q9Y T9 Fold
(Relations and Functions)

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

2.1 gf#reT (Introduction)

T T STYHTI AT Y s7erfq TRadier ATl o i
AT (Y8 ) HISa i 7a A F aR q 81 gAR
e ST o, &7 TaHl H (AT FE arct o Gl & | L
IR 7 T 8, S8 9 SR 78, I SR A, ST SR |
forenef zenfz) TP A o & ag @ WA frer F 9 | g

‘Gegrm, geT n, @ oI 8, ‘W@ |, @ m, & gHiat 8,
‘gg==g A, GY=IIB %1 ITHT=IT 2’1 57 gt 4 g9 3@d
& o fordl gy 7 09 7 GiEfrd gld & foe 92% Ua
fifs=a @9 o gid 81 39 9eqrd d & qi@n fo fhg ¥R
3 gY==El & Gl & g A o Gahd @ SR 39
Tt 7 o Al 3 TR & A a7 A g w gene
#1377 °, §H U 99 Gael & ar q S, S werT ad
& I &1 o BT TRy T 1 e eyl € #9895 9 T a5
& @9 MOTAFER T4 Gl & [9=R 1 AIE FAl 8l

2.2 =99l &1 #1diq UM (Cartesian Product of Sets)
o AT o A, Gt JHR o T FT 3R B, @7 axgeil w1 qg=ad 8, 9lq
A = {@rer, Hiem #ik B={b, c, s}, s
58T b, ¢ $R s FHH: ohE] G919 &7, @i SR FHIS &) ([6hd ¢
#Xd €1 57 3 Gy=aa @ fohad gHR #T 0 aeget & g a9 S p
Tod 87 FHag a4 Fild #d gU &9 2@d & [ EffEd 6
fr=- T 77 T @9 &1 (71, by, (&7, ©), (&7, S), (e, b, (e, ¢), T o
(T, 5) 1 59 9K &6 6 9717 aeqq 9rsd gidt & (Sl 2.1)1 aepta 2.1

G.W.Leabnitz
(1646-1716)
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fieselt wensh @ TR BT f, TF Fiha g8, s/aTa) #1 98 JH &, (59 9% Ho6F
o fored & iR el Tk IR @ fRdl foeiy ww o wgfed fhar s & erei (pq),
pe P 3R qe QI3d fefafigd aRYml & ¥ fohal ST Geal 21

qftarer 1 3 sRed gg=adl Pasm Q &1 &aid UAP X Q 37 g4l Hfya gl &7
Y=g &, [Seh! 9o 5ok P @ a9 f5dg ek Q, @ Tahe a7l S Tehal &1 37
PxQ={(pa):pePqgeQ}

Az PAQH & &iE 4t Raq wy=erq &, al ST Hrdid o 4 Red 9g== &l &,

SFITPX Q=0
SWIFT 3T G 89 WId & 1
A x B ={ (), (eerc), (e7r,s), (Flemb), (Fiemre), (Fems)} |
T7: frEfafad 3 a==al W fFEr il
A ={DL, MP, KA}, 58T DL, MP, KA facefl, ge 3391, a1
Fledh &1 [Fefid #3d & 3 B ={01,02, 03} HH%1: Feeit, ge7
7391 3R FHlesh GRI M % forg SR} egdq wie 1 wiahfaw 01
G §# HT ¢l DL MP KA
af @7 T fRochl, T I3]0 SR FAled, mMEA &
S T % oy Wb gl (G g g & e e 22
8 gl foF Gahd Usfd, G=a9 A & 37999 § IRY &, a1 37 Gg=I9 9 9 g+ a1t
#19 ° & 91 57 JE #T e Y& (e 8 (SFlT 2.2) 2
9 g &t 3 39 ¥R €, (DL,01), (DL,02), (DL,03), (MP01), (MP02),
(MP03), (KA,01), (KA,02), (KA,03) 3k Tg=aaA a2 Gq=e B &1 &Idld U 59
TR BT,
Ax B={(DL,01), (DL,02), (DL,03), (MPO1), (MP02), (MP03), (KA,01), (KA,02),
(KA,03)}. b,
9 T § TG 5 GHA & o FT [0 5 39 5F5R 9 & s
Fifw qg== A 3R B 7 @ gedeh § 3 37994 &1 399 &4 9 §d Gahd b,
gsfaar et &1 9 of i BT fF 37 s7/aFal & F/ T F FT b,
wEEyol (fofaed) &1 33 & forn Giekfask & (DL, 01) a&t 78t ‘
& & @isbfaw e (01, DL) 81 a, @
77 o Teietr & fou gye=maA={a,a} 3R STFfT 2.3
B={b, b, b, b} ® R I (smpfr 2.3)1 78l

AxB ={(a,b) (a,b) (&, b) (& b) (& b) (& b) (& b) (&, b)}.

