oY Td o
(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 HfHahT (Introduction)
TR it fF Fen X1, TaY & wed, wid, Tewd 9o
iR snfg &t saumonstt =1, fafa= ver o ardfas
T Bl 3R 3 el ufed ufted Fuan s g
21 fora # vreg ‘wad (Relation)' &1 Heheud &l e
a9 v & o9 § forn wn %, e aqEr @
Tl WER afiE e €, 9 3 e uw afiem
(Recognisable ) et gl 1= =ifeu % A, fedt = Eal
el X1 o fomnfefal &1 wgeaa # qon B 36 wper &1
wel X1 & famfei =1 ggesa ¥ o@ wg==g A 9
Tg=9q B 0% % GaHl o $o SE 596 TR © A
(i) {(a,b) € AxB:a ba ¥R %}, Lejeune Dirichlet
() {(a,b) € AxB:a b3 T&T 2}, (1805-1859)
(i) {(a,b) € AxB:aq® =g b g W AfeF 2},
(iv) {(a, b) € A x B: fuselt sfan 9den o o g0 yra quiss b A1 9T quiien &
w9 2},
(v) {(a,b) € Ax B: q3€t g ®al & 5@ b @ar 7).
qft A¥ Bd& o Tt T8y R 1 3T9q®T (Abstracting) ¥ g1 7ford |
A X B U @5 (Arbitrary) ITEI==9 %I 7@ qiefed W 2|
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afs (a,b) € R, &9 Fed & o G99 RS oiald o b ¥ Fafya 2 ik &9 59
aR b foEd & 9wr=:, I (a, b) € R, @ 89 39 9 1 f4a1 T8 FW ¢ F
a T bok A= FE AfiEE wEt € duan TE #) S@ fE R X1H 3@ g% €, wer
uF faviy YR & Hau g g

39 31 °, 79 faf9= YR o el Ud Worl, wedl oS4 (composition ),
S[eRHOE (Invertible) Ferl AR fgemurdt wfmane 1 sierga i

1.2 el o WX (Types of Relations)

TG TR ¥ 2N fafa=t wohm & Sl 1 srerem ) B e 2 el wee A
T gay, A x A Hl TH ISUEH=IT @l g1 o: fod 9g=E g < A x A T
Ax AT, & =g Fay ¢ TTAH0 8d, R = {(a, b): a—b =10} gN ¥&d W=
A={1,2,3,4} W ftunifig wk Fey R R f=R St 92 s e ag==a 2, #itw
oo e ?FI'TTTI (pair) Hﬁ%ﬁﬁuﬁﬁﬂa—b=10ﬁwiﬂﬁ1%lsﬁm
R'={(a,b):|a—b|>0}, GYvi == A x A% qcd &, FfF A x A% 9ft g1
(a,b),|a—b|> 0 Hq= FW T 78 I 3= o I W FeferEd aREme
o forg oftd #@

afrureT | geeE A R uRefid g5y R 0% fam wey seora §, afg A #1E f
g A% fRdt ot sroma | wafud T g, sl R=¢ A x A.

T 2 WHSEE A R qRefid e R, UF Wretreh (universal) WS e €, A0
AT TF T Ak §eft srEgel § gafua €, sefq R=A x A,

foa deie qen Wt g9y ® wH-H ge9 (trivial) Few off wed 2

FETETOT 1 i oS foF A Tl serrl o wpet & wedt fanfea = wgeam #) quiey
fF R={(a,b):a, b1 91 &} 5 90 "o U o Heod & 991 R = {(a, b) :
a7 b F SART F AW 3 WX § FH =) 5N YT G99 TF GEGE g9 2

T YEAER, i Thel SreThi 1 €, SAAud Thel &1 g o fawnef, wpe &
of fereneff =1 @129 @1 = Wl 21 34 R= ¢, Fora® vefvfa gan € fo R fiaa dey 21
e f oy ¢ o el off < fornfofal &) Ssamal &1 ok 3 iex 9 %9 g & =nfew)
Y W Bl @ TF R =A x A gl gay 2

fewuft wen XI1¥ faaneffmo ¥ uer € fr frdt gaa w1 < wr 9 fefua e s
TR ¢, a: Ae fafy qen wgee Frafor fafn qenfa s @ et g0 ==
{1,2,3,4) T 9o a9 R = {(a, b): b=a+ 1} & a R bW 4 F&uq foran sm
8, 3% 1R el AfE b=a + 1 81| <16 H¥ GrauTseH e, B9 S 39 Fehad (notation)
Eal-einicTal
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% (a, b) e R, &H Fed € FF b § oy 2’ 3R 29 9 & 89 a R b EN
Yhe FW@ B

T STl Heedqol Hee, frent wfore § weh @iele (significant) fHERT €, gead

HgY (Equivalence Relation) el 2l Tl HaY 1 AT HE o e 29 ved

dH YR o i, THa: @qed (Reflexive), TAMT (Symmetric) T HhTHH
(Transitive ) a4 T fa=R #9@ 2
TITTET 3 T A T 9RAiia ey R,
() Tqed (reflexive) Headl &, 4% T% a e Ao &1t (q, a) € R,
(i) wAMEE (symmetric) Feeman 8, af% 996 a,a, € A % T (a,,0,) e R
(a,,a)e RAr kil
(iii)y THF (transitive) Fee T, AR T, 0, a,, a, € A% T (a,,a,) € RTW
(a, a,) e R ¥ (a,a,) e RAM= I
ufrarar 4 A W Reifid FeY R UF qeddl G Heed 8, 9 R Wged, FafHd a9
HHmF 2

SETET0T 2 B Wifere 5 T fondt wwaer o feord waw Bigsl =1 o 9= 21 9=
TH R={T,T,): T, T,5 waiman 8} & Hau 2 fag Fifsw fF R & g
e 2l

T 49 R TWed ¢, Hife yodw 59 @g & marigw gid g1 g
(T,T,)eR=T,, T, Famgq 8 = T,, T, & Faimaq ¢ = (T,, T,) € R. ¥7@:
Hew R wwfaq 21 g9 sAfafed (T, T,), (T, T,) e R=T,, T, & gaiigq & qen

T, T,% TaH™ 8 = T,, T, % Fama™ € = (T, T,) € R. 31: T4 R TFWF 2|

31;1;;?{ R U goaal Ha4 2|

IATET0T 3 A S R L R waae o fiom oo W@isi 1 U 9gsed € A
R={(L,L):L, L, & 2 T9==9 L ¥ wRefoa & Fa 2| fog #ifew fF R
afea & fig 9% 9 Al @aed ¢ IR A7 9w T

T R Wged T ¥, #ifk wE W@ L, o9 o W w@d T e w2, g
(L,L) ¢ R. REAMA 2, #if% (L,L,) e R

= L, LW e

- L,,L e

22771

= (L,L)eR
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R ¥wmE 721 2| fv=a &, afg L, L, W @a g qan L, L,
LR Ee 2, a L, LR & ff o 7 2 gkl 81 arwm
o udt e # L, L% "ae #nfl #eiq, (L, L) e R,
(L,L)eR®g (L,L)eR L
Farerr 4 fag P 5 WS (1,2,3) F R={(1,1),(2,2),  FFE 1
(3,3),(1,2), (2,3)} BN e Heiy w@qed €, Wq 7 o A § 3 T G 2l
6 RTEged & it (1, 1), (2, 2) 3T (3, 3), Rk == &1 R gafaa 72 2, Fife
(1,2) e Rf&g (2, 1) ¢ R. 381 ¥R R G&ms &l &, #6if (1,2) € R4 (2, 3)eR
wd (1,3) ¢ R
zarevur 5 fag =iy fF quisl & wg==a Z° R = {(a, b) : €& 2, (a — b) &I
faafsm et 2} g7 799 TaY T oal Ha 2

%6l R&qed €, Fis @9 a e Z o 094 2, (a — ) FI foufsm =z 21 @@
(a, a) e R. E?:,?lﬁ(a,b)eR,ﬁ\TZ,afbﬁﬁﬂﬁHW%Imbfaﬁq‘iﬁ
2 fafsa w3 21 1a: (b, a) € R, Toed g & & 7 R 99fa 21 3 Wi, 9=
(a,b) e RAAN (b,c) e R,dl a—-baal b—cE&q 2 9 99 Bl 34,
a—c=(a—b)+(b—c)TH (even) & (F(?2)| &@: (a—c) ot 2 ¥ 9y 2 zod fug
g & 7 R U%WF € 3a: 9=ag Z9 R U goudl g9y 2|

W 5 W, e wiftwy o wdt ww quls g @ gefua € @=b@ifw (0, £ 2),
(0,£4), .51 RE & iR g ot fauwm quisw 0 9 gafug =& 8, FiE (0, 1),
(0,+3), ..M R Y &1 21 3 wehr |eft forvm yoifer | & Haiferd & MR 1S off 5w qoifen
| § Hefed 8l 31 Sique, GHEd 99 YUieh] w1 wqeud E qol gHE fqud gl w0
= O HY=94 Z % 39 gu== ¢, s frefafad sfaesl = dqe 0@ €

() E<F 99 #1999 TH R 9 Gafud & 991 O o 99k 3999 U% T °

Hafeq gl
(i) E= #E ff sraza 0% fedt ft stama @ wafim 78 € o0k foreima: O %1 =8

off s E & frelt off srage @ gafua 481 21

(i) EdeMO 3HgH 2 3R Z=E U OTI

Sugq= E, I[A i Aafese (contain) ¥ arel qeadl-a7  (Equivalence Class)
FEdE ¢ AR 5 v [0] 9 Frefia #3135 TR 0, 1 &1 sfafs = aen
gera-awt 2, o [1] 31 frefm #2212 SIS & [0] = [1], [0] = [27] &R
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[1]=[2r+1],7 € Z. =%d |, Sl P& 894 W 3@ ¢, o8 fHel o gqeag X § T
wWes qoddl §5Y R o fofu &g e 21 fohdfi wew s gyeed X H 180 Uh W
(arbitrary) qeodl Tee R, X %1 TR e svage=al A ¥ fefo = g 7, e
X =1 fa9rs (Partition) #ed & IR W f=fafad wfaesl #1 dqe #d 8:
() @7 i fau A & Tt s9a TF g ¥ Hafa B9 T
(i) A, 1 HE o o, A % Fae A oewe | wafud T A €, o i)
(i) UA = X7 Al_mAj=¢,i¢j
STHY=A A, geddl-at e €1 59 frafa w1 Tu v o 2 i aw fauda e
i F Fhd &1 IIE o fou Z % 39 IufaseEl W faeEr st s 29 o) dF
TER STHYR ST A, A, T A, B ¥eT €, et wftge™ (Union) Z3,
A={xecZ: xTem3 & W&} =1{.,-6-3,036,.}
A={xeZ: x| §&3H P E}={,~5-2,1,4,7,..)
A={xeZ: x-2¥|EN 3 H PN &} ={,~4,-1,2,58,..}
2% TF Ha9 R = {(a, b) : 3, a— b ! Tqufem wwa 8} uftfom wifswl e
5 H W 99k % STTER B g X R4 € T R UF 9o Ha ¥ gees afarea
A, 7% 37 | Yol o5 HY=IY o SR ¥, S ¥ § Heiud 2, A, Z % 39 T
Uil % G==A % SO 2, S 1 ¥ gt ¥ o A, Z%F ST 99t [l &% g
T 2, S 2 O Hafua 2 31?[:AJ=[O],A2=[1]3fI'{A3=[2].WaﬁA1=[3r],
A, =[3r+ 1] 3R A, = [3r+2], &l r e Z

