S 2

(Relations and Functions)

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

2.1 9{&!3?[ (Introduction)

TIforq <1 eaferskier R Yo ererfq aRtedeier TferEr ok <=

AT (T AT Hieal 1 96 W % aR ° 21 TR

e Siem o, g0 Gl o1 o[ e o efHe Uedl o

IR H S §, S 9E SR we, o iR A, TeAh @i

foanefl genfz) wfg & off g9 g 9 dew e € S

"G m, & n, @@?ﬁ%', ‘T 1, @ m,av_ﬂtlfﬁ'{%’,

‘T A, W= B 1 SuEH=EE €1 3 9t | 89 <ed

¥ fo el W W U T e 9 & fo e T

fifyad 8 o 219 81 39 e | 7w dren f R geR

< Y o W % JH 9 S Whd € R R S G W.Leibnitz
T H ST St T TIEA ok A T A FAFGEE (1646.1716A.D.)
HAY| Ad |, g9 U faviy dei o R § SE, S % s

o AT §| Weld i URehedl i W st Heweyul @ wifn Te Tk aw @ gud o
o o= TOIER F9Taes Saal o foer i g St |

i) 'HW T RIS IO (Cartesian Product of Sets)
A offST R A, S TR & T o1 3R B, €19 a&geti 1 aq==a €, tufq
A= {@, fem R B={h,c,s},
Gﬁb,cﬁsmzwwaﬂ,ﬁ?ﬁ?mﬁﬁﬁm c
F 21 3 I Il ¥ fhad YR 1 TiF oawqet o g A S
Fohd B2 HHEG alieh ¥ WG i U B9 SEd © T frefatad 6
for1- o= 7 o B 1 (@, b), (ST, ¢), (ST, 5), (e, B), (e, ¢), T o
(e, 5)1 36 YR B 6 Fa=1-fo=1 aqd Wi et € (STeRfd 2.1)1 3TeRfa 2.1
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Tmell smenetl § TRl SIS {6, T HiHa g, sedl o 9 I 8, f54 o Hrss
A forad € ot fenl wh @ 9 ot favm o0 o ggfea foran S € e1eid (p,g),
pe PR g e QI8 Frfafad aRwmm & e feran <1 Hehar 2

uftamer 1 3 e TH=aal Padn Q 1 HTid AP x Q 39 9l witd Il &5
qy=ad €, Tl 9em e P9 qen fgdid sew Q, ¥ et Sl S Wehdl €1 37
PxQ={(pqg):p €P g €Q}

I PAQH @ wiE i Fod wqee 2, @ Sh1 wrid oA ff e wq=ea 8 €,

AT P x Q= ¢
ST T2q 9 eH W ? TR
A x B = {(T,b), (T1,¢), (TM,s), (e, b), (Fet,c), (Frem,s)} |
: fefafed 1 ag==e | fo=r Fifsm)
A= {DL, MP, KA}, el DL, MP, KA f&eeft, Hea wawr, den 03
sheieeh i el ed € 31k B = {01,02, 03} 3w9T: e, 7e 0%
939 SR HeAleeh R Mg & foerq S eiedy wie # et 01
et ke W €l DL MP KA
i diF w9 fRoelt, 9o w_w SR HHfew, mieA &
AU @i o foTu Hohd Ugfd (Hehfaent) 39 fdael o |l a1 AFH 2.2
W &l o Tohd Ugfd, =99 A S /999 4 URY &1, @ 37 99==d 9 W B a1 I
®H W € q1 31 T Hl el GEA fohadl € (3Tl 2.2) 72
W BH ol 9T 3@ R ®, (DL,01), (DL,02), (DL,03), (MP,01), (MP,02),
(MP,03), (KA,01), (KA,02), (KA,03) 3R Tq==d A a2l Gq==a B & H1did 04 9
TR B,
A x B = {(DL,01), (DL,02), (DL.03), (MP,01), (MP,02), (MP,03), (KA,01), (KA,02),
(KA,03)}. b,
TE T Q@ GHA & R FEE PH H 39 TER 9 g § D
Fifer Tq==a AR BH ¥ Y W 3 3797 &1 399 BH 9 Hud Hohd b,
wgft faerd 1 g% off e FINT & o sEEal & g™ T9H B %A b,
Hewerqui (Foifeer) 21 Seew & fery Wishfash w@ (DL, 01) ai&l =&l ‘
2 S "ishfas @@ (01, DL) B a4 @
S H T o fAU wea A= {a, a,) 3R TR 2.3
B={b,b,b, b} R fG=r Hifw (smpfa 2.3)1 7=

