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(Relations and Functions)

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

2.1 ‘{hil?r (Introduction)

TIforq <1 efershier Rt Yo sterfq aRedeie TferE o
AR (T ) hieal 1 96 i % a1 ° 1 TR
fep Sftem o, &0 el i [ W 9l 3 Uel o
IR H S, S 9E SR wed, e iR A, teAk SR
faenefl genfz) wfog & off 29 g 9 dew e € S
"G m, &A1 n, @@?ﬁ%', ‘a1, m,av_ﬂtlf?ﬂ%’,
‘T A, T B 1 SuETeEd €1 3 9t o 89 <ed
¢ for forelt daw o UR g wfiwfed B & foes wes T
ffv=a w1 o e €1 38 eI o en ' f fhe ger
T T o GE@ o I AT S Thd € IR R 39

i A A A H A A e e g (lngﬁejz':‘;)

FHAN Ad §, 70 W fauie Faei o ar § S, 5w a9
o Mg T Held HT TR T H 3Td Hewaqul © Fifer T8 Tk 9% 9 38 a5
o o= TOIER FeTaes Saal o foer 1 SAuge st |

2 'HW T R IO (Cartesian Product of Sets)
A offST R A, S TR & T w1 3R B, €1 a&geti 1 aq==a €, stufq
A= {@d, Fem R B={h,c,s},
Gﬁb,cﬁsmzwwaﬂ,ﬁ?ﬁ?mﬁﬁﬁm c
F 21 T I Il ¥ fhad YR 1 Tl oawgeti o g A S p
Fhd B2 HHEG alieh © WG i U B9 SEd © T frefatad 6
for1- o 7w o B 1 (@, b), (ST, ¢), (ST, 5), (e, B), (e, ¢), T o
(e, 5)1 39 YR B 6 Fa=1-foa=1 aeqd Wi et € (STeRfd 2.1)1 3TeRfa 2.1
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Tell smenetl § TRl SIS {6, T HiHa g, el o 9 I 8, f59 o Hrss
T forad € ot fenl wh @ @ ot favm o0 o ggfea foran s € eweid (p,g),
pe PR g e QI8 Frfafad afamm & e feran w1 Hehar 2

uftamer 1 e Tg=aal Paen Q 1 HTd AP x Q 39 9l witd i &6
qy=ad ¢, bl 9em e P9 qen fgdid sew Q, § et Sl S Wehdl €1 37
PxQ={(pqg:p €P g €Q}

I PAQH @ wiE i o wqee 2, @ S9h1 wrid oA ft e S 8 €,

A P x Q= ¢
ST T2d 9 eH 9 ? T
A x B = {(A1A,b), (AT€,c), (Ae,s), (Fetl,b), (et c), (Fets)} |
: frfafed 1 ag==ei | fo=r Fifsm)
A= {DL, MP, KA}, el DL, MP, KA feeeft, Hea wawr, den 03
ek 1 Freftd #d € @R B = {01,02, 03} %A9: fKeelt, mem 02
939 SR HeAleeh R Mg & foerq S eiedy wie %t ekt 01
et ke W € DL MP KA
i dF w9 fioelt, 9ea w_w SR HHfew, mieaA &
ARHY @i o foTu Hohd Ugfd (Hehfaent) 9 Wfdael o |l a1 AFH 2.2
R &l o Tohd Ugfd, Tq=sa A S 2999 4 URY &1, @ 37 99==d 9 W g 9 I
®H W ¥ q1 31 T I el GEA fohat € (3Mephd 2.2) 72
W BH ol g 3@ R ®, (DL,01), (DL,02), (DL,03), (MP,01), (MP,02),
(MP,03), (KA,01), (KA,02), (KA,03) 3R Tq==g A a2l Gq== B &1 H1did 0 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 © @ W GHA & F FEE TH H 39 TER 9 gm & O
Fiifer Tq==a AR BH ¥ Y W 3 3797 &1 399 B4 9 Hud Hohd b,
wgft faerd 1 g7 off e FINT & o sEEal & g™ T9H B %A b,
Hewerqui (Foifeer) 21 Seew & fery Wishfash w@m (DL, 01) ai&l =&l ‘
2 S "iskfas @@ (01, DL) B a4 @
S H T o fAU WYeEa A= {a, a,) 3R TR 2.3
B={b,b,b, b} R =R Hifw (smpfa 2.3)1 7=