TETETUT 6 H ST R wg=eT A={1,2,3,4,5,6,7} §R={(a, b) : a TN h3H &
o 4 foem & o ww 2} g0 9 wF gay 2 fag 1T fFF R UE geua wa B
e & fag i fF swag=aa {1,3,5,7) & 94 o199a uF < § gatud B, AR
ITAT=TT {2, 4,6} % Aot araa wH TR @ gAlvE ¥, WY TGS {1, 3,5,7)
HI1E ot ragd SUGgEET {2, 4, 6} o Rt o sregg 9 gafua TE €

o1 A %1 UeT &S IaUE o 91 d faug € W w9 2, aud (a, a) € R. 39 sAfafia
(a,b) e R=>qaenbad &, o df famm & 1 99 €= (b, @) € R. TH THR
(a,b) e Rl (b,c) € R = 31/@qd a, b, ¢, 9+t =1 df faom & 71 99 € = (a,¢) e R.
31d: R U qoad 9ad 21 T2, {1,3,5,7) % g4 @99 U W § gafud 2, s
T ITEgeTd o 9ol oraae faw € g wER (2,4, 6,0 % g5t oeEa @ @
Tafua ¢, e 3 gt g9 8 Wy & swwg=E {1,3,5,7) 1 &% ff sEmE
(2,4, 6} ok fordht off srage @ dafua 921 2 @eha €, 1% {1,3,5, 7} o saga foaom
g, 5@ 5 12,4, 6}, % 3/a T9 2




| wgATEet 1.1 |
1. fruifm #ifvm fF 7 Feafafea 999 7 @ @ ge, Tafga qen
() =07 A={1,2,3,..,13, 14} § a4 R, 30 7R qafim ¢ fr
R={(x,y):3x-y=0}
(i) WTFd Tl & W= NHR = {(x,y): y=x+ 5T x<4}gr qfafya
Ha9 R.
(i) TF==F A={1,2,3,4,5,6} § R={(x,y):y 94 £x ¥} g IRfia HeieI R
(iv) To& quiienl o g9=9g ZH R = {(x,y) : x—y T Yol ¢} gr1 aRnnf
sy R.
(v) fret favi oo w et R & fHarfgat & 9g==g o fr=fafad
Ty R
(@) R={(x,y) : x TNy T & T W H1 FW &)
(b) R={(x,y) : x 1 y TF & Hieesl ¥ & 8}
(©) R={(x,y):x,y ¥ SF-3F 7 Qe ofan 2}
(d) R={(x,y):x,y® oef &}
(€) R={(x,y):x yoh fum &}
2. fog =S f& arafas @emst & 99=98 R° R = {(a, b) : a < b*}, B
Rt sy R, 9 df @qed @, 7 GEfEd 8 3 7 & w2l
3. i wifse e w ag==a {1,2,3,4,5,6} B R={(a,b): b=a+ 1} g ufiwfia
ey R Ted, GAMAG 01 AHWSE B
4. fag #ifSw fFRAR = {(q, b) : a < b}, 50 IR Haer R Wed q1 FhRHH
2 g Tufira =1 2
5. 9 =ifsT fF FMRER = {(a, b) : a < b*} g1 IRenfoa Fae wges, Fafma
e GHEF B 7
6. fag =ifsm f& 9g=== {1,2,3} § R={(1,2), (2, 1)} 1 &= @&y R GAfHq
% g 7 1 Tqed 7 3R T 9w 2
7. Tog #FifGg fF f&d Fiow & TweE #1999 [ & 99=99 A
R={(x,y):xqe yH ﬁﬁﬁﬂﬁﬂ@l‘f‘ﬂ'ﬂﬁ%} B YW HaY R TS gogdl
T B




10.

11.

12.

13.

14.

T TE wed 7

fag #If T fF A=1{1,2,3,4,5) 5, R={(a, b) : |a— b| TH ) 51 Wed Hadl
R T qoddl e+ 2| yaiiog sifsq B (1, 3,5) o @t erema ww g @
wafird & it g {2, 4} % et orerra ww gEt @ wafud g {1,3,5)
F1E ot s/EEa {2,4) & A sEEe § gefud 19 2
fog frfou fF 9g=a9 A= {x € Z: 0<x <12}, ® fqu mu fr=fafea 994 R
o 9§ yeiw U qoddl WA

(i) R={(a,b):|a—>b|, 41 TF U &},

Gi) R={(a,b):a=b},
T <9 H | 9§ Hafud FE¥el i S| i)
TY Had 1 [ e, St

() Tufed & Wy 7 @ Tged @ IR T Gk @l

(i) TehTF B T T o TIged B AR T gEiad Bl

(iii) TG qen wuiaa = fhg s A @

(iv) g a1 GwnTa 8l fohg Tt = 2l

(v) Tfa qen deme @ g wgea T 2
fog =ifse fe foedt oaaa o feem faget o == &, R = {(P, Q) : fag P=1
el fig @ 8, foig Q=1 et faig @ g0 & TWA 2} g1 Wed Hay R U qoodl
ey 21 T9: fog wifew fF fag P (0,0) § Wafua gt fage =1 wq==a P
Y g 9 A1 U U 99 &1 et w2, e o geifeg W 2
fag ®ifs foF wwea fayell o ggssm A, R={(T,T,)): T, T, % @9eq ¢}
B Wi Hew R Tk goad Tae §) qSned 3, 4, 5 9 qush s T
S 5, 12, 13 A WA B T, qen set 6, 8, 10 a1 wHaR s
T, W fa=r #fT T, T, sRT, ¥ ¥ ®H ¥ fqe weR gefem &2
fas =ifSu foF waed agysi & 9g==a A9, R = {(P,, P,): P, e P, &1 =31l
F1 TSN T B WHR ¥ IRTa Hey R TF qod Ga 21 3, 4, 3% 5 ofer
i e Fet FEH S | et g=aa A o 94 eEal w1 e 9
i
o AT fom Xy -ae & feora wme Tanet & @g==a L2 s LA R={(L,L)
'L, GOR ¥ L, %} g1 TReifia g6y R 21 fag FIfT fF R & qogan gay
B @ y=2x +4 ¥ Halua G0 W@ %1 Gg=ad T4 HISU
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15. 5 sy fF wg==a {1, 2, 3,4} 9, R = {(1, 2), 2, 2), (1, 1), (4,4),
(1,3), (3, 3), (3, 2)} g1 uftsmfia weer R 21 Frefafaa § 9 w8t s gfm

(A) R Tqes qen wufia @ fhq dms T8l 2
(B) R &qea ae dwme ¢ fohg wafia =& 21
(C) R uHfha aen " ¢ fhg wged & 2
(D) R TF geadl Tae 2|
16. 1 eifsg 6 wgewa N, R= {(a,h) :a=b-2,b> 6} 5 ¥< Hau R 2
Fereie 1 s
(A) 2,49eR @B) B3,8eR (C) (6,8eR (D) (8,7 R

1.3 Tl o WahT (Types of Functions)
Tl 1 SERON, T TR e SY aoHHT o, $TSR Wer, 989 wer, 9ied
e, JTas wor, e wem snfe @1 avfq 39k astermt gfed wen X1 H feam w0
5T Bl

& Wl o AN, e, O Gl W &1 o e b W g 21 R=ifE wer
R O A 1A 1 o= e (Disciplines) # Haitu® Heeol 8, gafeg
B9 Her o R H ST S 98l ¥ 1 ser =ed €, el 34 gl WHr T o
39 aT9ee] H, 59 fafa yem & worl o1 e i)
frafafea sl gm0 =T T wem [, £, f, 790 f, W foem Fifu

amepfa 129 g0 d@d @ f X, % fa= (distinct) sfagal &, ®er /% sidid,
ufafaa sft firm €, frg £, % <iorfa =t fa=r sraal 1 qen 2 & wfefas o & & e
bEI T X, H B TH 999 € N eqe f W f & Aata X, ok fHd f srega
o yafss e &, Safw £, sata X, & geft soma X o TRt = e oo &
yfafss 21

Suder ufteral © g frefafaa aftamd we g 2
TfTSTHT 5 U Weld £: X — Y Usheh! (one-one) El Uha (injective) Fe FHeardl
®, AR [ & Hald X & 9= sagal & ufdafaa o fa= gd 2, sufq vod®
x,x, € X, & U f(x)=f(x,) ®1 a0 & fF x =x, =M [ TH qGGE
(many-one) HeTH FHecdl 2l

ST 1.2 (1) ® oM f, Theh! hed & ae Spta 1.2 (i) ¥ f, T 9§ S 2
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f

() (i)

X, (i) X; X (iv) Xy

JTTeRfd 1.2

U 6 Wer £ X —> Y 3TESEa (onto) HYAT =D (surjective) HEdd €, AfE
f o Fata Yo v e, X o Rt 7 et sremre 1 wfafae g 2, sefq s
yeY, % fau, X4 wF 1@ e xF afms ® fF f(0) =y

PR 1.2 (iil) H, BeA £, ITBRH 2 du amta 1.2 (i) H, e f, HATeBTEHh
T 7, iR X, % AT e, A £, f % Fata X, & oFf s & wfafaa
T &
frmuft £:X > Y U r=srs %o €, qfE AR shee 9§ £ =1 9@ (range)=Y.
TR 7 T FeH [ X > YTH Wﬁiﬂ =815k (one-one and onto) 37E] Qﬁ
=Tl (bijective) FE HEC T, AR £ THah! T =PIk <A € Bl ¢

A 1.2 (iv) H, FEF f, Tk Tehah! qe1 =T Ho 2

SEECOT 7 °F ofifeg fR wen X & |t 50 famffal @1 wgema A R W olifs
fiA>N, f(x)="Tomnedf x =1 a1 v, g ofisfed o wem 21 fog wifsw s
£ U 2 Ty sT=oRE @ 2

wel el o g fa=i-fo fomnfefal & el FoR WA e @ Gehd B 1 IS TRkl B
A F e wf fFe 2w e wed ® T e & i@ Te 1 9 50 9% E1 Tue
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e T2 g3 fF N1 s/e@a 51, wen ok foet off famneff =1 9o Fow 7 €, swwa
f & sata 51, A fedt ot st = wfdfaa 98 81 od: £ sTesRE Tl el

