11078CHO2

(Relations and Functions)

s*Mathematics is the indispensable instrument of
all physical research.— BERTHELOT <%

2.1 94;&55[ (Introduction)

TIforq <1 eferskier Rt Yo sterfq aRedeia Tl o e

AR (T A )hieal i 96 i % 9N ° 21 TR

Sfen St o, &9 Hawl 1 faftE o o o Ul &

IR H I E, S 9E SR T, e 3R A, Tk SR

foeneft genfs) wfog & off g9 g 9 dew e € S

‘9@ m, 9T n, @@ﬁ%', ‘T l,i’@T m,a?'ﬂ'qﬁ?%’,

‘TY=IE A, 9H=9d B %1 SqHg=ad €1 3 9ot ° g9 S

¢ for forelt gy o UR g wfiwfed B & foes wes T

e a o g €1 39 o1eaE o ww wieh TR fRE ger

T Tl o & oF g oFIT S Tehd @ SR fhT A G.W Leibnits
i 3 T A S T A T A G a6 1716 A Dy
FHON Ad §, g0 W fauie Faei o ar § S, S wed a9

o g T Held HT TR T H 3Td Hewqul © Fifer T8 Tk 9% U 38 9%
o o= TIER F9Tae Sadl o fo=r i SAauge St |

2.2 'HEW T I U (Cartesian Product of Sets)
M offST R A, S TR & T w1 3R B, @7 seqell o1 ag==a €, e1eiq
A= (e, Fem3R B = {b,c,s},
ﬁb,cﬁ?smzwwaﬂ,aﬁzﬁmﬁﬁﬁm c
F B1 T I Il ¥ fhad YR 1 Tl oawget o g A S p
T 87 FHAG alier 9 WA HW Y B9 2@d ¢ f frefatEd 6
fo-Rre 7 T B 1 (@, b, (@, ), (<71, 5), (e, b), (e, ¢), e
(e, 5)1 38 ThR B 6 Toa=-fa=1 aeqd o Bt © (SRt 2.1)1 Rt 2.1
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36 Tforg

Tmell smenetl § TRl SIS {6, T HiHa g, sedl o 9 I 8, f54 o Hrss
H forad © 3R foenl t TR @ Rt fawiw %0 o gufeqd fran s € @1efd (p.g),
pe P3N ge Qg8 Fefelad qiam 9 oy fvan S Wbl 2|

uftamer 1 e Tg=aal Padn Q 1 T O P x Q 39 9l st Il &6
qy=ad €, TSl 9em ek P9 qen fgdid sew Q, ¥ et Sl S Wehdl €1 37
PXQ={(pqg:p €PgeQ}

I PAQH @ wiE i R wqee 2, @ S9h1 wrdid oA oft e W= 8 €,

ST PX Q=0
ST T2q 9 eH 9 ? fm
A X B = {(@,b), (Ad,c), (A1, s), (F,b), (Fel,c), (Fel,s)} |
: fefafed 1 ag==e | fo=r wifsm)
A = {DL, MP, KA}, W&l DL, MP, KA feoefl, ®ea wsw1, den 03
Hieeh bl FEfud %L ® 3R B = {01,02, 03 ) shas1: fEoett, 7ea 02
TR IR FHAE gRI Mhe % oIy ST e wie 1 wiekfaer 01
HeTd g H €| DL MP KA
I T feoelt, qeA W9 SR A, TieAl
T W & for whd gt (W) T o e T 22
R &l o Tohd Ugfa, == ASh /999 ¥ URY &1, @ 37 9Y==d ¥ W 8 o I
®H W € q1 31 T i el GeA fohat € (3Mepfd 2.2) 72
W BH A I 39 ¥R €, (DL,01), (DL,02), (DL,03), (MP,01), (MP,02),
(MP,03), (KA,01), (KA,02), (KA,03) 3R TH==9 A 91 §9==4 B I %119 T0H 6
YR B,
AXB = {(DL,01), (DL,02), (DL,03), (MP,01), (MP,02), (MP,03), (KA,01), (KA,02),
(KA,03)}. b,
7% T ¥ 3@ T G i PE F 59 R 9 3w & O
Fiifer Tq==a AR BH ¥ Yo W 3 3797 &1 399 BH 9 Hud Hohd b,
wgft faerd 1 g7 off e FINT & o sEEal & g™ T9H B % b,
Hewerqui (Fuifeer) 21 SEew & fory Wishfash H@A (DL, 01) a&l =&l ‘
2 S Wiehfas Fe& (01, DL) 21 a; a4
S H T o fAU WYea A= {a, a,) 3R ST 2.3
B= (b, b, b, b,) R &R FIfw (e 2.3)1 =&

AXB ={(a,b), (a,b), (a,b), (@,b,), (a,b), (a,b), (@,b,), @, b)}.
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G99 Td He 37