03
02
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afz A 3R B, arlas G&misl & Gq=ed & SUqy=d &, al 39 JHR I 8 wiud
I [l THaeT & fagst #T ffq fefia @3 & 7or 98 @< & f& (a, b)) W e
fag, (b, a) W feoa fag & firr &
() 3 ®fd g8 GaF 8ld €, aR IR hael a3 ST G JIH ek GHA
gl SRk wa g we o gu all
(i) AT p aFq de1 B 4 q o779 €, a Ax B H pq 3@ &ld & 1&g
Ffs n(A) = p @1 n(B) =q, @ n(A x B) = pq.
(i) 7T A @er B siRaq 9g=ad & IR AT B d @ I o/aRfaa &, at
A x B 4 sraRfira gq==4 giar g1
(v) AxAxA={(abc):abce A}. Z& (a b, ¢) T& HHd FF
HEAT 2

IR 1 AR (x+1,y—2)=(3,1), @ X 3R y & FH Fd BT
&1 il Hia 0 GHH 8, T9feT 9Td e 4 qEE gl
374 x+1=3 3R y-2=1.
WA HH Wx =2 3Ry =3,
3aTE70 2 9% P={a,b,c} 3IRQ={r}, @ Px Q @1 Qx P rd &Ifsq| 71 gl 7l
T GHH 87
&6 P UM HT IR I
Px Q= {(ar), (b.1), (c. N} FRQX P= {(r,a), (r, b), (r, O}
i, Hia gl 1 GaEal B IRIT E, T (a, 1) T (1, a), & GHH T8 & iR
7€ Fd BT YU & JF JH & ferg @y gidt €, foad &9 ke fAbrert € b
PxQ#QxP
qYIY, g qy==a 4 sfeaFdl ®1 GE GHA 2
I7E0T 3 9 Sfor fh A ={1,2,3}, B ={34} 3iRC={4,5,6}. Fmrfaifad wa #ifa:
() Ax(BNC (i) (AxB)N(AxC)
iy Ax(BUC) (iv) (AxB)U(AxC)
g () 3 gg=gl & a3 &t gR9r 9 (B N C) = {4}.
37a: Ax (B C)={(1,4), (2,4, (3,4)}.
(i) 71 (A x B) ={(1.3), (1.4), (2.3), (2:4), (3.3). (3:4)}
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3R (A x C)={(1,4), (1,5), (1,6), (24), (25), (2,6), (3.4), (35), (3,6)}

gafm (A x B)N (A x C) ={(1,4), (2 4), (3 4)}.
(i) #® (B UC)={3,4,5, 6}

31d:

Ax (BUC)={(13), (14), (15), (16), (23), (24), (25), (2,6), (373),
(34),(35),(36)}

(iv) 97 (i) & Ax B @ Ax C §g==l & ¥4I § g4 f=foiad ara glar &:

(AxXB)UAX C)={(1,3),(14),(15),(1.6),(23),(24),(25), (2,6),
(33),(34),(3,5),(3,6)}.

ISETT 4 FRP={1,2}, @ TY==T Px Px P Hifal

g7 Px Px P={(1,11),(11,2), (1,2,1),(12.2), (211), (21.2), (2.2,1), (2.2.2)}.
I9ET0 5 AR GHE ardlaes e #1 §g=ad 8, a #@id MR x R 3R
R X RX R #7 f&fYd #3d &2

g @A U RX R 9= R x R={(X,y) : X, y € R}

&1 fefyd el 8, forgeht g4 fgfam qafie & fagsil & fEsnat & 9% 3 o fag
ferar ST 81 RX RX R @g=9d RX Rx R={(X,y,2) : X, Y, Z€ R}

&1 fefya #ar &, fraenr garT Gifamia s & fageit & (el & 5he 3 &
ferg fepar mar 2

FTET 6 AR AX B ={(p, 0),(p, 1), (M, q), (M, 1)}, @A $IRB &I 717 Tl
g A =399 TRl F GH=a9 = {p, m}

B = fgdig =gl @1 9g=a9={q, r}.
| yerett 2.1]

afg (§+1,y—§)=(g%), arx agr y 919 i

afz ggeg A 43 3/aFd € aear 9q==dB = {3, 4, 5}, @ (AxB) d sa7al %1
q&I F1d T

afz G={7,8} IR H={5,4,2}, @G X H 3R Hx G 7ia &Ifqi

SACISY [ [FEfefad weql 4 @ 9edieh 9o & 37eral e 81 Al e 379
g d T 7T Fy H G&t 9 F frgu

(i) FRP={m n} $RQ={ n,m}, @ Px Q={(m, n),(n, m}.
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(i) 7% A 3R B 3IRe qg==q &, @ A X B &fHad F (x,y) &1 T IR
Tq=aq 8, 39 YR fhxe A T4 y e B.
(iii) s A={1,2},B={3,4}, TAX (B ) = O