Farerur 8 fag =T fF f(x) = 2x 510 989 ®er £ N—> N Thab! ¢ fohq Sm=a©H
T 2

7 WOM f THE B, FR f(x) =f(x,) = 2v, = 2x, > x, =x,. [T;, f T=o5H Tal
2, F®® | e N o fau N9 U9 fFdl x &1 siiad 781 & anfs f(x) = 2x = 1 =l
waretnT 9 fag RIS & £(x) = 20 50 989 %o f: R — R, Thah! 91 =8 2|
T f The! T, FH f(x) =f(x,) = 2x, = 2x, = x, =x,. W &, RF =7 fereft

of arefas @ y e fog RA %mﬁmﬁ%. Elﬁf(%)=2.(§)=y%|3ﬁ:f
aresEE off #

Y
F 3
y=f(x)=2x
X< o »X
\
Y!
3rmeRfa 1.3

a0 fag e & f()=/Q)=1 dagn x>2 & fo@ f(x)=x— 151 ¥
e f: N N, sT=s5% d ¢ fhd Tt 721 2

T f Uha 7@ 8, #@iE f(1)=fQ2) =1, Wq [ SrwEE &, #ifH HE e
yeN,y#1, o fI0, gqx®l y+1 g9 ok &, @fF f (p+ 1)=y+1— 1=y g &
leN® faw £ (1) =17

saretor 11 fag #ifw & £(x) =2 g0 aftfid wem /: R > R, 7 @ That 2 3R
T ABEE T
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& FF f(-1)=1=f(1), T8l [ THha X
& %1 q: Heyld R%1 #@gd -2, Wid R f)=x
fRdt ot sreTE x &1 wfafaa w& € (I=2))

SED=1 /f'(1)=1LX

Iq: f wr=sEE T 2

SaTETuT 12 T HifT B S e B . xe [Ox=1
f:N— N, THa] a1 =37 i & &

3 x+1,3f% x fomm & ;t,
J)= - LAk cEEE f R 3faid 1 AGT —1 T Wiafes &l
Tt 1.4

T HE AT f(x,) = f(x) TR FTC R AR x fowg & qon o W E, Ao+ 1
=x,— 1, A x, —x, =2 TS | T TFR x, S 9 90 x, o G99 TH T A
T 7 ¥ gl q9 v, I A W @ faw wi @ w En we it
LRI xzﬁﬁ'ﬂ'ﬁl%,Fﬁf(xl)=f(x2):>xl+l=x2+l:>x1=x2. Sﬁm'ﬂﬁxlﬁm
xzﬁw%,ﬁ ‘ﬂf(xl)=f(x2):>xl—l=x2—1:>x1=x2. Gﬁfm 21wy A
Fewia N =1 g o faom §@n 2r+ 1, 7id N1 §& 2, + 2 1 Ffatas ¢ AR Gy
Nl ®1E i G §& 2, N & §e 27— | %1 idae 2 Sﬁ:faﬂ?eﬂﬁﬁ?%l

sarevr 13 fag #T fF seoes wer £ {1, 2,3} > {1,2,3) TF Tl T B
el UM wifeu R/ wehen! Y @1 o7a: Tk 9id | wH 9§ %9 | Iyeud °9H o fw
| e 2 = sk @ fes wewia | wfdfes gam 81 e € £ & saia 3 @ fafes
chael Ush B Hg9d 71 3fa:, Ui |, wewid {1,2, 3} o, sferehad T €1 sead 8 wshd
2, T8 vohe e & TF f eees 6 €, i TR e fauifa @1 sm: /o wohent
B 1 =fsul

arevur 14 fag #ifse & w we wed £ (1,2, 3) o (1,2, 3 3fEd 'Y 9
A= ot 2|

T o £ THET 8, 3T {1,2,3) & 99 seaa £ & atd wewid {1,2,3) % a
SIETT-SAET SAFEEl ¥ HH: Gadd g I6: [ SeIRd i B

feoruil 3SR 13 9 14§ ure uftomy fRd o e afifia (finite) HY==E X,
fou we 8, A9 TF Tl e [ X o X aAtEed: SR g g ad wew
R Fge= X o fou uF arsee wer [ X — X dAfarda: the! B 2 38
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farudia 3eTeTor 8 91 10 § w2 el € o ol sufifid (Infinite) T==4 & faq 72
&l =&l oft B eran €1 Sad ® 9% uRfia qen i gl o | T st
(characteristic) 3R 2l

| woerett 1.2

1. mmﬁf(x)=imqﬁﬂﬁﬁWf:R.—>R.Q%Hm3ﬂW
%, Wl R, meft woien arafass gens w1 gg==a 21 9fE wid R, % N9 95e
feen =, w@ o wevla @ad R @ ©, @ ot #n 7= ufoms v g

2. fyeifafad woml @ The (Injective) T 3M=BME! (Surjective) IO F1 S
HifeTT:

() f(x)=x* g0 %&4 f: N — N %o 2|
(i) f(x)=x BN W&H f: Z — Z FeA 2
(iii) f(x)=x> §0 9<4 f: R —> R ®eld €l
(iv) f(x)=x> R 9&d f: N > N %o &l
(V) f(x)=x* BN WEH f: Z — ZFeH B

3. fag w6 f(x)=[x] R ¥ HgwH g ®eH f: R — R, A df Theb! @
3R 7 3r=sEF 2, §El [x],x ¥ FH A IFF S HewT YUNE 1 e
T B

4. fug =ifay f& f(x) = |x| g Yed "9i® ®ed f: R—> R, 7 9 Tha1 2 3R
T HTeSIEE §, Wel | x | 9y, A x ¥ A Y & a9 |x | q0E — x, AR
xﬁ“’l%l

5. Tag =it & f: R >R,

,afR x>0
f(x)=40,9f§ x=0
-1,9f€ x<0,

BRI YEY 9T %o 7 @ Tk € SR 7 SesEE 2
6. T SfIT fFA={1,2,3),B=1{4,5,6,7} a0 f={(1,4),(2,5),(3,6)} A¥ B
T TH wor 2l THg wife e £ w2
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7. Trefefaa & @ g feufa & sxemsy & #0 U gY wer Tohe!, SroR®
HeE Tohe1 =Bl (bijective) Bl 3T 3w F1 sfifae off sqemzu)
() f(x)=3 - 4x g0 wfwfE we £ R —> RE

(i) f(x) =1+ x> g1 uRenfod wed £ R — R &

8. =M wifeq fm Aqen Ba gg==d 21 fag =19y % f: Ax B —> B x A, 36 ¥R
% f(a, b) = (b, a) TF THF ST (bijective) e T

H—H,Wﬁnﬁ'ﬂ%

9. T oifse fF ¥9d ne N= foag, f(n) =

g ,"‘Jﬁnﬁ'ﬂ%

R ufwfid % wed £ N — N 21 adaist & &1 Bl f THa! eT=ert
(bijective) Bl 3794 ST F1 Sifae H SaET
10. rmﬁrﬁ{qﬁsA=R—{3}wB=R—{1}%|f(x)=@—:ijgﬂmﬁw@aw
f:A > BW fa=r #fSu) @01 £ THdt q9 sTesRE 22 3T SW H ST
+ft FaemSul
11. 9 @ifsu fF £: R > R, flx)=x* g7 aftsfiua 21 w81 39 &1 =994 sifau)
(A) f THH A=BEF & (B) f TEUF ITHTEF B
(C) f Tt & frg oo 78 £ (D) £ 7 @ THET § ik 7 e 2
12. |A ooy o f(x) = 3x g0 wfiwfod wer f: R —> R 81 €&l 3w gfu:
(A) [ Thah! ST=BTH © (B) f SEUF IM=BRF &
(C) f THa! & W eT=sr® & £ (D) £ 7 a ha! € R 7 oerE &

1.4 WReTAl T HATTT a9 cx:lgcﬁﬂ-wﬁu el (Composition of Functions and
Invertible Function)

T AT=9% H w9 4 Worl o gareH aen Rl Tkt smesTEl (bijective) el o
Hfae™ (Inverse) T ST LT T 2006 1 fHE 51 (ftog) =T Fam X w1 glan
H 32 ok |t o & asaa AW faur ®ifsw) S w1 wlan ¥ 99 A v
ferenefl =61 9IS g sk et A9 T2 e €, T ferened witen o w97 319 SR g
W feraar €1 Mo W o fon | famfefai o 9 Jaw 1 fawy (deface) ek,
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Yo el Fal %1 U Aeheil Genlde Fe¢ (Fake Code Number) W &l a1 & HH
S fF B < N @A I == =1 §9==4 &, 9¢1 C = N 90& Hienfdh a2 o1
=g 21 399§ FeH f:A— Bad g: B> C I € W HAN: f(a) = famnef 4
=1 fezn T I JE W g(b) = U@ HaX b F F_A HL fam T Wiekfaw Haw, gH
aftsfid &1 29 ufwan § %o £ g0 uw famneff & fo uw U e fruif| g @
q FEH ¢ BN WA IS A & T UF Al FaR Fruifa g ¥ o == e
WAl o GATed U Uches faenedi &1 27aq: U Wichfaer Aal ¥ Tad Y fT@ W 2
o9 Frafafaa TR wra e 8

afraTaT 8 9 ST fF £: A > Bdel g: B — C 8 e 81 94 £ 31 g &1 HISA,
gof g1 frefm g g, JU e gof 1A —> C, gof(x) =g(f(x)), v x € AGN
gftefya g 2

A S B g e
(=9 & Qo
gof
TR 1.5

FETETOT 15| Wit fF £ {2,3,4,5) — {3,4,5,9} 3 g: {3,4,5,9} — {7, 11,15}
3 HeH IH WHR € TF f(2)=3,7(3) =4, /@)= f(5)=5 3R g(3)=g(4) =7 qm
g(5)= g(9)=11,d gof @ HifSQ|

e TR gof(2)= g(f(2)=g(3)=7.20f(3) = g(f(3)) =g(#) =7, g0of(4) = g(f(4))
=g(5) =113 gof(5)= g(5)=11.

FETET0T 1691 f: R —> R A g : R —» R e A f(x) =cos x A g (x)=3x* g
uRefi| # @ gof @R fog W wiftew) Tag HIE gof = fog.

w1 FE@ gof(x) = g(f(x)) = g(cos x) =3 (cos x)* = 3 cos? x. TH HR, fog(x) =
Flg(x))= f(3x2) = cos (3x?) B A HIAY fF x =02 fT 3cos? x # cos 3x? 21 31a:
gof # fog.

