Hael Ua W
(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 +

1.1 9fferT (Introduction)
T KIS o e XIH, oo Td W, 9id, Te9id qen
iR e &t saumoneti &1, faf= yer & arfae
AT el SR S el Gfed qREE S S g
21 Tford § 31 ‘Hay (Relation) ' 1 HehedH i TISH
q H 39 vsg o ored @ o w2, fNeeh erER
(Recognisable) W Bl 7= <fife fo A, foret ol Eq)
el X1 o foenfefai &1 gq==a 2 qen B SHl Thel &
wenl X1 oh famielal &1 wqeea €1 o wy=d A 9
TH=T4 B a% % GaHl o o IR 36 FHN B
(i) {(a,b)e AxB:a, b 9 %}, Lejeune Dirichlet
i) {(a.b)e AxB:a b 967 ), (1805-1359)
(i) {(a,b)e AxB:a® g bt Y ¥ 3ffw B},
(iv) {(a, b) e AxB: fusdl Afqm wdian o ¢ g0 U< qUIe b F 9T YU
1 2},
) {(a,b)e AxB:a3H & @Al ¢ T&l b @A B).
qufy A9 B d% o fodl a9 R & STTT'{F‘T (Abstracting) ¥ Y Tforg |
A xB % Th @3 (Arbitrary) STEH=EE &1 TE TR Hd 2|
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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 AH Th STEH=ST el ¢ ofd: Nk q==d ¢ < A x A a0
Ax AT, I I Gy T TR B, R = {(a, b): a—b =10} g0 Y& =4
A={1,2,3,4} W IRl Tk Gau R W =R Hifo) o8 wh o wq==a €, it
TE *i1E fi ™ (pair) & & S A€ g — b= 10 HI T H B TH THR
R ={(a.b):la-b1>0}, GIU Gq=sT Ax A% qod €, Filh Ax A Gt g9
(a,b),la—b1>0 HI< HTd Bl TE <Al 3=d o SR &Y FeAferiaa afereet
o fau 9@ w3 2

e 1 F=E A R 9Rwftd Hey R U Rad Hag e 8, A Aw w8 of
aga Ach fordt off srega @ wefd & €, i R=¢0 cAxA.

T 2 W= A W gt Hey R, T WA (universal) Hael weed 2, 9
A Yok 3T Ash @i el § gefud €, e R =A x A.

o Weel qen WEte Hoe & Heii-wet e (trivial) Hew ot wed 2

SETET0T | 9 e fof A Rl sTerehl o Tohel o et famnfefal w1 wgeem 21 guize
% R={(a, b):a b® 981 8} g Y4 Hay T o Ha9 & 91 R’ = {(a, b) :
a T b I HEAEA FT FAW 3 WX W FH T ) §N YA G TH HeE Hay B

T YSAHR, Fifh Thet STeth 1 €, Tud Thol o1 hig o fomnefl, wha & fordht
off foenefl &1 w&4 & @ "era1 21 3@: R = ¢, FEQ yeikfa g 2 fF R feq day 2
g off Toe ® T foreel oft <) fomnfeleli o) Samedl 1 o 3 e @ %9 e & =fsu
T Yhe B B T R’ = A x A WEh Fa 2|

feoguit e X1# faeneffmor dia vk € o foredl gay 1 < yebr o frefug fopan <
Tehdl €, AHa: Je fafy qen wgeem fafor fafu) qenfy 9ga @ @i g g
{1,2,3,4) R gRenfod G99 R = {(a, b): b=a+ 1} Hl a R A <t Trefua fHan S
2, Al 3N ke 4 b= + 1 811 S0 0t Glerersier g, 89 o 38 Hehad (notation)
T AT FH4|
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Ty TI e 3

A& (4, b) € R, &1 Fed © TF o,b ¥ Hafd &' 3R 39 o1d %1 89 a R bW
YHe FHW 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 kA
(Transitive) Haei T fo=m w4 2l

T 3 Iz A W RHIfd ¥9y R;
(i) e (reflexive) el 8, 4% Ui ae A% U (q, a) € R,
(i) @A (symmetric) FEa@ €, S qH& a,a,e A % fT (a,a)e RH
(a,a)e RY eI
(iil)y M (transitive) FEd 2, Al o, a,a, a,€ A fam (a,,a,)e RTA
(a,a)e R¥(a,a,)e R =
TRATET 4 A TR IR Heiel R Tk qoddl de el 8, A R Sqed, SHHa qe
Tsheh

SETET0T 2 0 Sl fof T e maet o feord waea Brygsit o1 T Oq=ed €1 9=
TH R={(T,T):T,T,% Haied 8} % Hau €1 fag Hifew & R & geaq
e B

