(Relations and Functions)

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

2.1 ‘{ﬁﬁm (Introduction)

TIforq o1 SAfereRTer AT Yo sterfq afadeier afeEt o S
AR (T g hieal 1 96 i ® 9N § 21 TR
3fter Siteq o, &n Gawl w1 fafa e o e Ul &
IR H S €, S 9 $IR we, o iR T, FeAms @ik
fomneff genfz) it & off w9 w8 9 dew foem & W9
"G m, WA p, W BE R, @ L@ m, S GER T
‘Te=IE A, G=Id B H1 SUHgead 21 3 gt # 79 e
¢ for forelt gy o UQ o wiwfed B9 @ foer w2
ffv=a 0 o e €1 36 oA o en ' foh fhe yer
T = o GE@ ok T ST S Tehd € SR R 39

i 5 S el < e % A A W G qaentt Ay

w11 Ad °, 9 U9 faviy deui o SR | S, S e a9
o I &1 e Y GReReTH M o ST el © iR 98 U 9% U gE o
o o= TOAIER FeTdes Sl o [o=N 1 S widt 8

2% 'HWTI\T EagC oGPl U1 (Cartesian Product of Sets)
A offST R A, S TR & T 1 3R B, @9 oiqel 1 9= €, ereiq
A= (e, Fem3R B = {b,c,s},
ﬁb,cﬁ?smzwwaﬂ,ﬁﬁiﬁmaﬁﬁﬁﬁﬁ c
F 21 T I Tl ¥ fhad YR 1 Ui ageti o I A S
Fhd B2 HHEG alieh ¥ WG i §U BH SEd © T frefatEd 6
for-Fort 7 W B 1 (@, b, (@, ), (<71, 5), (e, b), (e, ¢), T e
(e, 5)1 38 ThR g5 6 Toa=-fa=1 aeqd o Bt © (3Rt 2.1) 1 JMeRfa 2.1
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36 Tforq

firoelt wensll ¥ TRo HI 6, T Hivd g, srerrel &1 o 3 8, f58 o #rss
H fored ? iR foenl t TR O Rt fawiw %0 o gufed fran sman € swefd (p.g),
pe P3N ge Qg8 Fefelad qiam 9 oy fhan S bl 2|

uftamer 1 3 e Tg=adl Padn Q 1 i TUH P X Q 39 9t wiwd Il @
= €, Sl Jom Tew P9 qen fgdia ¥es Q, ¥ oY Sl ST Wehell €1 37:
PXQ={(pqg:p €ePgeQ}
I PAQH @ g i o w=e €, o S9h1 wrcid oA ft e w=ea 8 €,
S PX Q=0
ST T2d 9 eH wFd ® fR
A X B = {(Te,b), (,c), (T, ), (e, b), (Fel,c), (retl,s)} |
M fefafed g gl | four Fife)
A = {DL, MP, KA}, &l DL, MP, KA f&oefl, Tea wsw1, den 03
ek 1 Freftd #d € @R B = {01,02, 03} A9: fKeelt, 7ea N\
TR SR FAteF g MEA % forw I e wie 1 wentas 01
HeAT yhe F 2 DL MP KA
i diF Ta fRoelt, 7o w_W SR whelesw, WieA o
AU @i oF folu Hohd Ui (Hehfaeht) 39 Ufqas o @rer o SFH 2.2
R &l o Tohd Ui, =99 A S o999 4 URY &1, @ 37 99==di ¥ U 8 9 I
®H W € q1 31 T i pel TEA fohal € (3Tepfa 2.2) 72
W BH o 9 3@ R ®, (DL,01), (DL,02), (DL.,03), (MP,01), (MP,02),
(MP,03), (KA,01), (KA,02), (KA,03) 3R Tq==9 A a2l Gq==™ B &1 H1did 04 6
THR BT,
AXB = {(DL,01), (DL,02), (DL,03), (MP,01), (MP,02), (MP,03), (KA,01), (KA,02),
(KA,03)}. b,
TE T W @ I T & R FEE PH H 39 TER 9 g § O
Fiifer Tq==a A BH ¥ Y © 3 3797 &1 399 g5 9 Wd Hehd b,
wgft faerd 21 a8 off e FIT o <7 sEwal & g™ T H B HE b,
Hewerqui (Fuifeer) 21 Seew & fery |ishfdsh w@ (DL, 01) a&l =&l ‘
2 S Wiekfas @@ (01, DL) 21 a; 4,
S H T o fAU WeEa A= {a, a,) 3R TRl 2.3
B={b, b, b, b} R fFaR Fifq (M 2.3)1 ==