5 Ak A={-1,1}, @ Ax AX A T HifTT

6. R Ax B={(ax).(@,y), (b x), (b y)} a A aaB 7 &g

7. @A efee fE A={1,2},B={1,2,3,4},C={5,6} 7T D={5,6,7, 8} Genfu
HIT fo
()Ax (BNC)=(AX B)N(AX C). (ii)AX C,Bx D &I T& 3989g=a7 &

8. @M T fF A={1,2} 3k B={3,4}. Ax B faf@u) Ax B & fahad
3Tqg=IY g7 37T Gl TR

9. WA ARTT fFA 3R B 3 9g=a9 &, w8l n(A) = 3 8 n(B) = 2. I (x, 1),
(v,2),(z 1),Ax BH & da A 3R B, &I 71d HIfsq, Sl x,y iR z fr=7-fr=
3ed Bl

10.  %rdig T AX A 59 o7/aFd &, 5 (-1,0) 797 (0,1) 91 81 Tg==9 A FId Hifsq
agqr AX A e 9 sraFa o 71 Hifra

2.3 g9y (Relation)
3 g=F P = {a,b,c} @1 Q = {Ali,
Bhanu, Binoy, Chandra, Divya} T fa=k
HITIP 7 Q & &g o H 15
FT g4 8, ¢ 59 TR gHas
foar < e &,
PxQ={(a Ali), (a,Bhanu), (a, Binoy),
..., (c, Divya)}.

379 §H g% HIAd JH (X,y) & TIH 9% X 71 519 52k y & o Th Fael
R ®1fyd &Y P x Q &7 U% 3Y9Y=d9 59 YR I HY Gahd &l

R ={ (X)y): X, T y T FIT 37&X g xe P,ye Q} 39 &KX

R ={(a, Ali), (b, Bhanu), (b, Binoy), (c, Chandra)}
Tae R &7 T sfte-famwn, g dt em@ #ed 8, amfa 2.4 9 gafdfa &1

gitsrer 2 foedl sied 9g=aa A §@ SiRed 9g=a9 B d @9y FHid U
Ax B &1 T% Syqg=ad glal ¢ I8 Suqg=d AX B o Hald gEl & goq qe fZda

HZh! o Heq Uk Qoo IYd F3H & 9 8l #1 fodid 52, U e 1 gidfaea
FEAIT Bl

P Q

o Ali
eBhanu
eBinoy

eChandra
eDivya
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TR 3 G=aIA G =99 B 7 a4 R & #idq I o Gt JoH wehl & gg=ad
%I GaY R %7 17 FEd 8

TR9TST 4 Tg=aT A G Tg=99 B T G9¥ R & HI4d gl o gt f5atT gedbl & ggead
%1 Gae R %71 YRET F8d &1 Gg==9 B a4 R %1 G&-Hid FHecidl &1 72 Hifg 1,
TRER < GEaId

(i) T G &7 aftefty frequy =7 at e s a1 gy o fafy
gRT fomer 5T whar &1
(i) T @R sR@ fodt Ga4 &1 T gfe o0 21

39780 7 9T difoT fF A= {1,2,3,4,56}. R={(x,y):y= x+1} GRTA T A
T uF gay gRafyd il

() 39 999 FI TF 9 IRG N JWET

(i) R 3 Fia, Tggiad aon TRER fofay
ger (i) IRYTT gRT

R={(1,2), (2.3), (34), (4,5), (56)}.
T &R RGPl 2.5 9 gafsfa g

(i) &9 3@ T%d & & g7 T2
1 Gg=aq 79fq W={1, 2,3, 4,5} g4
YR, f5dta w2l &1 gg=aa F9lq IR STTfd 2.5
={2,3,4,5,6} 74 Geqia={1,2,3,4,5,6}.

IETET0T 8 HIH SPld 2.6 H GH=T P 3RQ & die Tk Ga¥ 901 T4 & 39 G
#1 (i) gg== @ &9 4 (i) Ve &9 7 feifaq sqeb 9id q91 IRET F41 87

g6l TEd: AR, X,y HT T &
(i) g9==r7 @ &7 4 R={(x, y):X, y & & & xe Pye Q}
(ii) = &7 7. R={(9, 3), (9, -3),

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

59 G %7 919 {4, 9, 25} &

59 Ga9Y H1 IR {-2, 2,-3, 3, -5, 5}.

iz P foh 31899 1, P & fwdm 4t sraaa

T gafed 781 8 7o Gg=ag Q 39 G &I

TEqId gl

P
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ferd! Gq==IA @ Tg=a9 B # Hael #! oI &, AX B & g9
ITGY==Al FT G & SR gl 81 AR n(A) = p 3Rk n(B)=q, @ n(A x B) =
pq 3R Feel Hi gpor TEAr 2 gl g

FETEY0T O WA ofifee fom A={1,2} 3IRB={3,4}.A T B gl &1 ger 71a Hifra)
g T8 Ax B={(1,3), (L 4), (2, 3), (2, 4)}.

