oY T el
(Relations and Functions)

s*Mathematics is the indispensable instrument of
all physical research.—- BERTHELOT ¢

2.1 9ftrert (Introduction)

TIforq 1 StfereRTer Rt Yo sterfq wfadeier afvEl o o=
AR (VT A HieA I T FH B 9R H T TR
Ifen e o, &9 el o fafa & o ore Yedl &
TR H 9 T, S 9 $IR w6, fadr oI 9, st iR
fernefl geanfe) wfvrg & off e wgd @ ey faed ¥ S
‘Femm, =& n, 9 Bid 8, ‘Y |, @ m, o §HieR ©
‘HH=IT A, S99 B %1 STHY=I 2" 31wl 7 &n S
& for forelt Weiwr oUW w0 wiwfed € @ ook w2 T
e a0 o g €1 39 oreaE | ww Wi T fRE TR
T T=TEl % GS@ o T ST S Tehd € SR fR 39

o 1 o o e e G A A A T I o mon o)

AN 3 H, g9 UH foww weri & 9R o SHA, S we o
o I &) e Y GReeu T o ST TEwul © itk 98 T 9% O T 9%
& ot TITAER FeTqe Siddl o forr w1 SR S 2

2.2 T=TEl T shTid U (Cartesian Product of Sets)
M ST fF A, 9 YRR o 3T w1 3R B, i ol 1 g ¥, eﬂmﬁ
A = {@rd, Frem} @ik B ={b, ¢, s},

SEl b, ¢ R swaw: fordl fagio am, wie ik =S =1 fefid ¢
F 21 T I Gl U fhad YR 1 T owgel oF T oF e S p
T 87 FHAG alier 4 WId HW gY B9 2@d ¢ f frefated 6
fior-for= 97 o @ 1 (e, b), (@, ¢, (e, s), (e, by, (e, ¢), SU
(e, 5)1 59 TR BH 6 Fa=1-fa=T aeqd Wi et € (SRt 2.1)1 Rt 2.1
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el serell § TRl SIS 5, T i 9, sl &1 o8 39 2, {54 o ®wies
¥ forad ® iR foenl t TR O Rt foeiw %0 o gufea fran smar € 1 (p,q),
pe PR qe QIz8 Fefefaa g 9 o= fhan s @bl 21

it 1 e gg==E Padr Q 1 FIdi UM P x Q39 Teft wfa I =1
e €, fSeRl Wem sieeh P qen fgdi ses Q, @ weht &l S Fehdl B 3
PxQ={(pa):pePRqgeQ}
i PAQW W &g ff o wyee €, A1 S7eh1 Shrdta oA ot o "y B ®,
A PX Q=0
SWieR T2q 9 eH WFd § TR
A X B = {(a,b), (,0), (@,9), (Frem,b), (Frem,c), (Fem,9)} |
: frfafad g o=l W fo=r Fifsu) 0
A ={DL, MP, KA}, &l DL, MP, KA feeeit, 7ea1 wawr, den
hHieeh i el id € 31k B ={01,02, 03} su9r: faeedt, we -
T3 IR FAlesh g1 MieAl o fow S ey wie w1 Wikt 01
HeAt e F < DL MP KA
Ift = T fRocll, e w_w MR FHlek, WA &
AEEH @i oh foTT Hond TGfa (Fehfden!) 36 Ufday o @2l ol STFH 2.2
® T for Hohd USfa, T=aa ASh 3199 ¥ URY B, @ 3 W= ¥ UK M 9t g
®F W € 99 T T K opel WA Tohal @ (3TeRfd 2.2)2
W BH o g 3@ R ®, (DL,01), (DL,02), (DL,03), (MPO1), (MP02),
(MP03), (KA,01), (KA,02), (KA,03) iR T=a1 A de =99 B %1 &d1a T0H 39
TR B,
Ax B ={(DL,01), (DL,02), (DL,03), (MP01), (MP02), (MP03), (KA,01), (KA,02),
(KA,03)}. b,
TE T W @ I THA § R FEE PH H 39 TER 9 g § O
it Tq==a AR BH ¥ Yo W 3 377 81 3HE g9 9 HWd Hehd b,
gt faadt &1 g8 o e RIS foF 57 Togal o 9 I H &1 w9 b,
mewaqul (fouifes) 21 Seeew o oty wiskfaes e (DL, 01) =&t =& )
2 S Hiewfass den (01, DL) B a4
3§ TR % A WA= {a, a) SR e 2.3
B={b, b, b, b} W foar ®fSu (emFfa 2.3)1 ==l