AXB ={(a,b), (a,b), (a,b), (@,b,), (a,b), (a,b), (@,b,), (@, b)}.
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gaY Td HeH 37

Ifg A SR B, ar&dferes GeMstl o W= o SYNHeE €, dl 39 WehR UK 8 shitd
7 foRelt wrae o fagsti 1 feafq frefua #wd & 7o 78 w1 € 7% (a,, b,) W feom
fa3, (b, a,) W feom fag @ fa= €
() < Hitd T GUE B T, I AR el IfE Sop WA YUH Th THA
g iR wma fgda sew ot @aA =)
(i) 9 A™ p 3fod G B | ¢ 31576 €, @l AXBH pg 357 B ® e
IR n(A) = p T n(B)=¢q, M n(A X B) = pq.
(i) o Adem B oo @q==d € 3R A9 BW @ i oyuifig 8, @
A X B ¥ emaitfia gy g 2l
(iv) AXAXA={(a b c):a b, ce A}. T (a, b, c) Th Hitd 5
FHEeldl Bl

SEEIOT 1 ARG (x+ 1, y—2)=(3,1), q x 3T yoh T @ HiS|
Tel it Sid 9 GO €, TEleT 9d T2 off ue i
31 x+1=3 3R y-2=1.
T HE Wy =2 Wy = 3.
FEMETOT 291 P={a,b,c} IRQ={r),d PX QT QX P Id TS| R THI i
O WA &2
T I U T AR 9
PXQ= {(a,r), (b 1), (c,n) IRQXP= {(r,a), (r,b), (r, c)}
iR, HiHd JH 61 TG ST IR ¥, T (q, ©) TH (r, a), & FAOE T2 3R
Ig 1 HE U S Yk I o fow o) B 7, food 79 frewd e € fw
PxQ#QxP
Y, Toish =T U Sradel i §ed §hE 2
SETET0T 30 ofifTT foR A = {1,2,3}, B = {34} 3IRC = {4,5,6}. Frefeifaa am shifsa:
i) AxBNO i (AxB)N(AxC)
(i) Ax(BuUC) (iv) (AxB)U (A xC)
g () R gg=Edl o GATS @i gRam ¥ (B N C) = {4).
3 Ax (BN C)={(1,4), (2.4), (3.4)}.
(i) 319 (A x B) = {(1,3), (1,4), (2.,3), (2,4), (3,3), (3.4)}
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38 Tforq

AR (AXC) = {(1,4), (1,5), (1,6), (2.4), (2,5), (2,6), (3.4), (3,5), (3,6)}
T (AXB)N(AXC) ={(1,4),2,4),3,4).
G ERIED (BuUCC)={3,4,5,6)
7 AXBUC)={(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 Eq==di & YA ¥ g ffaiad 9 g e
(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) .

SEEIOT 4 ARP = {1,2}, O T==F P X P X P 9@ Hifwu|

& 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)}.
SEE0T 5 A R GHE arkdfas Hemel w1 gg=ed ®, 9 @iE PE R x RN
R X R X R 1 fefua &d €2

FAT HIAE TOH R X R =99 R x R={(x, y) : x, y € R}

o1 Frefua sear €, foen v ffom gafic o faget o fduial &1 e w6 & fag
feren S 81 RXx RX R =5 RXRXR={(x, 5 2):x y,z€ R}

1 Trefya e €, frmen yam Sfadia s o faget o sl #1 yHe w1 &
o feran -2

SEETUT 6 AR AX B ={(p, ¢).(p, 1), (m, q), (m, )}, WA SR B & 1@ i

T A =T¥H WIH H Y= = {p, m}
B = fgda =eahl &1 9q==aa = {q, r}.

| worarett 2.1

1. 4 @H,y—%}(g,%)?ﬁxam y Ad SIS

2. If% eEd AW 3 3Egd € 991 WA B = (3,4, 5}, @ (AXB) ® 3rg@El &1
& A1d HifSu)

3. 9 G=1{7,8} 3R H={5,4,2}, WG x H3N HxG A S

4. 9ot fok frefafed o § 9 90® 9 © 31961 39 B A R o6
2, @ f&u T e i HE w Y fatEy
() AP = {m, n) 3ﬁTQ= {n,m}, @ PxQ={(m,n)(n,m}.
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gaY Td HeH 39

(ii) A% A 3R B 31ie @™ €, @ A x B &ffa I (x, y) 1 T A
TgesT ®, 39 YR fhxe AQeN y e B.
(iii) ¥ A={1,2},B={3,4}, WA x (B N ) =0.