I A SR B, ar&dfees GeMstl o T=ed o SYNY=E €, dl 39 YR WK 8 shitd
7 foRelt wraa o fagsti 1 feafq frefua s & 7o 78 w1 € 7% (a, b,) W feom
fa3, (b, a,) W feom fag @ f €
() < Hitd T GUE B T, I AR sherel IfE Sk WG GUH Tk THH
& 3R T fgdta we off wue
(i) 9 A™ p 3o G B | ¢ 31576 €, @l AXBH pg 3576 i ® e
IR n(A) =p T n(B) =g, @ n(A X B) = pq.
(i) o€ Adem B eifem @q==d B R A9 BW ¥ i oyuifig 8,
A X B ¥t emaitfia g4 g 2l
(iv) AXAXA={(a b, c):a b, ce A} . T (a, b, c) Th Higd 5k
e 2l

SEETOT 1 ARG (x+ 1, y—2)=(3,1), d x 3 yoh T @ I
Tl Fifer Hid T9 guH 7, safery 9d ek ot a8
3 x+1=3 3R y-2=1.
T HE Wy =2 AWy = 3.
FEMETOT 291 P={a,b,c} AXQ={r},dl PXx QT QX Pd HIfTq| =1 I Tt
O WA §?
T I IO T AR 9
PXQ= {(a,r), (b, 1), (c, N} IRQXP= {(r,a), (r,b), (r, )}
FifeR, HiHd i 1 THMEAT 61 GRA 9, T (q, ©) TH (r, a), & FA0E & 2 3R
I ST T UM o Yedsh i o forq o] gt 2, ford g frehd freprerd € fom
PxQ#QxP
Y, Toish W=aE W Sradel i §ed §hE 2
SETET0T 3 UM ofifeiT foF A = {1,2,3}, B = {34} 3IRC = {4,5,6}. Frefeifaa i shifsa:
i) AxBNO i) (AxB)YN(AxC)
(i) Ax(BuUC) (iv) (AxB)U(AxC)
() R gg=EAl o GATSS i 9 ¥ (B N C) = {4).
3 Ax (BN C)={(1,4), (2,4), (3.4)}.
(ii) 39 (A x B) = {(1,3), (1,4), (2,3), (2.4), (3,3), 3.4)}
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38 Tforg

AR (AXC) = {(1,4),(1,5), (1,6), (2.4), (2.5), (2,6), (3.4), (3,5), (3.6)}
e (AXB)N(AXC) ={(1,4),(2,4),3,4).
S ERIED (BuUCC)={3,4,5,6}
7 AX(BUC)={(1,3),(1,4),(1,5), (1,6), (2,3), (2,4), (2,5), (2,6), (3,3),
(3,4), (3,5), (3,6)}.

(iv) 9 (ii) ¥ AX B A X C Gq==di & WA ¥ gH ffaiad 9 g 2
(AXB)U(AXC)={(1,3), (1,4), (1,5), (1,6, (2,3), (2,4), (2,5), (2,6),
(3,3), (3,4, (3,5), (3,6)}.

SETEI0T 4 ARP = {1,2}, A T==F P X P X P 9@ Hif|

g PxPxP= {(1,1,1),(1,1,2), (1,2,1), (1,2,2), (2,1,1), (2,1,2), (2,2,1), (2,2,2)}.
SEET0T 5 AE R GG ar&dfosh H@AS w1 @H=Id ®, d & UH R x R 3R
R x R X R 1 fefua ad €2

FA BT OH R X R ¥9=99 R x R={(x, y) : x, ye R}

o1 Frrefua sear €, forgent i ffom gnfie o fagen & fewisl @i yehe w0 & fog
feren s 81 RXx RX REF=99 RX R X R ={(x, y,2): %, », z€ R}

1 frefya e €, fraen yam Sifadia s o faget o il wl ywme ¢ &
o feran rn 21

SEETOT 6 AR AX B ={(p, ¢).(p, r), (m, q), (m, r)}, A SR B = 1@ i
T A =TYH TUH H Y= = {p, m}
B = fgdiia =ieepi =1 "= = {q, r}.

[ et 2.1]

1. 4 @H,y—%}(%%j,?ﬁxam y Ad SIS

2. 9% =Ea AW 3 Egd € 9o Hg=Ea B = (3,4, 5}, @ (AXB) ® 3rg@El &1
A A1d FHiST)

3. 9 G={7,8} 3R H={5,4,2}, WG x H3RN HxG A Sy

4. SRy fom FEfatad sor § 9 g0T T © SAYE STHA g1 IS HeH 3T
2, @ f&u T oM i HE a Y fatEy
() =R P = {m, n} 3ﬁTQ= { n,m},?ﬁ PXQ={(m,n),(n, m}.
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G99 Td He 39

(ii) A% A 3R B 31iem @™ €, @ A X B fa i (x, y) 1 T A
eI ®, T8 YRR fhxe AQeN y e B.
(iii) 9 A={1,2},B={3,4}, WA x (B N ) =0.