AxB ={(a,b) (a,b) (& b). (@,b) (&, b). (& b) (& b (&, b}
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IfE A 3R B, aT&dferss Seell o G==d o SUSHS €, al 39 YR Ud 8 hidd
g foRelt whae o fageti 1 feafq frefoa s € 9o 78 w1 € 7% (a, b,) W fem
fag, (b, a) ™ feom fag @ fi €
() < g g9 TaE B §, A AR shad 9% Sk WG JUW ek qHH
7 iR T fgdia weh off Tme =)
(i) = AH p foFa 921 B § q 376 €, @ Ax B pq 3fee € § e
I n(A) = paa n(B) =q, @ n(A X B) = pa.
(i) = Aden B oo wq==a € iR A= BH § &g omufiifia €,
A x B« arafifrd wq=== e 2
(v) AxAxA={(abc):abce A}. T (a b, c) T HfEa &
HEa B

SEETOT 1 AR (X+ 1, y—2) = (3,1), @ x Ay TH Fd By
&1 Fifeh Hidd 9 G0 B, THY G ek ot T gl
d: X+1=3 3 y-2=1.
T HE WX = 2 SRy = 3,
SEET0T 2978 P={a,b, ¢} IRQ={r},d Px Qe Qx P HITSq| &1 THI i1 d
T M €2
T A O T AR 9
PxQ= {(ar), (b 1), (c.nN} IRQxP= {(r,a),(r,b), (r, )}
Fiifeh, it T 1 FHE 1 GRA W, TH (a, r) TH (r, ), o T &l AR
I a0 FHAE A % Yedd I % e on) g 2, foed g9 freed e € fw
PxQ#QxP
Y, oieh T=ad W el %1 §@ §HH 2
IEEI0T 3HM Y T A ={1,2,3}, B ={34} 3IRC={4,56}. Fefeiiad 7 it
() Ax(@BNC i (AxB)N(AxC)
i)y Ax(BuUC) (iv) (AxB)U (A xC)
(i) < A=A o wafTss &t uRemm @ (B N C) = {4}.
Fa: Ax (BN C)={(149),(24), (3,4)}.
(i) &1 (A x B) ={(1,3), (1,4), (2.3), (2,4), (33), (3:4)}




38 T

X (AxC)={(1,4), (15), (16), (2,4), (2,5), (2,6), (34), (3,5), (3,6)}
T (AXB) M (AXC) ={(L 4), 2 4), (3,4)}.
(iii) i (B U C)={3, 4,5, 6}
a7 Ax(BUC)={(1,3), (1,4), (1,5), (1,6), (2,3), (24), (2.5), (2.6), (3.3),
(34), (35), (3,6)}.

(iv) 9 (i) ¥ AXBdd A X CEI==a o FaT ¥ g FreAfeEa g g e
(AXB)U(AXC)={(13),(1,4),(15),(1,6), (2,3),(24),(2,5), (2,6),
(3,3),(3.4), (3,5), (3.6)}.

SEE0T 4 AR P={1, 2}, @ == Px Px PH@ &ifu]

T PxPx P= {(1,1,1), (1,12), (1,2,1), (1L,2,2), (2.1,1), (2,1.2), (2,2,1), (2,2,2)} .
IETET0T 5 AR R HE odioeh G@netl s qead ®, d ®id PR x R 3R
R X R x R &1 fr&fua & €2

ZA I TPH RX RIG=E R x R={(X, y) : X,y € R}

1 Frefud e 8, fogsh gam fgfom gafie o fager & fure o1 whe w6 & o
fopan ST 81 RXRX R &= RXRXR={(X,V,2) : X, Y, Z€ R}

1 Frefia s 8, frert waim ffadia st o feigeti o fEenel &1 9he +6 &
ferw fepan mar 21

FEETOT 6 A AX B ={(p, q),(p, 1), (M, g), (M, 1)}, A 3R B & @ &t
T A =YUH HZh K =T = {p, m}
B = fgdfta =l =1 == = {q, r}.

| vt 2.1]

2 51
1. =g (ngLy—Ej:(g,gj,?ﬁxﬁﬂT y Sd Shiferg|

2. A% uyeea AT 3e@dd € au 9==d B = {3, 4, 5}, @ (AxB) # sr@de i
&A1 J1d HifS|

3. AR G={7,8 AN H={54,2},WGXH3R Hx G i

4. waaEy o et el § o gois 91§ SIgel 31Ecd €1 A e e
€, @ U MY wem 1 wEl o e fatay)
(i) T P={m, n} 3:ﬁTQ={ n,my, @ PxQ={(m, n),(n, mp}.
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(i) 7% A @R B eiitea wqee™ €, @ A x B sid i (X, y) &1 T 31
TqesT ®, 3@ YhR fhxe Adel ye B.
(iiiyafg A={1,2},B={3,4}, WA (BN ¢) = 0.