AxB ={(a,b),(a,b,), (a,b,), (a,b,), (a,Db),(a,b), (a,b,), (a,b,)}.
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I A IR B, ar&dferes Genstl o Tq=ed o SYHY=E €, dl 39 YR UK 8 shitd
g feret wwae o faget &1 feufa frefua o 2 qon 98 w1 8 7 (a0, b) W feom
fa3, (b, a,) W feom fag @ fo €

() < HiHd T THE e €, AR AR haet A STk WA Y| Sk qHH
B SR Wa fgdfta w2 off T @)
(i) = AH p 3= 91 B H ¢ 3576 €, @ AX B H pg 3¥od i ® e
IR n(A) =p T n(B)=¢q, @ n(A X B) = pq.
(i) 9% Aden B eifed Oge=a ® SR AW BH 9 & oRfya ®, @
A x B ¥ rafifird wq=== e 2
(iv) AxAxA={(a b,c):a b cOA}.T& (a b, c) & HiFd &
FHEA B
SEET 1 AR (x+1,y-2)=(3,1), @ x 3R y ok HH T HIfSQ
Tl Fifer Hid T9 g9H 7, safely 9rd e ot g g
I1a: x+1=3 &R y-2=1.
T HE W =2 Wy = 3.
SETET0T 2 P={a, b, c} 3IRQ= {r},dl P X QM Q X P I HIfSTT| &1 S kIt
O WA §?
T I T T AR 9
PXQ= {(a,r), (b, 1), (c,)} FRQXP= {(r,a), (r, b), (r, )}
iR, Shifa Tl sl THHA 1 IRAS W, I (a, ) T (, @), o FHE & & 3R
I 10 HE OE o Yed I o fow on) B 2, o 70 freed e © fw
PxQ#QxP
Y, Goish W=ad W Sradel %1 §ed §hE 2l
SETET0T 3 UM ofifST R A = {1,2,3}, B = (3.4} 3IRC = {4,5,6}. Frefafaa m shifsg:
() Ax@BnC) () (AxB)n (AxC)
(i) Ax(BOC) (iv) (AxB)O(AxC)
g (1) < Y= o HaATsS & AR ¥ (B n 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}

3Ad: 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 BT A X C @9g=9di & ¥4 4 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)}.

SEETOT 4 ARP = (1,2}, q I=IF P X P X P 1 Hifu]

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 dr&ifosh H@AS 1 @=Id ¥, d & UH R x R 3R

R x R x R #11 Fefud s 22

FAT BT TOH R X R =9 R x R={(x, y) : x, y [R }

o1 Frefia sear 8, foraent e fgfom gnfte o fagen & sl &l yehe w0 & fog

fohan ST 81 RXRXREF=9d RXRXR={(x,y,2):x, y,z R}

1 frefya e €, fraen yam Sfadia s o fogei o il w1 ywme ¢ &

fora femen S 21

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

T A=TUH WH H I = {p, m}

B = fgdta wieshil &1 9=ad = {q, r}.

| womaett 2.1

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

2. A geea AT 3 fagd € 9O U=EAB = {3, 4, 5}, @ (AXB) ® 3l
&A1 A1d HifSu)

3. A G={7,8} N H=1{5,4,2}, WG x H3R H xG 7 Hifery

4. 9ot fok frefafed o § 9 90® 9 © 3199 39 21 A wU STE
2, d fau U FHem w el s L fafEu)
() TP = {m, n} RQ = { n, m},q PXQ= {(m, n),(n, m)}.
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(ii) AME A 3R B e wq==9 €, @ A x B&%ud I (x, y) 1 Th A
TesT ®, 39 YhR fhx € AT p € B.
(iii) € A= {1,2},B={3,4}, WA x (BN ¢) =o.