T WY R TOqed ¢, FiTh Ucdw YW @WF o Hantgw el g1 qA:
(T, T, € R=T,, T, & Tamed & =T,, T, % Haimaq & =T, T,) € R. :
Ted R TAMAA ¥1 39 S (T, T,), (T, T,) € R=T,, T, & Tameam & qen
T, T,% Tame™ & =T, T, % TaeH § =(T,, T,) € R. 370: "9 R Hheh ¢
39 YR R TH qoddl Gad g

SETET0T 3 7MWt fof L foret wvaa o feord @ d@msti o1 Tk g €

R={(L,L):L, L, | @ ¢} 9q== L ¥ wRefod ws waw 21 fag Fifw &6 R
Tufi 8 fohg € 7 @ e § SR 7 "o @)

T R Wged T ¢, i ®E @ L, 9 ST W 9 T e TRl ¢, g
(L,L)¢ R RuAf &, #ifd (L,L)e R

= L, L™ a2
= L,,L, @ 2
= L,L)eR
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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,

sarEur 4 fag i f6 ag=a= {1,2,3} 5 R={(, 1), (2,2), SEFfT 1.1
(3,3),(1,2), (2,3)} 5} 9&d GaY Tqed €, W 7 dl THHd © AR A Hehmeh 2

& REEqged 8 @it (1, 1), (2,2) 3R (3, 3), R % 37 &1 R GHHA &1 €, aiifeh
(1,2) e Rf&g (2, 1) ¢ R. g8 YR R Wehmes &l €, it (1,2) e Ra (2,3)eR
™d (1,3)¢ R

sa1et0T 5 fag Hife % quiel o 99==a Z ¥ R = {(a, b) : §&A 2, (a — b) &l
fawifsia sl B} g1 Wed ey Uk qoddl HeH 2l

&1 R Tqed €, Hifh 9% ae Z o T 2, (a—a) &I fauisa & 21 em:
(a, a) e R. Tz, a7 (a, b) € R, @ 2, a— b i faefs sLar & | e@ue b—q &l it
2 fauifia =3 1 23@: (b, a) € R, F5&@ fag & @ f6 R 99fiq 21 st v, afe
(a,b)e RAM (h,c)e R, @ a—baM b—cHE 2 4§ 99 I 304,
a—c=(a—b)+(b—c)@:[(even)% (F?)1 2m: (a—c)“ﬁzﬁmélmﬁ:l@
el € fF R W 21 o §q==9 Z 9 R U qoodl §aY 2l
ISR 5 H, A Hifsg fF vl ww quie g 9 wetud €, #®@ifE (0, £ 2),
(0, +4),..31%& RE € IR %1E i famm quier 0 @ waiferd =& 2, *Fifw (0, = 1),
(0,+3), ..M R & & €1 gt werr weft forom quiier 1 9 waifer € ok ¥ off ww qorfen
| ¥ Heiferd = €1 FIUd, GO T YUkl 1 GH=ad E a1 GAE faum quiet @
gg=ad O U= Z % 39 G=d €, S Frefafea ufaesl w1 gqe w3 #
() E< UWed 3f99d Th g 9 Fafud & 991 O oF 9o ofedd T TR °
Heifurd 21
(i) B %12 @ stema O fordlt ot stage 9 Hafud 781 2 &R faeiidd: O =1 &1
ff /99 E & frel off srage 9 Hefua 721 2

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

Iqqq==a E, [ 1 AT (contain) T el Feadl-a7t  (Equivalence Class)
el € IR 5 wdieh [0] 9 Fefd #ed €1 36t YR O, 1 w1 3fdfee e aren
Jeaa-oit €, fo@ [1] gr fefud w3 ?1 A | &% [0] = [1], [0] = [2r] 3R
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HaY T§ ®ed 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 fausH (Partition) wed € R S frefeiaa wfieel 1 Gqe w4 €:
() 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=Ed A TeadT-oft sheand 21 39 feufa ot Tk vt 77 @ ok ww fauda fomem
ot & Thd &1 SR & fau Z o 37 Iufawerl W faar wife, st Z o o8 9
RER THTH STHL==Al A, A, T A, 5RI 954 &, fSent @ftmer (Union) Z ®,
A={xeZ:xH&M3 H PV T} ={.,-6-30306..)
A={xeZ:x—19&N 3 H PN T} ={..,-5-2,1,4,7,..}
A={xeZ:x-2F&M 3 H P T} ={...,—4-1,2,58, ...}
Z ¥ TF G R={(a,b):3,a— bl fawifea wtar ) afwfia ssifsa) Seeeo
5 H Y9 deh oh ITTER B g U Gehd & T R T qodar ded € s it
A, 7% 3 |eft iRl & T o SeR €, S Y © Hafud €, A, Z % 39 9t
qUIfeh! o WA o TR 7, W 1§ Heifud € 87 A, Z % 37 Heft quifhi o T
TR T, S 2 ¥ Hefud ¥ e A, =[0], A, =[1] 3R A, =[2]. 5= | A = [37],
A,=[3r+ 1] 3R A, = [3r+2], 5l re Z.

