ey T Hed
(Relations and Functions)

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

2.1 yfert (Introduction)
TIora 1 StfereRTer T Y sreriq aRtedeier Uit o e iR (e A ) Sl S W wH & aR A
21 TR e Sftaq o, B9 el &l Taf[ e orel 3 Yol o an § Wi €,
Y 9 SR e, frar ok g, stedes SR ferenedt genfe) it ® off & wgd @
Geiel firerd & S CH@A m, W& 1, W B R, W@ L, W m, o G R, T
A, TI=7 B %1 SUqg=" 2’| 31 9+l # €9 d@d € o forelt waw w U@ g
wftAferd g € fen seh W fifvea %0 9 g9 €1 58 e1erm § Ba g fr fee
YehR & HY=eEl o WEEl oh I S S HWehd © R TR SA gl § e A
T TEEA ok e o ATl HelHl Rl e S| 3fq o, en Ut fav deul o
IR § ST, S Fel S o A &) e i UiehedHl i § stedd wewegul €
FHifh I8 Th a5 ¥ A 9] o o= IUAHER Foraed Sad o fa=ar @
AfTrET HId 2

2% 'FIWTI'T EalcaGipd T (Cartesian Product of Sets) G.W.Leibnitz
oM AT foF A, S TR o T 1 R B, asgei w1 wead €, arefq (1646-1716 A.D.)
A = [&d, Fem @] B = {b, c, s},

SET b, ¢ AR s HHAN: ToHe oo™ a7, i 3R S & &g W €1 <A gg=aEl 9 fhad 1R
1 T a&gafl o g8 S ST Hehdl 82 SHag aiieh ¥ WG hid §U ed <@d § foh feafafad s
6 Tor=-fo=t 77 i e B 1 (A1, b), (AT, ¢), (A1, ), (e, b), (e, ¢), (Fell, 5)1 39 FThR ¢
7 6 fam-fo aeqd T et § (ST 2.1)1 b
Tiell wmensti ¥ TR I foh, T it I, @l 1 9 0 8, f50 ok wies o faad &
& 3R fTeh! ok TR @ forelt fadiw m o wfea foben <1 @ @19 (pg), pe PR ge Q1 001 e
70 fefafad it @ e ffan s g 2 3R 2.1

aftarer 1 9 eAfted Tg==E P Aol Q 1 S U P x Q 7 |+t it Il w1 w=aa €, Tl wew
T2 P Y o fgdid ses Q, ¥ oieht S S Hehdl B 37
PXQ={(pq9:p ePqgeQ}
g PAIQH W wiE ff Rem w=ad B, dl S¥h1 hrdta oA o R Ty e €, Ui Px Q=0
ST T2d ¥ eH 9Fd @ fR
A X B = {(A@,b), (ATE,¢), (AT,s), (Fe,b), (et c), (Fet,s)} |
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A: Frfafed 1 ag==e | fo=r Fifsm) 03
A= {DL, MP,KA}, Si&l DL, MP, KA feeeft, 5eg e91, qef shiesh o1 fefud wed & 02
R B = {01,02, 03 )}5H91: foell, 7o W 3R wdiesh g Mgl o fou it @EdE 01
W I Hichldh FEAT Yehe HId 2 »
i o e, o 2 e e, e g e fo gy DL MP KA
(Terfaet) T8 wfqe o @1t a1 @ B fF Wohd usfa, =g AR eEEd W URY @, TmeRfa 2.2
A 3 T W W BN A I HH Y E a1 3 B ol W Tt § (ST 2.2)2
W B STl 97 39 YR €, (DL,01), (DL,02), (DL,03), (MP,01), (MP,02), (MP,03), (KA,01), (KA,02),
(KA,03) 3R == A 91 Tq==9 B &1 a4 0 56 YR &,
A x B = {(DL,01), (DL,02), (DL,03), (MP,01), (MP,02), (MP,03), (KA,01), (KA,02), b,
(KA,03)}. b,
7€ T | @ W HHA ¢ FTA O H 36 YRR 9 I € il Gead AR B p,
# Y e | 3 o €1 T T 9 He ehd s et €1 e o e Hif 5 s g
o 9T M 1 %A Hewaqul (o) 21 Ss@on o faw wiskfash @ (DL, 01) 581 =& €

S wiesfass & (01, DL) B a @
A H TR o AT W A= (a, a,) 3R TTeRfa 2.3
B={b,b,b,b,) R fa=r U (P 2.3)1 ==l
AXB ={(a,b), (a,b), (a,b), (a,b), (a,b), (a,b), (@, b), (a,b)).

