2023-24 & Above Year
STUDY KNOWLEDGE

Hael Ua W
(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 ‘J{ﬁﬁm (Introduction)
TR0 KIS o e XIH, oo Td wed, 9id, Te9id qen
iR o &t seumoneti &1, faf= yer & arfae
AT el SR SR el Gfed qREE wUEn S g
21 Tfor 4 98 ‘Hay (Relation)’ 1 HohoUdl ki 37U
q H 39 vsg o ored @ o e ¥, fEeh e
(Recognisable) W gl 7= <fifse fo A, foret ol Eq)
el X1 o foenfefai &1 gq==a 2 qen B Sl Thel &
wenl X1 oh famifelal &1 wqe=ea €1 o wy=d A 9
=g B % o GaUl oh $© IR 3 YRR B
(i) {(a,b)e AxB:a, b=l IS %}, Lejeune Dirichlet
(i) {(a.b)e AxB:a b 967 ), (1805-1359)
(i) {(a,b)e AxB:al g bt Y ¥ A B},
(iv) {(a, b) e AxB: fusdl Afqm wdian o ¢ g0 9= qUie b § 9T YU d
1 2},
) {(a,b)e AxB:a3H & @A ¢ S&l b @A B).
qafy A9 B d% o fodl a4 R &l STT"{?‘? (Abstracting) ¥ Y Tforg |
A xB % Th @3 (Arbitrary) STEH=EE 1 TE TR i 2|



https://www.youtube.com/playlist?list=PL1b01Z6n_6OvG0F95MtiV5KjVBbdNN890

2 R

A& (a,b) e R, 81 %&d & foh Hay R 3idd o, b § Halfud 2 3K 89 39
aR b fored B 9H=ia:, A (q, b) e R, B9 39 o1d 1 foar 78] &@ © &
a TN bk o i AT e B StUen el 21 S| T wen XIH 3@ ek §, Her
T T YR o Ge Bl 2

39 1 H, 7Y faf=1 yohR o Hel ud werl, el o SarsH (composition)
Shuita (Invertible) el 3R fgamemd wiswmanet w1 steraq &

1.2 dsieh o Wk (Types of Relations)

70 =% § e fafe=1 WehR ok Heell 1 S1eqeq S| ed o ¢ o fondlt ay=ea A
T G, Ax A Th SUEH=ST el | ofd: Nk "q==d ¢ ¢ A x A a0
Ax AT, I A Gy T TR B, R = {(a, b): a—b =10} g Y&d Hq==4
A={1,2,3,4} W IRM@ Tw Feer R W forwR w98 e R ageem 8, =it
TET *i1E fi F (pair) & & S A€ g — b= 10 H G H B TH THR
R ={(a,b):la-bl>0}, GI0 Tq=sT Ax A% qod €, Filh Ax A Gt g
(a,b),la—b1>0 HI< HTd Bl TE <Al 3=F o ST &Y FeAferiaa gt
o fau 9@ w3 2

e 1 F=E A W qReftd Hey R U Rad Hae s 8, A A w8 of
aga Ach fordt off srega @ wefud & €, stfq R=¢ cAxA.

TRATT 2 e A W GRIG GaY R, T Wia ek (universal) Hsel el €, 44
A Y FaTd A Gft fegel @ gafud €, st R=A x A.

o Weiel qen WEte Hee il -t e (trivial) Hew ot wed 2

SETET0T | 9 T fof A TRl sTerehl o Tohel o i famnfefal =1 wgeem 21 guizg
% R={(a, b):a b 981 8} g Y4 Hay Tk o Hau & 91 R’ = {(a, b) :
a T b FY SAEA 1 A 3 HX W HH 2 ) 5N YSd GaH Tk WEF Gau 2

T YSAHER, i Thel STetehl 1 €, STud Thol o1 hig o fomnefl, wha o fondht
off foreneff &1 w&= 7€ & "era1 21 e@: R = ¢, FEQ yeikfa g @ fF R e day 2
g off Tow ? T foreel ot <) fomnfeleli o) Samedl 1 X 3 Hex @ %9 e & =fsu)
O U B ® fF R’ = A x A @i Hay 2|

femuft smen X1¥ faeneffo ¥ wer € for forelt Haw i < wohR @ fefua foran s
Tehdl €, Ha: We fafy qen wgeem fafor fafu) qenfy 9ga @ @l g g
{1,2,3,4) R gRenfod G99 R = {(a, b): b=a+ 1} Hl a R h g <t Trefug fHan S
2, Al 3 ke 4 b= + 1 811 & 0t Glerersier g, 89 o 38 Hehad (notation)
T AT FH|

yemma 1 & RAkA w2 ()
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Iy T Hed 3

IfE (a, b) € R, @ &4 %ed ¢ T a,b W Hafdd 2’ 3R 39 o1 &l 89 ¢ R b EN
Tehe Y B

Teh e WEeIqUl Heiel, TRt ot © weh @ik (significant) JiHeRT €, good

HaY (Equivalence Relation) sHgeldl 2 qoad e T 31T H3A o ol g9 Ugal

I YR & Gedl, md: @qed (Reflexive), TAMA (Symmetric) TN TshHeh
(Transitive) Hadl T fo=m w4 2l

T 3 I A W IRHIfd ¥9y R;
(i) e (reflexive) el 8, 4% Ui ae A U (q, a) € R,
(i) @Efd (symmetric) FeEa@ €, Al qH& a,a, €A & fau (a,, a,) € RH
(a, a)e RY =l
(iil)y M (transitive) FHEd 2, afs 9, a,a, a,e A fau (a,,a,)e RTA
(a,a)e R¥(a,a,)e R =l

TftaTaT 4 A R IR Gee R T Gl GeY HEel €, A R Tqed, THiHd qe
Gh

SETETUT 2 W At T T ol e o feord woea Breqsit 61 U 9= 21 W=
TH R={((T,T,): T, T3 Faimed g} T "y 8| fag #ifoe fF R wF goam
Hay 2