IqTEI0T 17 Afg f(x)—3x+j gftaifad  werd f:R—{%}—)R—{%}Hm
5 =222 g o Wg:R—{%}—)R—{%} e ¥, 4 fag AR
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Jog =174 gof =1, 38 THR D I[,(x)=x, vxe A FR I[[(x)=x, vx eB, i

3 7 & .
A=R- {—},B =R- {E}%' 1, @ [ 1 SHeT: T=ad ATl B T aama (Identity)

5
el FEd
TA T8 W
7 (Bx+4) N
3x+4 5x-7) 21x+28+20x-28 4lx
gf (=gl — = = =—=

= =——=x
5 (3x+4) 3 15x+20—-15x+21 41
5x-17)

3[(7x+4)j+

L (5x-3) :21x+12+20x—12:ﬂ:x
5((7“4))_7 35x+20-35x+21 41
(5x-3)

7x+4)
5x-3

T TR, fog(X)=f(
3: gof(x) =x, Vx € B &R fog(x) =x, vx € A, {1 arad @ 2 f&

gof =1 3ﬁTf0g=IA.

warevor 18 fag =ifsm fs afe 1 A > Baa g¢: B - C That 2, @ gof: A —> C

oft THHT 2

T gof (x,) = gof (x,)

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

= fx) =/ (x,), FifH g what
= X, =X, Em:ff'm"fQ?w 2
3d: gof T

FaTevoT 19 fag #ifse fF aff 2 A > Baen g:B — C =R 2, @ gof: A >C
+ff esEE B

7ol OF difsg 5 ©F @es wgud z e C?1 g o Fald z ok Uk gd ufafas
(Pre-image) y € B =1 &ff&qe 29 TR © o, g (y) =z fH g T=BEH 21 36t UK
y e B fou A o U s/@ye x % A T UER B FR, £(x) =y, FE £ Sresns
2l Ir: gof(x) = g(f(x)) =g (v) = z, g wmfra & T f® gof =35 2l
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ST 20 £ 9 g U q Wl R fER Fife R gof aRfum ® den whet 2
F £ qN g7l SAEria: whet €2

7 HmEA [ {1,2,3,4} > {1,2,3,4,5,6} f(x) =x, v x 8N qfeafg #R g (x)=x,
x=1,2,3,47 g(5)=g(6)=58M wafud g: {1,2,3,4,5,6} — {1,2,3,4,5,6} W
feram =ifStul =l gof: {1,2,3,4} — {1,2,3,4,5,6) 9ftafi@ 2 dan gof(x)=x, vx,
a8 vt i © o gof ThET 21 fRg ¢TI T T B

AT 21 AR gof IR §, A WA £ A g I HATHeRa: HABEE 82

e f:{1,2,3,4) > {1,2,3,4} 30 g:{1,2,3,4} - {1,2,3} W fo=r =ifem, 7,
FAN: f(1)=1,/(2)=2, f3)=f(4)=3,g(1)=1,g(2)=27Mg(3)=g(4)=3.31
aftefire &1 el weera @ d@n W g € 7 gof e €, FRg £ sreed T B

feuruit @e geafud faan <1 el € foF oa9s &9 § gof o UHE BN & aedd ©
fiF f Ul B 21 TH YR gof IEHEF B F A % g OHRE Bl 2

379 BH 59 II58% % RN H WIS 1 wiien o gasl § Aivid wer £ 3R g W S
Y foeR T ARd 21 9ie w1 He X %1 qhen | §eq ardl yow e #1 wer £
o Tl Tk el o 9T TR Sl 7 2R 9o el e g o Adrd T Wiehtdeh
Fo yar oA S €1 SR iRt o gedih oSG TEe Wedeh Jodiiehd giede
T Wichfash e o THE Wdlish for@ HT dIE o HEed § Y& Sl 21§ o
T, g ok foadia 9l 311, Ui Wishfas Fa) &l 98d HX [H: T7a o a1 J8H
FL 20 € IR TH WK WKl Sichfdss % oF Jou WY el ) § Hafud 8 5 21
M, £ w1 faodia iR gR1, Yo Ta FoR w39 Ta FaR a1 faenefi ¥ 9@ fn
ST 21 THE T HY Hefud famnedf @ A fifa g s 21 g9 <Ed € W f qen
g, o FAISH gN gof, Wal 3 W9, Ued f R T g 1 79 W 8, 59 fF €9
cof, 1 Tl R, Ted o i whE s R £ et e

TATETUT 22 WA AT R £ {1,2,3) > {a, b, ¢} Uk Ush®! q91 HA=oEsH Heid 39
TR 2 TF f(1)=a,f(2)=b 3R f3)=c,d g IS & e g: {a,b,c} - {1,2,3}
w1 U afeea €, @k gof = [ 99 fog = 1, W@l X = {1, 2, 3} @l
Y = {a, b, c}7

T B g {a, b, ¢} — {1,2,3) % W& g(a) =1, g(b) =2 ¥R g(c) =3, W =R
FU) g7 Tt FC1 @@ ¥ fF 939 Bed gof =1, X W dUnE e § #R
T BeE fog=1,, Y R TEEF He B
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feuruft 9% us U ded € T sude seew ¥ aftfa oftomm feddt ot wes woheR!
U SRS Her £ X o Y & oI g g 21 kool TE T aAfig gEen faem
(converse) *ff H= &1 8, @19, 3R £ X > Y U% o wed 2 % fHdt wom
g:Y - X & SAfead 389 YHR 8 & gof = L TN fog =1, T f Thdh! o0 ST=aTaH
T €
I ufterEl, Sere 22 qen feoit frefefaa aftam & fag o #w@ 2
Tt 9 WeH f: X — Y SAskWUi (Invertible) weaal 2, 4f uF oM
2:Y > X I st 59 YR 8 % gof =1, 991 fog=1, B WM gl He [
Sfeer (Inverse) wed & 3K 38 Wdi® /! G Wohe *ad ©|

3, afE f geruuita B, |l fafarda: uchel qu SesEe eal @ @R fawma:,
IqfE f wHE q9 ASRE §, A feAtard: Sgenavia g 81 98 99, £ TR
q AR g wies, eRHvE Y %3 ° geayel 9 § 9eEe ol ¢, v
w9 § & £ 1 Yfaem aree H §6 A8 6 o

FETETUT 23 HA ST fF £ NS Y, f(x) = 4x + 3, 81 ufiwifoa o wem 2, sl
Y={yeN:y=4x+3fFft x e N & foru}| fog Fif5w 5 1 oo 21 wfaeim
Hod d T wife)

T Yo Tl W= ered y W faur ifs) Y, &1 9farm g, oid N o fhdt o199

xa;ﬁiﬁy:4x+3'3l3ﬂ@ﬁm?ﬁfﬁwm%ﬁﬁ xz(yf;g))éﬂ 379 g(y):(y;3) R

2:Y — N =1 7ftenfom #1901 57 7R gof () =g (f(x)) =g (4x + 3) = @r+3-3_ .

4
T fog(v) = £(g() =f[("";3)]=4“; Di3=y_3+3=y B T e A
2 fF gof =19 fog =1, frmen et 7% gan & 1 Sgohmoia & 3R wom g wer

=1 ufae 2

FETETUT 24 WA ST fF Y={(n*:n e N} c NRI®WeW f:N > Y@ f(n)=n
T faEr Sty fag S fF Fegeraia B £ 1 ufaam o w@ i

T Y &1 UF W0 6dd y, i T H ¢ Teine N.37wH acd qw@ T F oa= [y
98 g(y) = fy s ufmifad R wET g: Y > N U gl 21
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gof(n)=g(n2)=\/n_=n3ﬁ1fog(y)=f(\/;)=(\/;)2=y,ﬁm@lHHTFUIHE}IW%%F
gof =1 e fog =1 B\ aW: f Sk & qe [ =g.

FETETUT 25 0F ofife ff £ N > R, f(x) =4x*+ 12x + 15 g0 9Re1foa T wer
2 fag T #F £: N— S, 5@l S, £ 1 IR 8, Sqermviid 81 £ wiaed s 7
il

o HA U £ o 9iE 1y UF W= d9ge 21 TEiAT p =402 + 12x + 15, 5@t

((Vy=e)-3))

2

xe N.zas acad 98 & 6 y = (20 +3)* + 6. 3@WT x =

(Vy=6)-3))

7 U ECIECECTIE I

THIRR gof(x) =g(f(x)) =g(4x*+ 12x + 15) = g((2x + 3)* + 6))

_ ((\/(2x+3)2+6—6)—3)=(2x+3_3)=x

39, Tk a1 g: S—>N, g(y) =

o or- {79 [ >>)

= ((J56)-3+3)) +6=(7=6) +6=y-6+6=y.
@ gof =1 T fog =1 F 5w A T T F fogeRAE  qon £ =g B
FEEIOT 26 dF Fed /N> N, g: N> N h: N> RW faur Sifu el
f(x) =2x, g(») =3y +4 a9 h(z) =sinz, yx, y 1 z € N. g &Hifau &
ho(gof) = (hog) of:
i

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

1y e, ((hog)of) (x) = (hog) (f(x)) = (hog) (2x) = h(g(2x))
— h(3(2x) + 4) = h(6x + 4) = sin (6x + 4), yx e N
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s yaifor gfar € % ho(gof) = (hog)of

77 gfoTm =as frafa § ot 99 B 2

THE 1Ak X > Y, g: Y > Zdq9 h:Z— SdH wer €,
ho(gof) = (hog)o f

suaf ¥el &9 TEd © %

ho(gof) (x) = h(gof (x)) = A(g(f(x))), v x in X

qen (hog) of (x) = hog(f (x)) = h(g(f(x))), vx in X
37 ho(gof) = (hog)of
SEETUT27 f:{1,2,3} —> {a,b,c} A g: {a, b, c} — {Ta, g, faee} f(1)=a,

F(2)=b,f(3)=c, g(a) =84, g(b) =N a4 g(c) = faeet gr1 aftfod wed = fa=m
ity foag Y foF /£, g 3R gof Sqermvita €1 £, g ! G (gof) ! o4 SHITSQ qen
yeifirg S 5 (gof) ' = f log 'Rl
T AR @ity fe oftaw g £ @R ¢ Ul SeEE Weld €1 WE efifen fe
Fia, b, ¢} —(1,2,3) 3R g (Fa, e, faeet} - {a, b, ¢} 39 WHR qftwfia € f
fMay =11y =2, fic} =3, g (WA} =q, g {7} =b R g {faeeh) = c.
& Wi w wa € S of =1, . fof =1, .glog=1, R
gog!' =1,%&l D= {3973, facci}| o1&, gof : {1, 2, 3} — (¥, i, foeef)
gof (1) =4, gof(2) = 7%, gof(3) = feaeet g W= 2