SETETUT 6 A oo f Tq==a A={1,2,3,4,5,6,7} HR = {(a, b) : a T bTHI &I
71 4 fovm & = wm ¥} g0 Uit U Hew 21 fag #IST fF R T qedd gay 2
Tl € T it o STageaa {1,3,5,7) % 9t ore@d Tk S 9 Hefd 7, 3R
STEI=A {2, 4,6} o G faFe Tk TR 9 Fefvd €, W suegeEd (1,3,5,7)
IS Wt Fee SUHTEEA {2, 4, 6} o ferdl ot erge @ wefua Tl 2

T A UST HIS FE o F1 dl fauH © A HH 7, AW (g, a) € R. THh AT
(a,b)e R=ad@Mbpadl &, o1 @ fawm & =1 99 & =(b, ) € R. TH &R
(a,b) € 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) % 9t o1a@d Tk S 9 Fefud 2, it
7q Suggesd o gl orgee faud B1 gt UK (2, 4,6,) % Gt feEd Uh g 9
wefad €, it 4 |t @ € WY @ SwEgsea {1,3,5,7) 1 &2 f e
(2,4,6) o Trelt ot srage o Hafud 71 & W ©, it {1,3,5,7) o erage foaum
g, 5@ % {2, 4, 6), % e@Fe 99 2
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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={(xy :3x-y=0}
(i) TeFd Hemel o THead NHR = {(x, y) : y=x+ 50 x <4} 5N qRenfia
g9y R.
(i) == A={1,2,3,4,5,6} HR={(x,y): y 77 Tx ¥} g URAIM Hlel RE|
(iv) TOEd qUiishi o Tg=ad Z W R = {(x, y) : x —y T YUlieh &} gRI qrsoa
g9y R.
(v) Tt favie omg ) feedt 7R o farfaat o aq=aa ® f=fafed
Hay R
(2) R={(x,y): xq°y Tk & M W H& H 2}
(b) R={(x,y): x Ty T & Heeal § ®d &)
©) R={(x,y):x,y¥ SH-3k 7 O el 2}
(d) R={(x,y):x,y® o 2
(© R={(x,y) :x y foar 2)
2. fag =i & arafas gemst & 99=ed RE R = {(a, b) : a <b?}, B
R e R, 7 o Tiged €, 7 Gafia € @R 7 € G
3. i wifse fo @ 9= {1,2,3,4,5,6) " R={(a,b): b=a+ 1} 5N uRefoa
Tey R Toqed, Gafid a1 Wb 2l
4. fag Fifsw fTFR AR = {(a, b) : a D}, 5 IR Ty R Tged a0 FehTaeh
¢ forq wmfta & 21
5. Sig HIfST fF FMR AR = {(a, b) : a <D} N ARG el Toqed, TR
o HehHeh B2
6. Tag wifs for wg=== {1,2,3} " R={(1,2), (2, 1)} 51 9&a Heiel R FA(HA
2 forg 7 1 e € @R 7 W 2
7. fag =ifvq fo fedt Flds & s & 90 Y&IHl o 99=9d A |
R={(x,y): xqa1 y & U s GO GO 8} N U0 Hae R Th qodal
oY B
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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 eFd Th TR | Gafud € W {1,3,5) @
HE off eraFa (2,4) o et stemE @ Hefud & 2
fag fefem fF ag=ag A= {xe Z:0 < <12}, ¥ fRu Tu fr=fafaa g R
o ¥ oI Tk qoddl HeY e

() R={(ab):la—Dbl, 4% TF TN 2},

(i) R={(a, b):a=Db},
A% M A | W Hafed staaal &l Fd Hifag)
TH Hey 1 380 N, S

(i) i 8 W 7 o Tiged 8 IR T Whieh €l

(ii) TR B TR A d Tged e AR | wufid @l .