Tl 99 R TOqed @, Hife Ucdw BI9S g o wartew gar g1 g
(T, T,) € R=T,,T,& Waied & =T,, T, o Tamed § =T, T)e R. 3:
Ty R TAMG ¥1 39 A (T, T,), (T, Ty € R =T, , T, & Tamed ¢ qen
T, T,% Taad € =T, T, % Taq & =T, T,) € R. 37: " R Hhreh 2|
T YR R U qoddl Ga 2

IETET0T 3 eliforg for L foret woae o feod woeq {@nsti o1 T gq==g € o

R={(L,L):L, L, ® @ ¢} 9= L ¥ wRefod u& e €1 fag #ifSw &6 R
uft € g 78 7 A Tged © 3R A gHEE 2

T R T@qed TE €, HifH FIE W@ L, A U R T@d T 8 ekl €, i
(L L)¢ R R¥\MA 7, Fifd (L,L)e R

L, me%
= LZ,LIWW%
= (L,L)eR

yemma 1 & RAkA w2 ()
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4 R

R W & 2| frem @, A L, L, R @a g e L, L,
LR &8, @ L, LR & f @a 7 81 gt 81 I .
H uet wm A L, L% WARR BRI #tefq, (L, L) € R, :
(L,L)e RWJ (L,L)¢ R L,

saTevor 4 fag FifT fF we (1,2,3) 5 R=((1, 1), (2,2), FF 1.1
(3,3),(1,2), (2,3)} 5} 9&d GaY Tqed €, W 7 9l THHd © AR A Hehreh )
e REEqed 8 itk (1, 1), (2,2) 3R (3, 3), R o 3fd &1 R GHHA 7l €, sifeh
(1,2)e Rf&g (2, 1) ¢ R. g8 YR R Hebmeh &l €, it (1,2) e Ra (2,3)eR
wd (1,3)¢ R
areul 5 fag FifSe fof quiel oF ¥H=aa Z ¥ R = {(q, b) : ¥ 2, (a — b)
fauifsra st B} R 9S9 ey Uk qoddl HeH 2l
&1 R @ €, it 99 ae Z o T4 2, (a—a) &I foufsa & 21 em:
(a, a) e R. Gz, 9 (a, b) € R, @ 2, a— b ! Tauifsa siar € | e@us b—q &l o
2 fauifsia =3 1 31@: (b, a) € R, F5&@ fag e @ fo6 R 9afiq 21 st v, afe
(a,b)e RAM (h,c)e R, @ a—ba¥M b—cHE 2 4 99 21 34,
a—c:(a—b)+(b—c)7\:|'q(even)% (F?)| o1 (a—c)ﬁZ@W%lW’@fﬂTs’
&1 € o R "ok 21 or: "yeed Z W R U qoodl de €l

SR 5, A Hifw o wdt ww quie g 9 wefud @, im0, £ 2),
(0, +4),..31& RE € IR % ff fomm quier 0 9 @i = &, ##ifw (0, + 1),
(0,+3), ..M R ¥ & €1 gl YerR weft forom quiier | ¥ waife € oIk 7 off ww gorfen
| ¥ gafua 78 ¥ qud, W& GH YUl 1 GeEE E e Tued T quiieni @
qea O UY=ad Z o U U= €, S frefatad giaawdl 1 e s 8

() E° 9w 3f9@d Th TR 9 Fafud & 991 O oF 9o ofeed T TR °

Hafed 2

(i) B %12 @t stema O fordlt ot srage 9 Hafud 781 2 &R faciidd: O 1 &1

ff s/errd E o frell oft st 9@ Hafud T8t 2

(i) ETeNO 3EqH 8 3R Z=EU 07l

Iqqq==a E, [ @ AT (contain) T el Feadl-a7t  (Equivalence Class)
el € IR 5 wdieh [0] 9 Fefd sed €1 g6t TR O, 1 w1 3fdfdee e aren
Jeaa-oit €, fod [1] gr fefud w3 ?1 A | % [0] = [1], [0] = [2r] 3R

S R o Rl Join Now |
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a9y U@ ®eH 5

[1]=[2r+1],re Z. 979 ¥, Sl %o g6 HW 2@l 8, 9 et off ggesa X d ©H
WD qoddl Fad R % foq 1 gl 21 fordl e @=s aq== X 4 Yot U @
(arbitrary) e Hae R, X i TER THIH sqqq=aal A | fauisq & 31 2, i
X &1 fa4eE (Partition)%ﬁ%@?sﬁmgﬁﬁfﬁzﬁwwgz
() T i% fIU A & | soe T g ¥ Hafdd @ 2
(i) A, HE o 3T, A % FHEe ot steeE @ wafua T S €, Wl i)
(i) UA=XTM ANA=0i%]
STH=Id A, Teadl-of1 shead 21 39 feufq ot Tk vt 77 2 ok = m fauda fomanm
ft Y Td &1 SR & fau Z o 37 Iufawerl W faar #ife, st Z o o8 9
RER G STHL==Al A, A, T A, 5RI I5d &, TSen1 @ftwer (Union) Z ®,
A={xeZ:x¥&M 3 H PV T} ={.,-6-30306..)
A={xeZ:x—19&N 3 H PN T} ={..,-5-2,1,4,7,..}
A={xeZ:x-2F@MN 3 H PN T} ={..,-4,-1,2,58,..}
Z ¥ TF G R = {(a,b): 3,a— bl fawifea wwar =) aftwfia smifse) Seeom
5 H Y9 deh oh TTER B g Y Gehd € T R U qouar dee € s it
A, 23 37 [ qUIiehT o Yo o SRR €, S YA © el €, A, Z % 39 94t
qUIfeh! o W o SRR 7, 1 1 ¥ Helfud € 3R A, Z % 37 9eft quifhi o wq=a
TR T, S 2 W Hefud ¥ eT: A, =[0], A, = [1] 3R A, =[2]. =d | A = [37],
A,=[3r+ 1] 3R A, = [3r+2], 5l re Z.

