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(Relations and Functions)

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

2.1 gt (Introduction)

TIoTq 1 StfereRTer AT Y steriq aRerdeier iyt ok <=
AR (UBEM ) Higal i 96 T & R H ¢ TR
3fen e o, en el i faf@ & o e el &
IR W WA €, S 9 3R wed, T oIk g, sremes SR
foanefft genfe) i & off e wgd U Gey faod & S
"G m, & n, '@I?ﬁ?ﬁ%', ‘En l,i’@T m,éﬁmé’,
‘geeE A, GYeId B 1 Suegeed €1 3 99t § &9 e
& for forelt Weiwr o UH I wiwfed g € foFeh seh T
e 9 o B €1 39 e | Bw Wi o foh gean
T G=IEl o U@ oh g7 AT S Tehd € @R R 39

T AR AT A e 2 A A A e e (lgz;e;g';{f;)

w1 ofd |, g9 vd fauiy e o IR § SE, S % 5
o I &1 Herd T GReheuH T o i el © iR I8 T 9% U S o5
o oft TTAHR Femqes Jiadn o foar &1 afamee s 2

2.2 TeEEl &1 AT U (Cartesian Product of Sets)
A AT foh A, S TR o T w1 MR B, A a&geti #1 agead §, rufq
A= {ad, MR B={b,c,s},
ﬁﬁb,cﬁsmzwmﬂaﬂ,ﬁ?ﬁ?wﬁﬁﬁﬁm c
F3d &1 5 SH Tgeadl 9 ferad YR Y A aEgeti oF T S S p
Thd ©7 HHAg alieh ¥ Wfd W 8¢ BW dwd © f frefafEd 6
- Tt 9 W B 1 (@, b), (A, ¢), (T, 5), (e, b), (e, ), T e
(e, 5)1 38 TFR 7Y 6 - aeqd wre Bt & (3efd 2.1)1 3T 2.1
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g4 Td Ho 29

el wenell § TRl SIS o, T w379, sl &1 o8 39 2, {54 o wies
¥ forad € 3R fenl th TR @ fopdl foeie wm o wafea fran sman € e (p.g),
peP 3R g QI3y Frafalad aftamn @ o= fman <1 gehan 2|

ufterr 1 e gg==al P A Q 1 FIdE UM P x Q 39 Geft wfga gl @

guee 2, fSeRl oM seh P9 qen fgdia sieeh Q, § wieht oIl S ehdl @1 o
PxQ={(@q):p €P g €Q}

A PAQH W i ff Rew wyee €, A1 Seh1 Shrtd A ot R "= B B,

S Px Q=16

ST gid ¥ 8F WM €

A x B = {(A,b), (ATA,c), (TT,s), (e, b), (Fie,c), (Fes)} |

A: Frefafed g1 ag=ee | fo=r Fifsm)

A= {DL, MP, KA}, el DL, MP, KA feceit, Hea w31, qen

FHHieeh 1 et #3d € @R B = {01,02, 03} 991: fEeelt, wen

WY iR Flew g MeHA & forw W eeeE wie #t wetas 01

HeAt e F7 <) DL MP KA
afz @ wF fEoell, v Ry iR ek, WA &

AU Wi ok folu Hohd Ugfd (Hehfaerl) 9 Wfdael o |ef a1 I 2.2

® T for Hoha ugfa, I=aa Ak 319Fd ¥ URH B, @ 37 S ¥ U M aret g

FF W € a9 T T K pel W foha @ (aeRfa 2.2)?

W EH o 9T 3@ R ®, (DL,01), (DL,02), (DL,03), (MP,01), (MP,02),
(MP,03), (KA,01), (KA,02), (KA,03) 3R TH==9 A 2l Gq=s™ B &1 H1did 0 6
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 3@ W THAN & R FEE TE 39 TER 9 g & O
Fifer Tq==d AR BH © Yoish § 3 37 €1 39 86 9 Hud Hohd b,
gfat foerdt B1 gg off e FfT foF o7 sl & g T H 1 % b,
Hewaqul (fuiaes) 21 S o forg wiskfae e (DL, 01) =&t e .
? S Wiskfass H@m (01, DL) ©1 a, a4