Ifg A 3R B, arsifash gemsti o qgeed o STaeed 8, df 39 YhR U 8 shifa g Tl gaaet o feigafi
&1 feofq frefua & € 7o 98 o= 2 & (a, b,) W foom {63, (b, ¢) W feom fog & fam 2

() T wia g8 THH B €, 97 IR shael AE Seh WA YoM Seh THM 8 3R T fgde sew

ft 79M =i

(i) =A™ p =@ 921 B W ¢ 1@9d €, @l AXB W pg 31999 B € @19 A n(A) = p a7 n(B)
=g, @ n(AXB)=pq.

(i) af% Aden B i g== € IR A9 BH ¥ & uRfHd 8, @ Ax B+t maRfia gy e
2l

(iv) AxAxA={(ab,c):a b ce A).T& (a,b,c)TH Hiaa Bk Heaw 2|

FEETOT 1 AR (x+ 1, y—2) = (3,1), @ x 3 y ok I @ Hifo)

Tol Fifeh Had 9 TaH 7, safde g ek off gue e

3T x+1=3 3R y-2=1

WA FH W x:23ﬁ'{y=3.

AT 297 P={a, b,c} 3IRQ={r}, @ Px Q7 QX P I HITY &1 i shdial T FHH €2
T B UM T GRS §

PXQ= {(an), b, 1), () RQXP= {(r,a), (r,b), (r, )}
FIifeR, hiHa T 1 THEAT 1 IR W, T (a, r) TH (r, a), o GOF T&l ¢ AR T8 916 Hedd O &
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Y% 9 & foau on] B €, fag en frekd frehre € fF
PxQ#QxP
Y, Goish =g W Sragel %1 He §hE 2
FEETOT 3HA AT R A={1,2,3), B={34]) 3RC = {4,5,6). Fefeifad 31 Hifsa:
@) Ax(BNO) (ii) (AxB)N (A xC)
(i) AxBuUOQ) (iv) (AxB)U(AxC)
@ () W Sgedl % GdSS & g ¥ (B N C) = {4).
3d: Ax (BN C)={(1,4), (2,4), (3.4)}.
(i) 379 (A x B) = {(1,3), (1,4), (2,3), (2,4), (3,3), (3.4)}
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).
G ERIED (BuUCC)={3,4,5,6)
37q: A X (B U C) = {(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) 91T (i) ¥ AXB a1 A X C ¥q==ai o 9 ¥ g frAfeiad o g 2:
(AXB)U(AXC)={(13),(1,4), (1,5), (1,6), (2,3), (2,4), (2,5), (2,6),
(3,3),(3,4), (3,5), (3,6) ).

SEEI0T 4 ARP = {1,2}, A Tg==F P X P X P A it

& PXxPxP= {(1,1,1),(1,1,2),(1,2,1),(1,2,2),(2,1,1),(2,1,2), (2.2,1), (2,2,2)}.

SETEI0T 5 If% R GHE Srdfas G % == €, @ wid PHR x R 3 R X R x R 71 f&fud
F &

F BT TOH R X R G==a R x R={(x, y) : x, y € R}
=1 Tt wear 2, forgent v fgfom wmfte o faget o feumenl 1 9ehe % & faw = s 21 RX R

XRE=I RXRXR={(x,y,2):x, y,z€ R}
1 Frefua s 2, fmen v Sfadia s o fagen o fdensl =1 wehe w6 & fau fan s 2
SEETUT 6 AR AX B ={(p, ¢),(p, 1), (m, q), (m, )}, AWA SR B & 3@ i
T A=TJH TH B = = {p, m)
B = fgdi@ =reshi 1 w1 == = {q, r}.

| wereet 2.1 |

: Ly—%}@%},mw © 5T F

2. 9f% wHeEa AW 3 3eFE € 991 HeEE B = (3,4, 5}, @ (AXB) ® Sfe@dl 1 HE&A @ ity

3. A G={7,8) AN H={5,4,2}, WG xHR HXG Id S

4. dacey T Fefaiad weA § 9 Joie 9o @ Y 3 ¢ Al HeA 3 ®, a1 iU T e @l

TE &1 X farau)