SETET0T 6 A oo fo Tq==a A={1,2,3,4,5,6,7} HR = {(a, b) : a T bTHI &I
71 4 fovm ® = wm ¥} g0 uRwfia U ey 21 g HIT fF R T qedd gay 2
el € T i o STageea {1,3,5,7) % 9t org@d Tk S 9 Hefd 7, 3R
STEH=A {2, 4,6} o G faFe Tk TR 9 Fefvd €, W SuegeEd (1,3,5,7)
S Wt fee SUHTEEA {2, 4, 6} o ferdl ot erage @ Hefua Tl 2

T A ST HIE FId o I dl fauH © A HH 7, AW (g, a) € R. THh AT
(@, b) e R=a A b1 &, o1 @ foom & =1 ¥4 € =(b, a) € R. T THR
(a,b) e RAA (b, c) e R =4 a, b, c, @+t =1 @ fawd & o1 99 § =(a, ¢) € R.
31d: R Uk qoadl "sie 81 G, {1,3,5,7) % Gt e1a@d Tk S 9 Fefud 2, it
T Suggesd o gl orgee faud B gt UK {2, 4,6,) % Gt feEd Uh g 9
wefd €, it 4 |t @ € WY @ SwEgsed {1,3,5,7) 1 &iE f e
(2,4,6) o foreht ot e § Heifud €t &1 "eha €, AR {1,3,5,7) o oforra forom
g, 5@ T (2,4, 6), % e@Fe 99 2

yemma 1 & RAkA w2 ()
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[ weraett 1.1 ]
1. fauif@ wifse fe @ fr=afafeas @90 & @ g T@qed, gufga den
THEF o
() =1 A={1,2,3,..., 13, 14} & Hs¥ R, 30 Yo qRIa € T
R={(x,y) :3x-y=0}
(i) TeFd Hemel o THead NHR = {(x, y) : y=x+ 50 x <4} 5N qRenfia
a4 R.
(i) == A={1,2,3,4,5,6} HR={(x,y): y 77 Tx ¥} g URAIM Haiel RE|

(iv) T quiiehi o Tgeea ZH R = {(x, y) : x — y T Ul 2} R0 aRefoa
HaY R.

(v) Tt favie omg ) feedt 7R & farfaat o aq=ag ® f=Afafed
Ha4 R
(a)R:{(x,y):xﬁﬂTy@'zﬁWHWWW%}
(b) R={(x,y): x My TF & Hgeal § @ &)
(©) R:{(x,y):x,y@ ?ﬁ%—?ﬁ?7@ﬁfﬁ%}
(d) R={(x,y):x,y & w8}
(€ R={(x.y):x y fon 2}
2. fag =i & arafas gemst & 99=9d RE R = {(a, b) : a <b?}, BT
R e R, 7 o Tiged €, 7 Gafia € @R 7 € G
3. Sie wifse fo @ 9= {1,2,3,4,5,6} " R={(a,b): b=a+ 1} 5N aRefoa
Tey R Toqed, Gafid a1 Wb 2l
4. fag Fifsw fFFR AR = {(a, b) : a D}, 5 IR Ty R Tged a0 FehHeh
2 forq wmfta =& 21
5. Sig HIfST fF FMR AR = {(a, b) : a <D} N ARG el Toqed, TR
o HehHeh B2
6. fag wifsm fe wg==g {1,2,3} 9 R={(1,2), (2, 1)} ) 9sd Fal R TG
2 forg 71 1 T € @R A W 2
7. fag wifve fo fdt wfas o JEweE & 999 Whl & 9= AH
R:{g,y):xamyﬁﬁﬁﬁmw%}mmaﬁaR@w
e B

yemma 1 & RAkA w2 ()
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10.

11.

12.

13.

14.

HaYy T ®ed 7
fag #IfST fF A={1,2,3,4,5) 9, R={(a, b): la—bl T4 T} T Y& Hay
R T qooal Hed 81 Wi sifeg & (1,3, 5) o @i ofoge wh TR 9
Gafud € IR Tgeed {2, 4) o Gl egd Tk TR o Gafud € W {1,3,5) @
FE off eEFa (2,4) & fFE steEE @ Hefud 7 2
fag fefem fF ag=ag A= {xe Z:0 < <12}, ¥ fRu Tu fr=fafaa deei R
o ¥ oI T qoddl HeY e

() R=1{(a,b):la—Dbl, 4% TF TN 2},

(i) R=1{(a, b) :a=b},
A% M H | W Hafd stagal &l Fd hifag)
T Hee 1 30T L, S

(i) i 8 W 7 o Tiged 8 IR 7 Whiewh €l

(ii) TR B WG 7 d Tiged 8 AR | wufia @l

(ifi) Toqed o AfAd 81 fhq e 7 2

(iv) Taqed au "t 2l fohg wmfa 9 @

(v) Tafd den demes @ fohg Taqed 9 @l
fag wifse for fordt Tuaa o fora fagsti o wg==a o, R = {(P, Q) : fag P =t
He fig @ g, g Q& wet fag ¥ gt & w9 2} g1 Wed HeW R U ol
Tey g1 [ g wifee fof fog P = (0, 0) o et |eft fagedl o1 wq==a P
Y B S o1l T TH g o Fefd shear ©, et oy getfsg ) 21
fag ®Ife for wmed Bt o 9q==a AH, R={(T,T): T, T, 99&7 T}
g1 GRfoq Wae R U ool Tae 81 qensti 3, 4, 5 o "Hehon B T
9SSt 5, 12, 13 At FHeRI0 B T, 9o oisfi 6, 8, 10 ared FHeRI0T Bt
T, W fo=R FW T, T, 3R T, ¥ ¥ &9 ¥ Hs weR gafa €2
fag IS foh wme agystl o 9= AH, R = {(P,,P,) : P, 72 P, %1 “sniatl
1 & GUF €)YHR W TR Hee R Th qoddl Ga 21 3, 4, 3 5 e
T S AT FHR s § Hafud T A o 9t TeFal w1 9= Aa
IS
A AfS fof XY-aet | feerq woeq st 1 9q==a LT 3 LA R={(L, L)
(L, TR ® L%} 5N qRefaq S R €1 fag I R R T qoaa way
B1 3@ y =2x+4 9 e gaed {@isii &1 ggeud 96 Hife)

yemma 1 & RAkA w2 ()
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8 R

15. WA s foF @g=aa {1, 2,3, 4} &, R = {(1, 2), 2, 2), (1, 1), (4,4),
(1,3), (3,3), (3,2)} 51 uftafom Heier R 71 Freafafed o 9 9t s gfw)