B (gof) ! : {Ta, Ty, faset) — {1,2, 3} &1 (gof)” (Fd) = 1, (gof)" (1&) =2
e (gof) ! (faeett) = 3 g1 uftsnifie X waha €1 78 Tadl | v ffan s Sk
2 f& (gof) o (gof) =1, , ., (g0f) o (gof)’ =1, &

79 YHR TEIO B & FR £, g 9O gof AU ¥
b flog! (We) = (g (HE) =/ (a) = 1 = (gof)" (F)

flog! () = £ (g (1) = f'(b) = 2 = (gof)" (7T%) Ten
flog ! (faeefl) = /(g (faeedl)) = f(c) = 3 = (gof)! (fareed)

Sk (gof)" =/ "og!
SueRt oo s fefa A o @ g 2
T 2 WA Wit e R /X > YT g Y > Z 3 FchATE Bed §, df gof ot
a;{,amﬁ'a I e (gof) ! =f"log!
IUUTH gof T H@HAUTA AU (gof) ' =fog !, Fl fag FW & foau 78 wnfora &
wiE # & (fog!)o(gof) = L @ (gof)o(fog!) = L, ¥
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&7 (f~'og " o(gof) = ((fog™) og) of, T3 151
= (fo(g'0g)) of, T 1 B
=(f"'oly) of, g TRAT T
= IX

T YR, 7% yAfoa A s weha @ R, (gof) (Fog ) =1,

TarETuT 28 HF difeu fF S = {1, 2, 3171 fuffig #ifse fis @ = fafia wem

1S > S iaem wer g /), 3 it 4ft s i €

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

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

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

T

(a) & T W 2@ o a1 & BF /Ul sl ¥, sufe £ openviE & 9
o a1 ={(1, 1), (2, 2), (3,3)} =/ W 9w B B

(b) =R f(2)=/(3) =1, SUE / Teheh! &l €, 37q: f AhAvE Tl 2|

(c) IE TleHdl Yaish 3@ 1 ahal € 5 £ Ucheh! d91 Areoiesh ¢, AqUd [ FehHuie
gad f1={3,1),(2,3),(1,2)2l

| ot 1.3 |
1. WS R £ {1,3,4) > (1,2, 5} T g1 {1,2,5) > {1, 3],

f=4(1,2), (3,5, 4, D} 7 g={(1,3),(2,3),(5 1)} 57 97 & gof T
Fife|

2. HM WfST i £, gqen b, RE Ra% &y wem 21 fog =ifvw 5
(f+ g oh =foh + goh
(f. g)oh = (foh) . (goh)
3. gof qYl fog WA Hifs, Afg
@) fG)=|x[TM g(x)=]5x—2]

1
(i) f(x) = 8 T g(x) = x°
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aﬁf(x)=$i—j, xig,?ﬁ fag =it o wf x% F T fof (v) = x B
f 1 AT w82
TR0 §fed adensy fF @ frefafas wod & gfaam 2
() f:1{1,2,3,4} — {10} &l
£=1(1, 10), (2, 10), (3, 10), (4, 10)}
(i) g:1{5,6,7,8 — {1,2,3,4} =@l
g=1(5,4),(6,3),(7,4), (8,2)}
(i) /4:{2,3,4,5} — {7,9, 11, 13} &l
h=1{2,7),(3,9), 4, 11),(5,13)}

X

mmﬁ;f:[_lal]_)va(x): (X+2)’
£ -1, 1] = (f =1 9fam) , #1 gfael™ w3 i

N Y9 Hed THA! gl HeH

(FFd y e 9w f, & fa, [-1, 1] foet xon Slﬁ’iﬁy=f(x)=ﬁ,awh

f(x)=4x+3 BW wed wed f: R > RW faur sifsw) fag wifse f& f
AU Bl f 1 UiGAm wer Fa Hifa)

f(x)=x>+4 B T Hed f: R, — [4, 0) W fo=r Fifsw) fog #ifve fF f
SRR & 941 £ WA ® £, f(y) = [y—4, 5% U= #r 2, 5 R,
qeft TR e TEnet H T 2

F(x)=9x2+6x— 5B W& Hel f: R, — [~ 5, 0) W fa=r wifsw) fog wifsg

o f ogerAuiE & ag1 f(y)= [(—“y;)_l} 2l

T S 5 £ X > Y U SFepnviig wer ¢ fag Sifse & f @ wfeam
HEH HEAA (unique) B (T FeoW HiC fF £ % F wfa@s v g,
g &l T@ T y € Y T fog,(v) = 1,(v) = fog,(v) ¥l 31 f T Teheh! I
T TART HIFSTT)
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11. £:{1,2,3} > {a,b,c},f(1)=a,f(2)=baAH f(3) = c. 5 ¥&d Fe f T foran
Q) /! 9@ st @R fag =it B () =7 Rl

12. 9 AT fF £ X > Y UF i e & fog Fifae fF £ & wfaam
L7 s () =1 R

1
13. AR RS R, f(x)= 3-x*)3, 50 W&d 2, @ fof(x) STaT 2|

(A) 3 ®) x° ©x (D GB-x)
14, mr—ﬁﬁqﬁaf(x):%mqﬁmﬁamwfm{—g}_)Rélfzm

i, serta REE (Map) ¢ : TR f— R — {—%}ﬁﬂ‘[‘aﬁaﬁ g

B UT B
3y _ 4y
(A) g(y)——3_ . B) &) 3
_ 4y _ 3y
(©) g(y)——3_ 1 (D) &) 3

1.5 fg-amurt Wirand (Binary Operations)

o1 Tpal o Tl # € a9 =R g |fwanst, Ama: J, Sty o 9en 9w ¥ gfifea
2 g% 71 T ol = e favvar = # fE @1 & v geneti g dn b, 9 7
T a+ b a—bA ab %,b;tOT:lﬂ Tag (Associate) X 3 §1 7E AW A
HIfe 5, T w99 °, o 9 eI @ SISl 41 o 1 ST gehdl 21 56 @n de
T i Sigd ® SOvEahdl Bl €, A ¥4 U8 S WeAs! wi wied @ S urw
FTEel i 6T ARt e § S 34 1 3 A0, O, e qen 9 TG s
o Seetul ¥, it fgemerd’ o1 @i 2 'S nur arelt’| At en ww s
=Ed ¥, forew 9z 9/ e of o st ®, 9 v Tenst & gy=ed % WH W UE
wEes gYead X o 9ey R 99 =as w9 9 fenud w@fw, oo a= @ afig,
X % 3 TS aqA b FH X F & R oeEa § Hag w0 ¢ 399 Frefafay =
R W B B




T T W 23
ufrerar 10 foredt wgeaa A o U fgenurd @fean «, T wer  AXA > AR TR
* (a, b) 1 a * bgr1 Frefm #@ ¥

sarETor 29 fag wifSy s R =, sia i qon fgemard wfward €, frg wm RH
faanard wfran 78 21 e € fag Ffm fe T Eow ardfas genst & age
R # fgemrdt v 21

T +:RxR >R, (a,b) > a+ byl uftafig 2
—:RxR>5R, (a,b) > a— by ftarim 2

x:RxR—R, (a, b) > ab g qfsfd ©

HfF ), ‘= AR X TeM ¥, o@: 4 R fgenudt wfeard 2

T +:R><R—>R,(a,b)—>%,¢m"th_d'—rHﬁé‘,aﬂﬁb=0¢ﬁm%
o 7= 1

Fomfs = R xR >R, (a,b)—)% g femfia uF wer § @R sufen
7 R, ® = fgemamd wfwan 21
saErT 30 fag FIfdu fF o (uaswmed) den 971 N ¥ fgenur® sfwan 787 21
77 —:Nx NN, (a, b) > a—b, g Y1 Uk fganut wipar 76 8, «ifer <~

& sfqd (3, 5) o widfsE 3-5=-2¢ N. E’FﬁFFﬂT,+N><N—>N,(a,b)—>%

mm@ﬁmmﬂtﬁ%aﬁfﬁﬁwéﬁaﬁh(3,5)¢ruﬁﬁﬁ3+5=§eN.
sargior 31 Tag #ifee fF + : Rx R > R, (a, b)) = a + 4b* 80 T84 T fgenamd
fiFen 21

2e1 Hfth * Y% g (a, b) F R S Th AGAT 999 o + 4h? Tk o ST ¥, €
+*RY = fgsnad wfwam 21

SETET0T 32 HF Wit fof P, forelt wewm wg=e X o @He 59 G4l S, 99eud T
fag =it fF U:PxP—>P (A,B) > AUBEY Ud @1 Nn:PxP > P,
(A, B) > A N B g1 uftwifd wer, PH fganer wfward 2

&1 it At Giwar (Union Operation) U, P x P ok W& g7 (A, B) &l P
T Sfgdid e A UB 9% o W B, sEfe U, T=aa P ¥ s fgenemd wfwma
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21 58 whR TEfTS (Intersection) HfdAT A, P x P o Uedsh 4 (A, B)®l P& UH
#fgdta e ANB % o S 2, AU N, T9=9 P UF fgenard SfEa B

FETEvT 33 fag #ifsa & (q, b) — 21fasdd {q, b} g0 gfafd v R xR —» RA
(a, b) - T8 {q, b} W U™ A : R x R — R fganard gfwand )

@ FifH v, RxR o 9% g9 (a, b) &l T=99 R T 3Afgda g4, THa:
adeq bH B fuwan, | S T, 30U v UF fZInu GhE € o UeR % 0%
BRI e FEl 5 Gl © 7 A of ww fgenard wfwan 2

feauit v (4,7)=7,v (4, -T)=4, A(4,7)=470 A (4,-7)=—T%I

v frdt wgesm AW sgwdl % ®WEn &H wdl ¢, o §W ggeE AW TS
feamurdt Wi =1 T ARl gR = X e 2, T g « w1 gfiean anl
Fed 21 /Y A= {1,2,3} W =R HifHu) 99 8@ 33 § uftaifia A whEn

v Frefafas areft (areft 1.1) g1 =7 %1 1 Shdr €1 g8 Sfw et 5 v (1,
3)=3,v (2,3)=3, v (1,2)=2.