[S=Y
2
I
+
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() AR P = {m, n} 3‘ﬁ'{Q= { n,m},?‘ﬁ PXxXQ={(mn,n),n m}.
(i) ¢ A IR B @1ftem wq==a €, @ A X B %iHa T8l (x, y) 1 T ek Gq==4 €, 36 YR T
x€ AdA ye B.
(i) I A={1,2},B={3,4},TAx (B N 0)=0.
5. At A={-1,1},d AXAXATME Hifaq|
6. A AXB={(a,x).(a,y), (b x),(by)}dqA ATA B A Hiferu
7. WA @feT fe A={1,2},B=1{1,2,3,4},C={5,6} 7 D={5,6,7,8}. Fya &It f&
HAX(BNC)=(AXB)N (AXC). (ii))AXC, B XD % % ISTHT== 2|
8. WM offST fF A={1,2} R B={3,4}. Ax B faf@ul Ax B o feha" SuHgee eii? ST gul sreu)
9. = oifSy fo A 3T B g1 @H="9 €, WEl n(A) = 3 3T a(B) = 2. afg (x, 1),
(1,2), (2, 1), AXBH &, d A3 B, ! Id ®itSQ, S@l x, y 3R ; fa=-fo= sraga 21
10.  E PH AXAH 9 erEgd B, 5 (<1,0) @ (0,1) o B UH=EA A T HINT 991 AXAH A9
STagd «ft H1d iy

2.3 GaY (Relation)
T gg==3i P = {a,b,c} 7 Q = {Ali, Bhanu, Binoy, Chandra, Divya} W fo=R #ifSw| Paen Q o &t oM
¥ 15 wigd 79 8, f9= 39 whR et fopan s denan €,
P x Q = {(a, Ali), (a¢,Bhanu), (a, Binoy), ..., (¢, Divya)}.
39 TH Y HiAd I (x,y) & FUH T2H x A fgdra P 2
HeH y o o9 Tk oy R TNfid &3 P x Q 1 Uk ST Ali
TH YR W Y Hehd 2l eBhanu
R ={(xy):x 79 y® 999 3 8, xe P, ye Q)
T THR
R = {(a, Ali), (b, Bhanu), (b, Binoy), (¢, Chandra)}
FeY R w1 T gite-femor, i dt ema wed €, eegfd 2.4
H wefefa 7
uftamer 2 fordht sifed 9= A 9 ed ¥=a9 B # Y & H
A X B % Ts STE=EE Bl € T8 STEg=ad A X B o wAfd gl o gud 9o fgdia skl o 7el uh
Geer wftd w3 @ 9 el 21 g sk, gum sew @ wfafes wearn 2
uftarer 3 =g AW 9=9d B ® Had R o wiud Il & 9t Yom Sehl o TH=ad hi Gad R & id
FEd
uftarer 4 99=ud A¥ 99=9d B H Te R % Hiad Il o 9t fgdia weshl o aq=ag & Hay R F1 iR
%8 ©| UYeId B Hedl R 1 UE-id Healdl €1 Aie sty foh, TREN < wewid
(i) T Heier 1 sfisitg fregor = @ et fafyr =1 s fmfor fafy gra feren s ek 21
(i) T TR @ forelt ey w1 T gfe fomor 2
SETET0T 7HH ST fF A= {1,2,3,4,5,6}. R={(x,y):y=x+1} S A ¥ A § T& gae gl sifsw)

(i) 39 He I Tsh IR ARG N IS
(i) R ¥id, Tewid den aier fafew)

eBinoy
eChandra
eDivya
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BT (i) TR g

R={(1,2),(2,3),(3,4), 4,5),(5,6)}.
A IR 3@ et 2.5 § weiia @1

(ii) B9 3@ Fhd T T G weshi &1 Ao S7eiq
Wid={1,2,3,4,5,} 3 YR, fgda seehi o1 == refq aier
=1{2,3,4,5,6}ae WU ={1,2,3,4,5,6}.
SEETUT 8 9 ST 2.6 H G=Ea PIRQ W o= U ey @A
T ®1 39 Ged Wl (1) T i w9 H (i) W w1 fafau)
TEeh Wia e GRE 4 872

T T G R, “x, y T o 27
(i) T o &9 ®, R = {(x,y):x, y &1 o &, xe P,

ye Q}
(i) A= &9 1, R = {(9, 3), (9, -3), (4, 2), (4,-2), (25, 5), (25, -5)}

T He T Wid {4, 9, 25) 2

TG HaY 1 IRET {-2,2,-3,3,-5,5).