AxB ={(a,b),(a,b,), (a,b,), (a,b,), (a,b),(a,b), (a,b,), (a,b,)}.
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I A IR B, ar&dferes GeTstl o Tq=ed o SYNY=E €, dl 39 YR UK 8 shitd
g feret wwae o faget &1 feufa frefua wed 2 qon 98 w1 8 & (a0, b) W feom
fa3, (b, a,) W feom fag @ f €

() < HiHd T GHE e €, A AR haet A STeh WA Y| Sk qHH
& SR Wa fgdta w2 off 9w @)
(i) = AH p 3= q&1 B H ¢ 356 €, @ AXBH pg 3¥od e ® e
IR n(A)=p T n(B)=¢q, @ n(A X B) = pq.
(i) 9% Aden B eifed Oge=a € &R AW BH 9 & ofRfyd ®, @
A X B ¥ rafifird wq=== e 2
(iv) AxAxA={(ab,c):a b cOA}.T& (a b, c) & HiFd 5%
FHEA B
SEEOT 1 AR (x+1,y-2)=(3,1), @ x SR y o HH A HifSQ
&1 Fifer Hid T9 g9 7, safery Grd ek ot a8
31a: x+1=3 &R y-2=1.
WA FH Wx =2 3Ny =3,
SEETUT 2 P={a, b, c} IRQ = {r},dl P X QqM Q X P I HIfST| &1 S shrciar
O WA #?
T I IO T AR 9
PXQ= {(a,r), (b, 1), (c, )} FRQXP= {(r,a), (r, b), (r, )}
Hifeh, shifd Tl sl THHA 1 GRAS W, I (a, ) T (r, a), o FAE & & 3R
Ig 1 HE OE o Y g % e on) g 2, foed g0 frewd e © fw
PxQ#QxP
Y, Goish =T W Sradel %1 Hed §hE 2l
SETEUT 3 W A R A = {1,2,3}, B= (3,4} $RC = {4,5,6}. Frfatfad I@ wifsw:
() Ax@BnC) (i) (AxB)n (AxC)
(i) Ax(BOC) (iv) (AxB)O(AxC)
(1) < Y= o HATsS & ARW ¥ (B 0 C) = {4}.
ad: Ax (B n C)={(1,4), (2.4), 3.4)}.
(i) 1 (A x B) = {(1,3), (1,4), (2,3), (2,4), (3,3), (3.4)}
SR (A XC)={(14), (1,5), (1,6), 2:4), (2,5), (2,6), (3.4), (3.5), 3.6)}
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AT (AXB)n (AXC) ={(1,4),(2,4), (3, 4)}.

(iii) FAifeR (BOC)=1{3,4,5,6}

I1a: AX(BOC)={(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 BT A X C 9g=adi & ¥4 o gd fefafad o g 2:
(AXB) L (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)}.

SEME0T 4 AP = {1,2}, A ¥ P X P X P A1 ifQ]

g PxPXxP= {(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 dr&dfosh H@AS 1 @q=d ¥, d & H R x R 3R

R x R x R #11 Fefud s 22

FA HE T0H R X R T R x R={(x, y) :x, y [R }

o1 Frefia sear 8, foraent v fgfom gnfte o fagen & fewisl & yehe w0 & fog

fohan ST 81 RXRXRE¥F=9 RXRXR={(x,y,2):x, y,z R}

1 frefya e €, fraen wam Sifadia s & fogeti o il w1 ywme +¢ *

forQ fepan T 21

SEEIOT 6 A% A X B ={(p, 9).(p, r), (m, q), (m, )}, AA SR B ! T1ad Hife

T A=TJH Tl H 9= = {p, m)

B = fgdta =ieshi &1 ¥z = {q, r}.

| womaett 2.1

2 5
1. 3fg %‘H’y—gmzﬁ?%,?ﬁxﬁm y Ad HifST|

2. A ggeea AT 3 fagd € 9O U=SAB = {3, 4, 5}, @ (AXB) ® 3l
A A1d HifSu)

3. A G={7,8} N H=1{5,4,2}, WG xH3R H xG 7@ Hifery

4. 9ot fok Frefafed o § 9 90® 9 © 1991 39 21 A wU SEA
2, d fau U wem wI el s L fafEu)
() TP = {m, n} IRQ = { n, m},q PXQ= {(m, n),(n, m)}.
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(ii) AME A 3R B e gq==9 €, @ A x B&%ud I (x, y) 1 Th A
TesT ®, 39 YhR fhx € AT y € B.
(iii) € A= {1,2},B={3,4}, WA x (BN ¢) = 0.