(ili) Toqed o gAfhd 81 fhq e 7 2

(iv) Taqed au "t 2l fohg wwfa 7 @l

(v) Gafd den " @ fohg Taqed 9 @l
fag =ifse for fordt Tuae o fora fagsti o wg==a °, R = {(P, Q) : faig P =t
ot fag @ <, fag Q=1 ot fag & Tt o wwM 2} N WSd Hell R T qodl
Gav B1 q: fag wifw &R g P #(0,0) o Gafa qeft feigent 1 gg==a P
T B S o1l T UH g9 o Fefd shear ©, foeht oy getfsg W 21
fag ®ife for oo Bt & 9q==aAS, R={(T,T): T, T, 99&7 ¢}
SR IRfoq Haef R T qoadr Tael 81 osti 3, 4, 5 o " B T,
9SSt 5, 12, 13 ATt FHeAI0 B T, 9o YSiefi 6, 8, 10 Al FHRI0T gt
T, W fo=R #fS@ T, T, 3R T, ¥ ¥ &9 ¥ Hs weR Fafa €2
fag i o wmed agystl o 9= AH, R = {(P,,P,): P, 721 P, %1 “sniatl
1 & GOF ) YHR W TR e R Th qoddl Ga 21 3, 4, 3 5 e
T S ATt FHR s § Hafud T A o 9t TFEl w1 9= Aa
i)
A AfS fof XY-aet H feerq woeq st 1 9q==a LT 3 LA R={(L, L)
(L, TR € L, %) 3N Refd ey R 21 fag FifT fF R T qoaar ey
B1 3@ y =2x+ 4 9 e goed {@isii &1 ggeud 96 Hife)
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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 Tqed a1 GHiHd © fohq S 72l 2
(B) R Tqed qel Gehiieh ¢ fohq Tmfta el 21
(C) R Gufla e Gshmeh 8 fohq Toded el 21
(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) 2,4)eR  (B) 3,8eR (C) 6,8eR (D) 8, 7eR

1.3 el o W (Types of Functions)

Tl 1 SR, F a9 B S GeHeh e, SR T, 9gug held, qiHd
e, s Hed, fagd e sTf o1 9o 3ok oTerel dfed el X1 fwan i
T 2l

] el o A, A, O q1 AN 1 f SrerE femAn < g @) Fiifen B i
HeheuHT 0T T 313 i 7 Iasti (Disciplines)ﬁ'ﬁﬁff%ﬂ%ﬁ'{ﬂf%,wm
TH Tl o AR H ST SLAFA g8 ¥ A1 9g =ed ©, STel 39 Ugdl WHI fR o
39 =% W, eH fafa= YR o Herl &1 e |
freferfed strepfadl g/ <OT T ®e £, £, f, 70 £, W fo=r =ifsm)

sepfa 1.2 &0 2&d 8 fF X, % 9 (distinct) $T9@e o, WM f o 3,
fafera «ff fio= 2, fohq £, o sfia <t for stemat 1 @en 2 o gfafad w & € Tma:
bTI A X, ¥ B UH STIT ® S e TU £ W f, % fqid X, ok B F ererrm
o vfafas F&l &, S £, ofaia X, & 9t eto@a X o foeft 7 ot saoa o
wfafae &1

S ufteat @ e frefateaa afamd g et €
URTET 5 Toh e f :X—)YQélﬁl-ﬁ (one-one) QWQaﬁF (injective) ™eld hgodrdl
g, A £ o ofadd X o fa= ofe@al o glafas o fa= g9 €, stefq go®
x,x,€ X, ® faU f(x)=f(x) & @ 8 f&F x =x, F90 [ 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 ¢
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1 a
, [ b
- c
3 /‘/ d
e
4 f
Xl . X2 Xl . 2
() (ii)
% 7
1 a 1 a
2 2 b
b
3 3 c
4 ¢ 4 d
X (iii) X, X, (iv) X,
TRt 1.2

TR 6 e f: X =Y =88 (onto) 31¥el 3T=SMRI (surjective) haaldl % RIE
f ok farld Y 1 Y tage, X o Tt 7 forelt st o wfdfee e €, steiq g
ye Y, s fau, X ¥ U 9 sremd x 1 A @ 9 f(x) = .
3mepfd 1.2 (iii) H, ®eM f, ST=TSH & a1 eehfa 1.2 (i) |, wer f, SAT=STEH
T 7, HfH X, T 0T o, AW £, £, S X, o TR off stawa o wfafea
&l 2
ﬁmﬂf:XﬁY@ aﬂwwéaﬁ: 3R Shae g f a1 IR (range)=Y.
TIRTET 7 U e f: X =Y T '{e\hcrﬁ qA AT=d1<h (one-one and onto) 3T Qéﬁlﬁ
A= (bijective) el HET 8, I(E £ Toheh! q ST=sEeh S & erdl 8
SR 1.2 (iv) H, el f, Th Thdh! qofl STemdl Ferd €|
SETET0T 7 0 AT o e X o |l 50 femnfe s wgsea A @1 W ety
FiASN, f(x)=Teomnedt x 1 Ia R, g0 GRATE TH ®wor 21 fag wifeg R
f Theh! € Tohq sTeoReE el R
T AN o & Ta=-Ta= femnfe o Ua1 o g9 & 8 Wehd &1 Sque fTeheh! B
el w1 fa &1fd fohy 80 oM Hend € fop faranfofall o et et 1 @ 50 ek €1 ST
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10 T