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

6. AR AXB={(a x).a,y), (b x), (b y)}dTd ATA B A Hiferg|

7. AAENT R A={1,2},B={1,2,3,4},C={5,6} a1 D={5,6,7, 8}. Tefud
IS IED
HAXBNC)=(AXB)N(AXC). (i) AXC, B XD % T Sqa{== 2|

8. WM ofifslt fF A={1,2} 3 B={(3,4). AxBfafaul Ax B fa
ITEH=A BIM? ITeh! FT AT

9. A ST foh A 3R B W= €, Wl n(A) =3 IR n(B) =2. 4 (x, 1),
3,2),(z, 1), AXBH &, a1l AR B, F@ HifsQ, &l x, y 3R z Fo=-fo=
T B

10.  E OH AXAH 9 e €, 5 (-1,0) e (0,1) ot 81 Tq==a A 9@ HifSQ
qq AX A 99 FaId o J@ Swifsul

2.3 G (Relation)
T W= P = {a,b,c} 7 Q = {Al,
Bhanu, Binoy, Chandra, Divya} ® faaeR
HifSQ| P den Q o i OE H 15
fepa ST Hehal 2,
Px Q={(a, Ali), (a,Bhanu), (a, Binoy),
..., (c, Divya)}.

379 B9 Y% A I (x,y) o JIH T x q0 fgdlid ek y o o= U dae
R i X P x Q 1 U IUHT=ad 3@ WhR WKl ol Tehd &1

R ={ (xy): x, ™ y ol 4oH &R B, x € P, y € Q} 3@ TN

R ={(a, Ali), (b, Bhanu), (b, Binoy), (c, Chandra)}
TaY R 1 T gie-femmr, fo 6 et wed ®, emgfa 2.4 o weidid 2

gftamr 2 fed afea 9==9 A ¥ e 9q==9 B H Hay &g A

AX B % Th SUHT=EE Bl € 98 SUET=a A X B o sAG I o W qe fgda
HIhi o T Tk Gad Td i W 9 Bl ¢| TG weeh, qem weeh o idfes

e 2l

P Q

o Ali
eBhanu
eBinoy

eChandra
eDivya
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40 Tforq

U 3 9Y=9d A S=9d B H ¥aY R o hidd Il oh Al YH whl o G
%1 Feel R 1 91q Fed 2l

UiRaTT 4 9= A9 9999 B H Had R % ®iAd g o 9t fgdia sesi o ag==a
%1 Gad R o1 IREL %ed &1 Tq==9 B H®l R 1 He-9ld hedd 2| e Hifs {5,
TR < F&uia

(i) Wk wer o <frefr g = e fafn = wegee fmtor fafyr
SR foRan S weha 21

(i) T IR @ Rt Hew 1 T gfte faermr 2

SETEY0T 70 offee fF A= {1,2,3,4,5,6}. R={(x,y):y=x+1} ST AT A
4t Hay uRenfya swife)

() 39 G I TH dR IAR@ FN W0

(i) R Wd, Tewid den gReR fafaw)

Bl (i) TR g
R={(1,2),(2,3), 3.4), 4,5), (5,6)}.
T AR 3@ et 2.5 § weiia @1
(ii) &9 3@ Fohd € T o w2
1 T SAq Wa={1, 2, 3, 4, 5,} 54t
YR, fgda weahi &1 == Auiq aRE ITeRfd 2.5
={2,3,4,5,6}dq WA= 1{1,2,3,4,5,6).

SETET0T 8 9 3Tl 2.6 W TH=T P 3R Q o <t Tk Heiel I T 1 TH Tl
w1 (1) gg=a o w9 § (ii) U= w9 ¥ fafgy) gees wia qen 9iE = 2?2

T T A R, “x,y?ﬂaﬁ%”
(1) 99==F for =9 ﬁ,R:{(x,y):x, y Rl it % xe Pye Q}
(ii) T=X ®9 H, R = {(9, 3), (9, -3),
4,2), (4,-2),(25,5), (25, -5)} )
39 HaY H Wid {4, 9,25) B :
T Gy 1 IR {-2,2,-3, 3, -5, 5}. \\\)\ <
e wifere fF oaaa 1, P fodt ot staoa
¥ Tafyd TE € T T Q 39 T
TEYIA 2l 3T 2.6