5. AR A={-1,1},q AxAxATA Hifu

6. da AxB={(a,x)a,y), (b, x),(b,y)} q AT B T@ it

7. WA NTTR A={1,2},B={1,2,3,4},C={5,6} a1 D= {5,6,7, 8}. qAmIa
Hifse fo
()Ax (BN C)=(AxB)N(AxC). (ii)AxC, B x D %l T ST&H==d 2|

8. WM ofifit fF A= (1,2} 3R B={3,4}. AxBfaf@u AxB& fra
ITEH=I BI? 39! FA AU

9. WM ofifST fF A 3R B 9= B, el n(A) =3 3R n(B) =2. 3 (v, 1),
(1,2),(z, 1),Ax BH €, @ AR B, ! 91d hife, S@l x, y 3R z f=1-for=
I B

10. T O Ax AH 9 3fed ®, f5H (~1,0)den (0,1) *ff 81 T==" A A HifST
Tl Ax ASh ¥ Ta9d ff Fq Swifad)

2.3 9aY (Relation) P
T W= P = {a,b,c} 9 Q = {Al,
Bhanu, Binoy, Chandra, Divya} W fo=R
FHIFSTTI P qeM Q o &I IOH H 15
feman T e 2,
P x Q= {(a, Ali), (a,Bhanu), (a, Binoy),
..., (¢, Divya)}.

319 BH Y hiHd g8 (x,y) °h YT §eah x qofl f5dia ek y oF &= Tk qay
R i & P x Q o1 Teh IUHT=a 3@ WhR WKl i Tehd &

R ={(xy):x, TH y <l GUH &R %,xeP,yeQ}SHW

R = {(a, Ali), (b, Bhanu), (b, Binoy), (¢, Chandra)}
TaY R o1 T gie-femor, fo diR e wed €, ergfa 2.4 § weidid 2

gftamr 2 fREd e 9==9 A ¥ ified 9q=eg B W HaY &g 0H
A x Bl Ush STHY="4 Bl € I8 STHg=ad A x B & HAfd gl o gum o fgdia
TZH! oh T T G TN & o W el 21 fgda seeh, o ek &1 yfafsrs
FHEa 2

o Ali
eBhanu

eBinoy
eChandra
eDivya
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Ui 3 9Y=ad A Y S=ad BH 9aY R % hidd Tl oh Al YH Thl o G
%1 Feel R 1 91q Fed &l

UfaTeT 4 999 A4 999 B H Had R o ®iad g o 9t fgdia sl & aq=aa
%1 Hay R o1 IRE ed &1 Tq==9 B Ha¥ R 1 ¥e-9ld Heaw | T ST fF,
TRER < &9

(i) Wk wer o <frfr freaon = I fafr =1 W fmtor fafir
SR R ST weha R
(i) T IR @ et Heiwr w1 T gite famrmr 2

SETEC0T 7HM Wit fF A= {1,2,3,4,5,6}. R={(x,y):y=x+1} SWAHA
T s gau gRefia swifsu)

() 39 Ha¥ 1 TH IR @ F Y

(i) R Tid, FEWd qen IR faf@u)
T (i) IReT g

R={(1,2), (2,3), (3,4), (4,5), (5,6)}.
T R @ i 2.5 H wefvia 2

(ii) &9 3@ Fohd € foh o s
1 T AU Wa={1, 2, 3, 4, 5,} g4t
TR, fgdt™ Tkl 1 Tg=sa SAeiq IRER JMERFA 2.5
={2,3,4,5,6)70 Tewid={1,2,3,4,5,6}.

SETETOT 8 Hie STepfd 2.6 W WHEE P IR Qo oW Ueh WY <A TN €| T G
1 (i) "= i w9 § (ii) U w9 ¥ fafgy) geer wia qen 9ie = 82

Bl TIsd: W%TR,“x,yaﬂa"'f%”
(i)ﬂ'ﬂﬁ'ﬂﬁ'ﬂh@ﬁ,R={(x,y):x,y?ﬂaﬁ%,xeP,yeQ}
(i) T=T &9 H R = {(9, 3), (9, -3),

4,2), (4,-2), (25, 5), (25, -5)}

TH GaY 1 A {4, 9,25} B

Y Gy k1 IRER {-2,2,-3,3,-5, 5}.

e wifee foh ofa@d 1, P o Tt ot ete9a

¥ Hefud &l € qe1 gg=ET Q W HeH

HEid 2l

P
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frdl Tq==a A 9 S=ad BH Haul &l ®a 9&41, A X B H9d
SUGT=EAl i W@ & ST Bl 81 A€ n(A) = p @R n(B)=g, @ n(AxB)=
pg AR Gaui F peA H@A 24 B B