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

6. a AxB={(a,x)a,y), (b, x),(b,y)} d AT B T@ i

7. WA NST TR A={1,2},B={1,2,3,4},C={5,6} a1 D= {5,6,7, 8}. G
it fo
()Ax (BN C)=(AxB)N(AxC). (i) AxC,B x Dl Tk ST&H== 2|

8. WM ofifiw fF A= (1,2} 3R B={3,4}. AxBfaf@u AxB& fra
SUH= BiM? TR G AU

9. WM ofifST fF A 3R B 9g==a ®, el n(A) =3 3R n(B) =2. 3k (x, 1),
(1,2), (z, 1), Ax BH €, d AR B, sl o *ifsw, S&l x, y 3R z f=-fa=
T B

10. T O Ax AW 9 3fed €, f5H (~1,0) e (0,1) o 81 T==g A 4 HifST
Tl Ax ASh I Tagd ot Fq sifaq)

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

319 BH Y hiAd g8 (x,y) °h YoIH ¥ x TN fgdia Bieh y oF &= Tk qay
R i X P x Q &1 Th IUHT=a 3@ WhR WKl ol 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-femon, fo diR e wed €, emgfa 2.4 o weidfd 2

gftamr 2 fRd afea 9==9 A ¥ ifled 9q=ed B W HaY &g 0

A x Bl T U= Bl € T€ SUHY=AT A x B o Hufd Il o yud o fgdid
TZH! oh T Th G TN 3 W W el 21 fgda seek, o ek w1 wfafsrs

e 2l

o Ali
eBhanu
eBinoy

eChandra
eDivya
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Ui 3 9Y=ud A Y S=ad BH 9aY R % hidd Il oh Al YH Th! o G
%1 Feel R 1 91q Fed &l

UfRaTT 4 9= A4 999 B H Had R o ®iad g o 99t fgdia el & aq=aa
%1 Hay R o1 IREL ed &1 Tq==9 B Ha¥ R 1 ¥e-9ld hedw | T S fF,
TRER < &9

(i) Wk wer 1 <frfr freaor = A I fafr = wegeea fmtor fafer
SR R ST weha R
(i) T IR @ et Gew w1 T gite famrmr 2

SEEC0T 7HM Wit fF A= {1,2,3,4,5,6}. R={(x,y):y=x+1} SWAHA
¥ T Hay gRefd Hifs)

() 39 HaY &l Th IR 3@ gRI <00

(i) R Wid, HeWid a1 IR fafaw)
el (i) aftamen gra

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

(ii) T9 3@ THhd ¢ T verm st
1 T AU Wa={1, 2, 3, 4, 5,} g4t
TR, fgdt™ Tkl 1 Tg==a i IRER JMERFA 2.5
={2,3,4,5, 670 Wewid={1,2,3,4,5,6}.

SETET0T 8 Hie 3Tepfd 2.6 W HHEE P IR Qo oW Ueh HaY AT T €| T T
1 (i) "= i w9 § (ii) U= w9 ¥ fafgy) geer wia qen 9RE = 22

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

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

TH GaY 1 q@ {4, 9, 25} B

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

e wifee foh ofa@a 1, Por fordt ot sto9a

Y gefud T @ qo1 ggeed Q T e

TEYid B
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fordl T=ma A 9 S=aa BH Haul &l | 9&A, 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 20 B B

SETET0T 9 HE ST i A= {1,2} SR B={3,4}. A% BY Haell 1 G A sifer)
o T AXB={(1,3),(1,4), (2,3), (2, 4)}.

FifH n (AXB ) = 4, THAT AXB & SUT=EEl i GE&A 2¢2| WU AY B
Teul i FEA 2¢ B

[ fewofi | A @ A % Gou &1 ‘A W Fay' o FEd 2
| woereRt 2.2 |

1. oH offee o6 A= {1,2,3,..,14}.R={(x,») : 3x—y=0, 5@ x,y DA} §N, A
Y AW T Hay R fafaw) suer wid, wewia iR 9ier fafau)

2. Tehd GEAel o 9=ad W R={(x,y):y= x+5,x & 4 ¥ %4, TH Whd
FET ?, x, y ONJEN Tk @ae R 9Rfd ifsw) 38 dey i (i) T &9 o
TEeh Wid 3R IRER fefem)