e HIfST fop sta@a 1, P fohdlt off eroge @ Gafua &1 € qen Sq=ea Q 3@ HelHl %1 Hewid ¢l

frdl == A ¥ T==a B ¥ Haul %1 Hd §&, AX Bh 999 ITGH=AA &1 G& h
TR Bl 81 9 n(A) = p 3R n(B) =g, @ n(A xB) = pg 3R Heieli &1 el H&A 27 Bl 2

SEETOT 9 A AN fF A={1,2} IR B=(3,4). A4 BH Haui ! &N 31d S

el T& AXB={(1,3), (1,4), (2,3), (2,4)}.
Fifh n (AXB ) = 4, ST AXB & IUH=adl 1 T&A 2481 $HC AW B & Heell sl G 24 21

Tt A 9 A % g9 H A W Gau' off Fed o

| vt 2.2 |

1. AFeffSe fF A={1,2,3,...14}.R={(x,y): 3x—y=0, &l x,ye A} R, A § A T Ha R faf@u)
ST Wid, FEuid SR Ui fafew)

2. Wiehd GEmetl % WHeET W R = {(x,y):y= x+ 5, x q& 4 Y %W, Tk Yhd H& €, x, y € N}GN TH
e R GRATG HITT 38 Ho9 &1 (i) U= &9 § 3896 9id 3R 9 fafey)

3. A={1,2,3,5) dWB={4,6,9].A¥ BH TH Ga
R={(x,y): x 3N y & 3@ fawm 2, xe A,y € B} g0
R shifsie| R &l TR &9 § fafaEm)

4. 3Rt 2.7, Gg==4 PH Q%1 Uk Hal ¥l &1 56 Heel i
(i) == i €9 (ii) W= €9 o faf@ul sueh wia qen
e o B2

5. 9 eftee fe A={1,2,3,4, 6). 99 difvig ff R, AW
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{(a,b):a,beA,T&A o §&A b Feray faqfsd et 2)gr afwfig e Hay 21

(i) R TR ¥ H fafew
(i) R 9id A1d HINT
(iii) R =T IREX A@ Hifs
R={(x,x +5):xe {0, 1,2, 3,4,5} )50 aftqfog e R o wia 3R qfeR s wifsw)
FEIR = {(x, x*) : x G 10 ¥ FH TH J9T F&I1 ) & Y& &9 | foAf@u)
H AT R A={x y,z) A B={1,2}, AY B Haei &l T& d HifCl
M ST B R, Z W, R = {(a,b): a, b€ Z,a—b Tk qUlieh &}, g1 IR Th Fael 31 R Wid qen
qRER A1d HIfST)
2.4 e (Function)
3H =38 |, B0 Ueh [ Wbl o Helel 1 31e7dq i, f50 et hed €1 8 ®er $l Th 99 & ®9
¥ <@ wehd €, ford oo U gu el | U e Scq=1 B €1 Wl & gied s o fog 3 U8 g
T S €, S ‘ufafes’ steran ‘gfafesor’
ftarer 5 U geed AW G B 1 GaH, f Th Hel sheddl €, A Teed A Sh Ycish 31999 sl T=d
B#, U 3R shael U gidfes Bl 2l

TR Wl W, For £ et e aueea AW U e w=ed B #1 ®, 39 WhR ol Hee o f
1 Wid AR qe £ ok foel ot <1 fa=1 i i oF gom e HHH e B

IfE £, AW B Tk He & 991 (a, b) € £ dl f(a)=b, &l bl f o Hdid q 61 Gaaws a2 @
b1 ‘gd wfafea’ wed
A¥ B e f ol dlshieas &9 § £ A D B Y g & 2

frsel IEEN W e[ 31 § 71 el 9 2Ed © foh S 7 ¥ foan Say U wor 16l §, wif stea
6 1 g yfafad &l 2

H: 3TN 8 H & Heiel Uk o e © Rifh 39k Uid o 9 f9Fdl o Uk U sifush gfafee
&1 S<ERu 9 off W & ® (F?) | F Ry SeEwel § 9gd @ wedl W famr Wi, i 9 5w wer €
IR T Her T 2
SETET0T 10 HH AT foh N Wieha Semsti &1 gq==d € IR N W GRHtd T HeeR 36 FhR €

R={(xy):y=2x x ye N}.

R e id, Geqld a1 TR o1 27 91 q8 Hee, Th e 7
&1 R &1 Wid, Wiehd GeAsti &1 Tq=ea N 2| $HehT Tgid i N 8| 6! UReR ¥H Wihd H&mst
== 2

ifeh Wedeh Wighd WA n %1 T 3R ohael Th € Wfafad 2, Sfely 9 Geel Tk Her 2
TR0 11 9 KU 99t § § e o1 FO0 ST 3R &ie <9 § R0 9fed Sdeet % 9491 a8 e
2 3feren TE?