5. A A={-1,1},d AXA XA &

6. R AxB={(a x),@,y), (b x), (b y)} d ATNB T it

7. WA R A={1,2},B={1,23,4},C={5,6} 721 D={5,6,7,8}. F=tud
Hifs fw
()AX(BNC)=(AXB)N(AXC). (ii)AXC, BXD % T SqqI=4 2|

8. WM ofifN fs A={1,2} 3k B={3 4}. AxB fafau AxB &
ST Bi? Ih! HE AR

9. UM offST fw A @ik B 3t "g==a €, S&l n(A) = 331k n(B) = 2. 4% (x, 1),
v,2),(z 1),AXxBH €, @ A3 B, 1 hifsw, Sl x, y 3R z Fo=-fa=
I B

10.  wdE O AXAT 93t €, TS (—1,0) e (0,1) +ff B1 T=e A T whiferg
Tl AXA S Y TaFa ff Fq wifaw)

2.3 "Way (Relation)
I === P = {a,b,c} 72 Q = {Ali,
Bhanu, Binoy, Chandra, Divya} R fa=R
FHIS Pam Qo s ToH H 15
w71 €, < 3@ ywR gHes
fepa ST wehal 2,
PxQ={(a Ali), (a,Bhanu), (a, Binay),
..., (¢, Divya)}.

319 BH Y iAd g (X, y) o JIH "2 x Nl f5dia ek y oF &= T qay
R 21fid X P x Q%1 Ush ST 36 WhR UId i Fehd 2|

R ={ (Xy): X, TH y 1 FqH & g Xxe P,ye Q} 39 T

R ={(a, Ali), (b, Bhanu), (b, Binoy), (c, Chandra)}
TaY R T gie-fammr, fo @R e@ wed €, aehfa 2.4 9 weidid 2

ufteer 2 fRdl oIied O==a A 9 oIad 9q==g B # Ha¥ FE TOH

A X B T STHT=EE Bl & ¢ Suaq=ad A X B o wHfd il o gu ae fgd
HZhi o WA Teh Ged TG i W 9w Bl ¢ TG ween, qem weeh o dfes

FEA 2

P Q

o Ali
eBhanu

eBinoy
eChandra
eDivya
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Uftarer 3 AY=d A ¥ 9=ad B H 999 R hiAd I o 9 GUH Feh! oh A=A
%1 FaY R 9iq ed 8

gftarer 499 A4 99=99 B ¥ Had Rk %iad gl o 9l i el & aq=aa
%1 GaY R %1 IRE ed &1 Tq==9 B Ha¥ R 1 ¥e-9ld hedw | T S fF,
IR < 989id

(i) Tk Gaer 1 Sfrsir g = d e fafy =1 wgeee fwfo fafy
SR feoran ST Teha 21

(i) IR e@ foret Hay 1 T gfe fommr 2
IETEI0T 79 oifee R A= {1,2,3,4,5,6}. R={(x,y):y= x+1} SWMA T A
4w Hey gRenfia sifew)
() @ G H TH R ARG R MY
(i) R wid, Tewd qon aier fafew)
7ol (i) 9Rem g
R={(1,2),(2,3),(3,4), (4,5), (5,6)}.
T R @ et 2.5 § wefvid 2
(i) 39 3@ Thd T fom germ skl
1 = 31AIq Ta={1, 2, 3, 4, 5,} 3
R, fgdtar seenl o1 T e aRE IeRfd 2.5
={2,3,4,5,6}de Gewuid={1,2,3,4,5,6}.

SETET0T 8 9 3Thfd 2.6 W TH=T PR Qo ol Uk Heler TN 711 21 39 Heief
1 (i) T o w9 ¥ (ji) U= w9 § fafay) sees wiq qen gie = €2
T TR GE R, “X, YT o @

(i) T fefor &9 ® R={(x,y):x, y &1 a1 ¥, xe Pye Q}

(i) T=X &9 °, R={(9, 3), (9, -3),
(4, 2), (4,-2), (25, 5), (25, -5)} >
39 GaY 61 9 {4, 9, 25} 2 4
Y HaY k1 IRER {-2, 2, -3, 3, -5, 5}. o4 ol
e FT o S 1, P faht oft s \ "~
T Hefud & € qe1 Teea Q TH Gad -5
TEIIA 2l 3T 2.6

P Q

9

\' 4
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foret T=ea A € §=9d B H Waul ! ®a 9@, AX B 699
U=l w1 WA o SRR Bt ¢1 A n(A ) = p3R n(B)=q,d n(A xB)=
pq 3R Heeli w1 el q@m 24 et B