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

4. P 2.7, I==F P ¥ Q F TH
ey Uil €1 59 Hed !

() o= i €9 (ji) T=X €9 §
fafay| s@en wiq qen qRER = €2

5. A wifse R A= {1,2,3,4,6}. 51
wfifsT f% R, AR {(a, b): a, b 0A,
& o 9@ b H1 guE@EY faaifem
Fdl 2y g uffia Tk He 2
(i) R =X &9 H fafae
(i) R T Wid AG SHifTQ
(i) R T IRE A1@ HIFSQ)

6. R={(x,x +5):x0{0, 1,2, 3,4, 557 qRefoq Hsier R & wia X qiER
T shifa)




gaY Td Ho 35

7. HEIR = {(x,x%) : x W& 10 ¥ T Th J9GT G 8} &l WX & ¥ fafay

8. WA offSe f&F A= {x,y,z} 3R B={1,2}, A¥ B Helell 1 T&A A Hifery

9. WM WY SRR, ZW, R={(a,b): a, b € Z,a— b Tk Yol &}, §RI URAIEG Toh
Fey 1 R iq qe 9RE o i)

2.4 e (Function)

T =% H, B9 U fo9iT WehR o GaY w1 31 i, fo et shed 81 89 ol
#1 T a9 o w9 § 3@ Thd €, e 9 Ky gu seel 9 U segd Sa B
&1 e 1 gfad S o AU o 1% W R S ¥, S Cfafes’ steren ‘wfafeeor’
RS 5 Uk e AW ead B Hed, f Teh el shedrd €, 9% qqeEd A
o Yol U 1 GEEd B W, Tk 3R chael Uk Widfss el B

TR IR o, Her £, frdt e aue=aa A9 U e 9g==d B &1 €, 39 YK
&1 Heie foh £ Wid AR q £ ok fopddl ot 91 o wiaa gl o vem wesk @HH
& 2

IfE £, AW B Uk %o © Q901 (a,b) € £ f(a)=b, &l bl f o Hawld
a 1 I qe ¢ H b H1 'Ud wlated’ wed 7
A B e f o Ydlehids &9 § £ A D B Y el & 2

e STl W M 34 ¥ eH WRerdl | 3Ed § o Seeer 7 | o weiw uh
T e ®, wAlfeh ST 6 1 w1 Afafad T 2

T ST 8 A Fee Tk Herd T 7 Hifh 39k UId o $ STae o Th
¥ atfuer wfdfsa &) SR 9 ot wem T B ()1 e fiu seewn § wgd 9
e W foar w8, 9 o $8 Bor ? 3R TR hed Tl 2
SETETOT 10 OF AT foh N qrehd Gemsti 1 gq==a © 3 N W uRefod ueh Hey
RSHW%ﬁFR={(x,y):y=2x,x,yeN}.

R & Wid, T&9q qe IREX 1 €2 F I8 e, Th He 872
&l R 1 Wid, Wiehd HE&mstl &1 Tg==a N €| 3T Teid ot N 21 91 ufeR 99
Wehd HEAST %1 Y= 2

Hifh Ueieh Wighd HE&AT n k1 T 3N shedl Tk € Uidfed €, UG 98 Heel
T e 2l
SEETOT 11 e fRu wEdl | o yoe 1 e wifey 8k yele <en | R "ied
AN foh M T8 T & SrerE T2

@H R={(2,1),3,1),4.2)}, (()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 3199d 2, 3, 4 ok Widfae aifgda €, safey a8 dey

Th He B

(i) =fw wh & yuw feFe 2, & fae=-fae wfdfssi 2 @ik 4 @ wafud 2,
TEfAT 78 Hey Th Ho e B

(i) TR Tk STeFd 1 Tk 3R ohedl Teh Widfed 8, THT 98 Had Th
T B

TR 6 TH TH W i fSEe IR ardfas Sensti &1 9q=ad a1 STHT hIe
IUHYEEA B, afaes W Bl $Ed B A% arkifesh =X drel el aredfaes W
e T Wid o arfas HEsl &1 THTad Adl IHHT His SuNYead & df 39
qrfaeh Wl off wed B