(A) R Toqed a1 gafed © fohg Gohmeh 72l 21
(B) R Tqed qel Gehiieh ¢ fohq Tmfta el 21
(C) R EHHA qe Wehiaeh ¢ fohg Toqed &l 2l
(D) R U qoadl Gay 2

16. =M <ifeg fof wq==a N®, R={(@,b):a=b—2,b>6} N Y&d Ta¥l R 2|
frfafead & 9 @&t 3w g
(A) 2,)eR  (B) 3,8eR (C) 6,8eR (D) 8, 7eR

1.3 et o W (Types of Functions)

Tl I SFAURON, P ToRIT o S qeHeh e, 3T Held, 9gUg Held, Uied
e, s He, faga e sTf o1 9o 3ok ofeiel dfed el X1 fwan s
T 2l

< el o AN, A, O G 9N 1 i e TR S T 1 ifeh el i
HeheuHT 0T T 373 i 7 IEsti (Disciplines)ﬁ'ﬁﬁff%ﬂ%ﬁ"{“’f%,w
TH Tl o AR H ST SLAFA g8 ¥ A1 9@ =ed ©, Sel 39 Ugd WHI fRa o
39 =% U, g0 fafa= YR o Werl &1 STemad |
freferfad strepfadl g/ <9T T ®er £, £, f, 72 £, W fo=r =ifsm)

Pl 1.2 &0 2&d 8 fF X o f9 (distinct) $T9@e o, WM f o S,
fafera «ff = 2, fohg £, o sfwia <t for stemat 1 @en 2 o wfafa w & € Tma:
bTI A X, ¥ IS UH STUG 7 S oAU £ W f, % fwid X, ok B f ererm
o fafas T&l &, S £, ofaia X, & @t eto@a X o foeft 7 ot saoa o
wfafsa €

Sy afteret @ e frefetaa aftammd g et €
URTET 5 Tk He f :X—)YQélﬁl-ﬁ (one-one) ﬂWQév_eh‘ (injective) ™eld hgodrdl
g, € f o ofadd X o foa= ofe@al o wlafss o fa= gid €, stefq go®
x,x,€ X, ® faU f(x)=f(x) & @ 8 f&F x =x, TN [ TH TGLH
(many-one) Teld Shgcdldl 2

ST 1.2 (i) H Wl f, Toheh! F@M ¢ T STPMA 1.2 (i) ¥ £, TF 9gUF FoM ¢

yemma 1 & RAkA w2 ()


https://www.youtube.com/playlist?list=PL1b01Z6n_6OvG0F95MtiV5KjVBbdNN890

Si

1 a
. [ b
“ c
3 /‘/ d
e
4 f
Xl . Xz X] .. 2
() (i)
s fi
1 a 1 a
2 2 b
b
3 3 c
4 ¢ 4 d
X, (i) X, X, (iv) X
TRt 1.2

TR 6 e f: X =Y 3A=8E% (onto) 31Ul 3T=SMRI (surjective) haaldl % RIS
f ok farld Y 1 Y fage, X o Tt 7 fenelt st o wfdfee et €, steiq aeis
ye Y, s fau, X ¥ s U9 sreme x o A @ 9 f(x) = .
efd 1.2 (iii) H, ®eM £, ST=orh & 1 eehfa 1.2 (i) |, wer f, SAT=STEH
T T, FfR X, F AT o, T [, f % Sid X,k R off soma & gfafes
& #
ﬁmﬁf:X%Y@aﬂWW%,EIﬁﬁ?ﬁﬁﬁ'ﬂ'ﬁfﬁﬁ(rangeﬁ\ﬁ
TRTET 7 Uh e[ f: X =Y T '{o\hcrﬁ qAl AT=d1<h (one-one and onto) 3T Qaﬁlﬁ
A= (bijective) el HET B, I(E £ Toheh! q ST=sEeh S &1 el
SR 1.2 (iv) H, Hel f, Th Toheh! qefl ST=Tdl Ferd €|
SETET0T 7 0 AT o e X o |l 50 fernfe w1 wgesem A @1 W et
FiASN, f(x)=Tomnedt x 1 Ia R, g IR TH ®wor 21 fag wifeg R
f Theh! € Tohq sTeoReE el R
T AN o & Ta=-Ta= femnfed o Ua1 o g9 e € Wehd &1 Sque fTeheh! B
SRl 1 T & o em o wend @ fon fernfefal o Ut o) 1 W 50 qeh B 1 5EeR

yemma 1 & RAkA w2 ()
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10 T

aeqd g% g foh N1 org@d 51, hefl o ferdlt oft faanefl o1 U1 Har 7 2, eraua
f % 3fad 51, A e off srage w1 ufafda 7€t 21 ;£ TesEE e 2

a1 8 fag HIT f f(x) = 2x G UST ®er f: NN, Theh! ¢ fohg s
&l 2

T HEE f ThET T, HH f(x) = f(x,) =24, = 2x, =x, =x,. TV, [ STS%H TEl
2, Hfe 1e N o fau N 08 forell x o1 stfiae 7420 @ aifsb f(x) = 2x = 1 &I
FETET0T9 Tag HINT % f(x) = 20 5 984 %o £: R SR, Toheh! 91 =s6H 2|
T f The! §, FR f(x) =f(x,) =2x, = 2x, =x, =x, T &, RT 70 foet

off aredfers @ ya fay RY %maﬁaa%,aﬁf(%):z.(%):y%m:f

s o B

Y
A
y=f(x)=2x
X'€ P
) X
v
Y/
TRt 1.3

sarevor 10 fag e o F()=f2)=1 T x>2 & T f(x)=x— 150 99
we f: NoN, S=sEs df € fhq Ths! T&l 2l