A § TEH & AU §HE A= {a,, a,} 3R TTeRf 2.3

B={b, b, b, b} R fo=m i (smepfa 2.3)1 =@l

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

03
02
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30 wforg

Ife A 3R B, aT&dfesh HeTst & G o SUET=a €, di 38 YN WK § HiHd
7 Tt e o faget #1 feufa fefoa %@ € o0 78 w1 € & (a,, b,) W feom
fag, (b, a) W feom fag @ f &)

() < HHd T TOE e €, A AR hael A STk WG JUH Sk qHH
g 3R Hd fgda wes ot wm e e
(i) =€ A™ p 3faFa a1 B | ¢ 3976 €, @ AXBH pg 37099 B € @1eifq
IR n(A) =p T n(B)=g¢q, @ n(A X B) = pq.
(i) 9% Aden B eifegd @qesa ® @R AW BH © i owRfyd €, @
A x B ot erufifi gq==a B 21
(iv) A><A><A={(a,b,c):a,b,cElA}.TI%‘f (a, b, c) TF HiHa B
e 2|
FEETOT 1 AR (v + 1,y —2)=(3,1), @ x 3 y o T A HifoQ)
Tol i HHd 9 T 7, s8fdT ga sed off 9ue e
I: x+1=3 3R y-2=1.
mex=23‘ﬁ'{y=3.
SETETUT 2 P={a, b, c} 3IRQ= {7}, dl P X Q@ Q X P 1 ShIfSIq| &1 S shrcier
T 9 €72
T HIA UM T GRS §
PXQ= {(ar), (b 1), (cr)}dQXP= {(ra), (b))}
Fifen, hiHd i 1 FHEA &1 IRA 9, T (a, /) TH (7, a), & FAE & 2 AR
Ig 91 19 TOF % GA% g & fau o et €, e 7w ferd fered ©
PxQ#QxP
ATy, Yo W=ad | el i qe g9 2
SETETOT 3 M ST R A = (12,3}, B= (3,4} 3IRC = {4,5,6). Frefafad s wifs:
G Ax(BnC) () (AxB)n (AxC)
i) A x (BOC) (v) (AxB)0(AxC)
g (I) < Y= o gaAfTss &t uRam ¥ (B n C) = {4}.
ST Ax (B N C)={(1,4), 2.4), (3.4)}.
(i) 319 (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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g4 Td Ho 31

AT (AXB)n (AXC) ={(1,4),(2,4), (3.4}

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

37 AXx(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) ¥ (i) ¥ A XBqe1 A X C &= & W ¥ e frefaiad 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)}.

SEE0T 4 AP = (1,2}, A T==d P X P X P 9@ &ifu

Zd 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)}.

SETET0T 5 AR R HE oo g@mnel s @gead §, d %id UH R x R 3R

R x R x R 11 fefid @ 22

FA g OH R X R 99=9F R x R={(x, y) : x, y [R }

=1 Frefa sear €, forgent v fgfom wafte o fagei o el &l yehe w & fog

fopel ST 81 RXRX REF=9T RXR XR={(x,,2):x, y,z R}

=1 Frefa a8, forert waim fBifaedia s o foigeti o fdenel &1 ge &6 &

fere foan e 2

SEEIOT 6 A A X B={(p, q),(p, r), (m, q), (m, r)}, A SR B ! T e

TA A =TUH TH B G = {p, m}

B = fgd@ weahi &1 9= = {q, r}.

[ et 2.1]

1. =R %*W—gﬁ:ﬁz - AxdAq A HISY

2. AR ggeea AT 3 fed € qUl @seA B = {3, 4, 5}, @ (AXB) ® 3l
& A Fifeu)

3. 9K G={7,8} 3R H={5,4,2), WG xH3W HxG A Sy

4. dqaoeu for Frefafed o § 9 TS 9 © 31991 319 ¢l A wU T8
2, @ fEU U wed H WE A H fafEw
(i)?ilﬁ‘(P= {m, n} 3"ﬁ'{Q={n, m},?ﬁ P xQ={(m, n),(n, m)}.
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32 wforg

(ii) M€ A @R B e wq==a €, d@ A x B % g (x, y) &1 Th A
TH=I9 ¢, 3@ YHN fhx € AT p € B.
(i) 3 A= {1,2},B= (3,4}, WA X (BN ) =9¢.