Saretor 12 O ofifse fF N arafas gemstt &1 @g==a 21 f: N > N,
F(x)=2x+ 1, R0 YR Tk arEifersh HF Her @1 39 URHST 1 WA ieh, Hd
T TR *T gl wifs)

X 1 2 3 4 5 6 7
ylry=_lro=re=lr@a=_|r&=lre) = r=.
&l gl w1 g wroft e @ T R
x 1 2 3 4 5 6 7

y | =3[ fQ=5|fC)=T[f(H=9[f5)=11|f(6)=13] f(7)=15

2.4.1 FB W 3 IR MG (Some X
functions and their graphs)

(i) EHh T (Identity function) HH
AT R arfas G&aet & 9q=ad
%Iy=f(x),‘5l?ﬁ7>ﬁxeR§mqﬁﬂTﬁﬁX,
aT&dfersh 7 He f: R — R 21 39
Tk o el i AedHeh et hed
&1 I8l W £ o iq qen 9RER R R
TR MG TH O @ Bl ©

(eTepfd 2.8)1 I® @1 Ha fog 9 v
GO G fI=x " grepfa 2.8

-8 —6 -4 2
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(i) IT=T Wwe (Constant function) y = f (x)=c5|%5f ¢ TH IR T R YIS
x 0 R gR1 qRfia weh arsfass 99 %o £ R — R¥1 T80 W £ 1 Wid R 8 3R Sl
IRE {c} B £ 1 A x-318T o G Th 1@ 8, IS0 o foig 4 f{x)=3 Teish
x OR €, o SEh1 e 3ehia 2.9 H <30E @ 2|

Y
N

N

v

8
6--
4
2

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

v
Y/
fx)=3

3TTeRTd 2.9
(i) SEUE Werd AT IgUEHA Werd (Polynomial function) e f: R - R, T&H
TEIE FEH HEA €, AR R F TAF xF A, y = f()=a,+ax +a
+.tax, Sl n T RO t[\UTYEF 2 qen a, a,, a,,....a LIR.
flx) =23 — x>+ 2, 3 g(x) =x* + /2 x, 5 IR Felt Teh IgILT BoH € S« TR

2
h(x) = x* + 2x R URAIG Wer h, qg9ET e Tl gl ()

FEEIOT 13 y =fix)=x% x JREW & £ R — R, i aReen *ifsw 38 aRemn
T IR Yok A= < T AIfernt | g0 HIE 59 e w1 9id qen IRE @ 2 f
&1 e ot Eifeu)

X a4l 3| 2 afof 1| 2] 3| 4
y=fo) =2
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T I T g e A= @ T 2
X 43| 2|10 1] 2]3]| 4

y=fm=x|16] 9o al 1o 1| 4] 9] 16

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

Y

f(x)‘ix2 a@ﬁr 2.10
FETEUT 14 f(x) = x3, xR g/ IRAMYG e f:R — R HT 3er@ @ifau)
T MW W
A0)=0,A1) =1, fi-1) =—1, A2) = 8, A-2) =8, A3) =27; -3) =27, TAMI

Y

S=A{(x): xUR} fop1
3erE 3TeRfd 2.11 |
= T R
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Sx)
g(x)
TH Wid |, x % qRa sgadE wer €, S g(x) # 0 TREE wer wea €

(iv) UR™T wes (Rational functions) , % TR o e SRl fx) 3 g(x)

SEEI0T 15 U gdfge WM ®ed £ R — {0} —> R &1 R f(x)=§,

x € R—{0} G HIfST| 3§ TRAT o1 YAN H¥en (fArEd arfeent i qoi Hifsel 39
e 1 Wid qel GREL I 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 1] 15 |2

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

THHT id, A o Afafie quE aredfass Gead € den g8kt qRER off v o stfafie
FOE (e WA € f 1 ST STehTd 2.12 § YRRl 2l
Y
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(v) Wik ®e (Modulus functions) f{x) = |x| 9&® x € R g IR Fed
£ R—>R, AT el H8all 81 x o Fedeh BURR 0M o feTy f(x), x o aXeR 8l
21 W x % MU AE o TAU, fx) B HA x, % HH % FON o a¥eR el €, i

x,x>0

—x,x<0

f(X)={

HMaleh Her 1 3Mei@ 3Tehfa 2.13 | a1 ®| "iaieh wer &l Feuy /M werm ot
Fed Bl

Y

Six) = x|

3TTeRfd 2.13
(vij  Torg wer (Signum functions) 7&% x €R, & fag

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

X'€ > X
0
g gRefd e fR—R fog ®ed wgamr 21 p=-1 (—\{—1
g e @1 Wid R 21 9RER ¥ {1, 0, 1}
Tl 2.14 ¥ Tog e 1 e < @ 2 i Y

