — N U wia 21 e

2022-23



18 o

gof(n) =g (M) = \/n72=naiﬁ?fog(y):f(ﬂ)=(\/§)2:y,ﬁrﬂﬁwﬁlmﬁm'§ﬁ
gof = I @ fog =1 %1 37d: f Hehwvia & e f-'=g.

IEAMETOT 25 AF oIS fF f: N — R, f(X) = 4% + 12X+ 15 g YRATIG Tk e
2 fag ST fF f: N> S, &l S, f o1 qREt 2, Sgepaoi 21 {1 giaetm 6 3
il

T HH ST foh f o IR 1 y Uk e 31Edd 81 SEiay y=4% + 12X+ 15, S8l

xe N. 35Ul acqd 78 € fF y= 2+ 3)? + 6. 30 x=((y+)_3)).
JYy—-6)-3
3, Tk %o g: S >N, g(y)=((y—2)))§mwﬁﬂﬁﬁﬁﬁm|

9 JohX gof(x) =g(f(X) = g(@x+ 12x + 15) = g((2Xx + 3)* + 6))

((\/m)—3):(2x+3—3)zx

2 2

st f[« y-6>—s>]=[z(< y;6>—s)+3j+6

2
= ((yy=6)~3+3)) +6=(\y—6) +6 =y-6+6=y.
s/@:  gof = I TN fog =11 59T e 7 € T fogwhmoia © o f ' = g 2|
IAET0T 26 69 ®ed f: N > N, g: N > N@ h: N> R®R faar ifse s=t
f(x) = 2x, g(y) =3y +4 T h(2 =sinz yx ydel ze N. fag ®ifSg &
ho(gof) = (hog) of.

T TRl

ho(gof) (X) = h(gof (X)) = h(g(f(x)) = h(g(2x))
=h(B(2X) + 4) = h(6x + 4) = sin (6x + 4), V Xe N

EICE ((hog)of) (x) = (hog) (f(X)) = (hog) (2X) = h(g(2X))
=hB(2x) + 4) = h(6x + 4) =sin (6X + 4), wXxe€ N
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T8 T gl © 76 ho(gof) = (hog) o f
g R oues fefa § off @ g 2
TE1aR f: X 5Y,g: Y > Zdm h:Z— S ®ed €,

ho(gof) = (hog)of

Suuf 98 &0 @ € &
ho(gof) (x) = h(gof () = h(g(f(x))), vxin X
A (hog) of (x) = hog(f (x)) = h(g(f(x))), vxin X
37d: ho(gof) = (hog)of

0127 f:{1,2,3} > {a b,c}adM g:{a b,c} > (T, 77, facett} f(1) =a,
f(2)=b, f(3) =c, g(a) = 94, g(b) =TT @M g(c) = foeelt grR1 TR Heri W fa=amr
Hife) fag SIS & f, g 3R gof Sehmoita €1 £/, g! d (gof)! 1a whifsT qen
I ST R (gof) ' = f log ! @1

oA HifSy fo aRamn g f 3R g Ukl ool oW €1 WA ofifeie TR
f-1: {a,b,c} — (1,2,3} 3R g': {44, 7T, faeeit} — {a, b, ¢} 36 YR ufiwfia & o
f-{a}=1,f'{b} =2, f'{c}=3, g'{T¥a} =4q g*{ﬁ"f:}_bafﬁT g {feeedt) = c.
T Fenfd w W € 6 fof =1, fof =1, .glog=1_, oK
gog'=1L,S& D = {¥a T, faceit}| e@, gof : (1, 2, 3} — (¥4, T, facei)
gof(1) = §a, gof (2) = 7T, gof (3) = faeetl g/ wew 2|

g9 (gofy ! : (Ha, 7], fawet} — (1,2, 3} &I (gofy! (@) = 1,(gof)! (%) =2
Al (gofy ! (fareett) = 3 gR1 TR Y Tehd &1 € Tleral § WHIord feman s Heman
2 f% (gofy' o (gof =1, ,, T (gof) o (gof)' =1, 7

T TR T B § fF f, gaen gofsgc—m"mﬂH%
o flog! (@) = f (g'(@M) =f (@) = 1 = (gof)' (T

flog™! (18) = £ (g (%)) = ~'(b) = 2 = (gofy ' (%) Tem
f-log! (faeefl) = f (g (faeeh) = f-I(c) = 3 = (gof)! (fereeth)

3d: (gof)!' =T og™!
Sude qioms ek feerfa § of @ g @)
TG 2 HA AT R f: X > Yddg: Y > Z W kA e €, df gof o
FHIUII B qe (gof)! = f-log!
Suufd gof 1 FehHUE a2l (gof)! = f-log™!, 1 g &H & fau o€ ywIford T
i € R (flog!)o(gof) = I @2 (gofo(flog™) =1, 7
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S| (f-log™")o(gof) = ((f'og™) og) of, T8I 1 ENI
= (f-'o(g'0g)) of, 79T 1 gNI
= (f'ol,) of, g' =i 4RW g
=IX

T YRR, 7% Ao fRa S wehan @ R, (gof ) (F'og ) =1,

SETETOT 28 HH ST T S = {1, 2, 3)81 Fwifa sifsg fo s e aRnfia wem
f:S— S Wfael™ e €1 !, J1 ity afg gHen sife 2|

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

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

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

Sl

(a) T8 WA W @1 S okl & T f Toneh! M=ol B, ST f Sgehoi € qer
f &1 wlaer® 1= {(1, 1), (2,2), (3,3)} =f g0 9= & 2l