SETET0T 9 HE ST & A= {1,2} SR B={3,4}. A% BY Hall o1 G o sifer)

g W AXB={(1,3),(1,4),(2,3), (2, 4)}.
Fifh n (AXB ) = 4, THAT AXB & SUT=SEl i GE&A 24| WU AY B
a4t ®1 g@ 24 7

(e fewofi | A @ A % Gou &1 ‘A W Fay' of FEd 2
| woemeRt 2.2 |

1. oH offeT foF A= {1,2,3,..,14}.R={(x,»): 3x—y=0, & x,y A} g1, A
Y AW T Hau R fafaw) sweh wid, Tewa iR 9ie fafau)

2. 9ehd GEAel o 9=ad W R={(x,y):y= x+5,x & 4 ¥ %4, Th hd
FE ?, x, y ONJEN Tk Eae R 9Rifd ifsw) 38 day i (1) T &9 o
TEeh Wi 3R IRER fefey)

3. A={1,2,3,5} 3IRB=1{4,6,9}.AY BH Tk Fay
R={(x,y):x3ﬁ'{y?ﬂWW%,XUA,yDB}WQﬁWWIRﬁ
TR &9 ¥ fafau)

4. P 2.7, I==F P ¥ Q F TH
ey Uil €1 59 Hedl o
(i) Ig==a i €9 (ji) T=X €94 §
fafay| seen wiq qur qRER = €7

5. WM wifse fof A= {1,2,3,4,6}. 91
wfifsT f% R, AR {(a, b): a, b OA,
& o 9@ b H1 Fu@Ey faaifem
Fedl 2y gr uiefia Tk He 2
(i) R =X &9 H fafae
(i) R T Wid Aq SHifQ
(i) R T IRE A1@ HIFSQ)

6. R={(x,x +5):x0{0, 1,2, 3,4, 557 qRefoq Hsier R & wia X qiER
M shifsa)
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7. WEIR={(x,x)) :x WA 10 ¥ F9 TF F9 FeAN ¢} F T w9 A feafw)

8. WA offSy f&F A= {x, y,z} 3R B={1,2}, A¥ B Heell 1 T&A A ity

9. WM WY SRR, ZW, R={(a,b): a, b € Z,a— b Tk Yolish &}, §RI URAIG Toh
Fey 81 R o iq qe GRE o i)

2.4 e (Function)

T =% H, B9 U fo9iT YehR o ey o1 3o i, fo et shed 81 g6 o
#1 T W o w9 4 3@ Thd €, e 9 K gu sl 9 AU sege Sa= B
&1 e i gfad e o fAT e 1% W R S ¥, S Cwfafes’ steren ‘wfafesor’
RTITT 5 Uk See AW YeEd B Held, f Teh el shedrd €, 9% qqeEd A
o Yol 37U 1 GEEd B W, Uk 3R cheael U Widfss eidl 2|

TR v W, o £, TRt eifie weea A Y U Sified g B 1§, 39 WK
1 "y o £ Wid AR a° £ ok fepet off < f9=1 wia gl o qem wesh wHE
& 2

IfE £, AW B Uk %o © Q901 (a,b) € £ f(a)=b, &l bl f o Hald
a 1 UfdeTs 92 ¢ H bk ‘gE wfafse’ FEd
A B e f o Ydlehids B9 W £ A > B Y Felia & €

e SRl W &AM 34 ¥ eH Wil | 3Ed § o e 7 | oo weiw uh
o el €, Al 3feFE 6 w1 i Hidtes TEl &l

T SR 8 H A el Uk e Tl © Hifh 39k UId o e SToFdl & T
¥ arfer wfdfsa &) STeR 9 ot hem & B ()| e fau seewn § wgd 9
el W foar w81, 9 9 $8 Ber § 3R TR e Tl 2
SETETOT 10 HE AT o N Wiepa Semsti 1 aq==d § 3R N W g9 T e
RSHW%ﬁFR={(x,y):y=2x,x,yeN}.

R % 9id, G&9id a2 IRER 1 82 91 98 HeH, Teh Tl 22
&l R 1 Wid, Wiohd HE&mstl &1 Tg==a N €| 3T Teqid ot N 21 91 ufeR 99
ek HEAST 1 = 2

Hifh eieh Wighd TE&AT n k1 Tk 3R shedl Tk € Uidfead €, Ui 98 Heel
Th He B
SEETOT 11 e fRu wEdl | o yoe w1 e wifey ek yele <9 ® R "ied
AN foh N T8 T & SrerE T2

O R={Z,1),3,1),(42)}, (D R={(2,2),(2,4),(3,3), (4,4)}
@) R={(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 idfae a1fgda €, safey a8 dey

Th He B

(i) =fw wh & yuw sfeFe 2, & fa=-fae wfdfssi 2 @ik 4 @ wafud 2,
THfT 78 Hay Th Her e 2