5. A A={-1,1},q AXAXATE HifaQ|

6. AR AXB={(a x).a,y), (b x), (b y)} T ATAB A Hiferg|

7. AAENT iR A={1,2},B={1,2,3,4},C={5,6} a1 D={5,6,7, 8}. Tfud
Hife fo
HAXBNC)=(AXB)N(AXC). (i) AXC, B XD % T SqaI== &l

8. WM ofifslt fF A={1,2} 3R B={(3,4). AxBfafaul A x B fa
ST BiM? TR G I

9. A ifST foh A 3R B W= €, W&l n(A) =3 3R n(B) =2. 4R (x, 1),
3,2),(z, 1), AXBH B, a1l A3 B, Fd HitsQ, S&l x, y 3R 7 Fo=-for=
T 2

10.  hTa OH AXAH 9 37ed €, f5 (~1,0) e (0,1) *ff 81 =9 A I HifST
qq AX A 99 FaId o F@ it

2.3 GaY (Relation) P
T W= P = {a,b,c} 7 Q = {Al,
Bhanu, Binoy, Chandra, Divya} ® fa=r
FHISTTI P qeM Q o &hAd T0H H 15
fepa T Hehal 2,
Px Q={(a, Ali), (a,Bhanu), (a, Binoy),
..., (c, Divya)}.

379 B9 Y% HiHd T (x,y) o JIH T x q0 fgdlid e y o o= U dau
R i X P x Q 1 U SUHT=a 3@ WhN WKl i Tehd &

R ={ (xy): x, ™ y 1 9&1 &R 8, x € P, y € Q} 3@ TN

R ={(a, Ali), (b, Bhanu), (b, Binoy), (c, Chandra)}
TaY R 1 T gie-femmn, fo diR et wed €, ergfa 2.4 o weidfd 2

gftamr 2 fRd e 9==9 A ¥ ifled 9q=eg B W HaY &g 0
A X B U SUHT=S Bl & ¢ SUEg=ad A X B % wHfq g o gud ae fgd
TZH! oh A T G TN 3 W W el 21 fgda seek, o ek w1 wfafers
FHEAI 2

o Ali
eBhanu
eBinoy

eChandra
eDivya
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40 Tforg

Ui 3 9= A S=ad B H 9aY R o hidd Il oh Al YH Th! o G
%1 WY R 1 9id Fed

UfaTT 4 99=sa A4 999 B H Had R o ®iad g oF 9t fgdia el & aq=aa
%1 HaY R o1 IRE Hed &1 Tq==9 B H&*l R 1 ¥e-9ld Heaw | T ST fF,
TR < F&uia

(i) Wk wer 1 <l freaor = e fafr = wegee fmtor fafir

g TR S gehdr 2
(i) T IR @ et Hew 1 T gite fammr 2

SETEY0T 70 e fF A= {1,2,3,4,5,6). R={(x,y):y=x+1} WA T A
4t Hay gRenfya swife)

() 39 HaY Al TH qR @ 5 W0

(i) R Wd, Tewid don gReR fafaw)

&l (i) TR g
R={(1,2),(2,3),3.4),(4.5), (5.6)}.
T AR @ eMefd 2.5 ° w=ia €
(ii) &9 @ Fehd € T qom s
1 T AU Wa={1, 2, 3, 4, 5,) T4t
TR, fgdt™ Tkl o1 Tgesa SAeiq IRER JMRFT 2.5
={2,3,4,5,6)d WA= {1,2,3,4,5,6).
IETET0T § A 3T 2.6 | =T P 3R Qo &< Teh Helel WA AN B T HeH
1 (i) T w9 H (i) U= w9 o fofgy) s@er wid qen 9ReR @ €2

T T A R, “x,y?ﬂa"'f%”
(1) 99==F faor ' jﬁ,R:{(x,y):x, y Rl it % xe Pye Q}
(i) T=X &9 H, R = {(9, 3), (9, -3), p
4,2), (4,-2), (25,5), (25, -5)} ,
TH GaY H 9 {4, 9,25} B : >
T Gy 1 9IRS {- 2,2, -3, 3, -5, 5}. \\\ <
e wifere fF o1a9a 1, Pk fordt off staa
Y Gefed T € qe1 Tq=Ed Q TH e
TEYId 2l 3T 2.6

Y
'

2021-22



G99 Td He 41

el T=aa AW == B H HaHl 1 KA G, AX B §99
SUGH=EAl i W@ & SO Bl 81 A€ n(A) = p @R n(B)=¢, @ n(AxB)=
pq IR Heili wY FA GE&A 27 B 2

