Y Td e
(Relations and Functions)

12081CHOT

#*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 +

11 9{&!3?[ (Introduction)
TR0 FHifST foF Fem XIH, 9aY Ud we, Wid, 9euid aei
TRER onfe &+t staumoneti &1, fafg= yeRr & arfas
AT werl 3R 3 eTeial |fed aiea w3 S g
21 g § weg ‘Hay (Relation )’ <1 HeheqT ! AU
qI H 3H V= o 1l @ foren w0 7, fNee R =
(Recognisable) el &l 7H wfifeie i A, forelt wpa &t
Fe X1 o foenfefdi &1 gg==a  qen B SHl Thal 1
Fe X1 foenfelal &1 9= ¥ oW =g A ©
T=d B % o GaUl oh 5o IR 38 ThR B
@ {(a.b)e AxBia b T ), Lejeune Dirichlet
(i) {(ab)e AxB:a b& 5 2}, (1805-1559)
(i) {(a,b)e AxB:a®l 3G bl 3G W 3ffueh ),
(iv) {(a, b) e Ax B: faselt 21fqm wlien ¥ ¢ 50 UM< quiieh b 5 9T qUTieh d
% 2},
(v) {(a,b)e AxB:qSH e &l € &l b &l ).
qufd A" B & o fohell Hay R &l &Y (Abstracting) ¥ &H U o
A xB o T W3 (Arbitrary) STEH=ad %1 0 IR w )
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2 fora

I (a,b) e R, dl 89 F&d ¢ T Hau Reh d0d o, b W Heifod & 3K 89 39
aR b Tor@d B 9em=a:, afg (q, b) e R, o B9 3§ o1d &1 foar 7€ & ¢ 6
a TN bk o= w1 ARG FE T tan T {1 5@ fF wen XIH <@ gk €, He
T To9IY YRR & Hay B B

T I H, B9 T YR o Hael T wel, Boldl oh e (composition),
ko (Invertible) ®erl SR fgamemd wfwansti &1 steaem |

1.2 Geeh o Wehi (Types of Relations)

79 =% § 'Y fafe= webr & Hell &1 eredd w1 gd A © fr frdt gy A
d ded, Ax AH T STEH=Sd el 2| ofd: Nad aq==d ¢ < A x A @
AxATE, Q3 Goel B TR B, R = {(a, b): a—b =10} g Y& TH=a
A={1,2,3,4} T IR« Tk G R W fomR i) 78 T o aq==g ¢, #ifs
TEr Hi1E ff FH (pair) T ® W UfaET g - b= 10 H G HA B TH TR
R ={(a,b):la-b1>0}, 9U0f =9 Ax A qcd €, Fifh Ax A gdt g
(a,b),la—b >0 FI< FW 21 Tg I 37 o I3 eH F=fafed aRemmsi
@ fae i@ =+ 2

TfTTeT 1 g=E A R uRefid Hey R U Rad Hag e 8, A A w8 off
oad Ash fRdt off eroma @ Gefud 7 7, 19 R=¢ c AxA.

T 2 WHEEE A R qRtd WeY R, Th WEeh (universal) Haiel el 2, 9%
A s agd Ah Gt erael @ Hefua ®, etefd R=A x A,

o deer qen gt W il wefi-weft o9 (trivial) Haw ot wed B

SETETOT 1 HH A foh A forelt srerert o Tt o weft ferenfefali o1 o= 21 T9ifsq
% R={(a,b):a, b &1 8} g 91 Ga¥ TH o Gae & 91 R’ = {(a, b) :
aTA b FI HAEA 1 S 3 HX G HU 2 ) 5N YSd GaY TH HEE G9u 2

T YYAER, T Tkt dcfehl o1 €, Taud Thel 1 shig ot foenefl, wper o fopedt
off fornefl &1 w&" T € "ewa1 21 om@: R = ¢, F5E@ w=i¥fa e @ 6 R R wey ?
Tg oft T ¢ T forl oft <1 fornfefal ) Sl o1 @ik 3 Wer & = g & =few)
Y Wehe B € o R' = A x A G de 2|

femuit wmen X1 faeneffmo dra ek € for freh gaa 1 < wehR @ frefya fmar s
Gehal ®, md: T fafy qen g fmio fafu) aenfa sgd @ wee g g
{1,2,3,4) W 9Rfed G99 R = {(a, b): b=a+ 1} H ¢ RH A «ft Faefua fH=n S
%,W&ﬁ?%ﬁqﬁb=a+lﬁlm$ﬁﬁ§ﬁwm,€qqﬂsﬂﬂﬂﬁ?(notation)
T FAN H
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Y T Hed 3

A& (4, b) € R, d &9 F8d 2 TF o,b ¥ Hafd &' 3R 39 a1d %1 89 a R bW
e FW B

T T TecIqul Her, forgeht ifora  wek @ik (significant) AT €, o

HaY (Equivalence Relation) Shagair 2l Joadl Hael w1 37T w4 o faU g9 9gd

T THR o o, qHd: wWqea (Reflexive), Tafd (Symmetric) T HehTHh
(Transitive) Heel 9 foamR 2l

TR 3 I A T RHId 99y R;
(i) Tqed (reflexive) B 8, 4% Y&% ae A U (a, a) € R,
(i) FEHA (symmetric) FEA €, A WO a, a,€ A & AU (a,a) € RE
(a,a)e RA 7l
(i) HHHF (transitive) HEAl B, IfE THE, a,a, a,€ A% T (a,a,)e R
(a,a)e R¥(a,a)e RIS Bl
TfTaTaT 4 A R IRl GeY R Tk qoddl GaY el §, A R Toiged, SHHd a0
Tk 2

SETET0T2 U olifore fom T ferelt wwaet o e oo Bioqsil o1 wh w=ad €1 9=
TH R={(T,,T,): T, T3 Faried ¢}t way 3 fag Fifow ff R T goom
ey 2