(i) TR Tk STeTd 1 Tk 3R ohedl T Widfed 8, THT 78 Had Tk
wer 2

TR 6 TH TH Hod i fSrEe IR ardfas Sensti &1 9q=ad a1 STHT hIe
STE=a4 B, drdideh WM B FEd ¢ % i =R aret fedt ardfas aH
T &1 Wid o adfaeh HEAS w Gead AYEl SUh] His ST B Al 36
Tt we o Fed B

SEETUT 12 9A ofifs f% N arafas gemen &1 @g==a ®1 £ N D N,
F(x)=2x+ 1, R IR T ardfesh O e 1 3H TR s §AN ek, e
<t T Rt w1 gul wifsu

X 1 2 3 4 5 6 7
ylfO=.lfQ=.1fQ=..|f@W=..1fO)=...1fO)=..| f(D=..

X 1 2 3 4 5 6 7
ySD=31 Q=5 SO =T SA=9|fC)=111/(6)=13| f(7)=15
24.1 Wwaﬁ'{ﬁ%aﬂﬁ'@'(&)me X

functions and their graphs)

(i) EHh T (Identity function) HH
AT R arcfas G&aet & 9q=ad
%Iy=f(x),§l?ﬁ7>ﬁxeR‘g’mqﬁﬂTﬁﬁX,
aTEdferss HH He f: R —> R 21 39
YHR o HeH I qedHeh B hed
&1 98l W £ o iq qen 9RER R R
THT Mo TH O @ Bl o

(eTepfd 2.8)1 I® @1 Ha fag o v
B T I 2 fO=X g g g

-8 —6 —4 -2
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(i) IT=T We (Constant function) y = f (x)=c5|%5f ¢ TH IR T N YIS
x 0 R gR1 qRfia ek arfass 99 %o £ R — RB1 F81 T £ 1 Wid R 8 3R Sl
IRE {c} B £ 1 AT x-318T o G Th 1@ 8, IS0 o foig 4% f{x)=3 Teish
x OR €, @ SEh1 e ehia 2.9 H <31E @ 2|

Y
N

N

8
6--
4
2

v

N<E—F—4+—+——4—+=—1+1+—+—>X
8 6-4-2 |02 4 6 8

v
Y/
fx)=3

3TTeRTd 2.9
(i) WIS et AT Ts@ﬁ"\ﬁ e (Polynomial function) %o f: R — R, Th

TEIR T el ?, O R & J&% x & forg, y=f=a,+tax +ax
+.tax, Sl n Th RO CUlED 2 qen a, a,, a,....a [JR.

fx)=x —x2+2, 3R g(x)=x*+ /2 x, R TRAMGT FeH Teh TG e © e T

2
h(x)= x* + 2x G GRS ®er h, qgIEE B Tl gl ()

FEEIOT 13y =flx) =% x JREW %A £ R — R, i aRemen wifsw 38 aRvmn
T IR H¥oh A= < T AIfernRt w1 g0 HIG 59 AT w1 9G g IRE @ 2 f
&1 ofer@ ot Eifau)

x 4| 3| 2 -1fo| 1| 2] 3| 4
y=flx)=x
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T I T g e dw D T 2
x 43| 2|10 1] 2]3]| 4

y=f@=x|16]| 9o a4l 1| o] 1| 4] o9] 16

£ A = {x:x0OR}, £ 1 ORER = (x> x OR}. /1 0™ ST 2.10 H R 21
Y

f(x)‘ix2 a—TI'EEﬁT 2.10
FETETUT 14 £ (x) = x3, xR R IRAMYG e f:R ~ R HT 3Ter@ @ifau)
T W W
A0)=0, A1) =1, fi-1) =1, 2) = 8, fi-2) = -8, f(3) =27; -3) =27, TAI

Y

S={(x): xUR} fop1
3erE 3TeRfd 2.11 |
= T R

YV
f=x*  amefa 211
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S )
g(x)
TH Wid |, x % qRfia sgadE wer €, fEH g(x) # 0 TREE wer wea €

, % TR o e SRl fx) 3 g(x)

(iv) i we (Rational functions)

SEEI0T 15 U gRdfge WM Wed £ R — {0} —> R &1 g f(x)=§,

x € R—{0} G HIfSU| 3§ TRAT 1 YAM H¥en fAREd arfeent i qo1 Hifsel 9
e T Wid qel GREL R 82