AT Ig g3 TR N1 3167 51, henl o Tt off faeneff o1 U1 Far 7€ €, erawa
f o St 51, A TRt ot sraga %1 wfdfss 7€t ?1 o £ STesRE e R

saTetor 8 fag ST & £(x) = 2x G 9G4 Fel f: NN, Thant © fohg mescs
& 2

T HEE f TS T, HH f(x) = f(x,) =24, = 2x, =x, =x,. TP, [ STS%F Tel
2, Hfe 1e N o fau N 08 forell x o1 stfiae 720 @ aifsb f(x) = 2x = 1 &I
FEET0T9 Tag ST 9 f(x) = 20 5 984 %o £: R SR, Toheh! 91 =86 2|
T f The! §, FMR f(x) =f(x,) =2x, = 2x, =x, =x, T &, RT Fea foedt

off aredfers @@ ya fog RY %WW%,Gﬁf(%):Z.(%):y%Im:f

s o B

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

sarEwr 10 fag el fF f(D)=f2)=1 TN x>2 & T f)=x- 15K 4T
we f: NoN, STesrEs df € fhq Ths! T&f 2l

A f Whe! W@l ®, FiH f(1)=fQ)=1, WY f =3 B, Fifen fohel g
ye N,y#1, & fQ, 89xhl y+1 G @d &, @b £ (y+ D=y+1-1=y W &
le No faw £ (1)= 172

arETor 11 fag ST & f(x) = x2 g0 aRwfid wer £: R =R, 7 df Tt g 3R
T S=SEF B

Rationalised 2023-24



& FE f(- 1) =1=f(1), 30T [ Tha Y
&l 21 TF: Wewid Rl 3foe -2, ¥id Reh fo)=x
et ot oo x w1 Ufafaa @ © (F?)|
3q: f SRS Tl B

X’<f(_1)=1 f(1)=1>X
saTeror 12 fag i i = gt wem x=-1 [Ox=1
f£:N SN, The! 91 =orEs <A &
x+1,af x fom ;{,
f(x):{x_quﬁxwg £ % 3tata 1 agr —1 & whatss £
T 1.4

A WM AT f(x) = f(x,) TN FITC B g x, oo & qon o, T F, @ ox + 1
= x,— 1, 9 x, - x, = 2 S ST T| TH THR x, o FH A1 x, % food B Y ot
T &l €1 THfey x, T x, A E A fawm B o T e " e G o
qaqa xza\ﬁfﬁﬂ'ﬁf%,T‘ﬁf(xl):f(xz):»cl+1=x2+l:>x1=x2. ﬂmﬁxlﬁ%
X, TF "E R f) =f) =%, — 1 =x,— | =x, =x,. ¥ f THHT T WA &
T N &1 &iE ot oo 5@ 2, + 1, 70 N T 6@ 2 + 2 1 yfafaa € iR v
N & i ot ¥9 §&N 2, N &l G& 2r — | &1 Wit €1 3%: f 3=srs 2

T 13 g T 6 sTsrs Wl f: (1,2,3) {1, 2, 3) §a Theh! HoM 2l 2l

T HA AT T £ Toher! &l 1 37d: $9eh Wid § %8 9 %7 < eFa g for %
1 e 2 o e © TSer @eqid o ufdfeis T9M 21 @1el €1 £ o v 3 1 gidfeis
hael T B e 21 3, GRE |, Weuid (1,2, 3) ok, Afuehad g1 &1 T 8l Wehd
g, TS yene g1 € o 7 steore el B, S Tk we Tt 21 em: £ ol Woneh!
g € =nfeu)

3aTEToT 14 Tag ST 6w wst wer £ {1, 2, 3) o{1, 2, 3)ter w9 9
A= i B

T Sk £ Wohhl ©, SEIAT { 1,2, 3} o o7 e1e@d £ o 3faria Wewid {1,2,3} o di
AT el W HEI: Feferd B ;£ A=oEE o 2

fewuit IO 13 qA 14 H yred ufkomy freht off woes uRkfia (finite) I9==a X, 6
e o €, 1eiq U Uohshl e f: X X SAfera: sTeseed g © al qeh
R Tg=E X o 0 Tk T=smesh e f: X —X SAaErEd: Tohsh! gidl 21 3Heh
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oo e 8 qe 10 § T gl © o et erafifia (Infinite) S== o faw =8
Tl el ot e Wenan €1 ar&ad § =g uffia qen sraifa weeEl o o s st
(characteristic) 3TdX 2

[ vt 1.2

1. fag =ifsg %f(x):%‘gm Refid wer f: R, SR, Theh! qe ST=a1eeh
€, STl R, 9+t HOIR ardfoss Hemslt & 9q=d 21 A Wd R, B N ¥ o<
fean e, S fof W' wia gead RE @, @ ot 0 98 9Romm we Bhm?