T G99 R Wqed 2, #ife yd®w B @d o gantgw ear g1 g
(T,,T,) € R=T,, T, & Tamed & =T,, T, % Faimaq & =T, T,) € R. W:
Ty R wAfd ¥1 g9ep Sfafad (T, T,), (T, T) € R =T, , T, & Tawed € qen
T, T,% Haite™ & =T, T, & Haimaq € =T, T, € R. 37: a9 R THma 2|
39 YR R T qoddl Had 2

IETET0T 3 A ity for L foret wwae o feq oo Y@metl o1 0% 9q=g € qe
R={(L,L):L, L, R &a ) T==a LH wRefoq ok e 81 fag #ifse & R
gafa ® fhg 8 9 @ Wed @ IR 7 Hwms 2

T R @ged & ¢, i wE W@ L, A9 S W a9 T e T ¢, g
(L,L)e R RTAMT 8, FifH (L,L)e R

= L, LR o2
= L,L ® o2
= L,L)e R
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4 fora

R EFmE T 2 frma @ ARk L LR g L, L,
LR &8, @ L, LR &0 Ff @ T &1 gt 81 I
H udl < # L, L% ®ARR BRI Ui, (L, L) e R,
(L,L)e RWg (L,L)¢ R L,

saTEvuT 4 fag FT fF w1 = (1,2,3) 5 R={(1, 1), (2,2), P 1.1
(3,3),(1,2), (2,3)} 7 Y HaY Tiqed ©, W 7 ql GHiEd 8 3R 7 Gtk 2
& REqed © ik (1, 1), (2,2) 3R (3, 3), R & o= &1 R wufia &t 8, it
(1,2) e R (2, 1) ¢ R. 56 ¥R R et -T&l ®, Fifeh (1,2) € R4 (2,3)eR
g (1,3)¢ R

3E1ET0T 5 g HIfNT % quiel o 99=sa Z H R = {(a, b) : §&A1 2, (a — b) Tl
faafsa Tt 8) 51 Yo T T qoddl SaH T

&1 R Tqed €, Fifh W0 ae Z o U 2, (a—a) & fasfs@ =t 21 om:
(a, a)e R. Tz, 9 (q, b) € R, q 2, a— bl fauifea &a @ | 31qUs b—a 1 A
2 fawfSia st 1 3m@: (b, a) e R, 550 fag & @ fo6 R 9ufia 21 56t v, afe
(a,b)e RAM (bh,c)e R, @ a—-baM b—cHE 2 8§ 99 21 34,
a—c=(@-b)+(b-c)TH (even) € (F?)| 3@ (a—c) ot 2 ¥ 97 21 T69 Tog
el € foF R Wbk 21 o1 W=ed Z W R Uh qoddl GaY 2l
ST 5 H, A Hife e wdt gm quis g 9 defua €, @ (0, £ 2),
(0, £4), .3 R € 3R =g oft foog gouifer 0 o wafer &t €, =iteR (0, = 1),
(0, +£3), .2 R & & € 56t wohr @it ferom quifer | § waifera € IR ¢ off ww quifen
| ¥ gafud T8 €1 Tqud, W& §H YUl 1 TqeEd E a1 Tued fooe quiieni
queeE O 999 Z % 39U 9= ¢, s frefafed gfaeal &1 d@qe s )
() E< TU 399d TH g ¥ Fafud & 9 O oF 99 o1g9d Th TR d
Heiferd 21
(i) E1 *1E 9@ s/ea O fordt ot stage 9 Hafud 781 2 &R faeiiad: O =1 #ig
ff st E o frell oft sterea @ Hefud &t 21

(i) Ed&NO EIH € IR Z=EU O &I

SqHH==4 E, I &I afas (contain)Eh_{_;T Tt W—‘oﬁ (Equivalence Class)
el 8 3R 5 wdfier [0] @ Frefua & &1 gt 9RO, 1 o1 sidfdee & are
Jogar-att 7, 98 [1] 5/ faefua @ €1 A F:ifSw % [0] = [1], [0] = [2r] 3R

L,
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g9 T§ HeH 5

[1]=[2r+1],re Z. a&@ |, Sl 9 04 $W @ 8, 98 fHe ff gqeea X d ©
W3 qoddl Ga R & fau g g 21 fordt 9ea wes aq==a X ¥ 959 U W@
(arbitrary) Jeodl e R, X o1 TR T8I STa=a A ¥ faufs o2 3w €, i
X 1 faareH (Partition)ﬁﬁ%@?ﬁﬁﬂﬁ@ﬁ%ﬁﬂﬁﬂ@?ﬁ%:

() T i fAU A o |t ofoFd TH g ¥ Hefud e 2

(i) A, FE o TPE, A F R ot oeeE @ wefud T e ¥, Wl e
(i) UA=XTM ANA=0i#]

STHI=E A qeadl-onl e 1 39 feufq o1 ek oy 9 @ R ww fauda e
ff Y Wehd T I % fOIU Z o $9 IufaweHl W TR wifse, St Z % T o
TR STHYER STTSTEA A, A, T A, BRI 9Sd ¥, fe wfmes (Union) Z 2,

A={xeZ: xT@M3H P T} ={.,-6-3,0,3,6, ..}
A={xeZ:x—19&N 3 F PN T} ={.,-5-21,4,7,..)
A={x€Z:x-2|&N 3 F PN €} ={..,~4-1,2,58, ...}

Z ¥ TH G R = {(a, b): 3, a— boh! auIfSa e B} qReioG sifsa) Seewo
5 ® Yga deh o TER g9 fag wT ¥ehd © foh R U ool Ga € 59 sifafia
A, 2% 3 |t YUl & Tead % e €, S ¥ § Hafud €, A, Z % 37 9
qUTiehi o T o IR T, Sl 1 W Hafud € 3R A, , Z'% 37 |l qUiiehl o T
R T, S 2 W Hafud B1 e A, = [0], A, = [1] 3T A, =[2]. 9@ | A, = [37],
A, =[B3r+ 1] 3R A, =[3r+2], 5@ re Z