1) R={21),3,1),42)}, 1)R={(2,2),24),3.3),44)}
i) R=1{(1,2),(2,3),(3,4),(4.5),(5,6), (6,7)}

° ® =
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T () FTHRF A & U G 2, 3, 4 & Ylated A ©, AU I8 HaY TH B o
(i) =ifr Th & wom raEd 2, & fa=-fae gfafesi 2 @R 4 9 Gafia €, s@felt 98 gaY T ®er
&
(i) FfF TAF TG H T AN ol T yiafed 2, TUAT I8 a9 TH Held o
TiRaTer 6 TF @ Fe & fSae uiER arafos g w1 9gsad a1 ST s SuHYead @, ardtdeh
T et shed 21 A% ardfaes =R aret fndt arafas O G &1 9id ot arfaes g@nst & qqead st
I BT STEHSET 8 dl 30 arfaeh we o wEd &

SEETOT 12 A ST for N arsfess g@net s =ed 21 f: N> N, £(x) = 2x + 1, g7 aRefie wh
aTEdfereh T o B 39 RSN 1 AN ek, e § T greft 6 ol sife

X 1 2 3 4 5 6 7
y |l ray=0| r@=|. ré®=l. r@»=|. FG) =lf® =] FD=..
X 1 2 3 4 5 6 7
y | f=3[ f@=[5 fO=[ f@=P fO)=11f(©6)=13] f(7)=15

24.1 I e 3T ITF e (Some functions and their graphs)

() "R W (Identity function) A fifSiT R arfaess d@ael & Gq==d 2l y= f(x), Yo% x e
R gN R arsdferes 7 ®er f: R — R B1 38 YR o el o ded¥eh el hed 81 98 W f
% Wid du GRE R B SHHT o UH WA Wl B § (SMeRfd 2.8)1 W Y@ q@ fag @
B T Sl 2

Y

fI=x " grepfa 2.8

(i) 1T W (Constant function) y = £ (x) = ¢ &l ¢ T =R ¢ 3R Y% x € R g0 TR Th
aT&dfersh 9 e £ R — RE1 78T W £ 1 9id R & 3R 381 IRE {c} 81 f 1 TG x-3781 & GHIHR
T W@ €, ST % AU AR fx)=3 Y&F xe R B, 1 TR i@ i 2.9 ¥ 39 W@ B
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v

N

N A N ®
——t—t

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

v
Y/
fix)=3

3TTeRTd 2.9

(i) SEIE W IqT TEUET B (Polynomial function) we f: R — R, T FgILd %ol Fealdl €,
I R o T&& x o g, y=f(x)=a+ax +a 24 .4 a X', S8l n TH B %H%'ITa,a,
0 1 Zx n 0 1

2
f(x)=x3—x2+2,3'<ﬁ'{g(x)=x4+ ﬁx,mwﬁﬂﬁawwagqﬂawéwﬁh(xpxﬂ
2x GRI IRAoA W h, SgIEE e Tél 2l (Fi?)
SEEIOT 13 y =f(x) =x% x € RGN & f: R — R, & IR IS0 36 IR 1 G0 H¥eh =
T qIfereht i QU HISTT T Hel 1 9Iq q1 IRER 1 82 £ 1 e ot Fifam)

x 4|3 =2|-1]l0o |1 (2 |3 |4
y=flx)=x

we 90 I gg e A= & 2

x —d | =5 =2 |-l | © 1|23 4
y=f@®=x (16 | 9 41110 1|4 |9 16

f 1 WA = {x:xeR},f 1 URE = {x xe R}. £ ei@ Hid 2.10 § W& 2
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Y!
fix)=x? 3R 2.10

SETETUT 14 f (x) = 3, xe R g URId ®ed f:R — R &1 3Te@ @ifeu|
T M W

f0)=0,f(1) =1, fi-1) = -1, 2) = 8, {-2) =8, f(3) =27; fi-3)
=27, A<

f={(xx*: xeR} faT
3erE 3TeRfd 2.11 |
= T 2

YV
fo=x*  amefa 211

(iv) UR®= wed (Rational functions) % , o YR o Held ST8l f(x) T g(x) Tk Wid H, x & g
gx