SETET0T 9 WM WS T A={1,2} 3R B={3,4}.A¥ BH Gai ! G A siferu)

7d T AXB={(1 3), (L 4), (2 3), (2, 4)}.
Fifh n (AxXB ) = 4, 36T AXB & SU&q ==l 1 “&n 27| @it A9 B &
a4l ®1 g@ 247

(@ TTwlt | A & A % Fag F A W T o s T

| woaett 2.2

. e s fF A={1,2 3,...,14} . R={(x, y) : 3x—y=0, &l X,ye A} 5/, A
9 A® & g9y R fafEn) s9 9id, Feuid R 9ier fafag)

. U HEe o Wged W R={(X,y):y= X+5 XxT&N 4 ¥ &H, TH WFd
T €, X,y € N}ERI Ush Heay R YR Sifwl 38 dee 1 (i) U=t &9 o
THeh Wid 3 aiEr fefey)

. A={1,2,35 3RB={4,69.AY BH TH Fa

R={(x y): X 3R y & S fawmq 2, xe A, ye B} g0 uiwid Hifsg R 1
T w9 ¥ fafan)

. A 2.7, 9= PH Q& TH
Geiy Tl 81 39 Hee ol

(i) Tg=aa fmior €9 (i) =X €9 °
fafau) goeh wid qen aREL = €2
. T ofifse fF A={1,2,3,4,6}.9H
wifsie ff R, AW {(a, b):a,beA,
@ a @@ bl auEy faafsa
Tl 2 EN R Tk HeY 2
() R= T &9 ¥ fafau

(i) R T Wid 9@ shifag

(i) R1 IRER A@ hifs)

. R={(x,x +5):xe {0, 1,2, 3,4,5}}5r uferfirg Tsier R Ui IR afer 7
Hifu|
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7. HEIR={(x, X% : X T 10 ¥ HH Th JA9T & 8} i WX &9 ¥ faAfay

8. HH ofifeT fF A={x,y,2 3R B={1,2}, AH B Hauli &l H&A A Hife

9. WA T fF R, Z W, R={(ab): a, be Z,a—b T quiis 2}, gr1 uRenfed Tk
ey €1 Ra Wid qe qRER Jd iy

2.4 weA (Function)

TH SIE38 U, TH U To9I% YehR o Gael o1 e it f et hed 81 89 ol
#1 T o & w9 ° @ gahd €, 98 $o KU gu eremEl 9 AU segd S e
&1 e i gied S o T o 9% W fhT W €, S it steren ‘wtesor’
TftaTer 5 Tk Y=ed AW ST B 1 Hed, f T el sheddl €, q(€ qg=ad A
o Yoish 3TEFd 1 GH=Id B H, Tk 3R ohael Wk Wit gia 2l

TR Y8l H, o f, Rl it weea AT U Sifed g B §, 39 YRR
w1 GaY R f %1 wia AR e f o ferelt off < o a7l & dem wes WM
& 2

Ife f, A¥ B Tk el @ 990 (a, b) e f,d f(a) =b, & bl f o Faa
a ! gfaem q a i b1 ‘gd wfafss’ *ed
A¥ B %o f ol Ydihlcdss ®9 § f: A > B Y fefud @ 2l

frsd 3SR W &4 4 ¥ 9 Tadl ¥ 2@ © o 39 7§ R g9y TR
T e §, FAIfH T 6 H1 w1 gfatsd Tl 2

T IR 8 H A G Ueh Wi el © Hifeh THok Ul o 5w SFaFel o Th
T sifuss gfafda &) S<erW 9 Fff wem A& T (F?) 1 i f{u Sl | 9ga 9
Geelf R foem w8, 58 @ o wor § R g woH T
SaTET0T 10 9H Sy fom N wiehd Gl &1 ggeaa © 3R N R gRefid ueh dei
R 7&K 8 "RR={(x, y) :y=2x X ye N}.

Rk i, WeWid q IREX a1 82 91 I8 Helel, Th o 87
&l R id, Wiehd He&metl &1 gg==a N 81 39! Jeuid ot N 21 g9e1 ufier gq
Wiehd &A1 = B

Fifeh Yk Wiehd W@ Nl Tk IR sheel T &1 gidfed €, Safag 78 dee
T e 2l
SaTETor 11 = e gaui § @ g a1 flem SifSe @R e 9 | wRo gt
AN foh TN T8 o § SrerEr T2

() R={(21).32),(42)}, (i)R={(22).(24).3.3), (44}
(i) R={(12).(23),(34),(4,5),(56), (67}
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g (i) iR Reh Wid o Tedieh 31adel 2, 3, 4 o Widied Siigdid €, STy 98 Fa