% n (AXB) = 4, 3Ge7T AXB & 39qq=a %1 G&7 28l 9T A9 B &
oyl &1 qEar 24 2

(e ool | A @A & gay & ‘A W gy’ o FEd 8

| gearet 2.2

T AT i A={1,2,3,..,14} R={(x,y) : 3x—y=0, 78 x,ye A} 5FI, A
9 A &1 T Ga¢ R forfan sqeb gid, qegiq ik TR fafaa

. UThd Qs & 9gemd WR={(X,y):y= X+5 X T& 4 & FHH, TH JIFHd
&7 €, X,y N} 51T T T R TRIIfoa HIera) 59 Gae 1 (i) I &9 7
sqah 9 SR IRE fafaq)

. A={1,2,3,5} 3iRB={4,6,9}.A 9 B ¥ T% gay

R={(x y): x 3Ry &1 3R 99 &, xe A,ye B} gRT TR9Ifoa Hifrgi R %t
WX &7 H farau)

. Spfa 2.7, Gq==T P& Q & TH
gay swiidl 81 39 gy F

(i) gg==g @ &7 (i) WX &7 F
fefag sqeh wia aer aReR #1 87
. HH difeT fF A={1,2,3,4, 6} 77
aifse fF R, A W{(a, b): a,beA,
T& a 9@ b & gy faaiia
#al 8} gRT IRHIT T Fael 2
(i) R @I I &Y F foaray

(i) R %71 317 717 Hifew

(i) R @7 9RET 7 Hifora

. R={(x,x +5):xe {0,1,2,3,4,5}} 5/ IRAIMGT Ft] R & FI7 iR TR 71
HifeTal
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7. GEIR={(x, ) : X &7 10 @ 9 TH 4T G&7 8 & I &9 7 fafau)

o AT fF A={x,y,z} SIRB={1,2}, A9 B & Gaeil %1 G&IT Frd Hiforgl

9. T @ife fFR, Z W, R={(ab): a, be Z,a—b T& quf# &, gRT IRIT T
gt 81 R & Hid 991 IRET T T

24 e (Function)

59 77=] W, 89 U 19919 YR & Gael &1 3779 F1, (o7 Bord #ed 81 89 B
# U 79 & &9 4 3@ G 2, a9 P RU gU s/agdl @ 7 37q9d 397 &l
&1 wor i gfaa #¥H & o7 s % YgR T S €, 59 ‘gfafes’ sreEr ‘gfafeEor’
IR 5 UH GHEET A § Y= B %7 G4y, f Uk Beld #ecldl €, I geE A
& Yoo HFTd 1 Gg=EIB H, Uk 3R Shael Tk il g gl

TR Vsl F, wer f, [l SR Gye=d A @ U R GY==d B @1 €, 59 YR
&1 Gy [ £ &1 91d A€ a9 | & fdl 9t 5t R sl 9 & 999 52 GHH
7&t &

afzf, AQ B T TH Bord & aor (a,b)e f, @ f(a)=b, Tl bl f o sfarfa
a @1 Fiiare o7 a &I b %1 ‘qd glafaq’ Fsa g
A9 B Hord f &I Ydlwicas &9 4 A > B @ H&lyd #d 8l

fisel SSERUN W A 34 W 89 eIl d 3@ € fo S5 7 7 A qay
%o Tl 8, HAlE HaTd 6 HT HIZ Glafda T8 2

U: IIET 8 T [ ot Tk Wi 7@ & Flih 39 Jid & P S7aTEl o Th
G ek Ylafad 81 3eRT 9 W werd 7@l & ()| e R 3wl 9 agad @
Tael W =R #3, (79 @ 9 B € 9k @ B T&l 8l
FETET0T 10 97 fse fE N Jrehd 9e&mst &1 gg==d 8 ik N W qRuIfyd o qay
RS 7R & TFR={(X, y) :y=2x X ye N}.