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

el Wi wroit § 3 el qon 3 WY €, e (G, ) wfafie ageg A
/& e o sreEEl § 9 aifuean e 21 gEeT e Rl off | w@im
* L AX AaA%ﬁqﬁmww%l afe A= {al,az,...,an}%ﬁ}fﬂﬁn_mwﬁﬁﬁ
n il A T @ A (G, ) wfefR g, * g w0 T p A qon o we
ol ged fwdt Giwan anoh, fSast g gfafe A= {al,az,...,an},mﬁma%,
& fou a9 uw fgemard w@fEar «: A x A > A URWIfiE =X 9d €, 39 TR 6
ai*aj=mﬂﬁuﬁﬁﬁﬁﬁﬁﬁﬁﬂ1_;ﬁﬁmﬁgﬁﬁ?ﬁ%l

B A2 %% ® o 39 41 fRelt oft %9 (order) ® Wi, 9Rom™ (FMTHer) THH
@A R, AUl 3+4=4+3,Wq 3 a1 4 & HeA N fafa= ww fafa= wfomm 29 €,
ol 3—4=4-3. 3 ¥R 3 991 4 T FA F wY Tyl T 7, W 3 a9 4
& am H fafa=r ww fafa=r oftom 29 &1 or@: 3 e 4 %1 = qen Ton swefyef @ fag
3 4 1 A qT 9N AL 1w qen 9m & fow 7 feram oA € fF 3 A



TS TE wed 25

T4 ey 4 H 3 et SdAYen ‘3 w4 ® an wifee’ =4 3/ 9 wifae’)
9y Tefefaa aftem wre e 8

i 11 G9==a X H U fganrd S « At (Commutative) Feamt 2,
% 9GF a,be X & AT a*xb=>b*a =

FETET0T 34 fag #ifsm fF +: R x R > R T x : R x R —» R wAAAAT fganamd
Hfgamd 8, Wg —: Rx R— R@1 +: R, x R, > R_ sl 72 2

TAFNE a+b=b+aTqM axb=bxa, va,b e R, 3@TF “+ TN ‘X’ HAfAF0=
feamurd dfrard €1 qenfy <~ wofafrg =8 2, #=0ifeF 3-424-3.
Tt YHR3 < 4 2 4 < 3, Foaog o= B B 2 wufatea @ 2

sarete 35 fag +IfST % a * b= a + 26 0 9RfEg * : R x R > R wAfatm
Tl 2
TAHEINE 3x4=3+8=113K 4*3=4+6=10, 3: Gha1 * wAGHT &l 2|
afs &9 Fgwed X o5 o sEgel i X ® ufieafog fest fgenard w@fwan & g
g T G9®Ed B o U wiuias G Sedl gl oFSeh a * b * ¢ w1 e
(a*b)*c3FT a*(b*c)Tl Tl & AR T8 3 =S, MEvIF 7ol 2, o wHH
&1 FerETone (8 — 5) — 2 = 8 — (5—2). gHfAIY, T Feet 8, 5 AR 3 =1 fgenurd s
‘SR’ o g WY HYEH § 99 o T FIse (Bracket) 1 9H T TR S0
WY A H EWiEEA A, 8+ 5+ 2 1 W HHM B0 2, 98 BH W (8 +5) + 2 g
8+ (5+2) R ¥ ford| o1a: o9 o 99 ° AfYF T *1 I FT AHAT FW
e, fa 1 et & yam &y o, srefgof ®1 so0 faefafaa oftam ora 26t 2:
Tfrorer 12w fgenar® §iwan « 0 A x A > A @E=Sd (Associative) FeEerd ¥, a1
(axb)y*xc=ax*xbd=*c), va, b, c, € A.
FaTetur 36 fag Hifaw fif R =i qen on wre=rt fgenurd afwand €1 wq srerker
g 9 R ® ge=d 19 2
T A Q1 U1 "Eewd §, Hifh (a+b)+e=a+(b+c) A (axb) x c=ax (b c),
v a,b,c € RE| o1 3t qen 901 =it =21 2, it (8—5)—3 =8 —(5-3)dqem
8+5)+3#8+(5+3).
FarETuT 37 g HIY % g+ b —> a+ 2687 WA +: R x R > R ae= & 2|
(8#5)*3=(8+10)*3=(8+10)+6=24,
wafh 8x(5%3)=8*(5+6)=8=11=28+22=30.
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feuft fopdt fganemdt Wi o1 e o 39 31 § s7eda Hewyul € fh eW s
a,*a,* ..+ a foma wd €, FfE 39 e & FRm 9z iy T w® S 2wy
39 O % AT H, FASE a, * a,* ..+, H<H (Ambiguous) T T, 5 7%
wHisash 1 FAM T fman Su) TRy wife f gefedt wanet o, S9 el ST A1 9an i
Tiehand s1ee] Uk § 3Yfush Shad G- i TR o, 9F ISl 1 WA SR T el
R fganurd wfsen '+ @ et g g7 (zero) #1 w G=rek forgioan = & 6
at0=a=0+a, Vv aeR,SM'fﬁ?f"m'_HrT Qﬁmﬁﬂﬁﬁﬁﬁﬁmﬁmmﬁﬁ
wdl B g o w1 feufa § #w it (Role) WeA 1 BN w1 & Wl 7, HifH
aX1=a=1Xa,VaeR%\|31qﬁﬁ'5|ﬁIﬁ§?lﬂﬁWWW%|
Tfremar 13 et e fgemand @i «:Ax A 5 A, fau, & s@9d e c A, AR
sk wifeae 2, acameh (Identity) el 8, A% a*e=a=e*a, ¥V a € AT

saTEtur 38 Tag ST fF R 3= (0) 37 =1 deameh © G 1 07 1 aodeh 81 Wy
e —:Rx R > R +: R xR, > R, & fq = qoqwss srea 48 2

Fl a+0=0+a=a3ﬁ'{a><1=a=l><a,vaeR?ﬂﬁlﬂ'&%%OﬁﬂT1EFH’-‘ET:
“+ Gl ‘x°, o qodHeh Hogd Bl 9WIY Bl R UH 1S $9gd el € fF a—e=
efa,vaeRﬁlgﬁWEﬂR*ﬁﬂﬁéwWeﬁﬁﬁﬂaﬁﬂ%ﬁﬁ
are=e+a, yaeR B = T+ o qodHE Foad Tl A 2

feuuft R 91 (0) o Sfsman &1 doame 2, fohg 78 N ¥ o= afean &1 doomes 7
2, i 0 ¢ NaTes § N® o9 Giea =1 HIE aeqas 78 2 2

B9 UH: 2@d € % ¥ G@fEA +:R xR > R& fog, feet wsda e R
et R™ — o o1 Afded 36 91 2 & a+ (—a)=0 (“+ 1 a?ﬂmﬁ)=(—a)+a

gﬁmRﬁwmmm WmaeRa;to@mfuaanRﬁ ﬁ

WW@'—IW%%M—:KX ma?\qmﬁ)——xmh Eﬁﬁﬁﬂﬁ‘lﬁaﬁﬂﬁﬂm
e B 2 ¢
TfTaTaT 14 AH To0HF 3999 e Oet Tk weN fgenel A+ AxA > A fou
et se5a 0 € A Ghwa + o T2l o SerAoiE wed ®, ARA T w1 e
b fme B faxb=e=b*a® @ bl a= "faei™ (Inverse) Fed 2, fod
e o' g frefua w2



T w27
SarEe0T 39 fag i fF RA o7 gfen + o fog — o 1 wfaeim o ® 3R R H
Wm‘x’éma;wwyﬁ?ﬁqé%l

TA OFE a+(—a)=a-a=07 (—a)+a=0,3TAC — g &7 GHEa & fo@ a

aﬂuﬁeﬁn%wﬁm,aqto,%%qax%: :%XQ’WW%%ﬁ;%
o Wi % A o #1 ufaem 2
e 40 fag =it f N® o@ 9fpa + & fau o e N=1 wfaeim — o =1 2

GﬁINﬁ{[ﬂﬂmW’éﬁmaeN,ailiﬁTmﬂéqﬁ%I

TAFINF —a ¢ N, sofet N T o= 9fea & o o &1 yfaeli| — o 787 8 9% 2
Tafd —a, 9 a+(—a)=0=(—a) + a ! T F@ &l TH TR, N¥ =1

WéaN,iﬁﬁaﬂaﬁuﬁ%ﬁm&aﬁﬁaﬁNﬁﬁﬂﬁmwuﬁﬁme
o 1o whea & fo 7@ e 21

JIEAV 34, 36, 38 T 39 ¥ T o1 & T RY uA Wiwar swfafaa dun we=d
fgemumd wfen &, foed 0 999 s 31999 9901 a € R, \/ a &1 Y™ 31999 — g &l
]

| WAt 1.4 |
1. fruff@ #ifse f& «n fefafea @R @ ofafe s@F d@fFn«9
ey WiFan W St § A TR 9 90 W 9@ + UF fgenurd |iEA 6§,
Hifaea it sgemsT
() Z* ¥, a*b=a—bgr uftenfoa i «
(i) Z'H, a+*b=abgq uftafia dfean =
(i) RH, dfwan =, g+ b=qb* g wfeafoa
(iv) Z'H, Tfwa =, a* b=|a—b| 50 Rl
(v) Z' ¥, G =, a * b= q g gRuied
2. TrAfafga wfinfea s fgenemd ofe « & fau fauifa =ifse & @ «
fgemurdy swafafma 2 a1 == = 9e=d 2
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() Z ¥, a*b=a—bgw aRemfia
(i) Q ®, a*b=ab+ 150 G
(i) Q ¥, axb="2 g e
(iv) Z'H, a*b=2 gr uRiyd
(v) Z' B, a*xb=qg" g qftenfa
(vi) R—{—l}ﬁ,a*b=ﬁ g aftefid
3. mg=a {1,2,3,4,5) 9 a A b="T4w7a4 {a, b} g1 vfmiyq fgenedt s =
fa=m Fifsu) w@fem A & fou dfema anoit fafa)
4. gg==a {1,2,3,4,5) 9, freAfafea afea arof (Frof 1.2) grn gfefia,
fganardt wfemn * w0 foemr =ifsw qen
() (2*3)*x47um 2 * (3 *4) 1 e FHifg|
(i) =N * wufafg 27
(iii) (2 * 3) * (4 * 5) T U HifAY
(Fekd: T areft =1 T i)

[T 1.2
> 1 2 3 4 5
1 1 1 1 1 1
2 1 21 1 2 1
3 1 1| 3 1 1
4 1 21 1 4 1
5 1 1 1 1 5

5. AWM efee fF wg==a {1,2,3,4,5) ® & fgenard sfem«, a ' b=aqeq b
%1 HCF g ufifo €1 =0 ©fean « Sigeaa wvd 4 | oftnfod @i «
THM 27 3T SW T it ot aaesy

6. WM fifsu fof N & we fgenemd |fa +, g x b=a e b1 LCM g1 aftanfa
%Iﬁﬂ%ﬁ@ﬁaﬁaﬁﬁlﬁz

() 5*7, 20%*16 (i) = i + wafafmg 2 2



10.
11.

12.

13.