P
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gaY Td HeH 41

el T=aa A Y W=ad B HaHl %1 HA G&A, AX B §99
TGl 1 H&A o TR 2l B1 A n(A) = p 3R n(B)=¢, @ n(AxB)=
pq IR GaHl H Pl G 24 Bl 2l

SEETOT 9 HH AT foF A={1,2) 3R B={3,4}. A% B Heil &1 H&A 1d HIToq)

T T AXB={(1,3),(1,4), (2,3), (2, 4)}.
i n (AXB ) = 4, THAT AXB & SUGT==El i FEA 2'2| H A¥ B
el 1 g 2 7l

(ool | A @ A % o &1 ‘A W Ty’ of FEd 2
| woarett 2.2 |

1. #F ST o6 A={1,2,3,...14}.R={(x,y): 3x—y=0,& x,ye A} gN, A
Y A % Hay R foaf@y) s9eh wid, Teid it 9ier fafem)

2. Uhd &Sl o 9= W R ={(x,y):y= x+5,x G&A 4 § HH, T& WFHd
T 2, x, y € NJEN U Hay R YR SIS0l 38 Fee 1 (i) T ®9 o
TEeh Wid 3R IRER fefem)

3. A={1,2,3,5)3RB=1{4,6,9}.A9 BH T Haxl
R={(x,y):x3ﬁTyaﬂ3W1%|'W%,xe A,y € B} g/ uReifya +ifsw R &t
=X w9 H fafau)

4. P 2.7, 9==F P¥ Q F TH
oo <t B 39 e i
(i) o= o €9 (ji) T=X €9 ¥
fafau) goer wid qen aREL = 82

5. AW eifse ff A={1,2,3,4,6}. 99
wifse fF R, AR {(a, b): a, beA,
&N ¢ 9@ b Hl @Y fawfea
FHLA BYER IR T Heay 2
(i) R=I =X ®1 ¥ faf@u
(i) R o1 9id A1@ Hifeg
(i) R T IRER F@ HifST

6. R={(x,x+5:xe {0,1,2,3,4,5)5R IR Havr R % Wid 3R R A
ifsra)

2018-19



42 Tforq

7. GaIR = {(x, ¥) : x F&AT 10 ¥ FF TH AT T B} H WX w9 H faf@u)

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

9. WM WY SRR, ZW, R={(a,b):a, be Z,a—b Tk Yol &}, 51 IRwo@ Th
ool g1 RoF Wid a1 TRE Fd it

2.4 e (Function)

T =9 |, B9 U fo9iY YR o e w1 s1ead il fd et sed 81 g9 o
#1 Tk a9 & w9 4 3@ Thd €, 99 9 K gu eel 9 U segd Sa B
&1 e i gfad T o AU o 1= W R S ¥, S fafes’ steren ‘wfafeor’
it 5 U SeEd AW =g B 1 HeH, £ Uk ol e ¢, 9% Tq=d A
o Yeleh 3T b GYeEd B W, Uk 3R cheel Uk Widfes gl 2|

TR IR A, e £, frdt e au=aa A ¥ T e qgead B &1 €, 39 JhK
1 "y o £ Wid A€ q° £ ok fepet off < f9=1 i i o gem wed wuE
&

I £, AW B Th e € 91 (a, b) € £ f(a)=b, Sl behl f o 3faiid
a 1 Ufders 9 ¢ H b ‘gd wfafss’ FHEd
A¥ B ®od f o YdihlcHs ®9 § £ A > BY Feld w1 B

el ISR W M 3 9 B9 Weidl ¥ 3@d ¢ T See 7 ¥ f wey uh
o el €, Sl feFE 6 1 i idtss TEl &l

TH: IR § | o Gaie U o Tl € Hifh $Hek 9Id & F 1@Fdl & Th
Y srfer wfdfsa &1 IR0 9t wem & ® ()| e fRu seen § w@gd 9§
el W foar w81, 9 9 $5 Bor ? 3R TR hed Tl 2
SETET0T 10 OF AT foh N qreha Gemstt 1 ag== ¢ i N W uRefod wh dew
RWW%%R:{(x,y):y=2x,x,yeN}.

R o Wid, T&9iq qe1 IREX 1 €7 1 98 Feael, Th Hed 872
&l R 1 Wid, Yiohd HE&mstl &1 qg==a N €| 3T Teld ot N 7| 91 ufieR 9g
iehd WEAST %1 = 2

Hifh Teieh Wishd W& n k1 T 3TN shelel Tk € Widfsd €, ST I8 Helel
Th He B
SEETOT 11 A U gl o 9 yee s et Sife St g <9 | SR gied
TIAAST foF 1 T8 o © S1eEl TEl?