. S = AR x#0 7 0 afk x=0
(vi) WETHW YUTieh Wed (Greatest integer
functions) f(x) = [x], x €R g 9RAMT FHeH AT 2.14
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FR—>R x¥ FH a0 x % e T YUlick T AH T (¥RT) Il & TH e
HewH YuTieh el Heeldl ¢
[x], 1 R ¥ g9 <@ Wehd € TR
[x]=-13AC-1<x<0
[x]= 0FO<x<1
[x]= 13af1<x<2

[x]= 23fF2<x <3zl
TH He H1 A SRl 2.15 § g9aAr w4 2l

Sx) = [x]
JTTeRfA 2.15

2.4.2 arfaes werEl T SISFIUTT (Algebra of real functions) 39 3T =% |, &4
UrEm o forg YR <1 arkdfash ol i gl Sl §, Ush ar&dfesh Held il ga o
T I W ], Th Adfash e i R sifser (Tt enfaw w1 ey arfas
T 9 ) | TN feRan a1 ], < Srdfereh wori shi N feRan St € den U arkafesh
T H R Y 9 A S 2

(i) <Y anAfder el T AT T ST fF 1 X — R3A g: X - R&E T
aredfas wed ©, Sel X c R. 99 89 (f+g): X »> R&, @ff x ¢ X & fag,
(f+g) () =f(x) + g (x), S IR &
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(i) TR drdfger wed § ¥ @ &l Fe™T 9H ofifse fF £ X — R e
g X > R &E T ol e &, Sel X< R. T 87 (f— g) : X>R & @i
x e X, & T (fg) (x) = fix) —g(x), S IR F T

(i) Tem AfIIT W UM T AT fF £: X—>R T ardfoe O e § 9 o
s few B Bl kW @ wER vy fRdl ol gEn 9 ¥ q9 [uEwd
of, XGRH Tk ®eH 2, S (0f) () = o f(x), x eX d uRefea eiar 21

(iv) <@ arafaes el &l UE J adfas werl £ X — RS gt X>R &
TR (A TOM) Tk e fg: XoR B, S EH (o) (x) = fix) g(x), x € X TN
wfnfid 71 59 feiger: oM off #ed T

(v) S arfaes Wl il WATRST HF ofifeie & £ dem g, X—R R uRkenfua,

S Irdfaeh B €, S8l X CR. £ 61 g ¥ ke, fo é@ﬁ*@ﬁamﬁ%,@w

_S®
g(x)’

30T 16 WW%J‘(}C)=)CZH9JT g(x) =2x + 1 § arEdfas e &

g, W wfix e X Tfl%:i'g(x);tO,a? fera, {gj(x) g uRefiE 2

(F+2) (), (F—2) (), (2) ), [f ju) A Fifem)
Tl TIed:
(F+e) () =x +2x+1, (f-g) )= x —2x— 1,
X’ 1

(fe) ()c)=)c2 (2x + 1)=2x3+x2, [fj(x) = il X # _E

IEE0T 17 °AF ST & fx) = 5 T g(x) = x HURR arafaes denst o fag

aftefom & wer 2, @ (F+g) (x), (F - g)(x)(fg)(x)fﬂﬁT( j(x)sn'd ST
zor el e Frefofea wRom fred

f+2) W)= Jx+x (-2 @ =Jx —x,
(0 Fx_

=x 2,x#0
X

(f2)x = x(x)= xeﬂﬁIU
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1. Trefafed dael o o 9 wer 82 SR 1 Sooid HITSUul i Jay T Hed

2, @ 3He iR fuifa it
() {(2,1),(5,1),(8,1), (11,1),(14,1), (17,1)}

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

(i) {(1,3),(1,5),(2,5)}.