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

() f(x) =" SR WA f: N -N Hed 2l
(i) f(x)=x* SR WSd f: Z —Z e R
(i) f(x)=x* SR Y@ f: R —R %o 2
(iv) f(x)=x* S WA f: N N B Bl
V) f(@) =% BN W f: Z —Z Fa T

3. fag =T & f(x) = [x] S} 959 Hewd quifeh e f: R R, 7 df That @
3R 7 resTEH , Wl [x], x @ HH A1 SHeh aEX HewH YUl i el
T 2l

4. fag T % f(x) = x| g0 989 99% Hed £: R R, T d Tl © 3R
T TSRS §, Wl | x | TR x, A x 97 a1 I & @M x| W — x, A
XW%I

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

1,3 x>0
f(x)=40,a€ x=0
-1,3af x<0,
g e o wer | dl Toheh! € iR A TS @l

6. WH RIT FA={1,2,3),B=1{4,5,6,7} 7 f={(1,4),(2,5).,(3,6)} A% B
T U B ¢ fag ST fF £ wohat 2
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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=aa € fag HIf & £: Ax B —B x A, 30 ¥R
% f(a, b) = (b, a) Th Tehsh! =BT (bijective) Fer &

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

g URW Tk Wer £: N SN B Saaey & o1 Be £ Thal STesr]
(bijective) B1 2T9H I 1 3fifecd ot sdemzul

nﬁa“r%nz%A:R—B}WB:R—U}%’U@):(i—:i)mw&wﬁaw
f: A —>B W Ta=R HIY) 21 f Toheh! a1 S=s1Eeh B2 104 I 1 S
f IIaEy|

M ity T £: R R, flx) =+ g GRfa 21 Hel ST 1 =7 wifu)
(A) f THE SBEHF & (B) f TETH SBTH &

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

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

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

TRTHTET 8 7 ST T £: A —Bal g: B —C <l %ol 81 d9 £ 31 g &1 HaeH,
gof g1 Trefid Bl 2, 99 el gof: A —C, gof (x) = g(f(x)), v x € AR uRwftr
Bl B
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gof
TTeRfd 1.5

mlsmmﬁﬁ{2,3,4,5}—){3,4,5,9}3ﬁ'{g:{3,4,5,9}—){7,11,15}
T oM 39 THR T & f(2)=3,f3)=4,f4) = f(5)=53ﬁ'{ g3)=g@ =77aa@
g(5)= g(9)=11,1 gof M HIfST

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

FETETT 16 1S f: R -R A2 g : R R ®aH AT f(x) = cos x A g(x) =3x2 N
Ref| © gof 3ﬁ?fog§|'l?‘l Hifsul fag ST gof # fog.

& T@l gof(x) = g(f(x)) = g(cos x) =3 (cos x)* = 3 cos? x. TH &R, fog(x) =
f(g(x) = f(3x?) = cos (3x?) 2l e HIfT foF x = 03F T 3cos? x # cos 3x2 21 o
gof # fog.

e uftere, Sl 22 qen feweh frefafaa afam & fag 9 w2

URATET 9 e f: X —Y SIeRAUiE  (Invertible) HEcmal 8, d€ Th e
g:Y =X W I 39 YRR B fF gof=1 T fog=1, B WeH gl Hod [ H
gfdet® (Inverse) ed g 3R =@ il £ §RT Yk L 2l

q:, A% £ hHUNE €, Tl fATeT: Tohen! A1 STeSIEeh Bl € SR foema:,
IfE £ Woheh! U1 =B €, °l f ATTema: SqhAIT BIal €1 F8 qe4, f i Toheh!
A TSI g Hich, STEhHUN AT i o Weequl &9 § W el €, fasi
®Y W TG f 1 YqclH aad § A &l w8l

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

T Yo fhdl @ saad y R fa=ar #ifs) Y, &t ol g, wid N o fedt seea

X3 AT y =4y + 331 369 Fred Freper § fF x=(y;3)%l a7 g(y)=¥m
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giY—NﬁqﬁWﬁﬁmlWWgof(x):g(f(x)):g(4x+3):—(4x+43_3)=x
o fog ) =fgon=f[ L2 )20 a5 2y 5as=y b e A

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

fafaer 3ergvor

SETETUT 18 AR R TR, T AT Jooral wae 2, @ fag #e fF R AR, ©%
ool Tad 2|

T ik R T R, 1 Hael € ST (a,a) € R, T (a,a)€ R, yae A THH
aed € % (a,a)e R,NR,va &8 fag g@ 2 fF R R, =q B T
(a,b) € RN R, =(a, b) € R, TN (4, b) € R, =(b,a) € R, T (b, a) € R, =
(b,a) € R, "R, 3T0: R, AR, TAAT ¥l T JHR (a, b) € R, "R, T (h,c) R, AR,
—a,c) € R, T (a,¢) € R,=(a,c)€ R, NR, 38 fag @ & f& R, "R TFms
21 3 R, NR, T T Hadl 2|