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

6. AR AxB={(a,x)(a,y), (b x), (b, y)} A ATANBAG HifTq|

7. "AAENT R A={1,2},B={1,2,3,4},C={5,6} a1 D= {5, 6,7, 8}. Fefud
EAIELAED
()Ax (BN C)=(AxB)N(AxC). (i) AxC, B x D %l Th ST&H== 2|

8. WM ofifiw fF A= (1,2} 3R B={3,4}. AxBfafau AxBa& fr
IYEH= BIM? 3! T AT

9. WM ofifST foF A 3R B < @ B, Sl n(A) =3 3R n(B) =2. 4R (v, 1),
(1,2),(z, 1),Ax BH €, @l AR B, ! 31d i, S@l x, y 3R z f=1-for=
CCepEid

10. T PE AxAH 9 Faa €, T (—1,0)q2n (0,1) ot 81 T== A T HifSQ
TA AX ATh 99 31999 Y J1d hiferd|

2.3 EaY (Relation)
T Y= P = {a,b,c} T Q = {Ali,
Bhanu, Binoy, Chandra, Divya} ® fa=R
FHIfSTTI P qeM Q & &I TOH H 15
oo ST Wl €,
P x Q= {(a, Ali), (¢ Bhanu), (a, Binoy),
..., (¢, Divya)}.

319 TH YIS hiAd I (x,y) o HIH T2 x AN f5dia ek y oF ota T day
R Tt X P x Q &1 U STGH=TT 9 TN Wd Y Hahd &

R ={(x)):x 9 yh 99 e &, x € P, y € Q! T8 YHN

R = {(a, Ali), (b, Bhanu), (b, Binoy), (¢, Chandra)}
Hay R 1 Tk gfte-fesor, 8 I smte whed €, oefa 2.4 o wefikfa 2

uftamer 2 R e 9= A ¥ Iiad 99=9d B H ¥ay &@E OH
A x B U UGS Bl & T€ SUET=Sd A x B o A 0 o gud ae fgd
WZh! oh WY Uk GaY T s o Wi e 21 g sk, vem sk w1 wfafes
FHEA T

P Q

o Ali
eBhanu

eBinoy
eChandra
eDivya
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g4 Td Ho 33

TRt 3 TH=99 A9 §=9d BH HaY R o Hiud Il oh 9t Yo whl o T
%1 GaY R 1 9id Fed &

TiRTeT 4 9999 A9 ¥=9 B H HaY R o iad I o 4 f5da gehl o qq==a
%1 Heel R 1 IRE %ed 1 =g B Ted R 1 98-91d el €1 A2 Hifsg fh,
IR Hevid

(i) T Geiel o1 sfisitg frequr =1 ot Tk fafer o1 wgeem fmio fafy
FURERIS I C o
(i) T TR 3@ et Geiy 1 T gfe fomor 2l

IEEI0T 79 eifeae fR A= {1,2,3,4,5,6). R={(x,y):y=x+1} SWAF A
4w Hey gRenfia swifew)
() 39 HaY 1 T IR 3@ g <00
(i) R Wid, TeWa qen 9Rer fafamu)
e (§) g gro
R=1{(1,2),(2,3),(3,4),(4,5),(5,6)}.
T AR @ SRt 2.5 weivid 2
(ii) &9 2@ Tehd € foh wuw w2l
1 Y= 1A Wa={1, 2, 3,4, 5,} 3
R, Tt Tedl 1 gy steifq afer ST 2.5
={2,3,4,5, 670 Tewid = {1,2,3,4,5,6}.
SETET0T 8 A 3Tepfd 2.6 ® W= P 3R Q ok Wi Ueh Helel 9IA WA €1 T HelH
1 (i) e fmin &9 § (ii) U&= w9 o fafay) goer uia qen uRie @ 872
Bl TS W‘HR,“x,yaﬂaﬁ%”
(i)ﬂwﬁﬂfﬂmﬁ,R={(x,y):x,yaﬂaﬁ%,xeP,yeQ}
(i) T=X &9 ° R = {(9, 3), (9, -3),