IETE0T 6 O fifore fF Iq=e A={1,2,3,4,5,6,7} R = {(a, b) : a AN bIHI €
71 4 foom ® =1 wm ¥} g uReiid Uk e B fiag HIWT 6 R T qodd gay )
i & fag FifSw fF Swagsea (1,3,5,7) o 9t o= Th g § geifd 7, 31k
STEHS (2,4, 6} o Gt 31gE U TR U Geferd ®, W SUHgead {1,3,5,7)
#E ff rage ITHgEA (2,4, 6} o fRdl ot e 9 Hefud & B

o1 A %1 98 IS o9d o F1 d fauq € a1 §9 €, A (a, @) € R. 3Heh Afafiem
(a,b)e R=ada parl &, =1 @ fawm € =1 99 € =(b, ) € R. TH &R
(a,b) e R (b, c) e R =34 a, b, c, @+t =1 @t fawd &€ o1 &9 € =(a, ) e R.
3d: R U qoadl "eel 81 2, {1,3,5,7) o 9ot ore@a U g @ Helfuq €, =ifn
T STHg=d & gt eragd fawn B g6 wRR {2, 4, 6,) & Tt Togd uwm W 9
et €, @ifr 4 @t w9 €1 WY € SuEgeEd (1,3,5,7) 61 HE o EFd
(2,4,6} o et oft etz @ Helferd &Y € Teha1 8, TR {1,3,5,7) o ofed faom
g, 5@ T {2, 4, 6), % @99 99 B
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[ wemrarett 1.1
1. fuif +ifve f& Fn f=fafea 999 7 9 yd® w@qed, 9afaa den
W%
() @7== A={1,2,3,..,13, 14} § "4 R, 30 YR qRwifa & fm
R={(xy) :3x-y=0}
(ii) 9Tha &t o = NHR = {(x, ) : y=x+ 57T x <4} uR«iya
g9y R.
(iii) Tg=IF A={1,2,3,4,5,6} W R={(x,y):y W Sx ¥} g IRAG GeieI RE|

(iv) T quiient o "gee Z W R = {(x, ) : x — y T qUlieh ) R0 Reioa
gaYy R.

(v) foeht fovre oo R fFdt TR o fafaal & 9q==g ° ffatea
ey R
(a)R:{(x,y):xHQJTyQEF‘EﬁWHWWW%}
(b) R={(x,y): x Ty T & Heed ¥ ®d &}
(C)R:{(x,y):x,y@%ﬁa?—aﬂiﬁ7'@ﬁa@%}
(d) R={(x,y):x,y5|ﬁqc_*ﬁ%}
(e)R:{(x,y):x,y%ﬁ’lﬁT%}
2. Tag wifsw fF arafas gemst & =9 RE R = {(a, b) : a <b*}, §
uRenfod dsir R, 7 df Tqed €, 7 gufid 8 iR 7 € Gk 2l
3. Wi Hifse fo = == {1,2,3,4,5,6) B R={(a,b): b =a+ 1)} g aRkenfyq
Fey R Toqed, Gafdd a1 Whieh ¢l
4. Tag FfST fER AR = {(a, b) : a D}, 5 IR Fa R Tged a4 Fohoeh
2 forg wHtHa =&t 2
5. Sig HIfST fF FMR AR = {(a, b) : a <D} N URAMGG Hae Toqed, TAMA
AU HehTHE B2
6. Tag =ifvu fe wg=== {1,2,3} 5 R={(1,2), (2, 1)} 5} Ysd Ha¥ R HAMHA
2 fhg 7 @ e € @R 7 G 2
7. fag =iVY f& fRdt Flos oF qWIPeE &1 T Tl o q9==9d AH
R={(x,y): xq yH ISl % G&A G9F €} §R U0 Gay R Toh qoadl
oy B

Reprint 2025-26



10.

11.

12.

13.

14.

oY T ®ed 7
fag ®iNT fF A={1,2,3,4,5} %, R={(a, b) : la— bl 99 2} S UST el
R U qoadl ey 81 gaifor s &R (1,3, 5) % @ ofema Tt g 9
Gefud € SR e {2, 4} o Gl e1egd Tk TR | Gatud § W {1,3,5)
FIE ot ot (2,4) % fordt ofeE § Hafd & 2
fog fpfee ff o= A= {xe Z:0 <xx <12}, ¥ fRu T f=fafaa daei R
o ¥ oI T qeddl HeY 2

() R={(a, b):la—bl, 41 TH TN 2},

(i) R={(a,b):a=0>},
A% UM H | W Fafed Te@al &l A Fife)
T Ty 1 3SR S, S

(i) Al 8 wg 7 @ Wed 8 I T Gk el

(i) Heh™h B WY 7 df Tded @ AR 7 gAfd 2l

(i) Tqed a1 AMA 1 fohg Hehme 7 B

(iv) Taqed a1 Hehtdeh @l fohg WG 7 B

(v) THMHA du1 Hehreh @l fohg Tqed 9 @
fag ifvu fr foadt amaa o feom fogeti o wg==a ¥, R = {(P, Q) : fog P=i
T fog o g, fog Q&1 et fag @ g & @M ©) g WeW HeiY R T ool
ey 81 : fag wifse i f6g P = (0, 0) o Hefa qsft fagent =1 aq==a P
T TR S a1l T U8 g6 o Feld shear ©, ot g getfeg W2
fog wifs foF wwed fygsi & 9q=99A ¥, R=((T,,T,): T, T, % T9&T T}
SR TR Ty R Toh qoadl Had €1 qensd 3, 4, 5 9 "wen s T
AT 5, 12, 13 Al FHHIO S T, qe G 6, 8, 10 ATed FHBIOT FHS
T, W fo=R FW T, T, R T, ¥ ¥ &9 9 Hqs weR Fefea €2
g ST foh wmed agysli o ¥g==a A®,R={(P,,P,): P, 7 P, %1 sTatl
1 &M GUF €)YHR ¥ YR ey R Tk qoddl Ga 21 3, 4, 3 5 e
T el aTel FHehIU IS 9 Fafud Iq=ad A o |t STaFal 1 9= 9
FHifs)
T A foh XY-aet | feerq woeq st 1 9q==a LT 3R LA R={(L, L)
(L, 9A=R € L, %) 5N uRefyd ey R 21 fag Fife fF R T qeaa ey
B1 3@y =2x + 4 ¥ Gafd qoe {@met &1 qq==g 916 Hifey)
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8§ T