SEETOT 9 HH ST foF A={1,2) 3R B={3,4}. A% B Hetil &1 H&A 1d SHIfoq

7o T AXB={(1,3),(1,4), (2,3), (2, 4)}.
FifH n (AXB ) = 4, THAT AXB & SUHT=SEl i FE&A 2'2| TH AY B
el 1 T 24 7l

(ool | A @ A % o &1 ‘A W Fay' of FEd 2
| wotarett 2.2

1. 9M <fifee fF A={1,2,3,.,14}.R={(x,y): 3x—y=0, &l x,ye A} 5, A
Y A T Hay R faf@y) sqeh wid, "ewid iR 9ier fafem)

2. Uehd &Sl o 9ead W R={(x,y):y= x+5,x & 4 ¥ &H, Th WFHd
T 2, x, y € NJEN T Hay R YR Hifw) 38 dea & (i) T ®9 o
THeh Wid 3R IRER fefem)

3. A={1,2,3,5}3RB={4,6,9}.A¥ BY Tsh Gaxl
R ={(x,y): x 3N y o R faom 2, xe A,y e B} g1 ufwifod i@l R i
=X w9 H fafa)

4. P 2.7, I==F P¥ Q F TH
ool <t B 39 o i
(i) == i €9 (ji) T=X €9 §
fafau) g9eh wid qen aREw = 82

5. AW eifse fF A={1,2,3,4,6}. 99
wifse fF R, AR {(a, b):a,beA,
&N g 9@ b H1 JgEY faufed
FHA BN IR T gy 2
() Rl "X ®9 ¥ fafey
(i) R T 9id A@ HIfST
(i) R 1 IREX A@ Hifs)

6. R={(x,x +5):xe {0,1,2,3,4,5} )5/ ufeqfod Gael R & iq 1R IR 7
Eaisiy
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42 Tforg

7. HaIR = {(x, %) : x T& 10 ¥ FH Tk 9T G&1 8) F Y= &9 § faafem)

8. WM ST fF A={x,y,z} I B={1,2}, A4 B Gaell s H&A G ST

9. WA ST R, ZR, R={(a.b): a, b€ Z,a— b Tk 0l 2}, g uRod T
Hee B R Wiq qef IRET F1 ity

2.4 e (Function)

T =% |, B9 U fo9iY WehR o ey w1 31 i, fo et shed 81 g9 o
#1 Tk a9 o w9 4 3@ Thd €, 99 9 K gu sl 9 U segd Sa= B
&1 e 1 gfad e o fAU o 1% W R S ¥, S Cfafes’ steren ‘wfafesor’
TSI 5 Uk W= AW =g B 1 HeaH, £ Tk ol e €, a€ Tq=d A
o Yedeh U 1 GEEd B W, Tk 3R cheael Uk Widfss el B

TR IRl o, ®er £, frdt e aue=aa A ¥ U e 9g=ad B &1 €, 36 YK
1 "y o £ 1 Wid AR A £ oh fopet off < f9=1 hiHa i o qem W §HE
&

I £, AW B Th el € 9 (a, b) € £ f(a)=b, &l behl f o 3Faiid
a 1 UfdeTs 9o o H bk ‘gd wfafse’ FEd
A¥ B %o f o dlhias &9 § £ A > B Y el & €

Uoel ITEN W M 3 W B9 Wod ¥ 2@d © T S 7 o e wew uh
o el €, Tl 3feFE 6 1 i Hidtes &l &l

T ST 8§ A oo Uk e T § Hifh 38k UId o e ToFdl & Tk
¥ arfer wfdfsa &) SR 9 ot wer T B ()1 e fRu seen § wgd 9
el W foar w3, 9 9 $8 BoH ? 3R TR her T 2
SETET0T 10 W AT foh N 9rehd Gemeii o1 gq== © 3R N W uRefod ueh deo
R3d ¥R € fFR={(x,y):y=2x x, ye N}.

R o 9id, HeWid qel TRER &1 82 I 98 Gel, Th Hed ©2
Tl R%1 Wid, Wiehd HE&etl &1 Tg==a N €| 3T Teid ot N 7| 391 ufieR 99
ek HEAIST 1 e 2

Fifeh Ucieh Wighd W& n 1 T 3R shedl Teh € Ufdfed €, U 98 Heel
Th He B
SEETOT 11 A fGu gl o 9 yeie s e Sife S g <9 | SR gied
TIAART foh 1 T8 oM © 1 TEl?