O R={2,1),3,D),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 & Yedeh o19d 2, 3, 4 o Ufdfes sifgdia @, gafery g dey

T Fel 2l

(i) FfF TH & YoM Fed 2, A f-fa= ufafeal 2 ok 4 @ Hefua g,
TEfeTy I8 HeY Th el el 2|

(i) fF YAF oFoE F TH IR shael T Yiafsa 2, 3T I8 Hau Th
el 2l

TR 6 TH TH W i foree R arfas gerel & 9q=ad a1 391 his
STE=T4 ¥, drfdeh UM B FEd ¢ I ardfae =) ol Rt aredfas 9
e 1 Wid off ardfash GEnstl w1 gqead S1edl IUH! i SudqYead @ al 9
Tt we o Fed 2

Saretor 12 9 odfifsu fe N arafas gemst &1 gq==a 21 f: N > N,
F(x)=2x+ 1, g0 IR Uk ardfoeh A %ol €1 9 URH 1 TN ek, e
T gROM i goi Fwifew

x 1 2 3 4 5 6 7
ylro=lr@o=re=lr@=re=..lre="]rmn=..
Tor ol &t gg ot Fe @ 2
x 1 2 3 4 5 6 7
v | f=3| r@=5|r®=7|f@=9|rG=11|f©®=13| (D =15

2.4.1 D WA 3T 3TeR TG (Some X
functions and their graphs)

(i) dEHeh Tet (Identity function) TH
Y R ardfas desti &1 aq==g
2y = flx), 7% x € RER R y,
aT&dfes O Fe f: R — R 1 3

-8 —6 -4 2

2
ehR oh el hi dedHeh ot Hhad 4
21 T&T W f o Uid 9o 9RE R B 6
TEHT e Th T @l Bl @ -8
(emepfd 2.8)1 I8 Y@ @ fag 9@ v
g R S 2 fO=X g ag
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(i) 19 Wer (Constant function) y = £ (x) = ¢ S8 ¢ T% 3R & 3N Y%
x e R g uRwid weh aredferes @ ®er £ R — R 781 W £ %1 9id R € 31 SHe
IRE (¢} B1 f 1 @ x-318 o GHIG Teh @1 2, I o folu afE f(x)=3 T4+
xe R B, @ 301 Tei@ 3Tepld 2.9 ¥ =9 @ 2l

Y

N

N

8
6--
4
2

v

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

\ 4
Y/
fix)=3
TTeRfd 2.9
(i) SEUE W AT TEUE weT (Polynomial function) e f: R — R, T
TEUE el HEdldl €, A% R o Yo x % for, =f@=a,+ax +ax
+.+a X, G|%'\f n Th ERULE E[UTTEF % adr ay, a,, a,,...,a, € R.
f) =6 —x2+2, 3R gx) = x* + /2 x, 5 IRAG e Tk IgILd Hed & & fF

2
h(x) = x° + 2x G URAIG Wer h, 9g9Ed e el gl ()

JETETOT 13 y=f(x) =13 x € RSN ®a £ R — R, & TRAM HifSq) 39 qRem
T AN H¥oh A= < T AIfernt w1 g0 HI 39 B HT 9G qen 9E = €2 f
F1 A | Eifau)

x 4l 3| 2| <110 1] 2 3 4
y=flx) =

T I R gE e A= @ T 2
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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@ A 2.10 H YRR
2l Y

f(x)zxz 3Rt 2.10
SETETUT 14 f (x) = 43, xe R g IRTIfd we f:R — R &1 3Ter@ @ifem|

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

Y
f={(xx%: xeR} fo1

3@ 3Rt 2.11 ®
= T R

Y!
fy=x?  amerfa 2.11
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(iv) 9@ wee (Rational functions) % , % YR o el S8l f(x) T g(x)
gx

T Uid H, x & qRefid agudE wer 2, e g(x) # 0 fHE e wEed B

SEEI0T 15 Uk adige ®F wed  f: R — {0} — R &1 9y f(x)=§,
x€ R—{0} BRI FIfSITI TH IR T FATT hich (AT AT i 01 hIfTT| 9

e 1 Wid 9 IRER R 87

x 2| -15|-1]-05]025l05| 1| 15
I

y_x

o ol &t T iferh 39 YRR @

x 2 |-15 |-1|-05{025| 05 | 1|15 |2
1

= —05|-067|<1]-2 | 4 2 1] 067 05

THHT I, I o e ued aredfas Gt € 9o 38t uier oft 1 & sifdaftaa
T (e W B £ 1 ST STepTd 2.12 § YRRl €l
Y
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(v) ®|Tdieh Ter (Modulus functions) f(x) = x| 9&% x e R g aRwifod wem
£ R—R, ATUTeh el el B x o Fodsh RO 0 o 0T A(x), x o & il
21 W x o MO WE o TN, f(x) M x, o HH o BT o aXE el €, el

x,x=>0

—x,x<0

.