P Q
(4,2), (4,-2),(25,5), (25,-5)} >
39 Hed H1 Wd {4, 9,25) B *9 3

o2

N

-5

=9 T H IR (- 2,2,-3,3, -5, 5). o4
e Fifsy foh oaae 1, P ok fordt off 3/99a
T Heiferq &l & qen ggeeg Q 39 Heid
TEuid 2 3MeRTd 2.6

Y
\ 4

L)

—

25
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34 wforg

fortlt TH=TT A Y T=IT B Y waull #1 %A §ON, A X B ¥ G
STEH=TE! 1 H@ o SR el B1 A n(A) = p 3R n(B)=¢, @ n(A xB)=
pq 3R GeHl Y pel GEA 24 Bl 2

SETET0T 9 HE WS o A= {1,2} 3R B={3,4}. A¥ BY el o1 S 1d hiferq)
& QﬁAXB={(1,3),(1,4), (2,3),(2,4)}.

Fifeh n (AXB ) = 4, TAfAT AXB & SUHT=EAl i GEA 242 W AW B
el 1 g@m 24 2|

(@ fewnlt | A @ A % Fay ‘A W ey’ off w2
| woaett 2.2 |

1. W9 ofe fF A={1,2,3,...14}.R={(x,) : 3x—y=0,&l x,y 0 A} ER, A
Y AW T Hau R fafEu) soes wid, Fewid iR 9Re fafau)

2. WE@T\%ﬁQEWWR={(x,y):y=x+5,xﬂm4ﬁw,@w
@& €, x, y ONYER U Heay R 9RIfia sifSQl 38 Fee 1 (i) U= &9 4
THeh Wid 3R qiEr fefay)

3. A={1,2,3,5) 3IAB={4,6,9.A¥ BH ThH Faf
R={(x,y): x X y a1 e faom B, x 0 A, y 0 B} §R1 qR«Ifa &ifs@) R i
T= &9 ¥ fafau)

4. P 2.7, I==F P ¥ Q H TH
oo <t B 39 o
(i) T==a o €9 (i) W €9 |
fafew) s9er oid qen gRER @ 7

5. WM ofeT R A= {1,2,3,4,6). 74
ifsT f R, AR {(a, b): a, b OA,
&N ¢ 9@ b F1 gEy faufed
FHl Vg Ui T Hey 2
() R =X &9 ¥ fafae
(i) R =T Wid A1@ sHifsQ
(i) R T IR 9@ SIS

6. R={(x,x +5):x0{0, 1,2, 3,4, 5 g7 IR " R & Wid IR qRER
@ i
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g4 Td Ho 35

7. HWEIR = {(x,x%) : x G& 10 ¥ %7 Th 9T & 8} *l WX &9 ¥ faafay

8. HH ST fF A= {x, y,z} S B={1,2}, A¥ B Haui &l H&A G ST

9. ®M ST R, ZW, R={(a,b):a, b € Z,a— b Tk YU &}, 5N IRt Tk
Yoy 21 R 9id a1 URER T4 Hifs)

2.4 e (Function)

TH o9 U, B9 Uk ToeiT WehR o Gadl o1 e it T et shed 81 89 el
1 Th 99 o ®9 4 3@ Thd €, 8 o Ky gu el 9 U sege Sa B
&1 e 1 gfad S o fAu e 1% W R S ¥, S Cafafes’ steren ‘wfafeeor’
TRWTT 5 Tk GYee A Y U= B Hed, U el sheddl €, I qgeed A
o Ycish 3TEFd 1 eI B W, Wh 3R hael Wk Wit el 2l

TR v |, o £, TRt it aeea A Y U SIfed 9 B %1 ®, 39 YRR
1 Hee foh £ BT Wid AR q £ ok fepel ot 1 fo i gl oF wem Tesh w@HH
& 2

e £, A¥ B Th %o @ 9 (a,b) € £ dl f(a)=b, & b £ o
a 1 JfqeTs Ao ¢ H b w1 ‘Yd wlafae’ wed
AW B oM [ i Hdlhicds €9 § £ A D B Y el w €

el ST W M 34 ¥ eH Wd ¥ 3Ed @ o Sqee 7 H foo Hey u
wor el ®, wAifh SEFa 6 1 I Widtes &l 2

T: ST 8 H XA Heiel Toh o Tl 7 ik U Ui o $© ST9Fdl o Th
¥ stfuer wfdfea &1 3gero 9 ot wem A& 2 (FN?) 1 Fe iU seewn § wgd @
Gaul W foar w8, 9 o $5 Bor § iR TR o Tl 2
SETETOT 10 W SIS foh N Wieha Semehi o1 aq=e © 3R N W uRwifoa wh de
RE'HW%WR={(x,y):y=2x,x,yeN}.