15. 9M @ifee fo& wq==a {1, 2, 3, 4} %, R = {(1, 2), (2, 2), (1, 1), (4,4),
(1,3),(3,3), (3,2)} 5N gRenfod Geer R 71 Frefafed & @ @& sw 9w

(A) R Tqed q gafaa € fohq G et 2
(B) R Tqed qe Gshiieh ¢ fohg gmfia &t 21
(C) R Gufird qen Hehes ® fohg Toqed el 2
(D) R T qoadl §a 2

16. @ ofifsy f wq=e N®, R={(a,b): a=b—2,b>6} g Y4 Hsel R 2|
frfafea o 9 w8 ™ g
(A) 2,4)eR  (B) 3,8eR (C) 6,8eR (D) 8, 7eR

1.3 et o Weh (Types of Functions)

Tl I SR, F TS e S T@HE T, ST Held, SgUs Herd, IRed
e, AT %o, faed o i o1 99 396k fer@l dfed sem XIH foran s
9T 2l

< el o AN, A, O ql 9T 1 A A fRA S gt 1 iR el Wi
HehoUqT TIOTd Tl 3TeTTT i 3T et (Disciplines)ﬁwﬁwqﬁ@%,w
T el o AR | ST LTI o8l ¥ AN ag =ed €, Sel 39 Ugel WA feha o
30 A% U, &0 faf=1 YR o worl &1 stemae |
frafafad sepfadl g/ SRIC T ®e £, £, £, 90 f, W fo=m Fifs

sepfa 127 59 3@d 8 fF X & 1 (distinct) $fa@al &, we f, & @,
fafsa «ff fior= 2, fohg £, o ofwia <t fa stemat 1 7en 2 o wfafe o & € Tma:
bR YA X, ¥ FB TH UG T W e T £ W f, F Aqia X,k HH F srorm
o wfafaa T&l 8, S £, sfaia X, & |t steoma X, o foelt 7 ot saea o5
wfafes €1

IRt oitera § e et e wra et 2
TR 5 T Hed f :X—)YQ%»QT (one-one) 3183"1130_05 (injective) ™ol hgcdldl
2, % £ o ofadd X o T sfe@al o wlafss o fa=1 gid €, stefq go®
x,x,€ X, & U f(x)=f(x) F a0 T F x =x, FEA [ TH TGH
(many-one) el hecldl B
ST 1.2 (i) § Wl f, Toheh! Terd & T M 1.2 (i) H f, T g0k o

Reprint 2025-26



i

1 a
. [ b
yA /{/ c
3 d
e
4 f
X, . X,
(@
1 fi
1 a 1 a
2 2 b
b
3 3 c
4 ¢ 4 d
X, (i) X, X, (iv) X
3TTeRTd 1.2

TR 6 e f: X =Y =85 (onto) 31Ul TSI (surjective) hHaaldl 7,
£ ok 3fqTa Y 1 Yt ereEe, X o Tt 7 foe ereea o wfafae g 2, sreiq yeis
ye Y, s fau, X ¥ U 9 sred x o At @ T f(x) = .
ST 1.2 (iii) W, B £, 3TBRHF ¢ a1 3 1.2 (i) H, FT f, SR
T B, FfF X, IS ¢, T f, f, % Fwq X, & fHe off stee o wfafaa
& 2
ﬁWﬁf:X—)YQEFWW%,QﬁGﬁTWW&'fW[‘TﬁFI’((range):Y.
TRTeT 7 U e f: X =Y T Qéﬁlﬁ qAql AT=d1<eh (one-one and onto) 3T Qéﬁlﬁ
=BT (bijective) HeT HEAM 8, AE £ Toheh! a =38 A &1 il 2l
Pl 1.2 (iv) H, Hel f, T Tehehl Qe S=TEl et 2l
SETET0T 7 HE offSu R e X o |l 50 feenfea s wgemm A #1 WE ol

Fi AN, f(x)=Tomnef x =1 a8 FR, g7 9RwfE ww wer B fag wifsg fw
f THE 2 fg sTeeREE @l 8l

TAHEN o o Ta=-fa= fornfef o Ua1 Faw qoH 72 8 Tehd & 3que fTeheh! B
STl 1 for &ffd forT &0 o Ted & foh foranfelal o Ut Fo0 1 9 50 9 ©1 36T
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10 T

e 7E g for N 3/dd 51, henl o fopell off fermneff &1 Tt =ox 1 2, eraug
f o @ld 51, A frdt off srage @1 wfdfae 7€t ©1 o@: £ eTesEE TRl e

SaTetuT 8 fag T fF f(x) = 2x R 951 %o £: NN, Thehl € T Teacs
& 1

T WO f TheT T, FE f(x,) = f(x,) =2, = 2x, =x, = x,. [T, f TSk A&l
g, Fifh 1e N o fau No t@ forelt x o1 st =& ® aifb f(x) = 2x = 1 &8I
3EET0T 9 g HINT fF f(x) = 20 W 989 el £: R —R, Tohsh! 9 =55 2
TA f ThHI T, R f(x,) = f(x,) =2x, = 2, =x, =x, WA &, RY Jaa Foreft

off aredfers e ya foy RY %wafaa%,aﬁf(%):l(%):y%laa:f

e o B

Y
A
y=fx)=2x
X'€ P
0 X
v
Yl
3TTeRfd 1.3

seevor 10 fag fffse fF f()=f2)=1 TN x>2 & U f(x)=x-1 5V T
weH f: NoN, eeses df € fhg Tkt T2 21