(b) FEfE f(2)=f(3)=1, AT f Tehshl &I €, 37 f F[huvid T B

(c) ¥E ORI Yok 3@ T Gehell © Toh f Teheh! G 315 €, AU f Fchuviig
gaen f1={3, 1), (2 3),(1,2)2

| womTaret 1.3 |
1. = ot R f:(1,3,4) - {1,2,5) 9 g: {1,2,5} > {1, 3]},
f={(1,2),(3,5), & D} T g={(1,3),(2,3),(5 1)} 57 57 &l gof ¥
it
2. HH it T f, gden h, R¥ R KT wem 21 fag sifsg s
(f + gooh = foh + goh
(f . goh = (foh) . (goh)
3. gof @ fog ¥ wifsE, AR
O feo=Ixldam gx) =15x-21

1
(i) f(x) =83 qem gx) = X*
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g9y 9 wed 21

g f(x) = (4X+3), thz,a‘rfa@'ﬁmfmrwﬂ . o T fof (x) = X B
(6X—4) 3 3
f 1 yfael™ wer 1 82
N Tigd aqest foh o Frefeiad werl o Jiaam 2:
() f:{1,2,3,4} — {10} S&l
f ={(1,10), (2, 10), (3, 10), (4, 10)}
(i) g:{5,6,7,8} — (1,2,3,4} 5=l
g=1{(5,4),(6,3),(7,4),(8,2)}
Gi) h:{2,3,4,5}) - {7,9,11, 13} <=l
h={(2,7),(3,9), 4, 11), (5, 13)}

fag wifsg f6 f:[-1,1] >R, f(x) = (XJ):Z),?;T{TWWQW%IW

f:[-1,1] > (f 1 TR, &1 FqA™ Hem Jd wifsm)

(Wehd y e IRER f, o foq, -1, 1] %k forell x =6 3faia yﬂ(xﬁﬁ’a‘uﬁ

2y
R

f(x)=4x+3 BN U84 %o f: R » R fa=ur &ifvw fag =wifse & f
FhAUE Bl f 1 Fiacld %o 1wl

f(x)=X+4 BN 987 %o f: R, — [4, «0) W fo=R sifsw) fog sifeg fo
FHAUNE T e f w0 ufadm £, fy) = \[y—4, 50 W« @, 5@ R,
Gofl BRIl GEmst &1 e 2

f(X) =95 +6x~55W ¥&d ®er f: R — [ 5, o) W o=k SifSu) firg wifsg

5 f oJehHuiE B aun f(y)= [@]%|

3
A AT & f: X - Y T Fepavia wed 21 fag Fifse &5 f 1 gfaam
HeH A (unique) B (Hohd: heudl HIfST R f o < 9fqam wed g,

qem g, 81 7@ Wl ye Y T fog,(y) = 1,(y) = fog,(y) T1 7@ f & THE O
1 T )
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11. f:{1,2,3} > {ab,c},f(1)=a f(2)=baeNf(3)=c. 57 ¥&d Her f W for=R
HIfT - T Sifeg 3R fag wifse o () '=f 2l

12. 99 Wit 7 f: X — Y Uh gerauia wor © fag it {6 £ &1 gaeim
f, & araiq () =f 2

1
13. IR f: RS R, f(X) = 3—x>)3, g0 U84 ©, & fof (x) TR 2|

(A) (B) x° © x D) B-x)

Xg
14. mﬁﬁq%f(x):%mvﬁﬂﬁﬁwwfm—{—%} —RBIf &

e, s a (Map)g;trﬁmmn_{—%},ﬁwﬁrr@aﬁm

BRI OIS BA:
__3y __4y
(A) g(y)—3_4y B) 9 13y
__ 4y _ 3y
(©) g(y)—3_4y D) 9y I3y

1.5 fg-amendt Wisra@ (Binary Operations)
3T Wpa oF Al § € o9 IR go |ihAnetl, Ha: arT, SR, O 991 96 9 aRfed
81 goh &1 3 diepanstl i ge fasivar 78 € fF 9 & 7 demsti aden b, 9 g9

. a . .
9= a+bam a-—bat ab=n B,biOﬁ'{WT&' (Associate) F 2 B TS 9 AL
FIT o, TF T3 o, Shaet 1 FEAd & SIS A O HT S Gehell 71 S ©H ol
TSN i S HI Evghdl el §, A 80 Tl & st &l wied § R 9
TRl 1 TRy A Wen o wig 3d €1 o 9N, Ton, S den ot fgenrd wimen
o SR ¥, iR R’ 1 a1ef ® ‘< emuR aredt’| Ak w9 s sAme uieam
=Ted ¥, foram =g =R wiemand «f on Wt ¥, 9 e gemetl o 9= o wH W TH
wWes g X oAl =ifeT iR a9 =aqe ®9 § TG |, o o 1 s,
X o < Sragel aqdb® X o € et st § Hag e €1 3ud frefefea s
TR g B 2
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g9y 9 ®wed 23

ufterrr 10 frdt wqeem A H U fgenurl Whea +, Tk hor s AxA o> AR B
*(a,b)ﬁ a*b@ﬂﬁ?ﬁﬁﬁ%l

3aTevur 29 fag Hifee fF R @i, o @R Ton fgenu gfeard €, fhg wm R A
fgenemd diemean =1 21 @ € fag SISy foF 9 B arsdfos g@net o g
R ¥ fgenemd @fwan 21

kS +:RxR >R, (a b)— a+bgw uRwfa €
—:RxR >R, (ab)—>a-bgx qiwf &

:RxR >R, (a b) - ab g R €

FfE 4+, = S ‘x’ Hed ¢, 3d: I R fgamardt w@fwand &)

X

g +:RxReR,(a,b)—>%,@W‘l%°f%,ﬁﬁ b=0% fau %
afRefia =2 2

demfd + R xR, — R, (a,b)—>% BN R Tk wer ® iR gHfer
7% R, W UH fgemar wiE 2
SaET 30 Tag FINY foF @ (oTaesher) qen 9 N ¥ fgenrd fwan =2 21
g1 —:NxN->N, (@ b) »>a-h, 57 760 T fgenemd wipan 7 7, wifw