R e Wid, HeWid a1 e o 27 1 I8 HaY, Th Held 87
&l R%1 Wid, Wiehd H@eti 1 qgea™ N 21 391 Tedld ot N 21 91 ufier 99
Wiehd W& 1 T B

Fiifeh Teieh Wiehd H@AT 1 1 Th 3R ohoel T &1 Uidies 8, THfAT 78 ey
Tk e 2l
Saretor 11 9 fRu deei § @ e o1 Frieror Sifey @R g gon § SR gfed
FAATET T TN I8 Hod © AUdl T2

O R={2,1),3.1),(42)}, () 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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36 wforg

@ (i) e R A o Y& 699 2, 3, 4 & Widtad g ¢, THAT T8 Hae

T e 2l

(i) e T & yuH srEga 2, | fa=-fe= ufafael 2 &R 4 9 Hafa 2,
TEfAT 7€ Hay Th Ho el B

(i) TR Tk 7T HT Tk 3TN oholel Tk Widied g, THAT I8 Had Th
wer 2

U 6 U UH wo S o aRER ardfas Sensti &1 9 A1 SUS] hiE
ST €, adfeleh HIF el hed &1 A arkdfesh =) oiel el arsdferss |
e 1 Wid o ardfash SEAS  GTad AYEl SHH] Hhis SUYeEd & dl 36
aTEAfeeh wer o wed 2

SEET0T 12 9M ofifS f N arafas gemen &1 @gesa g1 £ N D N,
F(x)=2x+ 1, g YR Tk r&dfersh 91 Her g1 I URH 1 WA weh, He
g T IR i gl HifS

x 1 2 3 4 5 6 7
ylro=lro=re=lr@=_re=.lre) =..|fr=.
Tl qui 1 g8 Wl e & T R
x 1 2 3 4 5 6 7
y | S)=3 f@)=5| fG)=T|fA=9(fO)=11|f(6)=13| f(7)=15

2.4.1 T HeM 3 ITR INAG (Some X
functions and their graphs)

(i) dHeh Wl (Identity function) T
whfsie R arafaes densti &1 aq=ud
%|y=f(x), Y% x e RGN aRenfod X'
aT&dfesh AH e f: R > R Bl 39
YR o e Hi dodHeh Weld Fed
g1 T8l W £ o iq qen 9RE R 2
S| ofcl@ U& TR @l Bl ©
(emepfd 2.8)1 e @ qA fag w M
g P S 2 fO=x g g

-8 —6 —4
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g4 Td Ho 37

(i) 3= et (Constant function) y=f(x)=c7rlﬁ cTh AN ? 3R yo®
x 0 R gR1 qRIfa weh arfesh 99 %o £ R » R¥| 980 W £ 1 Wid R 8 31X S
TR ¢} B1 £ T O x-378] o FHIR Tk @1 8, IS o A0 afs fx)=3 TF
xOR ®, 1 EHT i@ el 2.9 | 902 @ 2

Y
N
8
6
4--
< >
2
Ne———— X
8 -6-4-2 |02 4 6 8
T-2
-
L6
L8
v
Y!
Jx)=3
3TTeRfd 2.9

(i) WEIS el AT agcraﬁ'cr e (Polynomial function) ®cH f: R —» R, T
FEUSI W gl 2, 9 R & q&&% x & fog, y =f)=a,tax +ax
+.tax, &l n b U CUlED 2 qen a, a,, a,...a IR,

f(x)=x3fx2+2,3‘ﬁ'{g(x)=x“+ ﬁxmqﬁﬂﬁawwa@ﬂawéwﬁ

2
h(x) = x3 + 2x gR1 9RAfd BeH h, IgI<E Eer € 21 (FI?)