T f Thsl TE 7, FE f(1)=fQ) =1, Wq f A=EF ¢, FifF fHd g
ye N,y#1, & faQ, g4xl y+1 T9 o &, @k £ (y+ D=y+1-1=y WA &
le N faw £ (1) =17l

a0 11 g ST 6 f(x) = x2 g0 IR e £: R R, 7 @ Tohahl © 3R
T =S ¢
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> e
=<

& i f(—- 1) =1=f(1), 38FAC [ Tha!
& 81 T9: Teuid R o/e@d -2, Wid R f)=x
fordt ot sEa x w1 ufafaa T © (FD)|
d: f ABRH &l T fen-1 FM=1
ST 12 fag F B A TR T . xe 1 [Oxel
f£: NN, Toheh! o T8 <l & 8

B x+1,af< x foom 2 ;{,
J)= v—1af x T £ efemta 1 @ -1 @ wfafea #)
3TTeRTd 1.4

T A WA f(x) = f(x,) B R 76 Al x faom & qon 998, @ o + 1
=x,— 1, 3190q x, - x, = 2 S ST T 9 THR x, o §H M x, o fawm a9 &7 ft
T &t €1 gy x, q x, <A S A A favm g o wm g we e o
A xzﬁﬁqﬂ%,?ﬁf(xl)=f(x2)=>xl+l=x2+l=>x1=x2. gﬁwaﬁxlam
x, T T E, @R flx) =f(x,) =x,— 1 =x, - | =x, = x,. 3Tq: f Tkl I WA &
Teurd N &1 1 o fawm T@ 2+ 1, 97 N 1 & 27 + 2 1 Jfafed € 3R 9w
N & 1 ot ¥9 G 2, N %1 G& 2r — | &1 Widfa €1 31@: f =s6s

3ETET0T 13 fiag I o 3T=ores Wl £ {1,2,3) —{1,2, 3} Hed Toheh! He &l &l

T HA TSy T £ wohent &l 1 37d: 39 Wid § %W 9 FH < 6Fd g forn %
1 e 2 1 i © fSer wegid o ufdfes 99 21 @iel € £ o i 3 1 gfdfeis
ehael Teh &1 37erd B 31, URET ®, Weuid (1,2, 3} ok, 3Afuehan a1 & 7o 8l Wehd
g, food yae e @ fF 7 ot T B, S o ww faieife 21 ema: £l wohehl
BT € =feu)

3207 14 Tag ST fF T st e £ {1, 2, 3} {1, 2, 3)efed w1 9
s o B

T I f THE $, TET (1,2, 3) % d9 1o £ St wewd {1,2,3) 9 9
ITT-3TeAT SFedl W HAl: Hefed | o7d: f s o €

fewuit 3] 13 AT 14 H e Rom Rt off e 9RkfHa (finite) ¥9=99 X, &
foru oo 2, sreifd Uk Wohsh! oM f: X oX SfErd: SesEe gl € ael i
IRfHa Tq=ea X o fT T eTresiee el f: X —X Sifardd: Toheh! Bl B1 36eh
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fadia ST 8 e 10 W T el ¢ b ferell e (Infinite) Tq== o foq 7€
&l &t oft B Hehar €1 aad ® gg ufifia qen sruRifd gyl o s uw st
(characteristic) 37X Bl

| woTaet 1.2 |

1. WWWf(x):%WQﬁWW f: R, =R, Tehehl qeIl 3AT=S1<h
€, el R, 9l RoR ardfass Seet &1 gyead €1 4% 9id R, 51 N9 95
o S, S foF @' gEad R R, @ ot F 9w 9iomm g gem?

2. Tr=afafea wami =t Qav_ch‘ (Injective) e ST (Surjective) TTﬁ Cals |
HifSIT:

() f(x)=x*> g Y&& f: N >N Hed 2|
(i) f(x)=x* B Y&W f: Z —Z FTH 2
(i) £(x)=x*> EW 9&4 f: R —R wer 2
(iv) f(x)=x* B &4 f: N N %o 2
(v) f(¥) =x* BRI WA f: Z —Z FTH &l

3. fag #IfT & f(x0) = [x] S} 959 HewH Ul o f: R —R, 7 df Tohehl €
&R 71 resTEE ©, Wl [x], x @ HH A1 SHeh e HewH YUl i FTEid
L B

4. Tag ®IST % f(x) = x| §0 989 AG% e £: R >R, 7 @ Toheh! g 3R
T SSeH §, Sl | x| SUe x, AR x 97 1 I € q1 x| SRR — x, ARG
XW%|

5. fag =ifst f& f: R R,

1,3 x>0
f(x)=40,a€ x=0
-1,3fg x<0,
SN 9w ToeA e 7 df Toheh! ® 3R 7 3a1eh

6. HA efST fFA={1,2,3},B=1{4,5,6,7} 3 f={(1,4),(2,5),(3,6)} A¥ B
T T Her 2l fag ST T f whent 2
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11.