% A (3, 5) & Hfdfdd 3-5=-2¢ N. Q'HPTW,+NXN%N,(8,b)%%

mm@ﬁmmaﬁ%a@ﬁ‘#&m@ﬁwm3+5=§e N.
saTevur 31 f9g FiST fF«: Rx R > R, (8, b) > a+ 402 510 4&d T fgemamy
Hewan 71

Tl %+ T&F T (@, b) T R & Tk 3Afgda 3999 a+4b> T o 9T €, o7
«* RH T fgamrd wfwan 2

SETET0T 32 AF AT fF P, fordl yed 9eea X & 99 3U 9g=dl 1, 9= T
fag =+ 6 U:PxP 5P (A,B) > AUBGEN W™ @ N:PxP P
(A, B) > A N B g RIfa wer, PH fgememd wiwamd 21

TA Hifeh Afmed g (Union Operation) u,PxPa?EIF\’iTm"TT[ (A,B)®I P
T AfgdT e A UB d% o S, 38T U, 9g=a P H U fgenurd wfeen
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21 3l YR WS (Intersection) HfHaAT N, P x P o s I (A, B) i P& Tk
g e/@@a AN B @& o Wl ®, U N, Geea PH U fgenerd wiwman 2

ST 33 fag RS & (a, b) — Afs®ad {a, b} g0 IREMA v : RxR — R
(a b) — =18 {a, b} g0 9RHIfid A : R x R — R fganemd d@fwand 21

Td ik v, RxR & T&& I (a, b) il I9=9a Rk TH Al fe@d, 7Ha:
addl bH ¥ Afehan, W o ST 8, 3qud v T {g3Nar |ihan @ 56l Yo o den
SN TE el S Hehdl € o A off W Tgenud wiwan 2

et v @4, 7)=7,v @, -T)=4, A4, 7) =470 A4, -T)=—T%|

vo frdt ugeed AW SfEFel 1 GEN %U el €, df 86 uqead AW Uh
feenurl |l + 1 Th AR R e Y Tehd ®, T8 Hiewan « &1 Gihan |
Fed 21 Seened A={1,2,3) W fa=r Hiful 99 3eE 33 | i A e

v Frefafea arofl (IRof 1.1) g0 =59 i S Ghdl ¢ T8 S areft v (1,
3)=3,v (2,3)=3, v (1,2)=2.

o 1.1
Vv 1 2 3
1 1 2 3
2 2 2 3
3 3 3 3

¢

Tei Gferan groft & 3 ofeqal qen 3 ww ®, (6, ) gfafe aq=a A®
id den jo erEHel W W stfushan el €)1 SUhl Uil fRE off " wfmen
* 1A X AaAaw‘fwzﬁo‘mGlTW%l?Tﬁ{A:{al,az,...,an}%ai@cm"mﬂmfﬁﬁ
n ufear qem n TET B e (i, ) vfafte a + a Bl focimd: nufear qen n &
a1 W< feRelt wifoRan TR, frwent yedw wfafe A= {a,a,...a,), 1 TF 1609 T,
& fou g0 s fgamad |ima o« A x A — A TREIfYd T Ehd B, 39 UHN R
a * a = T Froft F id 9 qen o T w1 wfafe 2

B0 A2 hd € for 3 e 41 foRelt off %0 (order) o W€, URom (FTdet) w@H
T €, AU 3+4 =4 +3, g 3 A1 4 %I s2H | fafa=1 ww fafa= afom <d 2,
AU 34 %4 — 3. TH THR 3 TN 4 oM HH § HH Hewyul el g, W 3 a1 4
o o fafe= o fafa= aitom < &)1 era: 3 e 4 1 =1 qen qon el € fohg
3 1 4 1 A qT 9N AL B| SR qen WM & e g foe ggar € ‘3 |
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T4 TR A4 T W3 IR AU 3 4 T 9T HIGT AT 4 BT 3 F AN Hifew|
o9 frafafad 9 o B 8

it 11 o= X § U fgenard G « wHfafma (Commutative) el 2,
a5 9% a,be X & faT a*b=bx* azll

318707 34 fag #INT fF +: Rx R > RAA x : R x R - R wAfaH0 = fgenamd
Tfpamd 7, W —: Rx R > RTM +: R xR, - R Hafatma 72

FAFNG a+b=b+adM axb=bxa yvabe R, 3[TA + 0 ‘x’ FHAGHET
e WRFATd €1 qefa ‘— Fwafara T8 §, FR 3 -4 24— 3.
T YER3 4 24 = 3, FoEd T gl @ fR o swafatwa 118 2

sarevur 35 fag wifsT f& a* b=a+ 2bgr 9Refoa # : R x R - R &wAfafma
T B
TARIR 3%4=3+8=113R 4%3=4+6= 10, 3C: Hpa * HAMGTHT &l 2|
It &0 T=ag X & dF oreFEl s X H uRenfya fest fgenemd @i & gr
Hag & dRd 7 Al Uk wWifas SEE I3dl Bl FSd a x b ¢ e
(@ b) % c 31 a* (b * C) Bl Thal & R IS I ASF, ALIF &l ¢, T T
Bi1 SN (8 — 5) — 2 # 8 — (5 — 2). SHITT, i< HeaA 8, 5 3N 3 1 fgememdy dieman
‘SRl o g Hay 31fEH § S qek ok Sis® (Bracket) w1 GANT T TR ST
W A T R, 8+ 5 + 2 1 HH WHM Bl €, W W W (8 +5) + 2 el
8+ (5+2)THR 9 foad| 3md: diH a1 dF W sifures gt &1 4 &1 g9ihan g™
Gerer, fer shisahi o WA fR off, srefgqel 21 sow frefefea oRemn g eidt 2
uftarer 12 T fgemamd Gferan #: A x A — A @9 (Associative) Fegarrd 7, Afe

@*by*c=a=*(db=*c), ya b, c e A.