X -2 | -1.5] -1 [-0.5]025(05( 1 1.5 2

_ 1
v X

&l gl Wi TE difereh 3 YN €

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

1
y== ~05|-067[-1{-2 | 4 2 1] 067 | 05

THHT id, A o Afafie qHE aredfoss GeAd € den sheht TRER off v o stfafie
T (e WA B £ 1 ST STepTd 2.12 § YRRl 2l
Y
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(v) Wik ®e (Modulus functions) f{x) = |x| 9&®% x € R g IR Fed
f R—R, ATUeh et Fealdl &1 x % cish RURK AF o fau fx), x o sR&K el
21 W x % MU AE ok TAG, fx) B HM x, % HH % HON o S¥eR el €, e

x,x>0

-x,x<0

f(X)={

A9l el 1 3ed STehfd 2.13 | 5o 21 Al %o &1 FRuer o wes of
Fed Bl

Y

Six) = x|

ITeRfd 2.13
(vij  Torg we™ (Signum functions) 7&% x €R, & fag

Lafk x>0
f(x)= 0,3k x=0 | y=1
1,7t x<0 P R

X'€ > X
0
g IR e fR—R fog %o wgamr 21 p=-1 <—i—1
g e @1 Wi R 21 9RER @ {1, 0, 1}
Tl 2.14 © Tog e o1 e g @ 2 i Y

. S = AR x#0 7 0 afk x=0
(vi)) WHEAH TJTfT:F et (Greatest integer
functions) f(x) = [x], x €R g IRAMIT FHeH FId 2.14
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FR—>R,x¥ F7 I x o SR HETH YUIH T HH TV (HRU1) HIdl & TEl Fel
e YUTieh Weld wealdl ¢l
[x], 1 GRwT ¥ g9 <@ Wehd € TR
[x]=-13AC-1<x<0
[x]= 0ARR0O<x<1
[x]= 13af1<x<2
[x]= 23R2<x<3 T
TH Ho H1 A S 2.15 § g9 w4 2l

Sx) = [x]
TR 2.15

2.4.2 Fretass el @l SISFIUTT (Algebra of real functions) 39 3TIw% |, &9
e o forg YR <1 arkdfash ol i SIgl Sl ®, Ush ar&dfesh held i gl o
T T S ], Th Adfash wod Hi R aifge (Tt snfew 1 sy arafas
T 9 ©) | TN feRan S @, < Srdferes worl shi on feRan St € den U arkafesh
T H R Y 9 A S 2

(i) <Y anfder WAl T AT T oifST fF 1 X — R3A g: X — R&E T
areafas wed 2, Sel X c R. @9 89 (f+g): X »> R&, @ff x ¢ X & fag,
(f+g) () =f(x) + g (x), S IR &
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(i) TR drdfger e § ¥ @ &l Fe™T UH oifse fF £ X — R e
g X > R &E T ol e &, Sel X< R. a9 87 (f— g) : X>R &
x e X, & T (fg) (x) = fix) —g(x), S IR F T

(i) Tem AfIHT W UM T AT fF £: X—>R T ardfoe o9 e § 90 o
s few B FEl kW @ wER vy fRdl ordfoss WEn 9 ¥ 99 [uEwd
oaf, XHRH Th WM 8, S (o f) ()= o f(x), x eX H gRefoa g

(iv) <@ arafaes el &l UM J adfasd werl £ X — R gt X>R &
TR (A TON) Tk e fg: XoR B, SEH (o) (x) = fix) g(x), x € X TN
wfnfod &1 59 feiger: oM off #ed T

(v) S arfaes Wl il WATRSl HF olifeie £ dem g, X—R R aRkenfua,

T Irdfaeh B €, S8l X CR. f 1 g W 9k, fo é@ﬁaﬁamﬁ%,@w

AC)
g(x)”’

30T 16 WW%J‘(}C)=;HW g(x) =2x + 1 & arEdfaes e £

g, W wfix e X Tfl%:i'g(x);tO,a? fora, [fj(x) g uRefiE 2

(f+ 8 (), (f=2) (), (72) ), (fj(x) T i

Tl TIed:
F+e) () =x +2x+1, (f-g) )= x —2x— 1,

2

(fe) ()c)=)c2 (2x + 1)=2x3+x2, {fj(x) = R ,X # _%

IEE0T 17 AF ST o fx) =[x T g(x) = x HURR arafaes denst o fag

aftenfo & wer 2, @ (F+g) (x), (F - g)(x)(fg)(x)fﬂﬁT( j(x)sn'd ST
zor el e Frefofaa wRom frew 8

f+2) )= Jx+x (-2 @ =Jx —x,
(0 Y s

=x 2,x#0
X

(f2)x = x(x)= xeﬂﬁIU
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[ womeett 2.3

. Trefafea gl o %9 9 e €27 SR 1 Sooid SIS A oY Th 6o
2, @ SHem ufter fawifig ifs:
() {(2,1),(51),(8,1),(11,1),(14,1), (17,1)}
() {(2,1),(4,2),(6,3),(8,4),(10,5), (12,6), (14,7)}
(i) {(1,3),(1,5),(2,5)}.
. Fmafafea ardfas waql o wa qen 9RER Jd FHifeg:

(i) fix)=— | (@) Ax)= \Jo—x.
. TH HeF f{x) = 2x -5 gR uftfia ?1 frefated o Am fafe:
@ f(0), @ f(), (i)  f(=3).