R & 9id, GEYId a9l TREY 1 8?2 991 98 §9Y, Tk Foid 87
&c1 R &7 9id, Yighd 9emiell &1 g N 21 397 Geqid 41 N &/ g9 IR 99
91 G F Gg=T

ek Fed Wighd G n %1 Tk 3R Shael o &1 Fldlde &, saiei I8 qae
T T Bl

IeE0r 11 A9 foU gayl 7 @ e 7 (e FH9T SR gedd 9 § HRUT Gied
FAAIZT o FI1 T8 Heid & 7aT 817
(i) R={(21),31), (42}, (i)R={(22),(24),(33), (4.4}
(i) R={(1,2),(23),(34),(4.5),(5.6),(6,7)}

o
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g () FFERT 97 & To% 57999 2, 3, 4 3 Wiafaa sifgdta & safmg 78 g9y
TF T Bl
(i) F% wh & gom saad 2, 31 R=-f=7 gfafsat 2 8k 4 @ gafa g,
STy 78 Gael Uk Hed T8l g
(i) FNTF o 799 & TF 3R Fae T lafad &, sqT T8 Faa T
T Bl

TRETT 6 TP UH Bord &l foTgshT IRAY arsafas G&sll &1 gg=ad a1 9P 5
399Y=TY g, ARfa® A Beld Fed 81 A ardfde W) drd fdl ardtas q
FoTT T G H Ao Q@S 1 Tgead S9al 39HI Fle ST9gead & af 6
arIfg® ®er G 8 8

I7ET0T 12 H efsT fm N arafas qegen &1 gg==9d 81 f: N > N,
f(X) = 2x+ 1, GRT IR T ar&ifadh HH Hord &1 39 GRETIT &7 Fa1T &3k, 5
3 ¢ groit # gof Hifem

X 1 2 3 4 5 6 7
y | f@Q=.[f@=..[fT@)=.|f@=..1fO)=..|1T6)=..[Ff7-=..

X 1 2 3 4 5 6 7
y | f@=3| f(2=5| (@) =7|f@)=9|f(G)=11|f(6)=13| f(7)=15

2.4.1 FB B 3R 379 @ (Some X

functions and their graphs)

(i) @gH® Her (Identity function) 47
FfTg R arsifass G&stl &1 g==a
2ly= f(x), 9% xe R gRT IR¥IMT
gt 79 %ed f: R >R 81 89
UHR & o & aoqdqdh Bord Hed
g1 7l W & 9id a1 IREW R &
SqHT HHE TH WA @ g &

(3pia 2.8)1 I8 @ geT fag 4§
8 &Y St 2
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(i) e ®erd (Constant function) y=f (X) = c 98 ¢ T =R & 3R 4%
xe R BRI IR9IfYT T aredfasd d17 %o f: R —R 81 981 W f &1 JId R & 37K 3G
IREGT{C} BIf & TG x- 3781 & GHIN T Il &, ITEX0 & [e7Q A7 f(x)=3 Il
xe R 8, a s5% g Sl 2.9 § qwiiE @ gl

Y

N

N
v

8

6

4..

2

XN<E—tH———+———+F+—+—+—>YX
8 -6-4-2 |02 4 6 8

v

fix)=3

SFfd 2.9
(i) 9g9T weT I FEI_ME e (Polynomial function) #er f: R —R, TF
WWW?, aﬁ-R &WX&W, y:f(x):a0+alx+azx2

f(X) =3¢ —x2+ 2, 3R g(X) = X* + /2 X, 5T TRUIGT BT T U9 Heid & widl [

2
h(x) = X3 + 2X 5RT YR Ferd h, TgusT o 8l 81 (Fi7?)

3TET0T 13 y=f(X) =x4 x€ R 5N ®ad f: R =R, &1 IRYT FifG@) 39 qRemm
&1 JIT FF A9 T ekt T G FITY 39 BT BT T qo TR 77 87 f
&7 aTcrE 9 @il

X -4 3| 2| -1] O 1 2 3 4

y =10 =x
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X -4 3|=2(-1]0 1 2 3 4

y=fx=x|16| 9| 4 1|o0o| 1| 4| 9| 16

f @& Wd ={x:xeR},f & TRA ={x:x>0,xe R}. f & 37c1@ 37FfT 2.10 7
efeld 21 Y

f(x)‘:xz st 2.10
IT7ETT 141 (X) = X3, xe R GRT IR¥IYq %erd f:R —R &1 sei@ @ifaul
g T8 W
f(0) = 0, f(2) = 1, f(-1) = -1, f(2) = 8, f(-2) = -8, f(3) = 27, f(-3) = 27, g3

Y

f={(xx®: xeR} f &7
3TerE SFfd 2.11 7
@iar e g
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(v) wR®T ®we (Rational functions) %, & FHR & Hord al f(x) 79 g(X)

TF 9iqd 4, X & IRIYG Tg951d Hord &, fad g(x) = 0 IRAT Herd wecid 8l

357E0T 15 UH arEfdd: A Hed fi R —{0} >R &1 gRurw f(X)=§,

xe R—{ 0} G171 FITTI 39 TRYTST 7T FINT I [FHfciraa il @l qof Hifal 39
BT T HId 99l IRET FT 87

X 2| -15(-1]-05]025| 05| 1 15
_1
Y =X
g qUf %1 T aIfTHT 39 AR B:
X —2 -15 |-1| 05| 025 | 05 1| 15 2
1
y:; —-05|-067|-1| -2 4 2 1| 067 | 05