» R={(2,1),3,1),42)}, (i) R={(2,2),(2,4),(3,3), (4.4)}
i) R=1{(1,2),(2,3),(3,4), (4.,5), (5,6), (6,7)}
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gl (i) iR R Wid o Yedeh o199d 2, 3, 4 ok Wdfae a1fgda €, safey a8 dew

T Fel 2l

(i) FfF T & gom Fed 2, A faA-fa= ufafeal 2 iR 4 @ Hefua g,
TOfeTy I8 HaY TH Tl &l ol

(i) FfF YIF FoE F T IR shadl Tk Ylafsa 8, TOfeT I8 Hay Th
e 2l

TROTET 6 T TH Hed & o aRER ardfas Senstl s 9= A1 SHh] his
STE=a4 B, ardideh WM B FEd ¢ % i =R aret fadt ardfas aH
e T Wid o ardfoe HEsl &1 SHTad Adl IHHT His SuNYead & d 39
Tt we o Fed B

Saretor 12 M odfifsu fe N arafas gemst &1 gq==a 21 f: N > N,
F(x)=2x+ 1, g0 IR Uk odfersh | %ol €1 9 W 1 TN Hieh, e
T gRoT T gof wifew

x 1 2 3 4 5 6 7
ylfro=lr@o=r@=fr@=re)=lrO="]7r0n=..
zor ol &t gg ot Fe @ R
x 1 2 3 4 5 6 7
v | f=3| r@=5r®=7|r®=9|rG=11|f©®=13| (D =15

2.4.1 D Weld 3T 3R I (Some X
functions and their graphs)

(i) dEHh Wetd (Identity function) T
I R ardfas Senst &1 aq==a
2y = flx), &% x € R R WREMEG
aTdfash 7MW f: R — R 21 39
YhR o He ki dacadeh et shad
21 T&l W £ o Wid g e R €
THT IMoE TH O @ Bl ©
(sTepfa 2.8)1 9% Y@ A fag ¥ v
g R S 2 fO=X g o g

-8 —6 -4 2
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44 Tforg

(i) 19 Wer (Constant function) y = £ (x) = ¢ S8 ¢ T 3R & 3N Y%
x e R g uReftrd weh ar&dferes 7 e £ R — R 781 W £ 1 91d R 2 3R SHe
IRE {c) B f 1 @ x-318 o GHIG Teh @1 2, I o foaw AfE fx)=3 T4
xe R B, @ 3E1 3o 3Mepia 2.9 | <wiiE @ 2

Y

N

N

8
6--
4
2

v

8 -6-4-2 |02 4 6 8

v
Y/
fx)=3
TRt 2.9
(iiiy EUE WerT AT IgUEd W (Polynomial function) e f: R — R, T
TEUE el Hheddl €, A% R o Yes x o o, =f@=a,+ax +ax
+.+a X, Tflﬁ n Th EAUGE E[UTTEF % ad a, a,, a,,...,a € R.
fi) == ¥+ 2, 8 g(x) = x* + 2 x, 5 URA(GT Fe Th TgIE e ¢ S R

2
h(x) = x° + 2x G URAIRG ®er h, 9g9E e el gl ()

JETET0T 13 y=f(x) =x% x € RSN ®e £ R — R, & TRAM HifSq) 39 qRem
T AN Yok A= < T AIfernt w1 g0 I 39 e &1 9ia qen giER = €7 f
1 3o ot Eifaw)

x 4l 3| 2| <110 1] 2 3 4
y = fla) =%
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x -4 1 -3 |-=2]-1 0 1 2 3 4

y=f@=x2|16| 9| 4 1[o]| 1| 4] 9] 16

f @ Wa ={x:xeR},f & AR = {x: xe R}. fH A@ 3Ffd 2.10 H Y&
2l Y

f(x)zxz 3TeRfa 2.10
SETETUT 14 f (x) = 3, xe R 0 9RIIfd ®e f:R — R &1 3Te@ @ifem|

T W W
f0)=0,f(1) =1, fi-1) = -1, A2) = 8, fi-2) = -8, fi3) =27; fi-3) =27, T

Y
f={(xx*: xeR} fa&T

3erE 3TeRfd 2.11 |
= T R

Y!
fy=x?  amerfa 2.11
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S )
g(x)
T Uid H, x & R agudE wer €, e g(x) # 0 uRET e wEed B

(iv) UR®& wed (Rational functions) , % YR o el SRl f(x) 9 g(x)

SEEY0T 15 Ueh drdfds WM Wwed f: R — {0} — R &I aR«m f(x)=§,

x€ R—{0} BRI HIfSIT| TH IR 1 FANT hich ARG qfersht Sl Ui ifsTl 36
Tl W1 id qe IRER R B 7

X -2 | -15|-1]-051025(05( 1 1.5 2

X -2 -1.5 | -1{-05] 025 | 0.5 1115 |2

y= -05]-067)-1|-2 | 4 2 1] 067 | 0.5

= | =

THRT A, I ok ATeR e Srdioh Seard & 9o $eeh! TRE ot 31 ok stfafie
T SRt e €| f 1 e Tepfd 2.12 § weidfa 2l
%

f) =% smefa 212
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(v) ®Tdieh Ter (Modulus functions) f(x) = x| 9&@% x e R g0 aRenfoa wed
£ R—>R, AT0Teh el el €1 x o Fodsh SROR 0M o T A(x), x o &L il
21 W x o MO AE o TAT, fx) BT A x, % HH % FON o S el €, e

x,x=>0

-x,x<0

.