2. TAfafag arcfas e o Wid 9o IR Jd Sife:

i) fx) =[x (i) fx)=9-x*.
3. Tk Hed flx) = 2x —5 g gRefvd 31 Frefafea o am fafe:
@) f(0), @@ 1), (i) f(=3).

4. ®ed ‘¢ SfedT® qUHE %1 ®REEES d9EH § yfafesor &ear ®, S

t(C):% 32 g g ¥ Frefatan @ w

(i) (0) (i) 7(28) (iii) ¢(~10) (iv) C =1 °WM, S& ¢ (C)=212.
5. fmafafad § 9 9% wed &1 R Td Sife:

() f(x)=2-3x,xeR x>0.
() f(x)=x>+2, x T ar&iios q& 2l
(i) f(x)=x, x T IdlIH G T

fafaer 3qrgyor

SEETOT 18 HH ofifSy fF R ordfas q@me &1 eed B Uk aniash wed

FROR& flx)=x+ 10

B R SIfST R 39 e &1 e Tirag)
T W@, B9 2@d © Tk A0) = 10, A1) = 11,
A2) = 12, ..., f(10) = 20, anfg & f(-1) = 9,
f=2)=38, ..., f(~10) = 0, AT

31d: XU BT o oF STer@ 1 TR 3THI 2.16
o eIfT T ®9 A1 S

j(x)=mx+c,xeR,Q$§f@T=F

o FEA §, Sal m T ¢ TR 2| ST el
ek T T T IR 2

(-10, 0)

N

Y7

v
Y/
Sfx)=x+10

ITTeRf 2.16
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SEE0T 19 AF ofitee ff R, Q@ Q R = {(a.b): ab € QUWMa—b € Z}. 51
Rt T ey 21 fag wifs

(i) (a,a) e REH a € Qo faw

(i) (a,b) € R acqd € T (b, a) e R

(i) (a,b) € R 3 (b,c) € R1 ad & T (a,c) eR

g1 (1) ﬁﬁFa—a=OeZ,ﬁlﬂ@ﬁW§ﬁW%ﬁF(a,a)eR.
(i) (a,b) € R&1 arcyd € f& a—b e Z. 39fAY, b —a € Z.
3ds, (b,a) € R
(i) (a, b) TN (b,c) e RAHE € T a—b e Z.b— ¢ e Z. TEf,
a—c=(a-b)+(b-c)eZ. 34, (ac) e R

FEETOT 20 AR = {(1,1), (2,3), (0, 1), (-1,-3)}, Z ¥ ZH T ‘@ wer €,
F e EN e

Tl i fTH Fawk weH 7, AT £(x) = mx + c. [: Hifw (1,1),(0,—1) e R
Bl WA, f(1)=m+c=1aM f(0)=c=—1.398 T4 m =2 foerar @ 3R 3@ ¥&R
fix)=2x-1.

x2 +3x+5
x2—5x+4

T R X Sx+4=(x—4) (x—1), THAC B £, x=4 3R x= | % SR =
gofi arafas genet o fou aRenfyd ©1 sm: £ %1 wid R— {1, 4} 21

3arEdur 22 %ed f,

T Wd A1 I

3ET8L0T 21 ®ed f(x) =

1-x, x<0

="

x+1, x>0
SN URfE 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;Ff%

, x=0



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

e 2 W fafay goraet

x2,03x33

3x,3<x<10

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

x? ,0<x<2

3x,2<x<10

Tz foh oAl £ Wb e € 3R g e Tl @l

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

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

——————— 1 id 9 hifSq|
x_

. fx) = J(x=1) g0 uRfe arafass we AT Wid den 9RER Fd St
. f)=|x—1| gr uRenfoa aredferss e £ Wid qen 9RE A6 i)

N

n

2
X

1+ x?

=)

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

fruifia sifs)
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10.

11.

12.