TEUET Her B, T g(x) # 0 URE HeM wEed €

JETEY0T 15 THh adfaes #F %o f: R - {0} — R &1 qRemn f(X)=i,xe R {0} 5N &iNQ| 36
TR T WA ek TEAfeREa difere i qui iUl 36 e w1 Wid 9o IRET @ €7
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X -2 |-15] -1 |-05([025[05] 1 1.5 2

1
y_X

&l gl Wi T difereh 3 YN €

X -2 -1.5 |-1|1-05]1025] 05| 1 15 ] 2

-051|-067|-1(-2 |4 2 1 | 067] 0.5

1
y_x

T Uid, Y o e gue ardfas gemd € qen sqet uReR ot 3 o eifafiaa gmed ardfae gemd
g1 f 1 Ao epta 2.12 | Wi 2 Y

v

A =% mefr 212
(v) ®raieR Wwee (Modulus functions) f(x) = Il 7&% xe R
g R ®er £ R—R, AUl ®el sedrdl 8l x & Yo%

U A o I f(x), x o UK Bl ©1 W x o B HAl %
fe, fix) 1 W x, % HM % RV o SR Bl @, S

x,x20

—x,x<0

f(x)={
A9l et T STeRd 3Tehfa 2.13 | f&an &1 AMaie e i
frRuer W e ot #Ed 7
(vij  Tog we™ (Signum functions) 7@& x eR, & fau
1,3 x>0

fx)= 0,3k x=0
—1,a x<0
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g IR %o FR—R 5% %o weerd 21 fog %o &1 Wid R

21 URE W= (1,0, 1 )81 3Thfd 2.14 § T8 wer o1 oo g9 Y
T R '}
1 y=1

(vii) HedH ‘{UTFT:H Tl (Greatest integer functions) f(x) = P .
(], x € R g TR e f: R — R, 8 9 o1 x % e w@wd o >X
Ui 1 A TE (URO) FIA T U HeM WewH YUl Wel b= (—}—1
FHEA B |

[x], &1 aReT ¥ ¥9 3@ Fehd ® f f(x)=ﬁ Y

[x]=-13-1<x<0 x st 214

x]= 03afR0<x<1
x]= 13afR1<x<2
[x]= 23R2<x<3 TR
TH HoH W @ Sfepfa 2.15 | <9ian T ?

2.4.2 arfass el @r STord (Algebra of real functions) 38 3R W, g0 W@ fF fF9 yR
At ®eHl i Siel Wil €, Uk ardfash Y

Ted H R H W TR S O®, U aRdfas

wer w fRE sifkw (wR enfew w1 sifvm 3 —o

arEdfash el § ®) W qon feew W €, « 2 —o0

arEdfereh Herl 1 TN fRar S @ dur uh 1 —o

I Fe h g | AW feEn S g X' €

(i) < STEATaeR Werl A A A !
ff f: X > RTM g: X - R&FE T arEfas —0 T-2
%o &, 8l X cR. 99 89 (f+g): X — R, —o -3
afl xe X& U, (F+¢) () =F(x) + g (), 5
afefoa F S Y

(i) mmwﬁﬁwaﬁm Sf(x)=[x]=k xz0qm 0 afx x=0
A ST fF £: X — Ra®l g: X — R%HE q AT 2.15
ATEdferh Her €, &l X c R. 99 89 (f— g) : X—>R & @t xe X, & U (fog) (x) = flx) —g(x), G TRsaifea
F B

(i) ek LI ¥ TOM HH AT foF f: X—R Tk ar&dfas OF G @ a1 o, Th e g1 =&l stz
Y 7R iy ferd areafass S 9 €1 a9 UETd o f, X AR H Th Her €, S (0Lf) (1) = oLf (x), x
e X 9 gftwfad = 2

(iv) & arafaes el ol UM 3 ardfas B f X — R g X—R &1 [UEEA (A1 o0 TH
WeM fg: X—>RE, S AR (fg) (x) = Ax) g(x), x € X 510 uRenford 21 38 feigen: e off wed 2

(v) @ STt Tl s YRS | ofifoie fiF £ e g, X—R g1 uRwfid, < arsfass wer 2, el

XCR. f &1 g¥ wm,mgﬁﬁaﬁamﬁ%,wwé,aﬁuﬁxexaﬁg(x);to,am%nz,




a9 Td Ho
(ij(xﬁ&,gm it 21
4 g(x)

SEETUT 16 T G fF fx) = x A g(x) = 2x + 1 & Ao e

f
(F+ 8 @), (F—g) (), (fg) (x)(gj@) Elclcaisi

Tl Hd:
F+8) () =x +2x+1, (f-g) ()= x —2x—1,
(fo) () =x Qx+1)=2x +x (%(x): X cz_L
g 2x+1° 2