ITEI0T 19 HH oifee fh qa=ad A b uq ‘{Uﬁ'elﬁ o Hiad E’l:ﬁ (ordered pairs ) b1
T G R, (x, y) R (u, v), A 3R sheaed 4, xv = yu R IRIfE 21 fag wifse
fh R T qoadl dee 2l

T WA (x, y) R (1, ), ¥ (x, y) € A, FfF xy = yx 2| 799 == B & fF R
RN %I Ti: (x, y) R (u, v) =xv = yu =uy = vx 3ﬁ'{ 3qfeTy (u, v) R (x, y)%l E'FRET
T gl © T R EWfha €1 gH ¥R (v, y) R (u, v) A1 (u, v) R (a, b) = = yu

b a
qdl ub = va :>xvﬁ:yug:>)€v;=yu; =uxb = ya 3R zHfeT (x, v) R (a, b)%l
u u

31Ta R €& ¢l 37d: 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 | TFH 314 Hef R,
21 fag #ifvT fF R =R 2
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el A Hifaw 6 (1,4, 7}, {2, 5,8} 91 {3,6,9) Tg=adl § ¥ YAF H1 ATl
(characterstic) @& & for goh femdll off < afermdl w1 (R 3 1 Th U 8| SEfIY
(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, 37 R, ch.E'FfT TR {x, y} € R, ={x, y} C
(1,4,7) 9 {x,y} € {2,5,8} T {x,y} € {3,6,9) =x— yT& 3 ¥ 99 & ={x, y}
€ R. 399 ¥ g1 ¢ 7 R cR.3W: R =R 3

IETETOT 21 A ST foh f: X —Y Tk Weld 81 X ¥ R = {(a, b): f(a) =f(b)} T
Wed Ueh ey R R i) Sifew 6 0 R wh qouar gay 2l
T YAF a e X o U (4, q) € R, FF f(a) = f(a), TG0 T2 21 & fF R @qed
21 T YHR, (4, b) € R =f(a) = f(b) =f(b) = f(a) =(b, a) € R. THfAT R TATHA
Bl T (a, b) € RAA (b, ¢) € R =f(a) = £(b) A f(b) = f(c) =f(a) = f(c) =
(a, ¢) € R, F5@en arcd € fF R Smes 21 3d: R U qoddl dee 2|

SEETUT 22 Fq=9d A ={1,2,3) ¥ & a% G Toheh! el 1 H@ A SIS

T {1,2,3) ¥ WH q% UhH! el had diF Tdlehl 1, 2, 3 1 HHEET | 3d:
(1,2,3} 9 @& 9% o Yfafedl (Maps) &1 el G& 4 Yol 1, 2 , 3 o wHE=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) @@ (2, 3) & 3R S Toqed a1 WehiHe ql € fehg wafid & )

7 {(1,1),(2,2),(3,3),(1,2),(2,3),(1,3)}, (1,2) 71 (2, 3) FFal el 98 G DT
Ted R, T, S TG qe1 Wbk ¢ fehq TG T ?) o ARk R W W (2, 1) T
g, @ 9T Hee R, f Wiged qen TRk ¢ W A T 21 T YN, 79 R,
F (3,2)9g1 FX R, I HT Tha ¢, o s7efiee wqorerd € qenfr ww R, # Rt < g
(2,1),(3,2) T TH ¥ (3, 1) &I &l =&1 Wehd B, iR TH HH W gH, HehrHehdl
AT W@ o ToQ, 319 9 i o o forg s1ea el ST iR 39 uihan g W He
Tafia off g STem, S e @ 21 ot et Wei el ge i 2

zarEur 24 fag wifsT & ag=e= (1, 2,3} 5 (1,2) 0 (2, 1) Fl A HH e
ol el i gew 2 @

& (1,2) A1 (2, 1) I SHafete T e g B geaa @94 R, {(1, 1), (2,2),
(3,3),(1,2),(2, 1)} 81 279 heled 4 ¥, FHa: (2,3), (3,2), (1,3) T (3, 1) 99 5= &
ok &9 7 R Tk w1, S (2, 3) ® R, H Siafdw #W 2, @ wuiad o o
&Y (3, 2) & ot A1 USW, W & HehHehdl &g €9 (1, 3) @1 (3, 1) H TH &
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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+ =[x+ (xX)=x+x=2x

T T [ 3TesEsh © fohg I + [ 3T9ed &l @1 itk &9 wewid N o
T oFe 3 o Whd © Toreh forq wid N# foreft U@ x 1 eife 7€ © T
(I + 1) (x) = 2x =3 &I

JATELUT 26 f(x) = sin x G Y& held f: [O,g}%R qdl g(x) = cos x S I Sheld

g: [o,g}_ﬂ{tr{ forR SIS g IfST foh £ qen g Woheh! €, W f+ g Toheh! &l
2l

Tl it [o,ﬂ,éa QA for-faet sreeal x @ x % AU sin x| # sin x, @
cos x, # cos x, Y f T g I B AERAF T W THH! 81 WY (f+g) (0) =

. T T .
sin 0+ cos 0 =1 M (f+g)[g)= smz+cosE:1 2l aqa;f.;.gq%ﬁ T B

AT 1 UT fIFfaer uvnaet

k.