Tfora

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

f+g,f—g3ﬁ1§3ﬂ'd i

A s f& = {(1,1), (2,3), (0.-1), (-1, -3)} ZHZH, fix) = ax + b, T
URAMT T FeH €, Wl a, b. HE qUIF Fl a, b w1 T wifw
R={(a,b):a,beNTMag=5) g0 TR NENH, TF daa R 21 F0
frefafad wem 9 82

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

(i) (a,b) € R, (by) € R &1 acd € fF (a,c) € R?
Tk I H AT ST 1 Sfifee off saensu
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 frefafaa wem g €2

() f,AUBY & "9 81 (i) /,AYBH Th HeH &l
Tk U H 9+ ST o Sifecd Sdensy)
M AT 6 £, f= {(ab, a+b):a, b € Z} §R IR Z x Z 1 Tk STGH=
B9 £ ZUZ T Tk Her 22 0 SR 1 St off e ity
"M T foh A= {9,10,11,12,13}T0 f: A—>N, f(n) = n 1 HETH THSA TR
5N, aRefyd ?1 f o 9E T Hifew)

qRTST
TH A U T Geel qU1 el 1 eI {oha1 €| 59 1A i g ol

& = fen s @ R

¢ wfia g fodl foxia A o wqfed sferEl *1 T I
¢ FHrdla U G AT B 1 FAHE UM, T
AxB = {(ab):acA,beB} e g foxiw w1 9
R *xR={(x,y):x,y € R} ?Fﬁ'{RXRXR:{(x,y,Z):x,y,ZER}
® AR (4, b)=(x,y), T a=xTA b=y
¢ AR n(A)=p A n(B)=gq,d nA x B) = pq.
* Axp=¢
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¢ gu=d: AxB#BxA.

GaeT T = A Y T9d BH Gy R, HIAF T0H A x B &1 T ST
g1 €, fS A x B o fid 7ol o g w2 x 9o f5fia w2 p & o
fopell Weler ol aifvfa shten W feman S 21
ﬁh_{:ﬁWxaﬂ,WHRéﬁm,Hﬁﬁﬁy@ﬁT%,aﬁ(x,y)eR,
Ted R o HiTd T o JUH U B G, HaY R HT Tid e <
Teel R o hidd g o fgdia el %1 g, Gad R 1 9RE e 2l
T G=9T A Y U= B W el £ T fafiTe YR o1 e g g, forew
eI Ach Uoieh 199 x 1 G==d B ¥ T 31R hdcl Tk Hfdfad p gl
%WW@%’H}?A—)EH@? f(x)=yf?*l’@ﬁ%ll
A e £ 1 Hid 991 B SHeRT WEId il
T £ 1 URER, £ o Widtdsl 1 Sq=ad el 8
¢ frdt srdfass wer o 9id 9o aREL A B ardfos Wensl s gHeed
ST ITHT Th STHY=IT Bl ¢

¢ e @7 ST W f: X — RA g: X — R, % fau g9 fe=fafed
Tfeamnd 39 7

(f+g) (x) =fix) + g(x), x € X

(f-8 () =f(x) —gx), x € X

(f2) () =/ (x) g (1), x € X, k BT TR I

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

S VAC))
E(x) =?§§),xeX,g(x)¢0

*

* & o o

* o

ofdeTfass g=yfir
e TR Fa9eH Gottfried Wilhelm Leibnitz (1646-1716 o) g ¥ 1673 |

fafaa ifed awgfafd "Methodus tangentium inversa, seu de fuctionibus" H
uReAferd g37 ®1 Leibnitz 5 38 91e% o1 YA SAfageiomcdes o9 § fehan 81 =4
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Tfora

e Wl T e qen ‘HEerl’ o Ul R S Wl Tk ok oh &9 H
sAferenfeqa fmam 2

e 5, 1 1698 ¥ John Bernoulli § Leibnitz i fa@ T 791 # 9galt ar
Fforefia &9 ¥ wer w1 foeiyoners e § fafere yam i fren 21 s+
A8 H Leibnitz 7 379 FeAfd s9id gC S ot 3 fam em

3Tt A H %o (Function) ¥16% 99 1779 & Chamber's Cyclopaedia
o U a1 €1 SIS | e 3168 Sl SAN =X TR SR Hemed e feen
R g g ®9 W 5 foveivuedsh eFeht o ferg feran e 2

4

 —