T f Thsl TE B, FE f(1)=fQ2) =1, Wq f A=EH ¢, Hifh fHd g
ye N,y#1, & fQ, 80x sl y+1 G d &, @b £ (+ D=y+1-1=y W &
le N& faw £ (1) =12

arEvor 11 fag ST 6 f(x) = x2 g0 aRwfid wer £: R =R, 7 df Thsh! g 3R
T S=SEF B

yemma 1 & RAkA w2 ()
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T HfE f(- 1) = 1=f(1), AT f ThaT Y
&l 21 TF: Wewid Rl 3foe -2, ¥id Reh fo)=x
et ot sferr x 1 widfs T € ()
I f SEBRE T B S F)=1
sarevor 12 fag #ifve fF = oRaifia wed x=-1 %=1
f£: N SN, Theh! 91 =orEs <A & ¢

3 x+1,af x fam @ ;{,

J)= x—1af T f % 3@ 1 agr -1 & wiatss €
TRt 1.4

TA WM AT f(x) = f(x) T FITC B g x, oo & qon o, T, A x4 1
=x,— 1, 31 x, —x, =2 S STEE 8| TH YBR x, o §H T x, % food e &1 of
T &l €1 THfe x, T x, A E A A fawm B o wm S " e G o
qe x, A E, W f(x) =f(x) =x, + 1 =x, + 1 =x, =x,. T THR AR x, 720
X, FF "E R f) =f) =%, — 1 =x,— | =x, =x,. F: f THHT T WA &
T N &1 &iE ot oo =@ 2, + 1, 7d N 1 9@ 27 + 2 1 gfafaa € iR @
N &1 g ot 99 §&a 2, N &1 GO 2r — | &1 gt g1 374 f A=s6s 2|

a0 13 g T fF sTesrs Wl f: (1,2, 3) —{1, 2, 3) Ta Theh! HoM 2l 2l

T | AT T £ Toher! &1 1 37d: S9eh Wid § %8 9 %7 < eFa g forn %
1 T 2 o1 Al B fSieh wewia o iafse @M 1 @19 € £ o Siaiia 3 o iatae
hael T B e 21 3T, URE H, Weud (1,2, 3) o, sAfuehad |1 &1 T Bl Wehd
g, T yene g1 € T £ eteore el B, S foh we Tt 21 em: £ ol Toneh!
g € =nfeu)

3aTET0T 14 fag ST 6 wh wsl wer £ {1, 2, 3) o{1, 2, 3}t w9 9
s o B

T Sk f Uohehl ©, SEIAT { 1,2, 3} o o1 e1e@d £ o 3faria Wewid {1,2,3} o di
HAT-TAT el W HEY: Feferd 8| ;£ A=oEE o 2

fewuit IO 13 qA 14 § yred ufkomy freht off woes uRkfid (finite) Ig==a X, 6
e o 8, 1eiq Tk Tohshl oM f: X X SAfera: sTeseed g © ael qoieh
R gg=E X o 0 Tk =smesh e £ X —X SAad: Tohsh! gidl 21 3Heh
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12 T

oo e 8 qe 10 § T gl © o et erafifia (Infinite) S== o faw =8
&l T oft B Hewa €| e T uRfia den SaRfid Tl o ot U sttt
(characteristic) 3TdX 2

[ vt 1.2

1. a5 ®ifsT fo fx) = % SR IR ®e f: R, SR, Toheh! TN S0
g, 9l R, @l O srefaed eet &1 9q=ad €1 4k 9id R, &1 N ¥ 95
fean e, S foF @' wid gead RE @, @ ot 0 98 9o we sem?

2. TrafafEa wer w1 T (Injective) TN STT=BTET (Surjective) TON i S
Hifsu:

() f(x) =x* B/ 9&W f: N >N B 2l
(i) f(x)=x* S/ YSA f: Z —Z FTH
(i) f(x)=x* SV Y& f: R >R %o 2l
(iv) f(x) =x° BRI U&A f: N >N HeH Tl
(v) f(¥) =x* BRI W f: Z —Z FTH Bl
3. fag =T & f(x) = [x] S} 959 Hewd qUlfeh e f: R R, 7 df That @

3R 7 reRTEH €, Wl [x], x @ HH A1 SHeh aEX HewH YU i FEld
T 2l

4. fag #IST & f(x) = x| N 989 Wi ®e £ R SR, T @ Thet € 3R
T EBEE §, Wl | x | R x, A x 97 a1 I & qM x| W — x, A
XW%I

5. fag =ifsit f f: R =R,

1,3 x>0
f(x)=40,a€ x=0
—1,3fg x<0,
g Y FoEA e 7 Al Thsh! @ SR 7 s 2

6. " T fBFA={1,2,3),B=1{4,5,6,7} a4 f={(1,4),(2,5),(3,6)} A" B
T T o ¢ fag Sty o £ wohet 2

yearg 1 &1 At @ 3| m
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10.

11.