12.

oY T He 13

frfafed § 9 g frafa § aaemse f = KU gu woe Thal, ST=eik®
T Teheh! 3BT (bijective) B1 79 ST o1 3fifacd +ff saesyl

(i) f(x) =3 — 4x g URAfod weA f: R SR @l
(i) f(x) =1+ x> g0 G we f: R >R 2l

M ifSy for A den B < wq==a €1 fiag 1Y % £: Ax B —B x A, 38 ¥R
6 f(a, b) = (b, a) T Teheh! =S (bijective) e &1

nTH,Zlﬁ'nﬁl'W%
T oife fF ¥9d ne N& fau, f(n) = g TS

g URfod T W f£: N N 81 oqelsy b o1 el f Toheh! STesEl
(bijective) &1 3104 I =1 e o sdems

nﬁFﬂﬁqﬁm:R-{3}amB=R-{1}%’|f(x)=(%)gmvﬁmﬁqaw
1A —B W fo=R HIU R0 f Tha! 9U1 A=DEH 22 I ST H S
f Sqasu|

UH ST 7 £: R =R, fix) = §R TR 81 Tt ST 1 =& ity
(A) f THH! ADRF 8 (B) f TEUF ABEF ©

(C) f THa & g T=oR® 7o & (D) £ 7 @ Tha! § 3R 7 A=8rF 2
WWWf(x)=3x‘g’m‘TﬁﬂTﬁﬂﬁWf:R—>R%|Hﬁ‘ﬁﬂﬂﬁ"{:
(A) f Theh! T=BRF © (B) f TEUF STDEF &

(C) f Tha! & W A=oRF & ¢ (D) f 7 A Tha! ¢ 3R 7 Ao ©

1.4 TE St HESE adn FIShAUTE Wer (Composition of Functions and
Invertible Function)

TRt 8 A ST TR £: A 5B Tl g B >C = e &1 dd £ 31X g o1 HaH,
gof g TT&fyd Bal ®, de %eH gof: A —C, gof (x) = g (f(x)), ¥ x € AR gRefia
Bl 2
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3TTeRTd 1.5

SEETOT 15 9F oS T £:{2,3,4,5) —{3,4,5,9) 3 g: {3,4,5,9} ={7, 11, 15}
T HEH W UHER € T £(2)=3,/3) =4, f4) = f(5) =53 g(3)=g@d) =77
g(5) = g(9)=11,d gof Jd@ =ifsul

T TR gof(2)= g(f(2)=g(3)=7.g0f(3) = g(f(3)) =g (4) =7, gof(4) = g(f(4))
=g(5) =11 3R gof(5) = g(5)=11.

IETEL0T 169 £: R >R A2 g : R -R ®a %HI: f(x) = cos x 991 g(x) = 3x? SN
it @ gof 3ﬁ?f0g§ﬂ'd iU g FINT gof # fog.

T Tl gof(x) = g(f(x)) = g(cos x) =3 (cos x)*> = 3 cos? x. T THR, fog(x) =
F(g(x)) = £(3x%) = cos (3x?) Bl Al HIFT foF x =0 T 3cos? x # cos 3x> Bl 37
gof # fog.

S uftert, S 22 qen fewel frefafea oo & fag ofa #a €

TRATET 9 WeH f: X —Y SAehAUiE  (Invertible) FEaTdl ¥, If€ Th e
g:Y =X A 39 THR € 7 gof=1, T fog=1, T FTH gl F& f
yfaei™ (Inverse) Fed & 3 39 Tdleh £ §RT Yehe hId 2l

Iq:, AE £ kA0 €, @ f3Aarda: Teheh! qen M=ok Bl @ 31 feeima:,
IS £ Teheh! A1 ESES §, 1 fATTemd: S[ChHINE BIal €1 T8 a4, £ i Teheh!
A STeSIEeh (g Hich, STChHUN AT i H Weequl &9 § W el €, foei
w9 G 9 f 1 Hfqe™ oaEqd § Jd Tl w8

SEETOT 17 91 A 6 £: N =Y, f(x) = 4x + 3, SN TRAT T el €, Sl
Y={ye N:y=4dx+ 3Tt xe N & fou}| fag =ifse fF f Fepaviia 21 wfacim
e o F| it

T Yo fordl W 3ed y W fa=ar ifsre) Y, st 9Ramn gr, wid N o fdt etaaa
w3 oI y = 4x + 331 T Fored Frsere & xz(yff)% s g(y)z@m
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8=Y—Nﬁqﬁ‘qﬁmﬂmngof<x>=g(f<x»=g<4x+3)=—(4x+43_3)=x
WM fog () =f (g (1)) = f (yf) =4(y4_3)+3=y—3+3=y T,

T R gof =1, 7N fog =1, Tomen arcwd @18 gan fo f Aehmvig € 3R o ¢ Hem
f 1 gfaem 2

fafaer 3qrgvor

SETET0T I8 AR AR, W= AH ool Heiel ?, qi fag wifs fom R NR, ¥ T
ol HaY 2l

T i R T R, 1 Wt © ST (a,a) € R, T (a,a) € R, \yac A THH
e % IED (a, a) € leRz,va,ﬁ‘lﬂ@ fag =@ % & R, N R, &JeT %I g
(@, b) e R.NR, =(a b)e R, TN (4, b)e R, =(b,a) e R, T (b,a) € R, =
(b,a) € R,NR,, 31 R R, A 81 3 YR (a, b) € R, "R, T (b,c)€ R, MR,
=(a,¢) € R, @M (a,¢) € R, =(a,c) € R, "R, 388 fag @ € f R "R, HFma
2?1 o: R, AR, TF ol HaY 2|

IETE0T 19 A <fifore foh Tg=ad A § o7 quifeh! o shfHa g (ordered pairs )eh
T& Ha9 R, (x, y) R (u, v), A< ﬁ?%ﬁzﬁ' xv = yu BN IR 2l g =ifvT
fF R T qoadl g 2l