. Wod ¢ GfcEd qrMEE 1 BREERE dHH § gfateasor s ©, i
t(C):% e e S e o —

(i) (0) (i) 7(28) (iii) #(~10) (iv) C =1 °WM, S& ¢ (C) = 212.
. Trfafed 4 9§ g&s wed #1 afER F i

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

(i) f(x)=x>+2, x Th IRdfeeh HE&A 2

(iii) f(x)=x, x T SR T 2|

faferer 3qrgvor

SEET0T 18 HA ety T R ot Gemell w1 Sqeed ¢ Uk artash held
£ RORA flx)y=x+10 Y
ST e FIAC SR 39 e H e W) 1
& F@l, '\ <@d ? TR A0) = 10, A1) = 11, ({10)
A2) = 12, .., (10) = 20, e7fg AT f-1) = 9, ’
A=2)=8, .., fi-10) = 0, TATI C0.0)
31d: U g we o STei@ 1 SR 3 2.16 x',< 5 > X
H I9IT 7T &Y HT /
j(x)=mx+c,xeR,Q$§f@T=F V,
Hel hEadl ©, STel m Ta ¢ 3R &1 S Fer f(x)=Yx+1o
Mgk T T T IR 2

JTTeRf 2.16
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SEE0T 19 AF eitee ff R, Q@ Q "R = {(a.b): ab € QWM a—b € Z}. W
Refid, weh ey ?1 fag wifs

(i) (a,a) e REH a e Q& fau

(i) (a,b) € R acqd € T (b, @) e R

(i) (a,b) € R 3 (b,c) € R o1 ad & T (a,c) eR

g1 (1) wﬁa—a=0€Z,ﬁlﬂ@ﬁW§ﬁW%ﬁF(a,a)eR.
() (a,b) € R &1 @cad € f& a - b e Z. 39fAT, b —a € Z.
3d:, (b, a) € R
(i) (a, b) A (b,c) e RaOd € 6 a—b e Z. b—c e Z. 3He,
a—c=(a-b)+(b-c)eZ. 34, (ac) e R
AT 20 AR f={(1,1), (2,3), (0, -1), (-1,-3)}, Z ¥ 2.9 T ‘W@sh woH B, d
Sflx) Id HISQ)
T iR £k W e €, $H £(x) = mx + c. Tz HieE (1, 1), (0, —1) e R

B g8, f(1)=m+c=1aM f(0)=c=—1.398 g4 m =2 foerar @ IR 3@ ¥&R
fix)=2x-1.

x2 +3x+5
x> —5x+4

T Wid A i

3ET8L0T 21 e f(x) =

T R xSy +4=(x—4) (x—1), THAC B £, x=4 3R x= | % SR =
gofi arafas enet o fow aRenfid 21 sm: £ %1 wid R— {1, 4} 21

3arEdur 22 %ed f,

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

SN IRfE B1 f(x) 1 3er@ @it

T TR fx)=1-x,x<0, |
fod=1-(4=5
foR=1-(-3)=4,
f-2)=1-(-2)=3
f=D) =1 - (1) =2; zf%

f @)=
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A A1) =2,1(2)=3,/(3) =4
fi4) =53, Ffh flx)=x+1,x>0.

3T f 1 TG STpid 2.17 | WM €9
1 B

\
Y’, TTeRfd 2.17
T 2 YT fafaer goAraeit

x2,03x33

3x,3<x<10

1. ey f, f(x)={ TR R 2

x2,0<x<2

3x,2<x<10

Tz T oAl £ W e € 3R g e Tl @

2. g f(x)=x2, at % d hifSw)

e g, g(x)z{ SR IR 2

x +2x+1 .
3. W f(x) = 8x+12wuﬁama$rm|
4. f(x) = J(x=1) g0 ARG Srafas e £ Wid qo1 qRE M il

N

. f()=|x~1| g uRenfta aredferss e £ Wid qen 9RE 6 i)

2
X

1+ x?

=)

oM it T f={x, JaixeR}R@Rﬁ TH e @1 fH GRER

fruifia sifs)
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10.

11.

12.