FEETOT 13 y=flx)=x% x JR SR e £ R - R, ! R &IfSQ) 38 gfamn
1 AN ok A= < T drfernt i QU SIS 39 e h1 9iq g IRE =@ 22 f
1 g o} Eifem)

x 4| 3 2f-1fo| 1 [2] 3] 4
y=flx)=x
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38 wforg

Tl QU R g2 diferen e € T 2
-4 | 3| -2|-1 0 1 2 3 4

X

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

£ W = {x:x0OR},f o1 GRER = {x% x OR}. /1 3@ 3Tehfd 2.10 | W&k 21

Y

f(x)gxz 3TTeRfd 2.10
SETETUT 14 £ (x) = x°, xOR g/ 9R9IfSd ®we R - R &1 3Te@ Gifau)
T T W
A0)=0, A1) =1, i-1)=—1, 2) = 8, A=2) = -8, f3)=27; -3) =27, TAMI

Y

S={(xx): xUR} [0
M@ 3Rt 2.11 |
= T R
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g4 Td Ho 39

S &)
g(x)
T Uid |, x % R agudE e €, e g(x) # 0 URET e wEed B

(iv) Uf®= wes (Rational functions) , % TR o el SRl fx) 3 g(x)

JETET0T 15 Uk aidfdeh WM Wwed  f: R — {0} — R &1 Ry f(x)=§,

x € R—{0} 5N FIfST| 39 IRATH 1 YR Hieh (ARG diferent Sl g HitsL| 8
e T Wid qel GREL = €2

X -2 | -1.5[-1]-051025] 05| 1 1.5 2

= | =

y:

X -2 -1.5 | -1[-05] 025 | 0.5 1| L5 2

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

THHT id, I ok e G ordfesh 9 © qen saeht uReR off 3 o sifafie
GO arEdferh e §1 £ 1 e ek 2.12 § Y B
Y

1
) =% smefa 2.12
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40 wforg

(v) ®dieh W (Modulus functions) f{x) = |x| 7&% x € R g IR«I4d wed
£ R—R, AT el HEell 81 x % Fodeh B 0M o Ty f{x), x o aeR Bl
21 g x o RO WMl & TG, fx) H A x, o WE o HU o SR BNl €, A

x,x20

-x,x<0

f(X)={

HMAleh Her 1 i@ 3Tehid 2.13 | 4o B1 Haie wer & Feuer |/ werw off
Fed

Y

Y/
Sx) = x|
3TTeRTd 2.13
(vi) Torg e (Signum functions) T% x €R, & fau
Y
L3k x>0
f(x)= 0,3t x=0 1 y=1
-1,3k x<0 L R
X' € 5 > X
gN gRIfid e AR—R fog ®ed wgam g1 y=—1 -1
o wer %1 Wid R 81 9RER "9 (-1, 0, 1121
epta 2.14 4 Tog wer o1 2Ter@ <9 T 2 » Y’

' fix)= — =R x#£0 @ 0 4R x=0
(vii) TEWW Yulfeh Wl (Greatest integer o

functions) f{x) = [x], x €R g uRefod ®eH TR 2.14
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g4 Td Ho 41

FR—>R x¥ F7 90 x & S T YUlish T AF T&Ul (HR0T) HIdl & TH HoH
e YuTieh Teld Feclidl 2|
[x], 1 SR ¥ B9 <@ HWehd € 6
[x]=-13AC-1<x<0
[x]= 0FRO<x<1
[x]= 13R1<x<2
[x] = 23fR2<x<33aflg
TH o W @ STehTd 2.15 | <9 T B

Sfx) = [x]
TRt 2.15

2.4.2 arefaess wet s SSFOTT (Algebra of real functions) 39 3TI%% |, &1
et foF fFg gehR T rEafash Eerl S SISl S €, Uk dRdfosh e Rl R A
Y "R ST 7, Uk ardfash %ol & fedt stfewr (Fet enfew @1 sifqur st
e 9 ®) 9 Ton T S €, < oIrdfereh Werl b qon feRan S @ qen U Skt
el I SE W 9 T S @)