T T wed 29

(iii) =R * wre=d 22 (iv) N¥ + &1 qemeh e1/@9a o Hifag
(v) No &% § 37ege * GhHar o foIg oferaoia &7
F1 gq=ad {1,2,3,4,5) " axb=qduq b H LCM g Tfd » ww
feanur®t wfman 22 197 3w w1 sfifac o aaemsu)
HH Aoy N H o bh=adun b1 HCF g ufinfya ush fgenard wferan
21 @ wufafeg 22 @+ wewd 82 #= N¥ 39 fgenud ufFn & qaas
=1 s 87
T eifsn fok afes gemet & ag==g Q¥ frafafed wer @ wRwfim « =
%Wﬂﬁm%

i) axb=a->b () axb=a+10

(i) a*b=a+ ab @iv) a * b = (a — by
4

(V)a*b=7 (vi) a * b= ab?

od Fifee fr g 9 FF o gfrad sufafnie # ar e g 2
e 9 § @ 7 wheaet ¥ fedt #1 oo 2, 97 adanu

o oS fFA=Nx N2 a1 A¥ (a, b) * (¢, d)=(a + ¢, b + d) gr1 wfsfe
s fgenurd d@fea 21 fag FifSu fF « wafafg qon ae=d 21 AW + =0
qoameh 1agd, 9 &1 €, 9 A it

st i @ freafafaa o g9 & o o 21 sifas o 9aeasu
() O9==a N ¥ f&dl «ff == fgenurd gfean « s it a*a=a, va e N
(i) o N * w wafatm fganad gfFm 2, @ ax(b*o)=(*b) *a
a*b=d*+b* YHER ¥ IRATAT N ¥ & fgenamdt afwan « ™ four sifew) s
frefafaa 5 9 w81 S &1 997 FifSg
(A) *Tre=ni qen wHfatET 4 2
(B) * wafafme 2 fihg wesd & 2
(C) *wrew & frg wafafmg = ¢
(D) *7 @ wHfeHE ¢ 3K 7 e
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fafeaer 3qrEvor
SATETT 41 AR TR, WEAA AW qeAa Hay 2, 7 fag Fim fF R, AR, wH
T a2
7 FfF R T R, qodd "9 7 ST (a,a) € R, T (a,0) R, Ya € A THHI
aed ¥ % (0,q) € R, "R, va o8 fag & & & R, N R, =g 31 I
(@,b) e RN R, = (a,b) e R, G (a,b) e R, = (b,a) e R, T4 (b,a) e R, =
(b,a) e R, "R, 1@ R, "R, T ¥l T ¥R (a,5) € R, "R, 7T (b,c) eR, MR,
= (a,c) e R @ (a,c)eRzz(a,c)eleRz.BF@Img‘!ﬂT%ﬁFleRzW
21 91: R, "R TH goddl g4
arEtuT 42 9 ofifSe fF 9q=u9 A ° 99 quifel & sfid gm0 (ordered pairs )1

T# Had R, (x,)) R (u, v), a5 aﬂiéﬁﬁ'ﬂﬁ,xv=yu§mﬂﬁﬂﬁﬁ 2| fag =ifs
f R U= qouar day 2|

ol FTA (v, y) R (v, ), v (x,y) € A, Eli‘flﬁxy=yxél Ty e g § fF R
=qcd 2 T1: (x5, ) R(u,v) > xv=ryu=uy=wx 3R gEfay (u, v)R(x,y)%l g
o Bl ¢ fF R wAfHa 21 3H WRR (x, 1) R (1, v) 3 (4, v) R (a, b) = xv = yu

b a
qAq ub =va = xvﬁzyuﬁz xV;=yu; = xb=ya 3fit zafery (x,») R (a, b)%|
u u

qus R Gehas 21 &a: R T qoadl de¢ 2|

SETETUT 43 9E eifsw fE X = {1, 2,3,4,5,6,7, 8,981 oA wifsy f& X A
R1={(x,y):x—yH@r3ﬁm%}mﬁﬁﬁﬁHRI%ﬂeﬂRz={(x,y): {x, y}
c{1,4, 7} {x,y} < {2,5,8} A {(x,y}  {3,6,9} W WA X H TF ¥ FaH R,
21 fag =ife fF R =R,21

et e hifaw 6 {1, 4,7}, {2,5,8) @& {3,6,9} G=adl § § TS &1 A qerao
(characterstic) @8 © T g7en fordlt off < stagal &1 e 3 &1 T U9 21 g9fan
(x,y) e R, = x—y W& 3 & S Tyl 4 T A {x, yt < {2, 5,8}
M {x, ¥} < {3,6,9} = (x,y) € R, & RICRZ.E'FI'T‘JEFI'{ x,y} eR, = {x,y}
(1,4, 790 {x, y} < {2,5. 8} A {x, 1} < {3.6.9} = x—y T 3 § 959 & = {x,)}
eR,. 399 @= @ % fF R, cR. ¥@: R, =R 2l

FEATETUT 44 1 AU 6 £ X —> Yt werd 21 X° R = {(a, b): f(a) =f(b)} T
Yed U Ha R it ifsw) sifay f 0 R % goar g6y 2|



T TE wed 31

% T8 a € X % U (a, a) € R, T f(a) =f(a), 58 v 2 2 f5 R @ged
2 T WHH, (a, b) € R = f(a) =f(b) = f(b) = f(a) = (b, a) € R. TG R TafHa
| qA: (a, b) € RTAU (b, c) € R = f(a) =f(b) 1 f(b) = f(c) = f(a) =f(c) =
(a, ¢) € R, Form1 arerf ® fF R 9@ ™ 21 37a: R 0% qogdr 99y 2
FaTeTur 45 Fauifa wifse fiF gg=aa R w&a Frefefaa ferad dfemet & 9 =5
@ we=d &R FA W watate )

(a+b)
2

(@) ax*xb=1,V a,beR (b)) axb= vV a,beR

T

(a) Tr=ad GRA™ 80 axb=bxa=1, ya, b € R.AA B (a*b)*c=
(l*c)=1T=M ax(b*c)=ax(1)=1, v a, b, c € R3A: R AE=d adq
FHAfEfET I 2

+b b+
(b) a*b=a2 =222 _pxa, Va,beR, A T w2 o« wulate

2
£ g
(a*b)*c=(a;rbj* c.
U2 _a+b+2c
2 4 ’
férg a*(b*c)=a*(b;cj
a+2te
_ 2 :2a+b+c¢a+b+2c( )
2 4 4
T+ TEEd T B

TEATETUT46 W= A = {1, 2,3} ¥ TF a% @i Toheh! o I W& Fd Sitwg)
T {1,2,3) 9 @Y d% Uha! o shad 99 WdiS 1, 2, 3 1 HEET 21 I:
{1,2,3} | @ o o gfafasi (Maps) & ool S T Wit 1,2 , 3 o Ha9al
H1 e WA & s B, S fF 31=6 21
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FETETUT 47\ it i A= {1,2, 3} ¥ a9 fag #ifew fe 08 gadl 91 9o =R
2, fo 9 (1, 2) @ (2, 3) & R S Tged 9 GHmE dt 2 fhq gafid TE 2

7= (1, 1),(2,2),(3,3),(1,2),(2,3), (1,3)}, (1,2) (2, 3) ST5a T 9 998 o=
WHRI'%,GI‘I wed a9l Seheh ¢ fog Tmfa 2 2 #9 A R, H M (2, 1) 9=
3, d1 9 "y R, 39 ot Ted a9 HeprHeh ? Wg wAfga = 2 Tt U1 B9 R,
H (3,2) 9g1 FY R, T Tahd &, o arefie pored 2| qenfa g R # Rt < gl
(2,1),(3,2) a1 T ¥ (3, 1) = & 951 Ghd €, FH TH FH W gH, Hhrehdl
TC T o AU, 99 g 1 oF o fon e B Wi @i 59 ufEwen g e e
gafg ft & ST, S e @Y 21 o svfie g9l ) e wew I 2

sarevur 48 fag FiSw & wg=== {1,2,3} 9 (1,2) T (2, 1) Fi Fafas= &E ae
oo Wael FT Hew 2 2

7 (1,2) (2, 1) 1 sfafde F aen a9 B geFa 999 R, {(1, 1), (2,2),
(3,3),(1,2), (2, 1)} &1 379 &Faet 4 5, T: (2,3), (3,2), (1,3) T3, 1) 39 T £
I 79 0 ¥ fRdl & F, 99 (2, 3) ® R H sdfde FW ¥, @ gufim & faw
29 (3, 2) I off oA USW, WY € Rl 8q €9 (1, 3) 91 (3, 1) H OH &
fore amer =11 em@: R, § 921 qoadr Tay Shae Wi ¥6y 81 0 o g ©
(1,2) a= (2, 1) = sfafde w6 o gogal ga=i ®1 & qeq1 3 2

FaTEToT 49 Tag it 5 {1, 2} ® v fgemrd Shwraa =1 9en Faa 1w 2, e
qoqE 1 2 9o fowes sfarla 2 &1 ufaes 2 2
T {1,2) W &g fgemurd wiea o+, {1,2) x {1,2} 9 {1,2} | TF oA ¥, @
{(1,1),(1,2),(2,1),(2,2)} T {1,2} TF TF HoH| Hifw 19 fGenard dfwa «&
fou qemmer sEIe 1 ', gEle, x (1, 1) =1, % (1,2) =2, % (2, 1) =2 3R 9 (2,2)
% foru &) haa fasey ¥ @ sTa1 81 #=0ifE 2 w1 ufheid 2 2, sHf * (2, 2) ST
®Y Y | % S0 2 37d: e Fana wtEwe &1 9 sed & 2
SATETUT 50 deHHEd weld [ o N - NW fa=m &ifse, st I, (v) =x, vx e NN
qﬁﬂﬁa%lﬁaﬁq%,wﬁlNW%ﬁﬂﬁmﬁmwﬁqﬁmhﬁw
I +1,: N — N 3Teses & 8

(G+I) ) =1, () + I (x) =x+x=2x
Tel a1 Sesesh & fhg L+ L STesed A€ @1 ik gH "ewid N H
TF #9993 o GFd ¢ fowes fau wida N§ fadt 08 x &1 sffqe 781 & f%
(I + 1) (x)=2x=3 7=l




T TH Wed 33
SETETUT 51 f(x) = sin x B UEH B £ [o,ﬂ—m AT g(x) = cos x B Y&H Her

g: [0, | >R frw e forg e s o e £+ ) A
2

T i {o,ﬂ,ﬁ QI fo=-fomt srmal x, @91 x, % T sin x, # sin x, 90
cos x, # cos x, ST f M g I & MIvIE ®Y T Tehah! &l WG (F+ g) (0) =

. T e .o
sin 0 +cos 0 =19 (f-‘rg)(gj = smE+cosE=1 21 3 £+ g ThE! Tl B
3Ty 1 U fafay woArast

1. A &ifST fF £: R > R, f(x) = 10x + 7 g1 wRfod wem 81 ©F UE Her
g:R— R =i 5wk faw gof=fog=1,7

2. " @ifsig f& W o> W, f(n)=n-1,3f nﬁ'ﬂ'ﬂ%ﬁ%?ﬂf(n)=n+l,aﬁn
Ty 2, g ufiwrfa 21 fag ifs 6 /1 sgeraefia 21/ 1 wisem 3@ st
Tel W TH% IO 1 H9==4 2

3. 9ft /i R—> RE flx)=x>—3x+2 g0 qﬁﬂﬁﬁ%?ﬁf(f(x))iﬂﬁ Hify)

x
1+ x|

4.fﬂ?s?Gl'ﬂ'mﬁf:R—){xeR:—l<x<l}?lﬁf(x)= ,x € Rg

qftaifid worM Toha! qel STTeRRE o

5. fog wifsw fF f(x) =x* 7 989 e [ R —> R (Injective) Tl

6. q Bl N> Z T g: Z — Z 5 35 <ifere st 59 TR B TR, gof
THF ¢ WY g ThH T T
(T&Fa: f(x) =xTq g(x) =|x| W fa=r Fifaw)

7. & ®ert f:N o> NaM g: N N 3w ifeg, st 39 y6r & fF,
gof I=BRF & fag £ Teord T B

x—1l,x>1

(ToFa: f(x)=x+17Teq g(X)={ | lemﬁar{aﬁﬁm
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10.
11.