A9l el 1 3eid STehfd 2.13 ® 5o 21 Aish %o &1 FRuer ae werm o
Fed 2l

Y

Six) = x|

ITTeRfd 2.13
(viy  Tog we™ (Signum functions) &% x eR, & fag
Y
1,3 x>0
f)= 0,3k x=0 1 y=1
—1,af x<0 L R
X'€ o > X
gN gRefd e fR—R fog %o wgamr 21 p=-1 -1
g e @1 Wid R 21 9RER ¥ {1, 0, 1}
Tepfa 2.14 o Tog Held @1 eTei@ <eIar T 2 ] Y
i f) = aR x0T 0 afx x=0
(vi)) WHgaH ‘{UTfT:B et (Greatest integer
functions) f(x) = [x], x €R g0 UR«Ifoa we T 2.14
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F£R— R, xd FH 1 x & IR HeTH YUk 1 T TgU (HRU) Hdl & TH o
e YUTieh Wel wealdl ¢l
[x], ®1 TR ¥ g9 <@ Thd & fm
[x]=-13AC-1<x<0
[x]= 0a€0<x<1
[x]= 13 1<x<2
x]= 29R2<x<3 3R
TH Ho H1 AR A 2.15 H <9Iar w4 2

Y
N\

N

" " "
T T T
—_ N W

Sx) = [x]
ITTeRfd 2.15

2.4.2 arafaes el ®T SSFIUTT (Algebra of real functions) 39 3TT=8% H, &9
e o forg YR <1 arEafeash ol sl Sgl Sl €, Ueh ar&dfoeh held ol g |
Y T € €, U arEdfosh ®er i fRet sifew (Tt nfiwr w1 iy arcafes
T 9 ) W N feman S €, < aredfersh werrl w1 O foRar S © qe Ueh arfadh
T H R Y 9 A S 2

(i) oY aTEafaeh Wl ohT T HH AT & £: X > RTM g: X > RFE o
arEfeeh ®ed 8, W8l X c R d9 B9 (f+g): X — R &I, @ xe X & fog,
(F+g) () =f(x) + g (x), g IR wed &
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(i) Ueh drdfger e ¥ ¥ @ ol He™T UH ofifs fF f: X — R e
¢ X > R&E < ardfas ®ed €, &l Xc R @6 81 (f— g) : X>R & @it
xe X, U (fg) (x) = fix) —g(x), SN URITE ed B

(i) Ten ATIHT W UM UF AT fF £: X—R T ardfoe 949 e 8 90 o
s few B FEl kW 9@ wER ifuyr fRdl ordfos Wen 9 1 99 e
of, X8RY Th e 8, S (0 f) (x) = Of(x), x € X T aReioa grar 2|

(iv) <t ardfaer Wwerl T UM 3 Srdfas Fel £ X — RT gt X—>R &
TOARA (A TOM) Tk e fg: XoR B, S o@H (fo) (x) = fx) gx), x € X TN
wfenfid 21 59 feiger: oM off #ed T

(v) X arEafaeh el o WRTRA T oifey o £ 9o g, X—R gr1 afenfod,

T arEdfersh e €, el X CR. f 1 g ® 9T, for iﬁﬁaﬁaaﬂﬁ%,ww

g, S wftxe X SEI g(x)£0, % T, [ J()—% R ECI TGS
SETETUT 16 T AT R Ax) = x G g(x) = 2x + | & dfos werd B

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

2
X

1
’ F ——
21 2

SEE0T 17 AF &S fh flx) = /5 T g(x) = x HURR ardfas Genstt o fag

(fo) () =x x+1)=2x +x, (?Jm -

R < wer ®, @ (F+ ) (x), (F— g)(x)(fg)(x)EvﬁT( J(x)ﬂﬁaﬁml
zol F8l 'y frefafed oo fiyed 2
f+e = Jx+x (f-g @ =Jx —x,
x) = \F -
X

| =

=x %2,x#0

(fo) x = Jx(x)= szﬂﬁT(J
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[ woamae 2.3 ]

frefafad Geel o S § %o 87 HRU %1 Sooid HIfu| IS Ha4 TH Herd
2, @ 3T gfeR fauifa st