37

SETETUT 17 A AT fo flix) = Jx T g(x) = x HORR adfosh st o fau ki < wem €, @

(f+8) @), (F- g () (fg) (x) 3N (fj (x) T HIfST

ol T8l BH Trefafaa aiom fiyed @
F+e) = Jx+x(f-2 @ =Jx —x,
3 1
(fo) x = Jx(x)=x2 &g {ij(x) =£=x75,x¢0
X
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1. Trefafea godf § SH 9 e 82 HRU & Seod HITT| 9fE G649 T o ¢, a1 39T TReR Fuffia

HIFTT :
A {2,1),5,D,(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. Tr=afafea arafas womi & wid 9o 9RER G S

1) fix)=- |x| (ii) J) = {Jo—x?.
3. Th e flx) = 2x -5 5N URwifa €1 fefeted o we feate:
@ f(), i f(), (i) f(=3).

4. o ¢ SfcdTH IOHE o1 BRASES AIHE § Giareasol s ©, S t(C)=% + 32 g uRteife

ffafaa & 3 st

() 1(0) (i) £(28) (i) #(=10) (iv) C#1 AWM, & (C) =212,
5. f=afafed @ 9@ 7% %o &1 IRER A Fife:

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

(i) f(x)=x>+2, x T e G& 2l

(i) f(x)=x, x T drdfas Ge 2|
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Prferer emevar A
SETET0T 18 WM ofifSY fof R ardfaes Semsti 1 9= 8| U arkifash
e £ RDR B flx) =x + 10 ({10)

g aRenfid ST 3R 39 we 1 oferE Eifa)
&l TR, T 3T ® R f0) = 10, A1) = 11, f2) =12, ..., f(10) = 20, 37 (_10, 0)

T fi-1)=9, f(-2) =8, ..., (—10) = 0, TAI X' </ 5 > X
31d: XU gL e o IO & SR SR 2.16 H I T I 1 ST

& feouit f(x)=mx+c,xeR,@o‘i‘F@EWWﬁT%,ﬁﬁm@ ;{Ir

¢ TR T IWE Hod as Hed w1 TH I ¢ flx) =x+10
SETE0T 19 9F AT fF R, QW QHR = {(ab): abe Q@Ma—be Z). FH 2.16

TN IR, Th gy g1 fag it fe
(i) (a,a)e RAF ge Q& fau
(i) (a,b)e R @ € T (b, a) € R
(i) (a,b) € R 3 (b,c) € R a9 ¢ T (a,c) eR
7@ (i) Fha—a=0e Z, 758 fr=pd feherar © % (a, a) € R
(i) (a.b)e R a9d &8 fh a—be Z. 39O b—ae Z 3@, (b,a) e R
(i) (a, b) M (b,c) € R € o a—be Z.b—c e Z. 38,
a-c=(a-b)+(b-c)e Z.31:, (ac) e R

FEE0T 20 AR £={(1,1), (2,3), (0,-1), (-1, -3)}, Z ¥ Z.° % ‘Wash w8, d@ fx) I Hiferg)
&1 il fUh Waw wer B, T £(x) = mx + . F: Hiew (1, 1), (0, - 1) e R Bl WA, (1) =m + ¢
=T £(0)=c=-1.300 e m=2 firemar & IR 3@ WhR flx) = 2x — 1.

2 +3x+5
SETEC0T 21 e f(X) = 5———— &I ¥id 94 i
x"=5x+4

o1 iR P2 -Sx+4=(x—4) (x—1), THAT B f, x=4 3 x=1
o aifdie o= gt aredfass gemet o forg aRefa 21 or@: £
id R {1, 4} =

3aMg{Ul 22 el f,
1-x, x<0

1 ,x=0
f@) = *
x+1, x>0 1




Hay TH e 39
T URA 81 £(x) W1 SAeE @it
AT fi=1-xx<0, ¥
f4H=1-=4=5;
fe3)=1-(-3)=4,
f=2)=1-(=2)=3
fi-1) =1-(-1) =2; 3
A1) =2,f2)=3,f3) =4
f(4) =53, F|fE fx)=x+1,x>0.