Tfora

HH ST fF £, g: ROR®H: flx) =x + 1, g(x) = 2x — 3. 5 IR 2

f+g,f—gaﬁ1£amafrm|

A s f& = {(1,1), (2,3), (0.-1), (-1, -3)} ZHZ H, fix) = ax + b, T
URAMGT TH FeH €, Wl a, b. HE qUIF Fl a, b H FAuifd wifw
R={(a,b):a,beNTMag=>) g0 TR NENH, TF T R 21 F0
frefafad wem 9 82

() (a,0) eR,®H aeN, (i) (ab)eR & ad € &% (ba) e R

(i) (a.b) € R, (b,c) € R &1 @™ € % (a.c) € R?

Tk I H AT ST 1 Sfifeed off ez

oM efifeT for A={1,2,3,4}, B={1,5,9,11,15,16} 3R /= {(1,5),(2,9), (3,1), (4.5),
(2,11)}. o fTrefafaa wem g €2

() f,AYBY & Hs 21 (i) /,A¥BH TH HoH 2l

Tk U H 9 ST T SifeEcd Saensyl

HH ifeie T £, f= {(ab, a+b) :a,b € Z} 3 IRAMHA Z x Z F1 Teh STIH==d
B9 £ ZUZH Th Her 22 A0 SR 1 St off e Hifey

"M T foh A= {9,10,11,12,13}T f: AN, f(n) = n 1 HETH THA UTh
TR, aRenfa 1 f 1 9RER S| i)

qRTIT
TH A U T Geel qU1 Teld 1 STeEE {oha1 € 39 1A i g ol

& = fen @ R

¢ zwfia g fodt foxiv %A o wqfed sterEl &1 T I
¢ FHrdla U G AT B 1 FIAHE OH, T
AxB = {(ab):acA,beB} e g foxiv w1 9
RXR={(x,y):x,y € R} ?Fﬁ'{RXRXR:{(x,y,Z):x,y,ZER}
® AR (a,b)=(x,y), T a=xTA b=y
¢ AR n(A)=p A n(B) =g, nA x B) = pq.
* Axp=¢
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¢ gu=d: AxB#BxA.

G T A Y Tad BH G R, HIAF T0H A x B &1 T STz
g1 €, S A x B o fHd 7ol o g w2 x 9o f5dfia w2 p & o
fepell Weler ol afvfa shten W feman S 21
WWxaﬂ,WHRéﬁm,Hﬁﬁﬁy@ﬁT%,aﬁ(x,y)eR,
TaY R o hidd 0 o YW SR 1 G, e R 1 Ui el €l
et R o shidd i o gt ©I2ehl 1 T=ed, Gad R 1 URER el &l
e 99 AW 9= B | He £ T fafire yeR w1 Gy e €, i
U=aa A Y 1999 x 1 99 B § T IR hadl Tk Ufdfsa p gl
2 39 91 &I 8 £ A>BEl flx) =y forad B
A e £ 1 Hid q91 B SHeRT WEI el
W £ 1 URER, £ o Widfdsl 1 Sqe=d el 8
¢ fodl arsdfaesh wed o Wid e IRE AT 81 Ao Senstl & gqsad
A ST Th STHY=S Bl &:

¢ el @7 ST weF £ X — RA9 g: X — R, % fau g9 fre=fafed
Tfeamnd 39 )

(f+ &) @) =fix) + glx), x € X

(f=8 @) =f(x) -gx), x € X

(f.2) () =f(x) . (x), x € X, kHE TR 2l

k) )=k (f(x)),xeX

S VAC))
g(X) =?;,xeX,g(x)¢0

*

* & o o

* o

g gEYgTy

e TR 99U Gottfried Wilhelm Leibnitz (1646-1716 o) g ¥ 1673 |
fafga oifeq qogfef® "Methodus tangentium inversa, seu de fuctionibus” ¥
uReAferd g37 B 1 Leibnitz ¥ 38 91s% o1 YA SAfageiomcdes o9 § fohan 1 =4
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Tfora

e Wl T Rl qen ‘HEeErl’ o Ul R S Wl Tk ok o &9 H
sAferenfeqa feman 2

e 5, ¥ 1698 H John Bernoulli § Leibnitz & fa@ T 791 # wgat ar
Fforefia &9 ¥ wer vk 1 foweiyoners e 7 fafere yam i fren 21 s+
T8 H Leibnitz 7 379 FeAfd g9id gC S ot 3 fam em

TS A H %o (Function) ¥16% 99 1779 & Chamber's Cyclopaedia
o U a1 €1 SIS | e 3168 Sl YA =X TR SR e st feen
R g HgE ®9 W 5 foveivuesh eHieht o ferg fehen e 2

4

 —
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