Q) {(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 weri & 9id 9en iR | wifsa:

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

Tor ¢ GfeETE qITEE w1 BREEEE aHH § gfdteasor s €, i
t(C):% J R T 2 TR A S

() t(0) (i) £(28) (i) 7(~10) (iv) C 1 |H, S&¢(C) = 212.
fr=fafed 9 9 v@® wed &1 9RER Jd FifSu:

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

(i) f(x)=x>+2, x T ar&doeh q& 2l

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

fafasr 3grgvor
SEETOT 18 HA ety o R ot HEmel w1 ieed g1 Uk arkdiash her
£ RSR&A fix)=x+ 10 ){\

g Uftenfid sif 2R 39 Hed &1 37eig Wit

T TEl, 89 @4 ® TR A0) = 10, A1) = 11, ({10)

f2) = 12, ..., f(10) = 20, 3nfg W f(-1) = 9,
f(_z) = 8’ ,f(—lO) = 0, W'

10,0
37d: fSU U e oh STci@ 1 MR ST 2.16 (x'<) 5 > X
o eIfT T ®9 AT S /
f(x)=mx+c,xeR,Q$§f@7=F v
eT B 8, TE m T ¢ I &1 SHH e 9 —x+10
fash e w1 TH S B S 2.16
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ST 199 eifse 6 R, QU@ QHR = {(ab):abe Q@Ma—-be Z}.5W
Rfea, Tk ey 2| fag it fh

(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 ? fF (a,0) eR

7 () Wha-a=0e Z, a8 f=pd fehera © 7 (a, a) € R
(i) (a,b) € R&T qc9d B f& a-be Z 389G, b - a e Z.
3, (b,a) e R
(i) (a,b) TN (b,c) € RAHE € & a—be Z.b-c e Z. 7@,
a-c=(a-b)+ (b-c)e Z.31:, (ac) e R

FEETOT 20 T £={(1,1), (2,3), (0,-1), (-1,-3)},Z § ZH T ‘UWas weq 7,
fx) T HifT

T iR Uk Maew e €, $H £(x) = mx + ¢. Tz HiE (1, 1), (0, —1) e R
B @A, F()=m+c=1T0 fO)=c=—1.308 81 m=2 fHerar & 3N 39 THR
flx) = 2x — 1.

SETET0T 21 el f(X)—x +§x+5 T Wid A Hieg)

T FAE X Sx+4=(x—4) (x 1), THAT T £, x=4 31 x = | & R 7=
et ordfosh Geaed o faw aRefd @1 er: £ %1 9id R— {1, 4) 21

SEEI0T 22 el f,

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

fx)=

T URA 81 £ (x) 1 Ao @it

AW Al =1-xx<0, ¥
fH=1-(=4)=5;
f=3)=1-(-3)=4,
fie2)=1-(-2)=3
fi-1) =1-(-1) =2; 3
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R A1) =2,f(2)=3,f(3) =4
f(4) =53?4T&,wﬁﬁf(x)=x+1,x>0.

31: f W1 G A 2.17 H WM €9
1 B

i{’ 3TTeRfa 2.17
e 2 W fafae goract
. xz,OSxS?)
. x) =
1. gy £, f(0) {3x,3SxS10 TR R 2
.. X ,0<x<2
o g g(x)=1 R 2
& 89 {3x,2SxS10 &

T9IiET foF 0 £ T Hed © 3R g e e 2l

2. AR f=x, A —f%li:g(l) 1 hifs)

2 4+2x+1 .
3. oA f(x)=2—3|'7[9'|'d§ﬂ?155' Syl
x* —8x+12

fx) = J(x—1) R GRAET a&difaeh el £ 9id qe IRER G SIS
- f) = |x~1| 5T RIS STEdfash wer £ Wid 99 9RE {6 it

(9 | I *N

2
X

1+x

=)

e efifsn fw f={x, zj,:xeR}R@Rﬁ’ TH Hed 2l f R URE

fruifia sifs)
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7. WM AT fF £ g: RORFAM: Ax) = x + 1, g(x) = 2x — 3. G qRAMR 2l

f
f+g,f—g3ﬁ'{g§|'lﬁ?=lﬂﬁ|@|
8. WM & fF f= {(1,1), (2,3), (0,-1), (<1, 3)} ZHWZ ¥, fx) = ax + b, g
IReIfd Tw e ®, SEl a, b. B qUNE B a, b w TEiRa wifsw