T TR (x, y) R (x, ), ¥ (x, ) € A, T xy = yx Bl 389 T el € 6 R
RG] 2l 9T: (x, y) R (u, v) =xv = yu =uy = vx AR AT (u, v) R (x, y)%l ELere|
wWe g ® f R gAfd 21 36 YR (x, yY) R (u, v) a4 (u, v) R (a, b) =xv =yu

b a
qAq ub = va :>xv£:yu£:>xv;=yu; =xb = ya #R g9 (x, y) R (a, b)%l
u u

IqUa R GehHeh B1 37d: R T qoadl Teel B

SEETOT 20 A Wfife R X = {1, 2, 3,4, 5,6, 7, 8 98 AA oifey f& X #
R1={(x,y):x—yH@T3 T W%}WWWWH RI%\' adqr R, = {(x, y): {x, y}
c{1,4,7} 3 {x,y} € {2,5,8} A {(x,y} € {3,6,9} 5 Y&d X H Tk 3 He*l R,
21 fag #ifsw fF R =R21
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o1 e Wit 6 {1, 4,7}, {2,5,8) T {3,6,9) A==l H ¥ YAh oI TAcIeq0l
(characterstic) o€ & for geh fopelt off < 1=l &1 3@ 3 1 T IO 2| ST
(x,y) € R, =x—yT@ 3 & TN ¢ ={x, y} c {1,4,7) & {x,y} (2,5, 8}
A {x, y} < {3,6,9} =(x, y) € R, a: Rlch.S“\:ﬁ TR {x,y} € R, ={x, y}
(1,4,7) 9 {x,y} © {2,5,8} T {x,y}  {3,6,9} =x— yT&N 3 ¥ 97 & ={x, y}
€ R399 ¥% &1 € 6 R, c R, ¥W: R =R 2|

IETETOT 21 HA ST foF f: X —Y Tk %ol 81 X ¥ R = {(a, b): f(a) =f(b)} T
TS Tk GaY R ufifia #ifsw) Sifew fF @ R T douar Say 2l

T Y% ae X AU (a,a) € R,wﬁf(a)=f(a),ﬁwwm%ﬁRW
21 3 YR, (a, b) € R =f(a) = f(b) =f(b) = f(a) =(b, a) € R. ZHAT R FHHA
Bl T: (a, b) € R (b, ¢) € R =f(a) = f(b) A& f(b) = f(c) =f(a) = f(c) =
(a, ¢) € R, F5@em arcd € fF R 9m™es 21 31d: R U qoadl qee 2|

SETETUT 22 W9 A= {1,2,3} 9 w@F e Gl Uoheh! et 1 W@ A Shifory)

T {1,2,3) ¥ @F d% Tehh! el ohae diF Fdlehl 1,2, 3 1 HE=d €| 37d:
(1,2,3} 9 & T o gfafasl (Maps) &1 el S 99 Yool 1,2 , 3 o6 Hwa=dl
1 hel &N ok e BN, S fm 31=672

IEETOT 23 9qF oifST R A={1,2,3) 81 9 fag HifSe f T8 gaui &1 g =1
g, fod (1, 2) @@ (2, 3) & 3R S Toqed a1 Gk qf € fohg gmfia 2 2

& (1, 1),(2,2),(3,3),(1,2),(2,3),(1,3)}, (1,2) €M (2, 3) Faal ol 9 Fad Bial
Hee R, 8, S TIged qen Hehmees @ fohq TAfta 96 €1 o/ ARk R W 7 (2, 1) F@
%, @ U e R, f Wged q1 Wepreh ¢ W WA T 21 SH YN, T R,
H (3,2) @l T R, 9 T Fohat €, Fomw srsiiee wqorend €1 wenfy 5w R, & foRef < gt
(2,1),(3,2) 9 TH I (3, 1) i Tl g1 Tehdl &, FiTh THT BT T &H, Hehroehal
T TR % fow, 99 g ) o o forg aren & S s 39wk g wre e
gafa off & ST, S et T 21 et snfie Weui Y el g o R

sarEtor 24 fag wINT fe sg==@ (1,2, 3) " (1,2) @0 (2, 1) i <fd< & o
oIl Waul i gew 2 @

& (1,2) TA1(2, 1) i Al HT oTell Fa€ B gl da¢ R, {(1, 1), (2,2),
(3,3),(1,2), (2, 1)} B 316 haed 4 ¥, THd: (2, 3), (3,2), (1, 3) 91 (3, 1) 99 ==l €1
I &7 9 | fre TR w1, 5@ (2, 3) @ R H fafdw wW ¢, @ wHfEa o fon
Y (3, 2) & ot o1 USW, WA & Hhuhdr o 89 (1, 3) q91 (3, 1) HI o *
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few amem 2 or: R, ¥ 91 qoudl e Shad Wi Ty ¥ T T i § R
(1,2) @& (2, 1) & fdfehe @ et qodd el ®1 el e & 2
SETET0T 25 qemeh Wwer I o N -N W fe=m ifSe, st I (x) =x, yxe NgJ
wfenfid 21 fag Fifs &, =@fy 1, sresrs € g frfafed e @ wfenfid s
I+ 1 : N -N 3T T8 2

G+I) =[x+ (xX)=x+x=2x
T Tadl [ sk § fhg I + 1, TSRk e ?1 Fifh ¥W Feud N o
TH FoFd 3 o Thd § o faw wia N# et o9 x 1 oifee /T R fR
(I + 1) () =2x =3

SETETUT 26 f(x) = sin x T U&H B [ [o,ﬂ—m qM g(x) = cos x R T&T e

g:[o,ﬂﬂmﬁanwlm;aﬁmﬁfwgqa%ﬁ%,tr@ﬂgwqﬁ
2

zel i [0,%},% Q fr=-fo eremal x, 91 x, % FAC sin x, # sin x, @0
COS x, # cos x, THIAT f T g TA & SToRFF ®9 § THa! 1 WY (F+¢) (0) =
§in 0 + cos 0 = 1 A2 (f+g)(§)= sing+cosg=1 BN I f4 g THET T B

e 1 W fafaey goraet

X
1+ 1 x|

[

fag FINT fF fFRo{xe R:i-1<x< 1} W& f(x)= ,xe Rg@

R e Tehehl dell ST=SIEH 2
2. fag FINT & f(x) = x* 5 987 HeA R—)R@v_eh‘ (Injective) 2l