12.

a9 Tg Hed 13

frefefaa & o wors feefa § saaey fF o KU gu wer T, s=sKs
A Toheh! 3BT (bijective) B1 9 I 1 3fifeed ot sqemz)

(i) f(x) =3 — 4x g0 R wed £: R —R 2

(i) f(x) =1+ g IR ®eH f: R R 2

A Y R Aden B wq=ad € fag Sty & £: Ax B —B x A, 30 ¥R
% f(a, b) = (b, a) Th Tehsh! =BT (bijective) Fer &

%H,aﬁnﬁqq%
oH ofifse foe T9 ne N& fow, f(n) = % TS

g URWM Tk ®er f: N SN B SaaEy & 91 BeH £ Thal STesrE]
(bijective) B1 2T9H I 1 3fifaed ot sdqemzl

nﬁFﬂﬁnz%A:R—B}WB:R—“}%’U(@:[i—:i)mw&wﬁaw
f: A —B W fo=R ST 1 f Tohe! 9 S=0EH 22 39 ST I =
o Sqamsul

oM iy T £: R SR, flx) =x* g Rwfa 21 Hel ST 1 =9 st
(A) [ THH! STBTF & (B) f TEUF A=BEF @

(C) f THa T frg oTeor® & £ (D) £ 7 @ THE § 3R 7 TeERE 2
M ST fh £(x) = 3x §RT IR e £: R >R 81 & S g
(A) f THHT A=BEH T (B) f TS STIEF &

(C) f THH T T =oRF T8 & (D) f 7 @ THHA & 3R 7 AIEF 7

1.4 el T WA 99T SIGRATTE we (Composition of Functions and
Invertible Function)

TRTHTST 8 7 ST o £: A —Badl g: B —C < Wel &1 d9 £ 3 g &1 HaeH,
gof BN TT&fd Bl ®, de %o gof: A —C, gof (x) = g (f(x)), v x € AN IRsfea
Bl B
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gof
TRt 1.5

mlsmmﬁﬁ{2,3,4,5}—){3,4,5,9}3ﬁ'{g:{3,4,5,9}—){7,11, 15}
T wer TH YEN & f(2)=3,f3)=4,f4) = f(5)=53ﬁ'{ g3)=g@ =77aa@
g(5) = g(9) =11, gof T =ifSQ|

T W gof(2)= g(f(2)=g(3) =7, 80f(3) = g(f(3))=g(@4) =7, g0f(4) = g(f(4))
= ¢(5) =11 3R gof(5) = g(5)=11.

FETET0T 16 A1 f: R ->R A2 g : R R ®ad A f(x) = cos x A g(x) =3x2 N
Ref| © gof 3ﬁ?fog§|'l'cl Hifsul fag ST gof # fog.

T Tl gof(x) = g(f(x)) = g(cos x) = 3 (cos x)*> = 3 cos? x. TH T&R, fog(x) =
f(g(x) = f(3x?) = cos (3x?) HiIC ST fF x=0F fAT 3cos? x # cos 3x° 21 31d:
gof # fog.

Suder uftere, Sl 22 qen fewht frefafaa afam & fag o w2

TRATET 9 e f: X —Y SIeRAUiE  (Invertible) Hecmdl 8, d€ Th e
g:Y =X 1 I 39 YRR B fF gof=1 TN fog=1, B WeH gl Hed f
gfdet® (Inverse) ed g 3R =@ ik £ §RT Wk hLd 2l

q:, AR £ hHNE €, Tl fATaT: Tohen! A1 ST=SIEeh eidl € SR foeima:,
IqfE £ Woheh! AU AT=BEH €, Al f ATTema: SqhHT BIal €1 F8 qe4, f i Toheh!
A SR g Hich, SIEhHUN AT i o Weequl &9 § W el €, fasi
®Y W TG f 1 YidelH aad § A &l w8l

SETET0T 17 A AT T £: N Y, f(x) = 4x + 3, g IR0 Th e €, Sl
Y={ye N:y=4x+ 3Tt xe N & foq}| fag =ifsw fr £ oqepuoia 21 o
Tt Ad it

Tl Yo fhdl @ saad y R faar #ifs) Y, &t ol g, wid N o fedt sreea

X3 AT y =4y + 331 369 Fored Frepera 2 fF x=(y;3)%l a7 g(y)z(yf;:;)m

yemma 1 & RAkA w2 ()
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grYWﬁﬁWaﬁﬁmWWgof(x):g(f(x)):g(4x+3):—(4x+43_3)=x
o fog =g =) A0ZD 52y 3ha2y b v e

g o gof =1, TN fog =1, fSr@er arcqd o€ a1 foh [ sqehmviia 2 3R e g Her
f 1 gfaem 2

fafaer 3ergvor

SETETUT 18 AR R TR, W= AT Jooal wae &, @ fag #w fF R AR, ©%
ool Tad 2|

T ik R T R, Il Hael € ST (a,a) € R, T (a,a)€ R, ya e A THH
aed € % (a,a)e R,NR,va &8 fag g@ 2 fF R AR, =G B I
(@, b) e R,AR, =(a,b)e R T (a,b) € R, =(h,a) € R, T (b, a) € R, =
(b,a) € R, "R, 3: R AR, AT 31 3 TR (@, b) € R, "R, T (h,0)e R MR,
—a,¢) € R, T (a,c) € R,=(a,c)e R, "R, 399 fag &@ & f& R "R T
1 31: R,NR, T Joaal Hae 2|

ITEI0T 19 HH oifee fh qa==d A b uq ‘{Uﬁ'ﬁ o Shifd E’l:ﬁ (ordered pairs )T
T& Ha9 R, (x, y) R (u, v), Al 3N e I, xv = yu G ARAN 21 fag EAIELY
fh R T qoadr dee 2l