9. R={(a,b):a,beNTMa=>5) g TR NG N, TF da4 R 81 F0
Frefafead wem 9 27
() (@a)e R,E®H ae N, (i) (ab)e R, & a9 & T (ha)e R
(i) (a,b) € R, (b,c) e R &1 @™ & T (a,c) € R?
e <M | 379 I T SAfEd Wt Sdezu)

10. 99 offse fF A={1,2,3,4},B={1,5,9,11,15,16} 3 £={(1,5), (2,9), (3,1), (4,5),
2,11)}. 1 frefafead wum 9 82
() f,AYBH U% a4 Bl (i) f,AHBH TH Fer =
Tk I H 9 ST 1 Sifacd Sdensy)

11. ®F ST 6 f, f= {(ab, a+b) : a,be Z) g IRAMNA Z x Z F1 Teh STTH==d
B £, ZUZ Y T %o 82 AW SW &l e ff s wifs

12. #F &S ff A= {9,10,11,12,13}A2 f: A—N, f(n) = n 1 HeTH 3THA UR
g, uftefaa 21 f w1 9RER 9@ HifE)

aRTIT
TH FAAE § T Goe 1 He 1 AT ThAl 81 59 1A i g &l
1 = @ S @1 R
¢ wfia g fodl foxiv A o wqfed sferrEl 1 T |
¢ FHrdTa O F=EA AT B 1 A OE, HwEd
AxB = {(ab):ac A, be B} B g oy &9 4
RxR={(xy):xye R} M RxRxR=(x,y,2): % z€ R}
® AR (@, b)=(r,y), T a=xTAA b=y.
¢ AR n(A)=p A n(B) =g, @ n(A x B) = pq.
¢ Ax9=9
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*

HHA: Ax B #B xA.

Gaeg T == A9 §=ad B H ¥a¥ R, HE I0H A x B &1 Toh ST
2l 2, o A x B & &fHd I o 9o w2 x qun fgdid "ew y & o
fopell Weier ol afvfa shen e femen ST 21
T%I?H'TC‘}WxW,WHR%W,Wy@ﬁT%,Gﬁ(x,y)GR,
ey R o id 0 o YUH S| 1 G, WY R 1 Wid Bl 2
TeYl R o hidd g o fgdia w2l %1 g, Gad R 1 9RE e 2l
e 904 AY 9= B | He £ U fafire weR w61 gay e €, i
qeEd ASh Ycish STod x 1 H=Ed B | Ueh 3R el Tk Hidfes y il
2 3@ 91 &l 8 £ ADBE flx) = y forEd B
A S f 1 Wid 991 B SEH1 TeWid Bidl 2l
W f 1 URER, £ o Widfdsl 1 SqeEd el 8
¢ el aafae wod o Wd ad IR {1 g1 arfosh 9emstl s 9ad
YA 3IHhl Teh SYHH = d m %I

¢ e @7 ST W f: X — RA9 g X — R, % fau g9 fr=fafed
aftaemd 3

(f+8 ) =flx) + gx), x € X

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

(fg) (0) =f(x) g (¥), x € X, kT TR B

k) ) =k (f(x)), xe X
S vy I

¢ =%,xeX,g(x)¢0

*

* & o o

* o

g gEYgTy

e TeR Fa9eH Gottfried Wilhelm Leibnitz (1646-1716 o) g ¥ 1673 |
foafaa ofes 1?ITﬂgrﬂ‘f'\‘?[ "Methodus tangentium inversa, seu de fuctionibus" i
uRcferd 31 21 Leibnitz o 39 955 o1 941 Sifageiuonede o o fohan 21 3=
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e I T wE A hHERl’ oh YRl g 3¢9 A T dh oh ®9 H
arfushfeda feran 21
s 5, 91 1698 H John Bernoulli § Leibnitz & fa@ T 791 # Wgat ar
gferaia &9 § Her I3 ol fageioness ue o fafvre yam fuifa fomen 21 s
TE § Leibnitz 7 379 Hewfd 9id gL W ot 3 fa=m e

TS 91 W %o (Function) ¥T6% |1 1779 @ Chamber's Cyclopaedia
o g S 21 ST H el 91e% sl YA =R ARE i geme st feer
R g g ®9 W 5 foveivuesh eHeht o ferg feran e 2

4

> —
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