3T f 1 SATer@ STeRfd 2.17 | UM €Y 1 B0

e 2 W fafay goraet

2
x",0<x<3
1. &y £, f(x)=4"" g qiefa 21
AL {3x,3£x£10 ®
2
. ,0<x<2
Tat g, g(x)=1" Y22 gw ufewfaw #
3x,2<x<10

T9IET foh #0 f T Hed © 3R g e e 2l

2 fe =i, @ KD m wif

X 4+2x+1
X2 —8x+12

T Yid Jd HifaT|

3. wed f(x) =

=

. f) = J(x—1) B ARG Il ®ed £ Tid ol IRE 1 hite)
5. f()=|x—1 R uRefoa emedfess wer o1 Wid qen IR Jd it

2
X

6. W eifse fw f:{[x’l+x2

j,ixe R}R@Rﬁ’ T e B fh aier fuifta s

7. WM ST R £ g RORFEI: fix) =x + 1, g(x) = 2x — 3. g qRAMR B f +g,f—g3ﬁT§§ﬂ_d

AT
8. WM eifST & £={(1,1), (2,3), (0,-1), (=1, -3)} ZVZ ¥ f(x) = ax + b, T GRAMG Th ®eH 8, 5@l a,
b. g qulieh Bl a, b Freifa wifsw
9. R={(a,b):a, beNTMa=5") g0 IR NANT, TF Gay R 2| 1 FrAfarad ®od 9 o7
() (@a)e R,®H ae N, (i) (ab)e R & a3 € &% (ba)e R
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10.

11.

12.

*
*

* & o o * 6 6 0 o

* o

Tifra
(i) (a,b) € R, (b,c) e R 1 aicd & T (a,c) € R?
T M H ST IW 1 i off aaarsu

M ST foh A={1,2,3,4}, B={1,5,9,11,15,16} 3R f={(1,5), (2,9), (3,1), (4,5), (2,11)}. =01 Tre=Afeitiaa
FHUT A 27

() f,AYBH U% Hau 81 (i) f,AUBH T Her 2

ek <M W S0 ST 1 3fifeed saesy)
M Y 6 £, f= {(ab,a+b):a,be Z) g URANG Z x Z 1 Th SUqq==4 8| 31 f, ZHZH
T Hor 87 A0 SW 1 Aifaed o7 i)
A AT fF A = (9,10,11,12,13 41 £: AN, f(n) = n 1 He9H 39T U gRI, TRAIfa 21 f 1
IRER 31 it
QRTIT
T A B T Hed 1 Wl I A fRal 71 39 S1eA Y gE&A Sl i A fEan ST @ R
i g fhet foxie %9 o 9qfed sfe@@l 1 T I
I U7 TH=IA AT B H1 HE TOH, T
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RxR={(xy):xye R} M RxRxR=(x,y,2):xY,z€ R}
g (a,b)=(x,y),?ﬁ a=x74 b=y.
IR n(A) = p Al n(B) = g, @ n(A x B) = pq.
Axd=0
qHEd: Ax B #B xA.

e T=e A W S=9d B W G R, S T0F A x B 1 Teh ST il €, T4 AxB
Hid T & U Tk 1 an fgdid S y & sta fRdt Heiw i afvfd sk g fRan S R

meW,WHR%W,Wy@ﬁT%,Gﬁ(x,y)GR,
T R o hiTd T o YW Sehl H1 G, el R 1 9Id i €l
Teel R o shitid g7l o fgdid Sieehl o1 Tq==d, Gee R o1 GRE el 2|

Tl 9gead AY 9ead B ¥ %o £ U fafite YR w1 Hew g @, fSod ageea A% 1o
e x 1 TH=9d B W Th 3R ohoel Uk Widfae y eial € 39 o1 i 89 £ A>B SR flx) =y
forad 211

A e £ 1 Wid qe1 B ST He9id il 2|

W f 1 URER, £ o Widtdsl 1 Gq=ad el 8
ﬁ?@é&ﬁ%%ﬁ%%ﬂ%%ﬁﬁwﬁiﬁmﬁaﬂ qY=a9 U1 3UH] Teh STIY
BT B

Tl T ST e £ X — R g: X — R, % fou gq ffafaa aiemend 2q €




Hay T e
(f+ 8 (x) =flx) + gx), x e X
f-g =fx-gkx),xe X
(f9) () =f () .g (), x e X, kFE TR 2|
kN X)) =k(f(x)),xe X
PR IC)

g =%,xe X, gx)#0

ofagTfias gy

T W% Ha9eM Gottfried Wilhelm Leibnitz (1646-1716 20) SR ¥ 1673 ¥ faf@a oifer qogfafa
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o fou feran w21

41