T e &

(i) =fw T & wom eEEd 2, T fa=-fu= wfafaei 2 @R 4 @ wefea 2,
ey 78 G TH Fe &l T

(iii) i T TEFE 1 TH IR shadl U Yiaiad ¢, SEfAT I8 g TH
wer 2l

Ui 6TH TH Hor & oo IRER ardfas Sestl & 9w A1 SHH] hiE
STHY=S €, ardfeeh W Wel $Ed ) A aRdige =X 9 fhdt areafas /e
e &1 Wid S aRdfaeh SIS w1 Gead AYEl 39w His STIYd 8 d 36
aTEAfereh we o Fed B

IEETOT 12 9 ot fR N arfes gemen w1 wgeed g1 f i N > N,
f(X) = 2x + 1, g YR Uk arEdfereh I o €1 9 URHSN 1 YA heh, 6
< T2 gRelt i gl it

X 1 2 3 4 5 6 7
ylf@=]f@=..lt@=.ft@=..[f6)=..|f@6=..|f7)=.
T O g T e A

X 1 2 3 4 5 6 7
y | f@)=3| f(2=5|f@=7|f@)=9|f@E)=11|f(6)=13]| f(7) =15

24.1 & Wl 31 376k e (Some x
functions and their graphs)

(i) @Ak e (Identity function) AM
ST R Ao T&Astl &1 q=ad
B1y= f(x), 7% xe R R Rl o,
aTEdfaeh HF %l f: R — R 21 39
YR ok Held i dedHeh el Hhad
21 Fel W f o wid 9u e R 2
TEHT A TH W @ B R
(eTepfa 2.8)1 a7 Y@ §a fag 9 v
B I 2 O=X refi 28

-8 —6
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(i) e’ W (Constant function) y = f(X) = c &l cTH =R ¢ IR Toish
Xe R g qR«Iftd Tk srdfesh 7 %o f: R — R €1 T8l W f &1 Wid R 2 371 S0
TRE {C} B f T TORG x-378 3 HHIR T @1 8, ISR o 1A afs f(x)=3 9F
Xxe R €, d SHH Sei@ 3Mehia 2.9 § 391iE i@ B

Y

N

N
A\ 4

8
6--
4
2

N&EF+—t+—4++——+—++—+—>X
8 -6-4-2 |02 4 6 8

v

fx)=3
3TMeHfa 2.9

(i) SgUE weR A FEUET W (Polynomial function) ®ed f: R — R, T
gL FEH heA €, A R % Fe x % U, y = f(Q)=a +ax +ax

f(x) = X —x2+ 2, 3R g(x) =x* + /2 X, GRT GRAIT i Tk IgULT Fed & 5 foh

2
h(x) = x3 + 2x g1 IR Her h, sgadE w72 21 (F?)

JETET0T 13 y=f(X) =x% xe RSN ®ad f: R — R, &l TR hifew) 39 g
1 AN h¥oh A= < T dIfetRl Sl QU ST 39 Her 1 qiq g IREY @ 22 f
1 3T St wifew)

X -4 3| 2| 1| of1[2]| 3| 4
y=1(x) =x

T I w g e = D 2
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X 4|l 3] =220 2] 2] 3] 4
y=f=x| 16| 9| 4| 1|o| 1| 4| 9| 16

f ®1 Wd ={x:xeR},f & IR ={x& xe R}. fH1 @ 3MHd 2.10 H y=foid
2l Y

flx)=x? 3TreRfa 2.10
FETE0T 14 f (X) = %3, xe R R IRAMG % f R — R &1 3er@ @it
7o TR W
f(0) = 0, f(1) = 1, f(-1) = -1, f(2) = 8, f(~2) = -8, f(3) = 27; f(=3) = —27, T

Y
f={(xx%: xeR} f=1
erE TeRfd 2.11 §
= T R

YV
fo=x*  amefa 211
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(iv) aftia wer (Rational functions) % , o hR o Hed Sl f(X) qem g(X)

T Uid ®, x & qRefia agudE wer €, fEE g(x) # 0 uiE W sedd 2

IEE0T 15 UH adfgs A e f i R — {0} > R &1 9iRem f(X):%.

xe R—{0} 5/ ifSIu| 59 GRS o1 WA ek Fefafad difersht i qui sifsa) 39
ol o1 Wid aU IRET 4 82