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

,x€ Rgl

X
1+ 1xl

R Fer Toheh! e STesIEE ol

2. fog =ifee f& f(x)=x*80 9T Hed [ R—)RQ% (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 o T, ARB, 4 3R heiel 4§ A< BR1 &1 R, P(X)
H T e Hay €2 I IW 1 shfa sff fafan)

4. g {1,2,3,...,n} ¥ T % o GAK TSR Hel i G AG HIfU|
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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 Al 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 oIl Gaul i @ 2l
(A) 1 (B) 2 () 3 (D) 4
qrIST

39 A H, g0 fafay YR oF Tew, wedl qen fgetemd dihaneti o1 stemeq feran
21 39 A ) g faw-asg frefefea 2

*

* L R R 4

*

X # R=¢cXxX 5N 950 ¥4 R, Reaa geier e 21

X #, R=XxX 5N 9S4 Hse R, Wrefieh Gaiel 2|

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

X ¥, 39 YR 1 Hau R, S Gfqa (a, b)) € R a9 & % (b,a) e R
1 G HAT € WATHG G 2

X H, 9fds¥l R, (a,b)e RAA (b,c)€ R =(a,c)€ R vy a, b, c € X Hl TI=
T aTell Heel R Gehiveh dae 2

X ¥, Gay R, S qed, GHEA 91 Gk €, deadl gay 2

X ¥, frdl qead ¥4 R & faU o € X o W@ geaar it [a], X &1 98
SuET= © foEen @il 31eFd o 9 Hetud 2|

TH FEA f: X Y Tl (311 Thh) el €, At

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 FehAUIT 2, I 3R ko A% £ Theh! a1 0K 2
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o T 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
=9 w1 MAe&fteR qoEH  (Characterstic Property ) 21 T eruRfi
=T % fou w2

UERIEC I o

el i Haheddl, R. Descartes (1 1596-1650 's:.)@ YR B HT Th A
3iqel | fosfad T 21 Descartes 3 | 1637 g H ofut gl “Geometrie”
Y 9t ‘G’ R AN, SAHAE Sh!, S sfaREea (Hyperbola), LIECIGR
(Parabola) 2N SEiga (Ellipse), T ST hid §HA, Th =R T x oh & UMk
o x" o 31 § A ol James Gregory (§1 1636-1675%.) J 70 Ffa “ Vera
Circuliet Hyperbolae Quadratura” (8 1667 3)H, Tt i Tk THT Tl T e,
St ferdt o= Ufer WSt e1eran 1= wiwanstl i SR WA 3 ¥ W et
21 9% § G. W. Leibnitz (1646-1716 )3 1673 & ® fafaq soht wigfafy
“Methodus tangentium inversa, seu de functionibus” T 31x ‘o’ ! fordt Q’Fﬁ
Tfer o6 7ef # v TR, St TRl ook o6 U foig § SR g a% 39 YR ufafaa
Bt et B, S ok W g o 1wk, ook i YeUTal, ok <1 Tquil qen Sifcie
ufafdd eid €1 qenfd STaet shfd “Historia” (1714 5.) W Leibnitz ¥ e i T =X
TR ARG AT ok T H YA R oM AR x B HE YA H A A 3
gagerg =Afe 91 John Bernoulli (1667-1748 £.) 7 Tee™ 1718 3. | HohaH
(Notation) (])x%'ﬁ RIS “x hT HAT kil Gehe ki o faru fomam em ‘T{@ held
&l fefid =4 & fom ELical S f E 0, y... sl SAUh T Leonhard Euler
(1707-1783 %) 51T 1734 5. § 3191 Wigfattd “Analysis Infinitorium” & JerH @UE
H foar T oM A€ H Joeph Louis Lagrange (1736-1813%.) 9 1793 §. | 70+t
igfata “Theorie des functions analytiques” JhTRTd i, faw =2 foreeromete
(Analytic) %e&F o R § 9fe=t &1 of den "Werad £ (x), F(x), ¢(x) TS 6T T2
x % T9=-f= weri o faw foman o 9R90d Lejeunne Dirichlet (1805-1859 %) =
T i QRS 3| TSTEeRT ToNT 39 9T d% BIdT @1 51 deh adHM i | herd
1 Tgeed Ugifdes TRATT 1 Y=o &l 31, S Georg Cantor (1845-1918 §)
BN foefoa Tg=aa fagid o 9] g3t aduH &1d ° ydfad ®ed &t gq=ad
Ggifass RO Dirichlet S/ Y&d e 1 URETH T A TR
(Abstraction) 2

_.’._

*
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