A9l held 1 3ed SMehfd 2.13 | 5o 21 i %o &1 FRuer 7 wem o
Fed Bl

Y

Six) = x|

TTeRfd 2.13
(vij  Torg we™ (Signum functions) &% x eR, & fag
Y
1,3 x>0
fx)= 0,3k x=0 1 y=1
—1,af x<0 L R
X'€ o > X
gN gRefd e fR—R fog ®ed wgamr 21 p=-1 -1
g el @1 Wi R 21 9RER w9 {1, 0, 1}
3Tepfd 2.14 | fog weM &1 e qeita T 2 Y
: jkngqﬁx¢OHWOqﬁx:O
(vi) WETHW YuUTieh WeT (Greatest integer
functions) f(x) = [x], x €R g0 URwIfod e T 2.14
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£R—R, x¥ FF A0 x % SRR TETH YUlish T AH T (UROT) HIdl & TH e
e YUTieh Weld wealdl ¢l
[x], ®T TR9T™ ¥ g9 <@ Thd & fm
[x]=-13AC-1<x<0
[x]= 0aR0<x<1
[x]= 13AR1<x<2

[x] = 232 <x<33AR
TH Ho H1 A S 2.15 § g9 w4 2l

Y/
Sx) = [x]

3TTeRfd 2.15

2.4.2 ardfaes werl &T SSETUTT (Algebra of real functions) 39 STTS8% |, &M
e o forg YR <1 arkdfash ol i SiIgl Sl ©, Ush ar&dfesh Held il gl o
Y A S €, Uk arEdfosh ®er i fRdt sifew (Tl enfiwr @ sy arsdfes
e 9 €) | N fepan w1 ], < Srdfores worl shi on feRan St € den U arkafesh
T H R T 9 A S R

(i) oY aTEafeaeh Wl ohl T HH AT & £: X > RTM g: X > RFE o
arEfeeh ®ed 8, W8l X c R @9 B9 (f+g): X —> R, @ xe X & fog,
(F+g) () =f () + g (x), g IR s &
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(i) Ueh drdfger Wed ¥ ¥ @ ol W1 UH ofifs fF f: X — R e
¢ X > R&E q ardfas ®ed €, &l Xc R @6 87 (f— g) : X>R & @it
xe X, U (fg) (x) = fix) —g(x), SN URITE ed B

(i) Tem ATIHT W UM TF AT fF £: X—R T ardfoes OF % § 90 o
s few B FEl kW @ wER ifuue fhdl ordfosh WEn 9 ¥ 99 [uEwd
of, X8RY Th e 8, S (O f) (x) = O f(x), x € X ¥ aReioa grar 2
(iv) < ardfaeh Wwerl T UM I Srdfas Fel £ X — RTN gt X—>R &
TOERS (A TOM) Tk e fg: XoR B, S (fo) (x) = fx) gx), x € X TN
wfnfid &1 59 feiger: o off #ed T

(v) X arEafaeh el o YRTRA T oifey fF £ den g, X—R gr afeenfoa,

T arEfersh e €, S8l X CR. £ 1 g W 9rThe, o i@ﬁ*@ﬁaaﬂﬁ%,@w

g, S wftxe X SR g(x) 0, % fog, ( J()—% g aRefia 2
SETETUT 16 A AT R Ax) = x G g(x) = 2x + 1 T Tdfos werd B

f
(F+ g (), (f-8) (), (f3) <x>( JW EIRRCAIEI
Tl TIed:
Fra)()=x +2x+1, (f-g) ()= x —2x— 1,

2
X

1
’ F ——
217" 2

IEE0T 17 AF ST o fix) = /5 T g(x) = x RURR arafaes denst o fag

(fo) () =x (2x+1)=2x +x, (5@) -

Rl & wer ®, @ (F+ g) (1), (F— g)(x)(fg)(x)EvﬁT( J(x)snﬁﬁﬁm
zol F8l By frefafed oo fiyer 2
f+e = Jx+x (f-g @ =Jx —x,
x) = \F :
X

| =

=x %2,x#0

(fo) x = x(x)= szﬂﬁT(J
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[ woraet 2.3

frefafad Geel o S 9 ®er 27 R0 61 Seoid ST IS G4 Th el
2, @ 3w g faaffa wifsa:

(i) {(2,1),(5,1),(8,1),(11,1),(14,1), (17,1)}

() {(2,1),(4.2),(6,3), (8,4),(10,5), (12,6), (14,7)}

@) {(1,3),(1,5),(2,5}.
fr=fafad arafas ®werl & 9id den 9k wifsa:

i) f)=- | @) )= Jo—*.
TH ®eH flx) = 2x -5 g IR € fFrefafed o am fafae:
i) f(0), i f, (i)  f (=3).