X -2 |15 -1[-05]|025] 05| 1 15 2

_1
Yy =%

X —2 -15 |-1({-05] 025 05 | 1| 15 |2

y= -05|-067|-1|-2 | 4 2 1| 067 | 05

=
X

THRT I, I ok e Goed aredfesh S@d € qo s8eht IRer ot 7 o stfaitem
TG arEdfash A €1 f ol e SfeRfd 2.12 | weifd ©
Y
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(v) umaiek we (Modulusfunctions) f(X) = [x| &% X e R R IR¥IfE Fed
f: R>R, ATUTeH Tl HEAl 81 Xoh Yelsh URK T o T f(X), X o s gl
21 T x o U WM % fou, f(X) A X, % HE % Ul o SR gl €, AU

£ :{x,xzo

-X,Xx<0

AM9Ih el 1 e i 2.13 § o 21wl wor %1 FRuer 7@ wem
Fed ¢

Y

Sfix) = |x|

3TTeRta 2.13
(viy Tog wem (Signum functions) T&% x eR, & fau

1akx O
f(x) Oakx O 1 y=1
lak x O L R

X'€ o) > X
g URwfE wer FR—R o8 ®wer weam 81 y=—1 (—iq
g wer &1 Wid R 81 9ReR 9= {1, 0, 1} 21
A 2.14 § o5 e w1 STeRg I T R i Y

fy=—aRk x Ogan 0=ak x O
(vi) WgwH Yutleh WeAw (Greatest integer .
functions) f(x) = [x], x € R g1 URwIfod weH ATFIA 214
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ffR— R, XY % I x ok SR HexH UMk &1 T T&UT (HU1) FAT ¢ TET Feld
e YUTieh Teld Headl &l
[x], %1 9R9T 9 &H 3@ Hhd © 1%
[X] =-19f€f-1<x<0
[X= 0afg0<x<1
[ = 1aff1<x<2

[X] = 23f2<x<3z@R
TH Wel 1 S ST 2.15 § g T 2

Y
N

Jx) = [x]
3TTeRfd 2.15

2.4.2 ardfaer werl T ateriora (Algebra of real functions) 38 3TT=8% |, &0
et foF foFg YRR T SrEafash Gl 1 Siel S €, Uk oidfosh e i g o
T T S 7, T aRdioeh B i R stfewn (TRt snfkwr w1 stfaue gt
e @ ®) 9 TN foRan S €, < IRdfereh Werdl 1 un feRan S @ 9o U arkafas
el i SE W 9N T S @)

(i) < arfaes werl ST AT TH ot fF f: X — R g: X - R&E &
arEifash e B, w8l X c R.q9 89 (f+g): X > R&I, @ft xe X & faw,
(F+g) () =f(X) +g(X), g0 R w2l
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(i) UTw arafas wed W ¥ W ol g™t "W oifee TR fi X — R den
g X > R&IE q ardfoss ®ed 8, Sel X c R. @@ 80 (f—g) : X—>R & gft
xe X, T (f=g) (x) = f(X) —g(x), 5} a2l

(i) Tem Irfaer A UM HH AT 7R f: X R T SrEdfas qH BoH § a9 o
w afey 21wl stfew @ wHm sifuu fed aredfoss Wem @ R 99 AT
af XUR™ wh ®wer €, st (o f) (X) = of (X), xe X & uiefia gar 2
(iv) =Y ardfaes et @ UM Q| arRdfas werl f: X — R A9l g X—R @
TOFRS (A TON) Th Hed fg X—o>R €, S oAt (fg) (x) = f(X) g(x), x € X gN
uftafod €1 3 feiger: UM ot wed T

(v) S arEfaes Herl s WRTRST A ofifeg & f e g, X —>R g1 aftenfea,

. f
T ArEdfess e §, Sl X C R, f &1 g9 9w, e E@m—mm%‘,@w

g, S mfixe X W@l g(X)= 0, fam, [%)(XF%,@W R 2l

SEETUT 16 T AR R f(x) = X a8 g(x) = 2x + 13 ardfas wer

f
(f+9) (), (f-9) (). (fg) (X).[Ej(x) T i

Tl TId:
F+g) (=X +2x+1, (f-g) ()= X —2x—1,

(fg) (x)=x2(2x+1):2x3+x2, (éj(x): X £ =
SEETOT 17 °H eifee TR f(x) =[x T g(x) = x ROR arsdfaes genst & fag

f
it & werm 2, q@ (F+g) (%), (F—g) (X) (fg) (X) 3R (5] (x) I i)
T Tl el fefetad gRom e €
f+o) ()= Jx+x (-9 () = Jx —x,

3 f 1
(fg) x = VX(X)=x2 iR [E](X) =£=X 2,x20

X
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| woaraett 2.3]

1. Ty=fafed gaui § w9 9 wod 87 R0 o1 Scord SIT9U I8 a9 TH T
2, @ U ufter fruffa sifs:
0 {21,(52,872),(111),(14,1),(17,2)}
(i {(22),4,2),(6,3),(8,4),(10,5), (12,6), (14,7)}
@) {(13),(1,5),(25).
2. fr=fafaa srxfas woml o 9ia 9on 9 | sifsa:

i) f0)=—| (i) () = Jo-x2.
3. TH Wer f(x) = 2x -5 g1 URwia ®1 frefefed o A fafeg:
@) f(0), @iy f(7), @iy f(=3).