12.

13.

14.

TfoT

T e wgee X o gan 21 P(X) St foF X o6 S STaHsaal 1 9y
2, W foenr wifyy frefafea @e 9 P(X)H % H9u R ftdrfim =i
P(X) H Suag==dl A, B faU, ARB, 3% 3R et 4ff Ac B2 #71 R, P(X)
T Uk qodd TaY 87 I I 1 siifuer ot fefam)

forelt wem e1ftem W= X &6 fog ws fgememd wfea «: P(X) x P(X) - P(X)
T fomm T, St A*B=ANB, vA,B e P(X)gu wfwfua 2, sl P(X)
=9 X &1 ¥1d T==4 (Power set) 21 fag FifSw & =0 g &1 aews
e X © a1 "imA + % fou P(X) § shee X opepnviiy seEe 2
=g {1,2,3,...,n} 9 @I T o THE ATBRE Herl hl G Fd S
o ST fF S={a, b,c}aem T=1{1,2,3} BISVT I% = Tr=fafaa weml
F& fau F' 3 #ifsw, =i sge sifiae 2:

() F={a3),(,2),( 1)} (@) F={a2),(1),(c1)}
a*b=la—b|AM aob=a, Va, b € R g0 gRemfea fgemurd sz
*: RxR—>RTMo: R xR— R fo=m wifsu) fag wifsw & « wafafs
® W wewd 6 ®, o Wewd € Wy waatwg 76 2 [ fag sy fF g
a,b,c e R& AU a * (boc)=(a*b)o (a*c) & [afc Tar g €, d &9 wed
2 T dfman * S o W faafta (Distributes) Bt 21 = o G * W faafa
Bidl 87 394 ST 1 Sifaca i sdensu)
el wew sifta == X & fog A\ it i+ : P(X) x P(X) > P(X), &l
A*B=(A-B)U(B-A), v A,B e P(X) g uftrfee 21 fog =ifsie fof e
HeEE ¢, WAl * w1 qoaHe & adl P(X) % GHE Hadd A HehHUNE €, 3
TFER fF A=A (FHT (AP UD—A)=A. T (A-A)U(A-A)=
A A=¢).
frreafeafa o & F9= {0, 1,2,3,4, 5} 9w fgsnurdt wfeen « ufeafim #ifsm
a+h, AR a+bh<6
{a+b—6, A a+h26

axh=

fag =ifSe fF = (0) 39 Gfa &1 qo9we & qel S99 & Yo oo
a+0FHAvE 2, 59 ¥R % 6 — a, a 1 Flaad 2



15.

16.

17.

18.

19.

T TH Wed 35
o iy R A={-1,0,1,2},B={-4,-2,0,2} 3R f,g: A — B, Ha:

fx)=x*—x,x e Adam g(x)=2

1 .
x—;‘—l, x € A g wRefyd wem ¥ &N

£ AUl g THA 82 I S F SAifaw i adensy (Wekd ; Ale &ty R
e f: A—> BdMg: A — B THH Feard %qﬁf(a)=g(a) vaeAd
g A={1,2,3} 8 d U8 Fee 5= srema (1,2) @@ (1, 3) & 3R i wge

(A) 1 (B) 2 ©) 3 (D) 4
A A={1,2,3} & q a7eFe (1, 2) 9l qeddl el S §eT 2
(A) 1 (B) 2 ©) 3 (D) 4

o ofife fF /1 R - RE @@ frefafad ywr 4 aftafia foes s (Signum
Function ) 2l
I, x>0
f(x)=40, x=0
-1, x<0

del g:R— R, g(x)=[x], 50 Ued HedH YUl e 2, wel [x], xT &0 @
x % S YU €, ° @ fog A1 gof, et [0, 1]H G (coincide) €7
= {a, b} ¥ Tgenemdt wheanet =1 gen 2

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

QST

T 312 H, g4 fafay R & gaul, worl aen fgenyrd afmaet &1 seaE
2 38 wE w1 ge faug-ag frefefag @:

*

L R R 4

*

X ®H, R=¢cXxX g0 Wd gay R, fam waig aar 2|

X ¥, R=Xx X gN Wed a4 R, Wrefaen |@ae 2

X ¥, uH\ 989y & van,(a,a)eR,ﬁWW%l

X ¥, 39 YR % a9 R, S gfaa (a, b) e R acqd 2 % (b,a) e R
1 Gq Hidl & GUiHd Gee 2|

X H, 9fd@4 R, (a,b) e R (b,c) e R=(a,c) €R v a, b, c € X &l HI=
T ATl Ga9 R TehTHeh HaEl 2|
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*

*

*

L 4
L 4

TfoT

X #, ¥y R, Sl qed, FHHG q1 SHEe €, qoddl 99 o

X #, et goual gay R & foU ¢ e X % G geger it [a], X I 98
SUEHeTY ¢ To@ch 9+ sfoFd o § gef

TH HEH X oY Thal (98 Thd) T ¢, Al
J&x)=f(x)=x=x, v x,x, e X

TH HeF f: X o Y 3Te8Eeh ( 3791 esE! ) %o €, 4% e wew
yeY,IxeX, WIER % f(x)=y

T ol f: X — Y Ueheh! AT 3M=DEeh ( 319aT Teheh! JT=S1ET) Hor
2, af% f Th! a1 SRS A @
Wf:A—)BH?Iﬂg:B—)Ca-TfW,Wgof:A—)Cé,W‘T gof (x)
=g(f(x)), vx € ASHl 954 2

TS Wer f: X — Y FeRAUE €, % 3g: Y - X, T8 TR fFgof= 1 a0

Jog=1,.

TF Fe [ X o Y SISRAUIE €, A 3R Sad Afg Tkl 9o SRS ¢

frdt yem ufife @g==m X & foq ®ed £ X > X Thal (d€EER
reBIEE) Bl B, af% 3R Sael A% £ Ar=eES (qETER The1) B Te
ferdht ufifd wgeaa =1 aifiyenefors et (Characterstic Property ) #1 7@
sufifa wq=aa & forg g & 2

A UF fgamard Wi« Ax AY AdH TH Hed + 2l

TF SEE e e X, gy "iFa «: X x X - X, &1 qegHs 9999 7, 418
axe=a=e*xa, ya e X

FIE T e e X fgamumd wfmm « X x X > X, & fou germoia
B €, A UH UH be X H AT € F axb=e=b*a® WEl
e feamurt dferan + w1 dqcaH® 21 oA b, o w1 WlaeiH weer 2, 5
o' ¥ Frefim w@ 2
Xmﬁm*,ﬁﬁﬁﬂ'ﬂ%'ﬂﬁa*b=b*a,va,beX

X ¥, U dfepan + @ewd ® A (@*b)*c=a*(b*c),va b,ceX



e 1 Gehedd l, R. Descartes (7 1596-1650 ) § IRY & #T TH &
Ffaue o faesnfad g 21 Descartes 9 T 1637 € H 19 wigfafd “Geometrie”
A v ‘wer! 1 wEn, SEHGE SR 9 arfaEe (Hyperbola ), LIECGE|
(Parabola) der ar=ig (Ellipse), 1 S&4a Fid 994, Ueh =L TR x & €7 T
wq xtoh 1 H R A James Gregory (99 1636-1675%.) = 791 =fd “ Vera
Circuliet Hyperbolae Quadratura” (9 1667 ‘.{) o, e ) Ueh Tl Afer 7 e,
St foret o= ufer W ity sreran o= Sieaet #i SHwR wE € ura el
21 9% ¥ G. W. Leibnitz (1646-1716 £) 5 1673 & # fafeq o wigfafy
“Methodus tangentium inversa, seu de functionibus” o v ‘e’ &1 Tt Ot
Tfer & s1ef | W foman, S Rl 5% & 1 g © W feg 9% 59 yeR afEfd
et et ®, S ek R faig & fadviien, o &1 wavr, 9% w1 wfl qen sfelE
uftafdd eid 21 9t a9t fa “Historia” (1714 2.) H Leibnitz 5 % %1 T =X
R MIiE U % 9 A 5= A o e x & wel 9 H o 9 9
gegaH =afad @1 John Bernoulli (1667-1748 £.) 7 WageHd 1718 5. § Hohad
(Notation) dx 1 ST “x 1 HET il Yk FH oF aC foFan on =g wer
&1 frefra 5 & fau ydf, @"Rfff, F, ¢, y ... 1 &A19% FAM Leonhard Euler
(1707-1783 %) BRI 1734%. § 19+t WIgfafq “Analysis Infinitorium” o J2H @UE
H o 7w 91l &g | Joeph Louis Lagrange (1736-1813 %) = 1793 . | 2101
gfafd “Theorie des functions analytiques” JehTIId =i, FSEH 3= favemvIE®
(Analytic) we o R | ufe=l & <t aa1 Hohad f(x), F(x), d(x) & =1 9=
x % fi=-fi werl & fag fF o1 99Wd Lejeunne Dirichlet (1805-1859 ) 3
Herd i IR < ST 7E 39 T 9 21l @1 5| s aaHT S H ol
1 H=IT Ugifaeh GRS 1 Woe T8l g4, ST Georg Cantor (1845-1918 %)
g fomfaa aq==a fagid & 915 g7 9da &1a 3 yafad wad & g9qe=d
dgifas a1 Dirichlet GRT UGW el @i URATST &1 | TR
( Abstraction) 2|

— e ——

37