T WA (x, y) R (1, ), ¥ (x, y) € A, FfF xy = yx 2 399 == Bl & fF R
waed €1 T (x, ) R (u, v) = = yu =uy = vx 3R FERAT (1, v) R (x, y)E| 3040
e B @ fF R @aftd 21 36 YR (v, y) R (1, v) @4 (1, v) R (@, b) =xv = yu

b a
qAql ub = va :xvgzyuﬁ:)fv;:)m; =uxb = ya 3R zHfeT (x, v) R (a, b)%l
u u

31Ta R €& ¢l 31d: R Th qoadl Hay 2

IEET0T 20 §A AfST R X = {1,2,3,4,5,6,7, 8, 9)81 94 ofifsw 7 X H
R, ={(x,y): x—yT&A 3 ¥ WA 8) 5N WA TH Tael R € T R = {(x,): {x,y)
C{1,4,7} 0 {x,y} < {2,5,8} A {(x,y} € {3,6,9) G T&d X | TF 31 HI¥f R,
21 fag #ifsw fF R =R21

yemma 1 & RAkA w2 ()
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16 T

el A Hifaw 6 (1,4, 7}, {2, 5,8} 91 {3,6,9) Tg=adl § ¥ YAF H1 ATl
(characterstic) I8 2w geh foRdl o} < 3TaFel w1 3Td 3 k1 Th NS 2l Zqfeq
(x,y) € R, =x—y ¥@ 3 & TN T ={x, y} (1,4, 7} & {x, y} C {2, 5, 8}
A {x, y} © {3,6,9} =(x,y) € R, 31 R R, s TR {x, v} € R ={x, y}
(1,479 {x,y} € {2,5,8} T {x,y} € {3,6,9) =x— yH& 3 ¥ 99 & ={x, y}
€ R. 399 ¥ a1 ¢ 7 R cR.3W: R =R 2

IETETOT 21 A ST foh f: X =Y Tk Weld 81 X ¥ R = {(a, b): f(a) =f(b)} T
WEd Ueh GaY R R i) Sifew fF e R wh qouar Say 2l
T Y&F ae X o U (4, q) € R, FF f(a) = f(a), TG0 T2 € & fF R @qed
21 3 UHR, (a, b) € R =f(a) = f(b) =f(b) = f(a) =(b, a) € R. 3EAY R A
Bl T: (a, b) € RAA (b, ) € R =f(a) = f(b) T f(b) = f(c) =f(a) = f(c) =
(a, ¢) € R, F5@ent arcd € fF R Sm™es 21 31d: R U qoddl dee 2|

SEETUT 22 F=9d A ={1,2,3) ¥ @ a% G Theh! el i @A A SIS

T {1,2,3) 9 WH q% Uhd! el had diF Tdlehl 1,2, 3 1 HHET | 3d:
(1,2,3} 9 @& 9% o fafedl (Maps) &1 el S&1 04 Yol 1,2, 3 o wE=l
1 el GEA o ST e, S foh 31= 6%

TEETOT 23 HF AT R A={1,2,3) 81 99 fag Hifse fr 08 gaui &1 g =R
g, fo (1, 2) @en (2, 3) & 3R S Toqed a1 WehiHe ql € fehg wafia =& )

T (1, 1),(2,2),(3,3),(1,2),(2,3),(1,3)}, (1,2) T (2, 3) SFaFal a1l 9 Fad Bl
Ted R, T, S TG qe Wbk ¢ fohq TG T #) o ARk R W W (2, 1) T
g, @ 9T e R, f Wiged qn TRk ¢ W WA T ) T YN, 79 R,
F (3,2) g1 FX R, I F THha ¢, o s7efiee Tqorerd € qenfr ww R, # Rt < gt
(2,1),(3,2) T TH ¥ (3, 1) *I &l &&1 Wehd B, iR T HH W &H, HehrHehdl
TAIT W@ o T, 319 9 i oF o forg o1e el ST SR 39 uihan g W He
Tafia off g STem, S el @ 21 ot et wWei e ge o 2

sarEur 24 fag wifNT & ag=e= (1, 2,3} ®(1,2) 0 (2, 1) F Al HH ae
ol Wadl i ge 2 @

& (1,2) A€ (2, 1) I SHafete T aren g B goaa d@94 R, {(1, 1), (2,2),
(3,3),(1,2), (2, 1)} 81 279 helel 4 T, FHa: (2,3), (3,2), (1,3) T (3, 1) 99 5= &
o &9 7  foRdt Tk w1, S9 (2, 3) ® R, H Sfafdw #W 2, @ wuiad o o
&Y (3, 2) & ot A1 USW, W & HehHehar &g €9 (1, 3) @ (3, 1) H TH &

yemma 1 & RAkA w2 ()
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for s 2 o1: R, ¥ 91 qodd HaY Shad Wi HeH ) g T g § R
(1,2) @0 (2, 1) ! 3fafeee A el qoddl Haell ®1 el G& & 2
SETETOT 25 acmsh We [N N W faer &g, st I, () =x, yxe N5
wfemfom €1 fag wifsm &, =afa 1 sreses € fhg Fefafed yer 9 aifid we
I +1 : N >N seoes F&f ¢

(G +I) =)+ (x)=x+x=2x
T T [ 3TesEsh © fohg I + [ 3T9ed &l @1 itk &9 wewid N o
T FgTT 3 o Whd ¢ foer fog wid NH freht U@ x o1 eifiae =& @ fo
(I + 1) (x) = 2x =3 &I

SETETUT 26 f(x) = sin x R YA F&H [ [0,%}—>R A g(x) = cos x NI V&T e

g: [O,ﬂ—mm faar i) fog FIT 6 £ qen ¢ Thebl €, WY [+ g Toheh! el
2

Tel iR [o,ﬂ,éﬁ Q- sl x, 9o x, % AU sin x, # sin x, @O
cos x, # cos x, THIAY f T ¢ Il & TERTF T T THa! &l WY (f+¢) (0) =

. T e .
sin 0 + cos 0 =1 d (f+g)[g)= SlnE+COSE:1 2 aqa;f.;.gq%ﬁ T B

g 1 W fafaer goaraet

. fag #ifNT fF AR >{xe R:—1<x<1} & f(x)=

[

,x€ Rgl

X
1+ 1 x|

YR Tl Teheh! de STTeSIEE Bl

2. Tag =ifsw f& f(x)=x*80 9T Hed [ R—)RQ%W (Injective ) 2l

3. U e gy X & gen @1 PX) S fR X oF 9a% SuegsaEl %1 gy
2, W fa=m wifsy frefafag @@ 9@ PO ¥ T Hay R aiwifie sifs:
P(X)® Sueg=al A, B T, ARB, 4 3R el 4§ A< BR1 &1 R, P(X)
H T e Hay €2 I IW 1 shfae sff fafan)

4. == {1,2,3,...,n} ¥ T % o TAK TSR Hel i G AG HIfU|

yemma 1 & RAkA w2 ()
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5.