A, Fed 't SfcTad dOEE @ BREEES d9EE ¥ gfafesor wid §, S

t((:)=% + 325 TR € Freffad 5 W9 HR:

(i) t(0) (i) t(28) (iii) t(-10) (iv) C@ wH, St (C) = 212.
5. frafafed § 9 9@ wed &1 9RER A9 RIS

() f(xX)=2-3x,xe R, x>0.

(i) f(X)=x2+2, XU e T& 2

(i) f(x) =X X T arEdfos G& 2|

fafaer 3qrgvor

SEEI0T 18 HA ooy o R ot Gemsti w1 qeed €1 Uk ardtash held
f: R>R @I f(x) =x+ 10 Y
BRI IR HIfSTT TR 39 We &1 feig Eifaw| 1
@ W, g9 <@d € T f(0) = 10, f(1) = 11, ({10)
f(2) = 12, ..., f(10) = 20, snfg ST f(=1) = 9, ’
f(~2) = 8, ..., f(-10) = 0, 3|

(~10, 0)
37d: TSU BT weH oF STerE &1 STHR 3THM 2.16 X' € o > X
H TP 7T &9 HT BT /
f(x) =mx+c,xe R, T fa® v
He HECA €, &l M TS ¢ SR ¥ S Fer Y

fx)=x+10
3TTeRfa 2.16

asw wed 1 Th IR
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SEE0T 19AF @it fF R,QEQHR={(ab):abe Q@ama-be Z}.51
IRl T Gew 21 g st fm

() (aa)e R aec Q& fau

(i) (ab)e R arcqd € T (b, @) € R

(i) (ab) e R (b,c) e R arcwd & & (a,c) eR

g () #Hfra-—a=0e Z, fod frehd freverar @ 76 (a,a) e R.
(i) (ab) e R%1 qrcyd € f& a—be Z. 3sufay, b-ae Z.
3d:, (b,a) e R
(i) (a, b)@em (b,c) e Rawd 8 & a—be Z.b—ce Z. Hfam,
a-c=(@a-b+(b-cez 3@, (ac)e R

FETETor 20 A £={(1,1), (2,3), (0,-1), (-1, -3)},Z ¥ zH % ‘@ wer €,
f(x) I iUl
Tl iR f U ok ®er 2, Tqie f(x) = mx+ c. : i (1, 1), (0,-1) e R

21 ZEfe, f (1) =m+c=1de f(0)=c=-1.389 g m= 2 firerar @ 3R 36 Y&R
f(x) = 2x - 1.

X% +3x+5
x> —5x+ 4

& Hifh x2—5x+4=(x—4) (x—1), TEfAT e f, x= 4 3R x= 1o 3ifaiea a4
Gofi arafas wenet o fow uRenfia 21 sm@: f %1 wid R—{1, 4} 21

3GTEY0T 22 Thad

1 Yid F1d hiTSIQ|

3ETET0T 21 %ed f(X) =

1-x, x<0

f(x) = 1 ,x=0

x+1, x>0

SN URwfE 81 f(X) 1 eerE i)
A q f(X) =1-xx<0, |
f-4)=1-(-4) =5
f(=3)=1-(-3) =4,
f(-2)=1-(-2)=3

f(-1) =1—(-1) =2; znfg



52 TIfUrd
IR (1) =2,f(2)=3,f(3) =4
f(4) =53@nfs, Ffh f(x)=x+1,x>0.

31 f o1 Mg eTepfa 2.17 | <9 &9
T BT

v
N 3TeRfa 2.17
T 2 UT fafasr gy=naci
. _ | x*,0ex<3
1. ey f, f(x)_{3x,3£x£10 g RwfE 2
.. x> ,0<x<2
"G, g<x):{3x,2£xs10 B e 21
T9iiEw for = f T Wor ® 3iRg e el R
o f@)-fQ@)
2. AR f)=x, @ a1 A it
21 2x+1 .
3. e f(x)=%aﬂmaﬁaﬁm|

4. f(x) = J(x—1) s/ IR amfash w1 Tid qe0 IREX A SIS
5. f(x) = |x-1 g qRwiva ardfaes ®er {1 Fia o1 R [ sy

2

6. AM wifey fw f={(x, X 2],1X€R}RﬁRﬁ' TH Hed Bl f e IRE

1+x
fruifa =wifsm)



10.