3. T e gg==a X o g3 21 PX) S & X & 99& Sugg=adl 1 9=
2, W fommr wifsy frafafed @@ 9@ PX) o T ey R 9Rifia sifsu:

P(X) W STEH==Al A, B % folt, ARB, A€ 31 sheret af§ A B 81 #01 R, P(X)
T Tk g T 27 T S T shifee o fafau)

4. =4 {1,2,3,...,n} ¥ T T o UK ST=SEH Hol i G&A F1d Hifo)
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5.

wfora
e ofitee fF A={-1,0,1,2},B={-4,-2,0,2} 3R £, g : A B, HAM:

fx)=xr—x,xe AT gx)=2
f AU g WHH 22 IR IR A1 Aifacd o aqegul (Hehd : Al i fE
Tl f: A—B A g : A 5B UM HEdl € A€ £ (a) = g(a) Ya e AT

T A={1,2,3} & o U8 Hee {5 erea (1,2) @2 (1, 3) & 3R S w@ged
e wufha © fohq St el ©, ) Hewn @

1 .
X_E‘_l’ x e AEN IRfd wer &1 I

(A) 1 (B) 2 € 3 (D) 4
. afE A={1,2,3} ® q efeEd (1, 2) I qoddl Haul i Ge B
(A) 1 (B) 2 ) 3 (D) 4
qrIsT

9 7 °, g0 fafay yeeRr o g, werl aon fgsnemd wishaneti &1 steaeq fohean
21 39 1A &1 g faug-owg frefefad 2:

*

* L R R 4

*

X ®, R=¢cXxX 3N Y7 "9 R, faa gaig g )

X #, R=XxX 3N Y1 Hs¥l R, Wiafieh Gael ¢

X ®, W Hw fF vae X, (g, a) € R, Eed GaieT 2

X ¥, 39 YR 1 Hau R, S Gqey (q, b) € R a9 € T (b,a)e R
FT G A ¢ FHUT Faiel 2

X H, 9fds¥ R, (a,b)€ RAM (b,c)e R=(a,c)e R ya, b, ce XHl I
FTH dTell Heiel R Heheh @ael 21

X ¥, 94 R, Sl Wqed, GAMHG q91 ThHeh €, qoddr doe 2|

X ¥, frdl qead e R & faU o € X o WA geaar ot [a], X &1 98
Suag=s € f5aeh @t eed ¢ § gefud B

Th Wer f: X Y Teheh! (319el Toheh) oM 8, A

Jx)=fx) =x =x, v x,x, € X

Th Her [ X Y TS (AaT ATBET ) Her 2, g fmelt vew
yeY, 3 xe X, M TR f& f(x)=y

T el f: X —Y Sehuuia €, A% IR hact A f Tehehl dN ST=a1ah 2l
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o el yea IRt T=Ta X % T weM f: X —X Tha! (TEHER STesRH)
B €, A IR ohael A% f MesoReh (ASHHR Tohehl) B1 I fopedl afifima
eI 1 Nfeneifoies ureH  (Characterstic Property) 81 @8 3rafifir
T o Ty wed Tl 2l

tfeiaes gvfh

et i Feheddl, R. Descartes (89 1596-1650 %) ¥ URY & X THh od
et ® foerfad g8 €1 Descartes 7 9 1637 2. ® 319+ wigfafd “Geometrie”
Y 9 ‘o T YA, SAMHAE Sshl, S sTfaEe (Hyperbola), RIECIGR
(Parabola) @2 SEigd (Ellipse), 3l S&8T hid 9HI, Th =X TRT x ok &4 Ui
o x"oh 31 § R ol James Gregory (¥ 1636-1675%.) 7 3791 &fd “ Vera
Circuliet Hyperbolae Quadratura” (¥ 1667 £.) H, Teld ohl Teh THT T AT o,
S fordt 3= ¥ R Sisia s1eran 31 Eishaneti sl SR WA i ° Wi gt
g1 9% § G W. Leibnitz (1646-1716 £) 3 1673 3 ® fafed ot wigfafy
“Methodus tangentium inversa, seu de functionibus” T 9% ‘e ohi Tt T
TR < 31ef o g foRan, St forsht ook oh T foig § g¥R fog T 59 YR 9Rafa
Bl et €, S o W feig o feunieh, ok 1 Yemn, 9% w1 et qen eifircie
uRefda g €1 qenfy e1aet shfa “Historia” (1714 €.) ¥ Leibnitz ¥ % i Teh =
R AIRA AT oF 9 H FAN fHar a1 A x 1 wed YA § AF 9 o
TayH AfK 9l John Bernoulli (1667-1748 3.) & Tage™ 1718 8. | Hohad
(Notation) ¢ ! STFRNTT ‘x 1 BT il Yohe HE oh foIC fopam o g wed
1 Frefra w6 & fau gdis!, S f.F, ¢, y... &1 &9 FAM Leonhard Euler
(1707-1783 %) 511 1734 . H 319 WEfAd “Analysis Infinitorium” o Jeid @UE
¥ fwen T oMl ] ¥ Joeph Louis Lagrange (1736-1813%.) 9 1793 5. | 79+t
gl “Theorie des functions analytiques” FeRT¥Td @i, o 3= faveromes
(Analytic) e o aR | U=l @i off qe Fehad £ (x), F(x), ¢(x) TS T T
x % - wemi o faw fRan on a8 Lejeunne Dirichlet (1805-1859 ) =
el it QRS <1 TSTEehT YaNT 39 99T q% Bidl @1 519 dh IaHM e | el
1 g Ygifaes TR %1 FeEe &l g3, S Georg Cantor (1845-1918 %)
BN forfoa w=aa f9gid o 9% 3Tl IdHH *id H gdtad ®ad &l a=ad
dgifqr RO Dirichlet SR USA oA i GRATST &1 HE TR0
( Abstraction) =1

O/
_..._
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