(i) S aRdfaeh Wel ST I TH oo fF ;X > RTe g: X —> R&E
refas wed 2, el X c R. @9 80 (f+g): X »> R&H, dff x ¢ X & fo,
(F+g) (x) =f(x) + g (x), S IRAIE wLd
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(i) U drdiger wed § ¥ g@ Sl g™l UH oifee fF £ X — R e
g X > R &% T oo e &, &l X< R. @9 840 (f— g) : X>R & @i
x e X, o T (fg) (x) = fx) —g(x), GR1 IR Hed 2|

(i) Wen 3fewr | UM A AR fF /1 X—>R TF ardfass AH BoH & 9o o
T Ay B TRl oy W wEN ofuyE fedh arfas wem @ ?1 qd (e
of, XERH Th ®el 8, S (af) ()= o f(x), x eX ¥ IRwfE g 2

(iv) =Y ardfaeh el @ UM q aRdafas Berl £ X —> RN g X—>R &
TOE®A (A1 ) Th BeH fg: Xo>RE, SR () (x) = fix) g(x), x € X §N
uftafod €1 3 feiger: UM ot wed T

(v) S ardfeeh Werl T YRR A oifeg f& £ 9o g, X—R R gRefia,

T ArEdfersh e €, SiEl X C R, £ 61 g W 9rThe, Tord éﬁﬁaﬁawﬁ%,@w

pAC)]
(x)= 2

SETETUT 16 T GARIT 5 fx) =x T8 g(x) = 2x + | | Ao w8

g, S mfix e X Trl%'lg(x);toa?f\?fl"l[ J g IRwfE 2

(f+2) (), (f 2 &), (f2) (x), [f JOC) ElRRCaIE L

Tl Hd:
f+e) () =x +2x+1, (f-g) ¥) = x —2x— 1,

(f2) (x)=x2 (2x + 1)=2x3+x2, [é}(x) -
SETET0T 17 HH SifSe R Sx) = \/; A g(x)=xmmﬂ@13ﬁaim

afemfom & wer 2, @ (F+g) (x), (F - g)(X)(fg)(X)aﬁT[ J(x)am IS
zo el e Frefofea uRom e
f+2 @)= Jx+x (-2 =Jx —x,

1
(fg) x = \/_(x) X2 #R { J(x) —£—x7,x¢0

X
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1. frefafaa gaui § o 9 od 82 SR F1 Sooi@ HITeu Al Hae T Hod

2, @ IHeT URER fuifa it
1) {(2,1),(51),(8,1),(11,1),(14,1),(17,1)}

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

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

2. fAfafag arcdfas woFi o Wid 9o IR A9 Hifsa:

i) fx)=- |4 (@) fix)= Jo—x*-
3. TH WeM flx)=2x -5 5N qReIa 21 fefeted o we fateg:

@) f(0), @ 1),

t(C)=% B e

(i)  f(=3).
4. wod ‘¢ Sfcggg dUHE w1 wREEEe dEH § yfafesor & ®, s

() ¢(0) (i) #(28) (iii) #(-10) (iv) C 1 HH, S&¢(C)=212.
5. ffafad § ¥ 9% wad &1 IR 19 Hife:

1) f(x)=2-3x, xR, x>0.
(i) f(x)=x>+2, x T a&diioen T 2l
(i) f(x)=x, x T aTEforh & 2|

fafaer 3ergvor

SEEI0T 18 HA ity foh R i Gemsti w1 Sqeed €1 Uk ardtash ol

£ ROR®H fix) =x+ 10

R YR SHIfSTT 3TR 39 ®erd 1 2feig Eifaq|
T F@l, 89 2@d § T A0) = 10, A1) = 11,
A2) = 12, ..., f10) = 20, afg & f-1) = 9,
A=2)=38, ..., f(-10) = 0, TATI

31d: fU U e o STe@ 1 SR SR 2.16
T 39T T ®9 HT T

f(x)=mx+c,xeR,TIEF%f@EF

el FEA ©, STal m T ¢ 3R 3| ST Her
gk Fer 1 TH IR 2
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IEEI0T 19 9F ST fF R, Q@ Q HR = {(a.b): a,b € Q@AM a—b € Z}. 5N
uftsfird, Wk Gay g1 fag wifs fw