G T1d, I o AR GaE ardlas GEd & o 39T IR 5t I o SAfafiad
THE aredlad Geqd 81 f 1 serE Sehid 2.12 H 9efda g
Y
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(v) #r9T# %o (Modulusfunctions) f(X) = |X| T@® Xe R GRT IR9IYT Ford
f: R—R, ATIIH o7 FHEAdl &1 X & Fedah TR TH & T f(x), x & =K ghar
81 Wq x & B/ GAI & fe7q, f(X) &7 AF X, & TH & B & ey &l &, elq

f(x)z{x,xzo

-X,Xx<0

HIF o T G SFd 2.13 F G @1 A9k word # FRee 5 e o
*&d 2l

Y

Six) = x|

aFfa 2.13
(vi) fag§ ®erT (Signum functions) 7@® xeR, & faw

1if x>0

f () =40,if x=0 1 y=1
-1,if x<0 »
X'€ >

7X
)
SR IR o f:R—R a8 ®erd Feamar 81 y=—1 (—\{—1
fg ®erT &1 91d R 81 9R&R gg==a{-1, 0, 1} &1
ST 2.14 H I8 Hor T S 39 T4 &1 Yy

(vi) #ETH YuE Werd (Greatest integer
functions) f(x) = [x], x € R GRT Refq e P 2.14
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f:R =R, X T F7 I X & TR Te7H YUl HT G JgU (RT) Il & UdT o
HETH YU HeTT FHEcul &l

[X], ®T TR9TT T &9 3@ G & &
[X] =-1for-1<x<0
[Xl= OforOxx<1

[Xl= 1forl<x<2
[X = 2for2<x< 33l
$q AT T i T 2.15 H <90 T4 B

Sfx) = [x]
ata 2.15

2.4.2 Freifas werdl &1 @aora (Algebra of real functions) 39 37987 o, &9
i@ o forg YR 31 arEifash worl w1 Siel Sl 8, T aredfad werd & g 4
d e S B, U arEdlod G @l hd) feer (F8T STy &1 Siiard aredfas
e 4 &) d T ke Sar 8, 5 arkdfedh Gl 1 O 34 ST @ a9 U dredtae
o &1 g9 © 9T 34T S 2

() 3 FAfI®: ®et HT T T AT X SR T g X —R FIE T
ardfaw wed €, 58l X c R.dd g9 (f+g) X R &I, 4 xe X & fog,
(f+0) (X)=f(X) +g(X), 57 TRIMT #d 8l
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(iy TF arwfa® ®erd & @ TR Hl HeqT 79 Afag o £ X —R @
g X —R FE 3§ aifad wod & 9@ X< R. qd@ 89 (f—g) : X—R & g
xe X, @ e (f—g) (X) = f(x) —g(X), 57T IRIfIT 3 2
(i) TH SR & UM wH AT % f: X—R T aralds 4 BT & a9l o
T AV B Tl ARV 9 gART A fHd arcfas @em @ @1 ad [
of, X dRT @ werT 8, ot (uf) (X) = of(X), xeX T qR9IfIa giar &

(v) T Frfa® wert #T UM T aEE worAl £ X —R T g X—R BT
TGS (T ) TE FAT fg X—R & 7 g9 (fg) (%) = f(X) 9(x), x e X FRT
TRefeT 81 59 fager: Ui o FEd 2

(v) 3 FrEfaE ®edl # GETRA T AfeT B foaer g, X—R §RT IR,

. f
3t ST o g, Gf?T“XcR.fWg#W,ﬁ/#E 9 f&fia #3d &, T o

g W g¥ixe X 9@ g(X) 20, & forg, (é)(XF%,W TRYIT 21

IEMET 16 A T fF (X) = X 79 g(X) = 2x + 1 3 arafdF worT 8

f
(f+g) (), (f-9) (), (fg) (X)’(E)(X) A BT

B0l TUd:
f+g) ) =xX+2x+1 (f-g) = X —2x—1,
2 3 2 f 2
(fg) () =X (2x + 1) =2 + X, (5)0() - 2>)<(+1’X " _%

ITTET0T 17 | T foh f(X) = Jx T g(X) = X BURR areafasd q&s & fag

i
R g we &, @l (f+g) (X), (F—g) (%) (fg) () sﬁv(a] (X) 7T Hifsa
7o 781 89 fEfeiad gRomm faerd 8
fF+a) (0= Jx+x f-9) () = Jx —x,

X

3 1
(fg) x = Vx(x)=x2 st (é](x) =£=x_5,x¢0
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| gvaret 2.3]

fefafad gaul § &9 @ BT 87 RO &7 Iooid FI9U IiE a8 Tk Hord
g dl 39 IREY iR FHT:

O {21,52),872),(111),(14,1),(17,1)}

i {(21),4,2),(6,3),(84),(10,5),(12,6), (14,7)}

(i) {(1.3),(15),(25)}.

fefafad arcfas el & Fid 7o IRET Jid FIa:

(i) f)=—1¥ (i) 9= Jo—x2.
T weT f(X) = 2x—5 gRT YR &1 f=faiad & a9 faRaq:
@) f(0), i) f(7), (i) f(-3).