T o GfeETE dTEE w1 BREEEE d9HH § gfatesor s, S
t(C)=% N E T

() t(0) (i) £(28) (i) #(~10) (iv) C o1 °H, S&¢(C) = 212.
fr=fafad 9 9 v&® wem &1 IR Ja Fifea:

() fx)=2-3x,xeR x>0.

(i) f(x)=x2+2, x T ardfosh G&O 2l

(i) f(x)=x, x T ofash & 2l

fafaer 3grgvor
SEETOT 18 HH ofifsy fF R ordfas H@Ael &1 eed B Uk aniash wed
£ RSR&A fix)=x+ 10 ){\

I Uftenfid sife 2R 39 oA & 7o Wit

T TEl, 89 2@d ® TR A0) = 10, A1) = 11, ({10)

f2) = 12, ..., f(10) = 20, 3nfg M f-1) = 9,
f(=2) =8, ..., i-10) = 0, T

10,0
37d: fU U e oh STci@ 1 R ST 2.16 (x'<) 5 > X
o eIfT T ®9 A1 S /
f(x)=mx+c,xeR,Q$§f@T=F v
TeT HE 8, TE m T ¢ IR E| SR Her 9 —x+10
aer wer H Th I R S 2.16
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SaTetor 19 7 S fF R, QUQ HR = {(a,h): abe QIMa—-be Z}. 5N
Rt wh gey 2| fag it fw

(i) (a,a)e RAF ae Q& fau

(i) (a,b)e R @ € T (b, a) e R

(i) (a,b) € R 3R (b,c) e R acd B fF (a,0) eR

7 () Wha-a=0e Z, a8 f=pd feperar © 7 (a, a) € R
(i) (a,b) e R&T qc9d © T a-be Z 389G, b - a e Z.
3, (b,a) e R
(i) (a, b) A (b,c) e RO™ € 6 a—be Z.b—ce Z. 3H,
a-c=(a-b)+ (b-c)e Z.31:, (ac) e R

FEETOT 20 TR £={(1,1), (2,3), (0,-1), (-1,-3)},Z ¥ Z¥ ws ‘Uas weq 7,
fx) T RIS

T iR Uk Waew e €, SH £(x) = mx + ¢. Tz HiE (1, 1), (0, —1) e R
B G, F()=m+c=1T0 fO0)=c=—1.398 81 m =2 fHemar & 3N 39 THR
flx)=2x-1.

+3x+5
IETET0T 21 e f(X)—x 5x 1 Wid A1d IS

T R & Sx+4=(x—4) (x—1), THAC B £, x=4 3R x= | F AR =
et arfosh el o fow aftefa @1 3: £ 1 9id R— {1, 4} 21

3Gl 22 T f,

1-x, x<0
1 ,x=0
x+1, x>0

f)=

T URA §1 £ (x) 1 SAeE @it

ol Iel flxy=1-x,x<0, ¥
=49 =1-(-4=5;
f=3)=1-(-3)=4,
f=2)=1-(-2)=3
fi=1) =1=(-1) =2; FAMS
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R A1) =2,f(2)=3,f(3) =4
f(4) =53?":|T&,3Piﬁﬁ?f(x)=x+1,x>0'

3T: f W1 TG Tpid 2.17 | WM €9
T BT

i’ 3TTeRTa 2.17
e 2 G fafay goraet
. xz,OSxS?)
. x) =
1. gy £, f(0) {3)6’3st10 TR R 2
.. X ,0<x<2
g g g(x)=1 R 2
& 89 {3x,2SxS10 &

T9IiET foF 4 £ T Hed € 3R g e el 2l

2. AR fy=x, A —f%li:g(l) ERIEAIE

2 4+2x+1 .
3. oA f(x)=2—7=|'7[‘5|'l'd§ﬂﬁ$' ST
x* —=8x+12

fx) = J(x—1) g IRAIT d&dfaesh el £ 9id qel IRER 16 SIS
- f) = |x—1| s AR STEdfash e £ Wid 9o 9RE {6 Hifs)