SETET0T 36 Tig wifse for R 40T qen on "= fgenur wiwand €) W=y =eeher
g 9 R H He=d @ 2l

AN q o "= €, it (a+b)+c=a+ (b+c)d™ (axb) x c=ax (bxc),

v a,b, ce RT| 9y 3fa¥ qen 91 9= 76l ©, itk (8—5)—3#8—(5-3)qe

B8+5+3#8+(5+3).

3EET0T 37 Tog ®iSY % a*b— a+2bgW W89 #: R x R — R ¥@=d & 2l
(8%5)%3=(8+10)*3=(8+10) + 6 =24,

SR 8% (5%3)=8#(5+6)=8* 11 =8+22=30.
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froguitfadt fgsmard gfwan &1 e o 59 o1ef | o1 wewel € fF 7w =iee
a +a .. +a fo@ whd €, Fifw w0 o & wRw 9% Wiy T W S 8 Wy
T U o A9 H, FF a, * @ % ...+ & WL (Ambiguous) W §, 5 T TR
SHISSH T JAN A fohall S| TR0 HIFSC o qeadi wanstl |, 5 el 3T a1 90 &l
Tferamd 1eren ek § 31fush WAt G 1 TE of, 9 hissehi 1 JENT foRar T ol
R fgenerdt wfipan ‘+' @ wefud G&a 1 (zero) 1 Tk ek forgioan o8 & fof
a+0=a=0+a, v ac R, 319, fordt «ff Ten ¥ 3= 1 Sied W 98 e smfafdd
T B R N T feafd o 9w iR (Role) T&A 1 §NT &1 HI ST 7, Fifh
axl=a=1xa, v ac R?| 399 Frefafga aftamw g et 21
uftarar 13 forelt e femum GfRam «: Ax A > A, T, T sadd ec A, A%
ELE W%,W (Identity) Wﬂ%,ﬂﬁ: are=a=ex*xa, v ac Agl

a1 38 fag FfST fF R ¥ 31 (0) =T o1 dcqush € T 1 701 1 dcdHh 21 T’y
Tfepaest —: RxR 5> R3W +: R xR — R & w0 % dqusr staga 7= 2

T a+0=0+a=adlN axl=a=1xa yae R& acd ? fF 0 a1 1 %Haw:
AU X, o qHeh 3TeFd B WY & RY U@ wiE o e 7@l ® T a—e=
e—a vac Rl s 7R 3% R ¥ % W o999 el foa wwhar € f&
ate=e+a yac R I @ = q = % qGHF g9 Tl A

feoguit RE 3 (0) o9 diewan 1 acqdeh €, fohg o8 NH o Gferan 1 qogmes e
2, Hifh 0¢ Narkga § N¥ &7 Gfha1 &1 &I qoemeh el 8l 2|

B0 QA: 3@d € fh oF Wi +: Rx R > R fau, fret weiae R
Heiferd Rff—a?m"rairﬁ?lc—ors“aw%%a+(—a)—0(‘+’ma—{:maﬁ)=(—a)+a

sﬁWRﬁwaﬁwém WmaeRa;ﬁo@wﬁm%ﬂRﬁ ﬁ

sﬂuao‘r{ﬂﬂﬂaﬁ%ﬁaxg—l(x ?m"ra—{:mm)——xazh sﬂ@ﬁl—rn%rﬁaauﬁw
W Bl 2

TROTHT 14 A ¥ THHh 699 edlel Th USd [geMd |hRal #: Ax A - A% fag
fordl sta@d ae A @ Wiwal « & G § Johuviig wed €, 9K A H T UH ST
b e & fha*b=e=b+*a® @ bl as Ufdad (Inverse) Fed 8, ol
Ttk a! g Feld i €
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Ty T ®ed 27
SaTETor 39 fag i ff R¥ oF @fean <+ o faw — a1 gfaeim a® SRR H
Ton EiwA x’ % fau a0 w1 iy é 21
A FHifk a+(-a)=a—-a=0dq (—a)+a=0,3G@T — a ¥ Gwa o faw a

wuﬁwﬁn%|w°rw,a¢o,é€maxé= =éxa,1%mwaﬁqa‘a€‘%ﬁé
o WiwAl & fau a w1 gfaem 2
SaTEToT 40 fag FIST fF N§ o9 9fan '+ o ot ae N &1 gfaei| —a &

R NH on @fepan x’ o faw ae N, a¢1muﬁaﬁéﬂﬁ‘%l

TAHNNF —ae N, AT NH o9 Gfkar & fau as gfde™ — a &1 & Sehar @
Taf —a UfdEY a+ (—a)=0=(-a) +a Gg< Hl &l g FhR, NH az 1

WéeN,Waﬁ%%ﬁléaﬁﬁaﬁN&W%ﬁwaﬂmN
H Ton Gfeer o fo = e 2
ISR 34, 36, 38 991 39 W TR il ¢ ToF R o Hiehan shafafwa qen ae=d

feenur dfwan €, foew 0 dcmes 31@9e 9o ae R, v ahl Siqei™ 3&9e — a gl
2l

[ wrgraret 1.4 |

1. Tuife =ifsw f& @ fafafed yerR 9 oRafva g 9fea « 9
feamumd Sferan o Bt © A1 ET| SH <90 § S o+ Uk fgenum wiwan T 8,
sifaer off gqaEy

(i) Z+ ¥ a*b=a-bgw aRftm dfswan =
(i) Z*¥, a*b=abgW TRwG Ffkan =

(i) RY, |fan =, a*b=ab® W uRefya
(iv) Z+¥, gfan *, a* b=la- bl g7 aRefya
(v) Z+ ¥, I «, a*b=agm aRkwfa

2. Trafafea ol g fgenam 9@fean « o fau fAuifa wifse o =
feamemd swHAfaf™E & qen = « ge=d
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(i) Z ¥ a#*b=a—bgr gRefia
(i) Q H, a*b=ab+ 1gw uRefa