%orT ‘v Gfeqaq d9HH %1 WBRAEES @A d gfdfesor #}ar 8, S

t(C)=9—5C + 32 g7 W & Frefaad T

() t(0) (i) t(28) (iii) t(-10) (iv) C #7 &M, 5&t (C) = 212.
frefafad § @ geds werd &1 GRET F1d Hifeid:

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

(i) f(X)=x2+2 X TF arkilas qe g

(i) f(X)=x, X TF s g g

fafay 33rEvor

IO 18 HA ofifsW f R arcdfas qems w1 gyeed & U arkilad o
f: R—R &I f(x) = x + 10 Y

ST TRYIT FHSTT 3R 39 Herd &7 eid @if=a)

g 7@, 89 3@d & f% f(0) = 10, f(1) = 11,
f(2) = 12, ..., f(10) = 20, a7fs 3R f(-1) = 9,

(_10,0)/
37d: 3T gU e & 3TCig & PR 3MHIT 2.16 X' €

f(~2) = 8, ..., f(=10) = 0, FETfI

N

({,10)

A\

9T T &9 T B ©
| e | f(x) = mx+c, xe R, @& v

BT FHECAdl 8, ST&I M T ¢ 373X 81 3T Hord
Mgk BT F1 T I 8l sTpf 2.16

Yl
fx) =x+10
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378707 19 7 v fF R,Q ¥Q ¥R ={(ab):abe Q ama-be Z}.5®
YR, Tk ay &1 g Ffew

() (aa)e R¥% ac QF fow

(i) (ab)e R%7 asd & fF(b,a) e R

(i) (ab)e R 3R (b,c)e R @evd & f (ac) eR

g1 () #Fika—a=0e Z, a8 =9 f%aa & % (a, a) e R.
(i) (a.b)e R&T drcyd & % a—be Z. 59faq, b-ae Z.
37, (b,a) e R
(i) (a b) @ (b,c) € RIT & fF a—be Z.b—ce Z. @G
a-c=(a-by+(b-c)e Z. 3, (ac)e R

3578 20 Ak £={(1,1), (2,3), (0,-1), (-1, -3)},Z & Z.5 wh ‘Was# %o &, al
f(X) Fra Fia)

gl et uh Wawh w8, 59 f(X) = mx+ ¢. J7: #if% (1, 1), (0,-1) e R
81 54fg, f (1) =m+c=1aer f(0)=c=-1. 549 84 m= 2 o7l & 3R 39 FHR
f(x) =2x - 1.

X2 +3x+5
X% —5x+ 4

ga FifE X -5x+ 4= (x—4) (x—1), THTT FeT f(x), x=4 3k x= 1 & 7R
7 qut arafas qest & forg uRerfia @1 e f @1 wd R—{1, 4} @

3]78Y0T 22 Ferd f,

3570 21 wmerd f(X) = FT GId F1d FHifT)

1- x, x<0
1 ,x=0
X+1, x>0
gRT YR &1 f(X) &1 e @it
g7 78 f(X) =1-xx<0, &
f(-4)=1-(-4)=5;
f(=3)=1-(-3) =4,
f—2)=1-(-2)=3
f(-1) =1—(-1) =2; zenfs

f(x) =



52 T
3R (1) =2,f(2)=3,f(3) =4
f(4) =5 gw@fs, Fif# f(x)=x+1,x>0.

37d:f HT STE SFHfT 2.17 F 9N &Y
&1 I

v
M arepta 2.17
T 2 T ATy F¥aaei
x?,0<x<3
. f =X
1. gay f, T(¥ {3X,3SXS10 gRT YR 2
.. x?,0<x<2
et g, g(x)—{SX,2SXS10 gRT gRfa 2
3T fF # f ok Bod @ $iRg Hord 78l &l
o L fLD-fQ
2. gk f(x)=X, Fﬁ—(l.l—l) F1d FHITTI
X2+ 2x+1 )
3. Wf(x)—m &1 FId F1d HIT
4. f(X) = J(x-1) B/ IRHIfGd ar&dfaes ®erd f &1 Jid den IR F1d FHIT
5. f(¢) = |x—1 g/ TR et wer f 1 gid &1 YRER T IS
2
6. A difew fa f={[x,1rxz}ixe R}R IR 4 ©F o 8l f & IR

fetRa &ifsa



10.

11.