(9 | I *N

2
X

1+x

=)

uM efifsn fe f={x, zj,:xeR}R@Rﬁ TH HeH 2l f URE

freifia sifs)
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7. WH ST fF £ g: RORFHAM: Ax) = x + 1, g(x) = 2x — 3. G qRAOE 2

f
f+g,f—g3ﬁTE§|'lﬁ_°|—ﬂ'rTﬂ'Ql
8. WM oy fF £= {(1,1), (2,3), (0,-1), (-1, 3)} ZHWZ ¥, fx) = ax + b, W
UReIfd Tw e ®, SEl a, b. B qUNE B a, b w FEiRa i

9. R={(a,b):a,beNTMa=>5) g0 TR NG N, TF da9 R 81 F
frefafed woum 9 22
() (@a)e R,E®H ae N, (i) (ab)e R & a3 & T (ha)e R
(i) (a,b) € R, (b,c) e R &1 @™ & T (a,c) € R?
e <M | Y I I AfEed Wt sdenzu)
10. 99 offs foF A={1,2,3,4},B={1,5,9,11,15,16} 3R £={(1,5), (2,9), 3,1), (4,5),
2,11)}. 71 Frefafead wum 9 82
() f,AUBY T "y 81 (i) f,AYUBH Th HoH @l
Tk U H 94 ST T e Sdensyl
11. ®F ifSe 6 f, f= {(ab,a+b) : a,be Z) g IRAMA Z x Z F1 Teh STTH==d
B £, ZUZ Y Th %o 8?7 AW SW ol Aifeed Ff o wifsw)
12. #F &S ff A = {9,10,11,12,13}A2 f: A—N, f(n) = n 1 HEGH 3THA 0R
g, uRefaa 21 f w1 9RER 9@ wifs)

ariIT
TH A U BHH Geel qU1 el 1 STeEE {ha1 €1 3 1A i g ol
1 = gz s @1 2
¢ wfia g fod foriv A # wqfead sterEl *1 T I
¢ FHrdla U G=EA AT B 1 FAHE OH, T
AxB = {(ab):ac A, be B} B 2 foiw w9 9§
RxR={(x,y):x,ye R} 3 RxRxR={(x,y,2):x,y,z€ R}
¢ Ffg (a,b)=(x,y),?ﬁ a=x74 b=y.
¢ AT n(A)=p A n(B) =g, @ n(A x B) =pq.
¢ Ax¢=0
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*

HHA: Ax B #B xA.

T =TI A Y 9g=ad B H G R, SE TOH A x B &1 U TG
Bl 2, o A x B & SfHd Il o 9o w2 x qun fgdid "ew y & o
fopelt Taier i afvla shieh WIw fehen STl 2
ﬁ?ﬁmxW,WHR%W,Wy@ﬁT%,Gﬁ(x,y)GR,
ey R o id 0 o YUH Sl 1 G, GaY R 1 Wid Bl 2
Tee R o hidd g o fgdia el &1 gg==, Gad R 1 9RE e 2l
erd Gead AW S=Ed B U %o f U AT R o e g §, oo
qeEd Ah Ycieh 7o x 1 H=Ed B | Ueh 3R ool Uk idfsisl y il
2 3@ 91 &l 89 £ ADBE flx) = y forEd ®1
AHEH f 1 Wid 9¢1 B U1 WeWid Bidl 2l
W f 1 URER, £ o Widfdsl 1 Sqe=d el 8
¢ el ardfae %o o Wid ad IRER S 81 ardfos Semstl s 9ead
Al SHRT Teh SUHH=E BIal €:

¢ el @7 ST W f: X — RA g X — R, & fau g9 fe=fafed
Tfamnd 39 )

(f+8) () =fx) + gx), x € X

(f-8 @ =fx-gx),xe X

(f8) () =f(x) .g (x), x € X, kT 3R &I

k) ) =k (f(x)), xe X
Ly I

o =%,xeX,g(x);t0

*

* & ¢ o

* o

e gEgy

e TeR Fa9eH Gottfried Wilhelm Leibnitz (1646-1716 o) g ¥ 1673 |
fafga wife? awgfafa "Methodus tangentium inversa, seu de fuctionibus” H
IReAferd €37 ®1 Leibnitz ¥ 38 91e% o1 YA SAfageiomcdes o9 § fehan 1 3=i4
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e I T R Al HHER’ oh Y&l g 3¢9 WA T a9 oh ®9 H
arfushfeda feran 21

e 5, 1 1698 H John Bernoulli § Leibnitz i fa@ T 791 # Wgat ar
gl ®9 9 Her I3 o1 faveiaunerss we § fafire whm fuifa fran 21 s
TE § Leibnitz 7 379 Hewfd g9 gL W ot 3 fa=m em

SIS 91 ¥ %o (Function) ¥T6% |1 1779 o Chamber's Cyclopaedia
o qrn S @1 SIS W e I1e% ohl WA =) ARTE SR wemst st fien
R g W ®9 W 5 foveivunesh eieht o ferg fehen e @)

g

 —
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