(i) Q |, ax* =%§W‘Tﬁﬂfﬁ|ﬁ

(iv) Z*H, a*b=2% grr uRefya
(v) Z* H a*xb=a gr uRefya

(i) R—{-1}H axb= ﬁ g gRenfa

3. "= {1,2,3,4,5}H a A b="T11a9 {a, b} g0 ufenfya fgenad @i w
foar wifsw) gfwen A & foau w@feran arof fafag)
4. == {1,2,3,4,5) H, fafafea wfear aroft (IRt 1.2) g7 aRkefa,
fgamml gfhan * W fo=ar Fifsw qen
(1) (2% 3)*47qH 2 % (3 * 4) hl UReha HifaTl
(i) M * FEfETTHT 27
(iii) (2 * 3) * (4 * 5) 1 IReheTd hitery
(Gehd: =1 |Reft =1 9= Fifeg))

R 1.2
o 1 21 3| 4] 5
1 1 1 1 1 1
2 1 2| 1 2 1
3 1 1| 3 1 1
4 1 2| 1 4 1
5 1 1 1 1 5

5. A oifaq fe §==a (1,2, 3,4, 5} ¥ TH gl @i+, a+ b=adel b
%1 HCF g/ ufRefia 21 @1 |iepan « Suge w9 4 § uftfoa wiepan « o
A 8?7 3199 SW 1 SAifac ft sdersu)

6. A ofifee fos N U fgsmemd @i +, ax b=ada ba LCM g/ aRenfia
21 Treferfed o it

() 5%7, 20%16 (i) = GiHT * HAEEET § 2
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10.
11.

12.

13.

a9y U9 Hed 29

(iii) = * FE=d 87 (iv) N % o qcg0e 37999 T HIrT
(v) No & § o@gd * Gl & forg ogepmoia €72
F A= {1,2,3,4,5) % a*b=adab® LCM §R IRIbG * Th
fgemumdt wiepan 22 o1 S o Sfifaed ff Sdemsu)
7 efifee fF N # a* b=ada b HCF 1 9Refud we fgemard dfshan
21+ HHEHT 2 1+ Wewd 22 0 NH =9 fgenadt wiwman o qoaueh
1 A 872
M e for 9o demetl & 9g=ad Q # fefafed YR & R« T®
feamemd wfewan 2

i) a*b=a-b @ a*b=2a +b?

(i) a*b=a+ab (iv) a* b= (a-b)?
ab

(v) a*b=— (vi) a* b=ab?

4
I FHIE foF 399 ¥ Fi9 G Gt wAfEHEE § $) S 9wed 7

eq 9 H &) T2 Gferwst § ford) 1 acgues §, 98 ddesy

A AT FFA=NxNT de1 A¥ (a, b) * (c, d) = (a+ ¢, b+ d) gr1 gRenfa
s fgemurd G ?1 fag FIfST &%« wufafma aon ge=d 31 A S « &
A 3ToFd, A HE 7, A 9 R
Faesy, fom @ frfafad we g € =1 s €) eiifaer ot aqemsu)
(i) 99==a N¥ fodlt ft == fgemardt wfkan « o faw a*a=a, vae N
(i) TE N * Th Ay fgema G €, @ a*(b*c)=(c*b)*a
a*b=a'+b TR ¥ IRwfa N # T fgenamt fepan + W fo=m wifs) s@
frfafed § o 98 IW 1 T4 FHiS
(A) * HE=d qen Hufatmg aH 2
(B) * sutarma 2 fohg we=d el 2
(C) = dre=d € fohg wufaf™a & 8
(D) *4 df swafafma g ¢k 7 e @
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fafasr 3ergvor

SETETUT41 AR TR, T=IA AH oo ey €, a1 fag #Ie fF R, AR, Ft T
ool Had 2

Tl fw R T R, T HaY € T (a,@) e R, T (@, @) R, yae A T
™ 8 7 (3, @) e R,NR,va a9 fag g € &% R N R, =g 8 T:
@bye RRNR,= (@b e R TN (abeR = (baeR T (baeR, =
(b,a) € R, "R, 3/: R MR, FAHT 8 38 ¥R (a,b)e R, "R, T (b,0)€ R MR,
= (a,0)e R, T (3, c)e R, = (@0 e R "R .38 fag & & fF R "R Twmes
1 #1: R,NR, TH Joaal Hae 2|

IEEI0T 42 AH ST T 9=ea A H ¥ quiiehl o fad g (ordered pairs )3T

T Y R, (X, y) R (U, V), I 3R sheaed afE, xv=yu g0 afwfia 21 fag s
foF R T qoaa dee 2|

T TREAT (X, Y) R (X Y), v (X Y) € A, FifF xy=yxel 399 &< a1 & f& R
wWaed B T (X Y) R (U, V) = XV =yu = Uy = vx 3R gqfeT (U, v) R (x, y)B1 399
T g € T R @ufid @1 6 WhR (X, y) R (U, v) @91 (U, V) R (a, b) = xv=yu

b a
q ub=va= wi=-yul= X =W = xb=ya 3R zEfaT (x, y) R (a, b)El
u u
AU R Gk B 37d: R T qoadl Hael 2|

SEETOT 43 A WS R X = {1, 2, 3,4, 5,6, 7, 8 981 AF ofifey f& X o
R, ={(xY):x-yHE&N 3 ¥ 94 2} 5 UIW Th Fael R, T T2 R, = {(%, Y): (% Y}
{1,471 {x,y} < {2,5,8} A{(x,y} < {3,6,9} 51 ¥4 X H T 314 Tael R,
21 fag s & R, =R

el Al HIfT R (1,4, 7}, {2,5,8} T {3,6,9) T=adl | ¥ Y& 1 Alqareror
(characterstic) 7€ € o s7op fordlt ot 1 Sfoeel w1 3@ 3 1 Th O 21 @fIq
(X, y) € R, = X~ yq&A 3 & 0 T xylc{l,4, 7T {xy} {258}
Xy} c{3,6,9) = (X, y) e R, 3W@: R, cR,. 3 ¥R {X, y} € R, = {X, y} C
(1,4,7) W {x,y} c{2,5,8} AM{X Yy} = {3,6,9} = x—yHEA 3 Y 9T = {X Y}
€ R.399 W= &l € fF R, cR.@: R =R ?I