11.

12.

gy Td He 53

aF ofifST & f, g ROR ®HI: f(X) = x + 1, g(X) = 2x — 3. gRI uRefea 2

f+g,f—g3ﬁiéaﬁﬁﬁﬂll

M effe f f = {(1,1), (2,3), (0,-1), (-1, -3)} Z W Z ®,f(X) = ax + b,
aRefid Tk weM €, W8 a, b, % quie €1 a, bl fuifa wifsw
R={(ab):abeNdma=b} gw wfsf@ N&N ¥, TF Haa R T &0
frfafad swed 9 27

() (aa)e R &H ae N, (i) (ab)e R, & @ 2 7 (ba) e R
(i) (ab)e R, (b,c) e R &1 acd ® T (a,c) € R?

Tk I H AT ST 1 Sfifee ot o=y

o efifee o A={1,2,3,4}, B={1,5,9,11,15,16} 1R f={(15), (2,9), (3,1), (4,5),
(2,11)}. =0 T=fafad wed g €2

() f,ASBH ws Hsu g1 (i) f,A¥BY TF %o 2l

Tk U H Y ST I e Saensyl

e efifere fsh f,f={(ab,a+b):a,be Z} g7 IRAMG Z x Z 1 Teh UG
FHf, ZUZH T Hod 87 AW IW 1 3lifacg o T S

A efifee ff A ={9,10,11,12,13}de f: A—N, f (n) = N1 HETH 39T Uk
g, it €1 f o1 9iER o sifsm)

qrieT
TH A W THA Hed G el w1 STeE A 1 39 S1eAd ot g ol
& = fe=n s @ R
¢ g g fodl foriw o0 o wqfed s@Fel &1 T
¢ retg U FE A THT B &1 S O, 9ed
AxB = {(ab):aec A, be B} e g fagm &9 @
RxR={(x,¥): X, ye R} 3=ﬁ'{R><R><R=(x,y,z):x,y,2e R}
¢ AR (a,b)=(x,y),d a=xqA b=y.
¢ A% n(A) =paA nB) =g, @ n(A x B) = paq.
¢ Axo=¢
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*

HHEG: AXB#B xA.

*

o Tg==I A Y U= BH FdY R, ST TOF A x B F1 T Sq=a™
2l 2, T A x B o %iHd Il o 9o e x 9o fgdid "eeh y o o
foreht ey 1 afvfa ek e ok S 2

el stage x w1, oy R 3faiid, gafae y gl g, Sl (X, y) € R,
ey R o hid 1 o YUH Sl h1 GHTEd, GaU R 1 Uid Bl 2
ey R o Sifd il o fgdid 2l o1 gq=ad, Gad R %1 9RER g 2l
e qgead A9 G=E B § %o f U fafTe YR o6 ey e 7, e

U= ASh Yeish S199d X 1 gwed B H Uk IR shel T Wfdfss y gl
€ 39 9 &I ¥9 £ AB Rl f(x) =y forad B
AR f T 9Iq qe1 B SEh1 HEld il €l
wer f o URER, f o widfeal 1 =g gl 2
¢ ol aRafass wed o Wid q9 IRER IHT € arkdfos Gensl 1 S
AU I Teh ST Bl B:
¢ el T ST e i X — RAU g: X — R, & faw g9 frafafaa
afeammd 3 2
(f+9) () =f(x) +9(x), xe X
(f-9) () =f(¥) -9, xe X
(f.9) () = (X .g (X, xe X, KHE =R 2|
() () =k f(x), xe X

* & o o

* o

f f(X)
E(X) = g(x) ' X€ X, 9(x)#0
el Loy

e ¥ Haue Gottfried Wilhelm Leibnitz (1646-1716 o) 5/ 94 1673 |
fafgd wifed aogfefa "Methodus tangentium inversa, seu de fuctionibus’ o
ufReiterd g3 21 Leibnitz 4 39 985 o1 WA Sifagelocde 9re | fohan 81 =i



HaY T e

e T &’ den ‘U’ o ISl g Sud W Uk 9% o ®9 H
sAferenfeqa frar 21

I 5, ¥ 1698 H John Bernoulli § Leibnitz &1 fa@ T ¥ § 9gell aR
faefia &9 @ %o 5 o1 faveiounerss e § fafere wm fuifa frean 21 s
TE H Leibnitz 7 319 FeHfd 9id BT SR off = f=m em

SISt 9 H %e (Function) ¥1&% 99 1779 o Chamber's Cyclopaedia
o o ST ) SIS W el 9168 1 YA = R SN g e fen
R g g ®9 W 54 foveivuinesh eHeht o ferg fehen e 2
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