TIfoTd

oA oS fF A={-1,0,1,2)},B={-4,-2,0,2} 3R £, ¢ : A 5B, FH!:

1 .
fX)=x2-x,xe AT gx)=2 X_E‘_L x e AEN IRWIfE wed B

f A g HHA 87 A ST T SAifacd ot Tqensul (Hehd : e HifeT fom
Tl f: A—B A g : A —B UM HEdl © A€ £ (a) = g(a) vae AR

A A={1,2,3} € TH Heier fo seme (1,2) @1 (1, 3) 8 3R S wiged

qe AT & fRq e TR €, # Hen ©

(A) 1 (B) 2 € 3 (D) 4
. A A={1,2,3} & q @ (1, 2) o ol Gaul i @ 2l
(A) 1 (B) 2 () 3 (D) 4
qrIST

39 A H, g9 fafay YR oF Teel, wedl qen fgememd disaneti o1 stemeq feran
21 39 A W g faw-asg frefafea 2

*

* L R R 4

*

X ¥, R=¢0c X xX 3N Y4 Fee R, fem Haier i 21

X #, R=XxX 5N 9S4 Hs¥ R, Wrefeh Gaiel 2|

X #, T3 w94 6 vae X, (4, a) € R, @@qed Gag B

X ¥, 39 YR 1 Hau R, S Gfda¥ (a, b)) € R a9 @ % (b,a) e R
1 W Al & WA Faie B

X H, 9fds¥ R, (a,b)e RAM (b,c)€ R =(a,c)€ R v a, b, c € X Hl =
T oTell Heel R Gehiieh dag 2

X ¥, Gae R, S Tqed, GHEA d91 Gk €, deadl gay 2

X ¥, frdl qead 94 R & faU o € X o W@ goaar it [a], X &1 98
SuET= ¢ foEeh @il 3reFe o 9 Hetud 2|

TH el f: X —Y Thsh! (31efa Toheh) oM @, a8

Jx)=fx) =x =x, v x,x, € X

Th e f: X Y =dEedh (Ial ATDIET ) Fer ¢, af% fhat g
yeY,3 xe X, W UHR fF f(x)=y

T G f: X —Y AU 2, I 3R ko A% £ Theh! a1 SRS 2

S R o Rl Join Now |
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a9 Tg Hed

o Tl yem ufifd g=a X o fT e £: X —X Toheh! (qER ST=a15eh)
Bl €, AR IR kel A% f <R (AEHR Toheh!) 21 T fepel qifia
=99 w1 A&t qoEH  (Characterstic Property ) 21 T eruRfi
=T o fou T T B

et goygfh

el i Haheddl, R. Descartes (1 1596-1650 's‘.)@ YR B HT Th A
3iqel | fosfad T 21 Descartes 3 | 1637 g H oTut qigfdf “Geometrie”
Y 9t ‘G’ kT AN, SAHAT Sh!, S sfaEe (Hyperbola), RIECIGE
(Parabola) eI SEigd (Ellipse), T ST hid HHA, Th =R T x oh & UMk
o x"eh A § R o1l James Gregory (¥ 1636-1675%.) J 70 Ffd “ Vera
Circuliet Hyperbolae Quadratura” (8 1667 2)H, et i Tk U Tl TET e,
S fordt e Ui WSS 1eren o1 Hishansti sl SR WA i | e 2t
21 9% ¥ G. W. Leibnitz (1646-1716 £) 5 1673 5 ® fafgq soft wigfafy
“Methodus tangentium inversa, seu de functionibus” T 3% ‘o’ ! fordt Q’Fﬁ
Tfer o6 7ef |y TR, St foreht ook o U foig © S g a% 39 YR ufafad
Bt et B, S ok W g o 1wk, ook %1 YeUTdl, Sk 1 Tqeil qen S
ufRafdd eid €1 qenfy 1ot shfa “Historia” (1714 S.) W Leibnitz 3 e i T =X
R enia T oF w9 H JA fRE a1l Ay x 1 BT ¥A § AF 9l o
gagerg =AfR 91 John Bernoulli (1667-1748 £.) 7 TeeM 1718 3. | HohaH
(Notation) (])xﬁ RIS “x hT AT kil ke ki o T fomam em ‘T{@ held
&l fefid =4 & fom ELical S . FE 0, y... sl SAUh T Leonhard Euler
(1707-1783 %) 51T 1734 5. § 3101 Wigfattd “Analysis Infinitorium”™ o JeIH @UE
H foan T oM A€ H Joeph Louis Lagrange (1736-1813%.) 9 1793 3. | 70+t
igfata “Theorie des functions analytiques” Yh1RTd i, fw =2 forgeraomete
(Analytic) %eF o R § 9fe=t &1 of den "Werad £ (x), F(x), ¢(x) TS T G201
x % T9=-f= wemi o faw feman o 9R90d Lejeunne Dirichlet (1805-1859 %) =
et i gReTn 1 et T 39 9HA d eIl W@l S qeh adH i § Held
1 Teed Ugifdes TRATN 1 Yoo T8l 31, S Georg Cantor (1845-1918 §)
BN foefoa Tg=aa fagid o 9] g3t aduH &id ° ydfad ®ed &t gq=ad
Tgifaeh IRATST Dirichlet SR Yad e i GRETST &1 HE ST
(Abstraction) 2

_..._

A

0 LR R Rkl Join Now |
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