IEETOT 44 0 ST fF f: X > Y TF %o 21 X ¥ R={(a b): f (@ =f(b)} g0
USd Uk Hee R Refyd i) Sifew R 9 R T qoddr de @)
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& Yo% ae X o 0T (a, @) € R, Fifw f(a) =f(a), @ TI= ga & fF R @qed
21 36 YR, (3, b) e R = f(a)=f(b) = f(b) = f(a) = (b, @) € R. THfT R FAMHA
21 I: (@, b)e Ra (b, c) e R= f(a) =f(b)an f(b)=f(c) = f(a =fc) =
(a, ©) € R, T@eht arcad ® foF R Wik 21 37: R T qoadl Gad 2

SaTEtuT 45 Truifta Sifse for aqeaa R wew frafafaa fgenard diwanet § 9 s
o = § 3R %A @ wafatTg g

(a+b)
2

(a) a*b=1,Vv abeR (b) a*b= v a,be R

&'

(a) TI=AA IR G a*b=bxa=1, yva be RTY & (a*xb)*c=
(1xc)=17aam a*(b*xc)=a=*(1)=1, v a b, ce R R TRTI a0
FHHfEHE <A B

a+b b+a
(b) a*b=T=T=b*a, V&beR,mﬁwm%ﬁ*Wﬁﬁﬁq
B
(a+b)
(a*b)xc= * C.
2
a+b re
: 2 =a+b+2c
4 2 4
forg a*(b*c):a*( +C)
a+DFC
_ o) :2a+b+c¢a+b+2c(qmmﬁo
2 4
Iq: + We=d 7l 2l

SETETUT 46 =9 A = {1,2,3} ¥ @ q% |l Toheh! ol o1 W& FG HITey)

T {1,2,3) ¥ @F d% Teheh! el ohadl oI Fdlehl 1, 2, 3 %1 HE=Ed B 3d:
(1,2,3} 9 @& 9% o gfafasl (Maps) &1 el &A1 09 Tdiehl 1,2 , 3 o wA=dl
F P G & e e, S fF 31=672
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IEETOT 47 qH SitST o6 A={1,2,3) 81 a9 fag HifeT f6 T8 ool &1 g =
g, f (1, 2) @@ (2, 3) € @R S wIqed a1 G df € fohq @i &l 2|

7o {(1,1),(2,2),(3,3),(1,2),(2,3),(1,3)}, (1,2) T (2, 3) AaTal Grell 98 qad BT
Tee R, ®, S WIged qn et ¢ fohq TAfoa 96 €1 o/ ARk R W W (2, 1) F@
g, @ T Hew R, 379 Tqed q91 Ttk € W WA € €1 TH TR ¥ R,
# (3,2) @l o R, W X Tkl €, Fomw erviee wqorerdd €1 wenfa 5a R, # foRel < gt
(2,1),(3,2) N Th FH (3, 1) HI T o1 Gehd B, iR LA i T BH, Heh[Hehdl
AT @ o fou, 919 979 i o o forg a1ed gl ST SR 39 qiehan gRy e Heie
Ttd off g e, S et T 21 or: endfie wedl i el g i B

saTE Ul 48 fag ST ff === (1,2,3) | (1,2) e (2, 1) Fl i HH o
qoal Heell 1 HE 2 2

T (1,2) TA1(2, 1) Sl Al HE o1ell T8 B gl e+ R, {(1, 1), (2,2),
(3,3),(1,2),(2, 1)} 81 19 et 4 ¥, FHa: (2,3), (3,2), (1,3) (3, 1) 99 5= &
I &9 70 © foRdl Tk I, S (2, 3) ® R, H Sdafde ®wW T, @ wuiad o o
g9 (3, 2) ®I ot T =W, W & HshAkal =g 89 (1, 3) @A (3, 1) H TH H
fe e 2 o1a: R, ¥ 991 Joddl HaY Shad Wi WY 71 THY T g € R
(1,2) 9 (2, 1) 1 SHafde & ol qodl Gaei i o G & 2

IETETUT49 Targ HifSe fof {1, 2) ® U fgenur wiswmanet o) Sen shae w8, formen
ToqHE 1 7 den foger sfarfa 2 o1 gfaam 2 2

e (1,2} W g fgememd d@fman +, (1,2} x {1,2} 9 {1,2} ¥ T e B, 7fq
{(1,1),(1,2),(2,1),(2,2)} B (1,2} T TF el Fifh s1efre fgenad dfwan « &
U qomeh erEEe 1 €, s x (1, 1) =1, % (1,2) =2, % (2, 1) =2 3R W (2, 2)
% oI 21 el forshed 91 W@ ST ©1 STk 2 1 Wiaelm 2§, SEferT # (2, 2) STavas
®q Y 1 % S0 2l 3d: e fgenard wiwaed &1 gem shad U 7

SETET0T 50 T8 H e Ferd I N > NW fa=r Sifse, st I, (0 =%, yxe NN
uftafia 21 fag Fifsm 6, 7afa 1 sTesRs @ frg frefafad yer @ affod wer
I,+1 : N — N TsT® T&f 8