12.
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o AT fF f, g R—R HH: f(X) = x + 1, g(x) = 2x — 3. §RT TR¥If5d 21

f+g,f—g3ﬁ'\fg T FifT)

A @ife fF = {(L1), (2,3), (0-1), (-1, 3)} Z §Z ¥, f(x) = ax + b, gRT
IRWIfG TF Word 8, el a, b. HF qOiE 21 a, b # fuiRa FHaw
R={(a b):a beN gra=b} g7 IR"AT N N 7, T& g9 R 81 &7
frefofad &e7 9 87

() (@a)e R @4 ae N, (i) (ab)e R, & @ & % (ba) e R

(i) (ab)e R, (bc)e R & ad & f# (ac) € R?

Yed% T H G S BT HfFeq G Iacwsyl

o ifeTg f A={1,2,3,4}, B ={1,5,9,11,15,16} 3k f={(15), (2,9), (3,1), (4,5),
(2,10)}. &1 f=faRad we7 e 87

() f,AGB T @ gay &1 (i) f,ATBH TF B &

Yede F9I | 397 I T Siifeed Ayl

717 AT o f,f={(ab,a+b):a,be Z} g/ IRYIMYT Z x Z %1 T I9qq=a9
81 #f, Z9Z § TF Hord 87 3797 I &7 g o e Hifay

A ifeiT fr A ={9,10,11,12,13} @2 f: A—N, f (n) = n &7 FETH 79T [TH
gr1, gRwifyd g1 f &1 9Rew @ &t

TRTST
59 7417 H BH G G o 1 AT [HA1 B1 T AT T G arcil
®1 19 37 57 %7 8
® FHT 777 (&4l fa9 %4 4 9gfed saFal &1 T
¢ FrEig JurT GG A 791 B FT FHIdTT UH, T
AxB = {(ab):aec A, be B} & &/ a9y &9 @
RxR={(xY):XYye R} 3ﬁTRxRxR=(x,y,z):x,y,ze R}
® It (a,b)=(xy), T a=xaqT b=y.
¢ It n(A)=paar n(B) =q, @ n(A x B) = pa.
¢ Axo=9
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*

qE=d: A X B #B xA.

*

TTY TH==IA & Tg=a9 B ¥ G99 R, Fd19 07 A x B #7T T& 379g=a9
g &, 579 A x B @ #iid g7 & JoH e X qol fgdid w2y & aie
ferdlt Gaey 1 afvfa ek Fra foHar e gl

fordlt sae x @1, Wau R & sida, gl y glar &, S8 (x,y) € R,
Hae R & %i4d J & Y29 92! %1 GY=a4, G4 R %7 Fid gl &
Tae R o Fid gl o Gdi sesl &1 g==d, 994 R 7 9RE gl 2l
%e77 Y= A 4 G=a9 B 4 Bor | T 537 R 1 G4 gil &, [

Y=g A & Yodo 37999 X T GY==d B H TH 3R hect T Fhifaq y gl
¢ 59 919 % g9 f: A—B W&l f(X) =y for@d &1 |
A BTt @1 Wi 991 B 39T EHId Bidl 8l
% t &1 GRER, f @ ldfsal &1 gy=a9 &l gl
¢ fordl Frafae word @ Fid ao IRER 31 81 arsdtad s # gy
S7eJe IGHT T ITFY=IT Bl 8:
¢ o F7 TG werd £ X — R @ g X =R, & fog 89 fEfarad
IR 3 &
(f+9) () =f(x) +9(X), xe X.
(f-9) () =f()-9(X),xe X.
(f.g) =T .9, xe X.
(k) () =kf (X)) xe X.

* & o o

* o

f f (X)
E(X) =90 X€ X, g(x) # 0.
gfE# yEg

Ferd 91 gaged Gottfried Wilhelm Leibnitz (1646-1716 o) §RT G 1673 H
ferfa oifeq qrogfefd "Methodus tangentium inversa, seu de fuctionibus’ @
YRefera gai 81 Leibnitz 7 $9 91 &7 F41T Sfaveivocas 9rd | 541 81 3=l
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Hord & ‘U ®rd aer ‘&HER’ @ USRI 3099 A T 9% b ©9 H
Afermfeqa fehar gl

JemE 5, G7 1698 & John Bernoulli 7 Leibnitz &I for@ T& 99 H w8l ar
glae=iia &9 @ Bor I &1 [aveyoncde 9ia J fafere g feiRa frar 81 34t
g o Leibnitz 7 7991 GgAfd 39Iid §T ST 91 ] fAT @n

377 91 H werd (Function) ¥7s5 @ 1779 @ Chamber's Cyclopaedia
d qra Sar 81 oo | BT 9 &1 AN =R ARTE SR gemen srerar e
TRTEl GRT G ®9 9 a7 favAvoicAs Foreh! @ fod fmar 7 2

4

> —