(I + L) X =1 (X + I (X) = X+ X=2X

T Teadl [ s § fhg I+ 1, STesesw € 21 i W geud N o
TH HIF9 3 o GHhd ¢ foeh forg wid N ¥ fordft U@ x &1 sife 46 © T
(I, + 1) (X) = 2x = 3 =
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Ty T§ ®ed 33
3IAT8L0T 51 f(X) = sin X G 9&d Werd f: [O,g:l%R q9T g(X) = cos X G U Theld

g:[O,g}aRﬂﬁWﬁmlmWﬁfH%Tgnaﬁlﬁ%,q'{'ﬂhgmﬁﬁ
2

Tl it [0,%},65 D fo-faet ste@al x, 9o x, % U sin X, # sin X, @
cos X, # cos X, THIAY f To1 g I € AewAF FY W THa! &1 WY (F+g) (0) =

. T e 4
sin 0+ cos 0 =142 (f+g)(§): sm5+c035=1 HEE R gqéq—qﬁ T ®)

T 1 ¥ fafaer goaraet

1. AF &ifSe fF f: R > R, f(X) = 10x + 7 g1 GRHAMG w81 Tk TE Hod
g: R — R HifSw f@er @ gof=fog=1 7l

2. WA AT fF f: W W, f(ny=n— 1,3 nfaem € @1 f(n)=n+ 1, n
Tm 7, g uRefa B fag SIS o f gepaoiia 1 f 1 gfaets @ Sife)
el W THE Uikl 1 qg=a R

3. A f: R — RIE f(X) =X — 3x + 2 1 GRHAME © d f (f(x) Ia Hifsa

4. fag wIfST fF f: R > {xe R:-1<x< 1} 5= f(0)= ,Xe REM

1+ X1

IR e Teheh! el ST=0E® T

5. fag iS5 f(x) =x* g 9&9 we f: R — R Tk (Injective) €l

6. A HeHl f:N—Z T g: Z — 7 3[BT S 39 TR 8 Tk, gof
Theh & TG gTchsh el 2
(Feha: f(x) =xae g(x) = Ix| R fo=m =ifaw))

7. A wedl f:N - NTM g:N— NF [0 T, St 39 TR & 6,
gof eTesR® ¢ fohg f s &l 2l

Xx-1,x>1

(Tehet: f(X) =X+ 1 qe Q(X)={ 1 yop W frem i
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10.
11.

12.

13.

14.

Tfora

. T e S X e gen B1 PX) S R X o W SudgeeEl s g

2, W fomr ifsy Frafafed @@ 9@ PX) § T Hay R aRefid i

P(X)® Sueg==al A, B fa, ARB, 9% #IR shaet o€ A B 81 @1 R, P(X)
H U Joadl G 27 310 S H1 i off fafau)

. foreht =T oIfea w==a X o fau us fgemamdt 9fshan = . P(X) x P(X) — P(X)

W foeR #IT, St A #B=ANB, vA, B e P(X)gRl qRefid &, &l P(X)
T X 1 S Geed (Power set) €1 TG ISy for g9 wfepan =1 doameh
e X ® 91 Wihal o fou P(X) ® sheel X SHehAvig 3e7d €l
=4 {1,2,3,...,n} ¥ 9 T °h T oS5 Hedl i Gl Aq iy
oM oifeg o S={a, b,c}dam T=1{1,2,3} TISHT s o feAtetiad werl
Fo fofq F' 9@ shiferg, afg sees st 2:

(i) F={(@3),(b,2),(c D} (i) F={(@2), (b 1), (c, D}
a*b=la-bldem aob=a, va be R g gftemfog fgsmumdt wfewanen
#:RxR—>RdIMo0: R xR — RR fo=r #ifvu| fag Hifse fw « wafafm
2 W "ewd T €, o WEwd € Wy wutatme 6 81 g fag ity o e
ab,ce R% faT a* (boc)=(a*b)o(a*c) e [aR U@ el €, @ &7 Hed
® o wfean « |iewan o W fordafid (Distributes) Bt 21 R o Wigwan + X forafi
Bl €7 39 ST 1 e ot aaqensy
et e 31fied Ig==a X & feaw AF <fifse &+ : P(X) x P(X) — P(X), <&l
A*B=(A-B)U(B-A), vA,B e P(X) g0 uRwfiq 2| fag sife for e
T (), HiHA * BT qodHF ¢ 9 P(X) & G AT A kUi ¢, 39
TER fF A=A . (Fhd :(A-D)UO-—A)=A. TN (A-A)UA-A)=
A x A =0).

Frfafed TR @ 9= {0, 1,2,3,4,5) ¥ T fg3merd diehan « aRefia it

a+h, gk a+b<6
axb=
a+b-6, I a+b>6

fag FIfT fF 7= (0) 39 Giran &1 qcq9 € qe1 Gg=ad HT Gk 379
a0 IehHAIA ¥, 38 YHR T 6 — a, a & dfaeim™ 2|
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15.

16.

17.

18.

19.

g9y ©@ w35

H e fF A={-1,0,1,2},B={-4,-2,0,2} 3R f,g: A - B, %

X—%‘—L X e AgR R ®er €1
f qen gEEE €2 3 SR 1 it off SR (ekd : e wifey fm 9
%o f:A—> BAog: A — B EAH HEal € 4% f (@) =g@) vae Az

e A={1,2,3} 8 @ U@ Gae T erea (1,2) @@ (1, 3) 8 IR S wged
e THiHa € fohq WeptHeh el ®, 1 Wew ®

fX)=xX—x, Xxe AT 9(x)=2

(A) 1 (B) 2 < 3 (D) 4
e A=(1,2,3} 8 @ Fed (1, 2) 9Tt qoddl Heel w1 @ 2
(A) 1 (B) 2 < 3 (D) 4

oM ST fF f: R — RE @ Frefeiead yer o uitenfid fogd we (Signum
Function) 2
1, x>0
f(x)=40, x=0
-1, x<0

dM g:R >R, g =[x, 5N Y4 TEWH YUl Fed €, Sl [x], X &7 @1
X SR qUiish ©, al 0 fog qem gof, 3a¥el [0, 1]H HU (coincide) B2

e {a, b} ® fgened wiwenet w1 gen ®
(A) 10 (B) 16 (C) 20 (D) 8

RIS

TH AT H, BH fafad] YR o e, wedl qen fgemamdt gfeansti =1 s1ezem foman
21 39 e ) g fava-ayg frefafea 2:

*

*
*
*

X H, R=¢0cXxX 50 74 "+ R, faa gaier 2 21

X ®, R=X x X §N US4 Gad R, Hrefaeh dael 2|

X ¥, T g fF yae X, (a a) € R, @ Gae 2

X ¥, 39 YR &1 a9 R, S Ufded (a,b)e R %1 ac9d © % (b, a)e R
I Y= e & wahE e 8

X #, gfqad R, (a,b)e RAA (b,c)e R=(a,c)e R va,b, ce X &l FT=
T ATl HaY R HehlAeh dad 2|
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*
*

*

*

Tfora

X ¥, G R, S Wiged, Gafd q Tk ¢, qoddl delel ¢

X o, fordll goo@ a9 R o faT ae X & &M@ qoadt & [a], X 1 98
STE=a § f5geh gt sread a @ gefua &)

Tk HoH f: X — Y Tohehl (31%e1 Toheh) Tel o, RS

fx)=fX)=x =%, v X,X € X

Th Bod f: X o Y ATeSIEeh (AT ATBET) Hor ¢, I Fhdl g5
yeY,Ixe X, 39 IR T f(x) =y

TH WE f: X — Y Uchehl AT 3TESTEeh ( AYST Uehehl ATSSTET ) Herd
2, A f Then! 9d1 3T=SH I =

W f: A—> BAglg: B — C & ®aieH, %o gof: A— C®, St gof (X)
=gf(X), vXe AER W1 I

TH Her f: X — Y SFSRAYIE €, 4K 3g: Y — X, 39 TR fF gof = 1 a2
fog=1,.

T o f: X — Y SehAUNE ¢, 3% IR Sheel IS f Teheh! qe1 T=aTeh ¢
frdt wew URfia wgesa X & folq ®wed f: X — X Thehl (dER
ABEF) B, AR SR Feaw AR TEORE (TWHER THET) B T
foreht aftfira wqe=a o1 femerfre qorerd (Characterstic Property) €1 7€
ARG T== o Ty g el 2

AT TF fgamemd Spai«, Ax A ¥ ATH TF Hed * ¢

T 9T ee X, fGamemd SR # 1 X x X — X, & aHe 3699 7, AR
axreza=e*a yae X

HE TS ee X fgamemd @fpa +: X x X —» X, & fou erwvita
BT ®, A TH WH be X o Ak 8 6 a*b=e=b*a? &
e fgemurd wfepan « &1 dcawer B e1@Fd b, a1 UideW weera ®, 5
a' ¥ frefrd & 2l

X 1 Wk Hiha *, wHGEHET € 9 a*b=b*a yvabe X

X ¥, Th Hipan + @Eed ® 4€ @*b)sc=a*(b*c,vabce X
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a9y T He

Uferfaes gyl

T i Heheddl, R. Descartes (89 1596-1650 5.) ¥ YRH &1 &Y Th @dl
et o faenfd g¢ €1 Descartes 5 1 1637 2. ® 310t wigfafd “Geometrie”
Y v ‘Bod’ R YA, SAHAE o5hi, S sAfqweeE (Hyperbola), qRee™g
(Parabola) T2 JEigd (Ellipse), Tl STEIA hid §HA, Teoh =< UM X °h &7 Ulh
o x"oh 31 H fRam ol James Gregory (91 1636-1675 2.) o oTut hfd “Vera
Circuliet Hyperbolae Quadratura” (81 1667 %) H, e i Teh T AT 9 o,
S Tt 3T ¥ WSS 1eqan 31 Hishansti shl SR WA hid | W Bl
g1 9§ § G. W. Leibnitz (1646-1716 ) = 1673 € ® fafaa st wigfafy
“Methodus tangentium inversa, seu de functionibus” T 9% ‘o i TRt TEr
T o6 27ef ° YA TR, S el ook oF T fog § SW g O 3§ YR aRafdd
Bl el €, S ok W feig o e, ok w1 Yeuran, ok i Tt qen sifers
gRefda B €1 qenfy 31aet shfa “Historia” (1714 S.) § Leibnitz ¥ % i Tk =)
T SRA T oF &9 H JAN fRan ol aenet x 1 wed Y3 ¥ AF 9 9
TayeH AfR &I John Bernoulli (1667-1748 £.) 4 Tage™ 1718 3. H HohaH
(Notation) ¢X ! STRIYT ‘X T Hed’ i Yehe i oh A fohal ol WG He
=l Trefta @ o fau gdis, S f,F, 0, y... %l AUH YA Leonhard Euler
(1707-1783 %) BRI 1734%. H 10T WEfA “Analysis Infinitorium” o JeIH @UE
H o 7@ o 91§ ® Joeph Louis Lagrange (1736-1813%.) 7 1793 5. 310+t
qigfdfd “Theorie des functions analytiques” JeRTIRTd &, o 3=iA fowemonas
(Analytic) e o 9R H iEa sl off qe Fehad f (x), F(X), 0(x) 3T T J=0
x % f9=1-f9=1 el o faq T e 9]¥d Lejeunne Dirichlet (1805-1859 %)
et st R <1 SRt T 39 THA I 21 @I S qeh adaH hiel § Hed
1 e Ygifaes TR 1 T & g3, Sl Georg Cantor (1845-1918 %)
5N fasrfaa q=ud f9sld o 9% g7l 9HM &id | Jaifad % & 9q=ad
dgifash IRETST Dirichlet G/ YT o &l GRWTST &1 HE ST
( Abstraction) %I

4

> —
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