(i) (a,0) e RAF a e Q&F foau

(i) (a,b) € R a7 & & (b, a) € R

(i) (a,b) € R 3 (b,c) € R e B TF (a,c) eR

T () FRa—a=0 e Z, T5a8 s feerar @ 6 (g, a) € R
(i) (a,b) € R &1 @c9d B f& a—b e Z. z9fAT, b —a € Z.
3d:, (b, a) € R
(iii) (a, b) AA (b, ¢) ceRTc@ e a-beZ b-cel TYfeTg,
a—-c=(a-b)+(b-c) e Z.3d: (ac) € R

FEETOT 20 AR = {(1,1), (2,3), (0, 1), (-1,-3)}, Z ¥ ZH % ‘@ wer €,
flx) @ IS
&1 TR £ U Waeh wer B, THAT £(x) = mx + c. T Hhiw (1,1), (0, —1) e R

B THAT, f(1)=m+c=17q f(0)=c=—1.359 &5 m =2 fHerr © 3K 9 TR
flx)=2x-1.

x2 +3x+45

1 Jid Fd kit

3alaur 21 %held X)=
¢ S x*—5x+4

T R x Sx+4=(x ~4) (x—1), THAT O £, x=4 3R x= | F R =
Gefi areafas wenet o fow uRenfid €1 em@: £ %1 wid R— {1, 4} 21

3algul 22 %eH f,

1-x, x<0

="

x+1, x>0

,x=0

SN URWIfE Bl f(x) 1 2Mer@ @it

o Tl f(x)=lfx,x<0,1~ll
feod=1-C4=5
fod=1-(3)=4,
f=2)=1-(-2)=3
=) =1 (1) =2;Ffe
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SR A1) =2,/(2)=3,/(3) =4
f(4) =535, A flx)=x+1,x>0.

3T: f %1 @ SThd 2.17 | W €9
%1 B

T 2 U fafaer goaraet

x2,0£x£3

3x,3<x<10

I = S f(x)={ 2rr e 21

x? ,0<x<2

3x,2<x<10

<31En foF A £ TH Her © g e e 2

2. Afg f(x)=x2, ar % d hifsu)

e g, g(x)={ g R 21

2

x +2x+1 .
—————— W Wid ¥ HifUl
x°—8x+12

. f() = J(x=1) g uRefd arfa® Wl £ Wid qe URER T il
- fx) = |x—1| s uRefyd areafash wer £ Fid 9 9RER {6 Hifs)

W

T f(x) =

[ I N

2
X

e efifeg T f={x,l+x2}:xeR}R@|Rff TH Her 2l f URE
fruffea =ifs)

=)
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10.

11.

12.

Tfura

HF oo T £, g : ROR & fix) =x + 1, g(x) = 2x — 3. g0 9w 2

f+g,fgaﬁ1§ardﬁ%m

mH efifse f& = {(1,1), (2,3), (0-1), (-1, -3)} ZH Z F, fix) = ax + b, §
aReifd Uw e ®, SRl a, b. B qUIH 21 g, b w Fuif@ wifsw
R={(a,b):a,beNTMa=h) g0 TRAT NENH, TF T R 21 F0
frefafed weua 9 272

() (a,a) e R, ®H 4 e N, (i) (a,b) € R, 1 aqd g fw (b,a) e R

(iii) (a,b) € R, (b,c) € R &1 AcH™ g & (a,c) € R?

Y% <M | 79 I I Afaey Wt sderzu)

oM e o A={1,2,3,4}, B={1,5,9,11,15,16} 3R /= {(1,5),(2,9), (3,1), (4,5),
(2,11)}. = T=fafiaa swem g €2

() f,AUBY TF gau 81 (i) f/,AYUBH TH Her &l

Y% <M H 79 ST H1 SAifacd sderzu)

uH ifsie 6 £, = {(ab, a+b) : a,b € Z} g IRAMYA Z x Z F1 Teh IUHH=Id
B £ ZUZY T Fod 82 A0 I H1 Sfifaed ff T st

A ST o A= {9,10,11,12,13}92 £: AN, f(n) = n 1 FEqH A9 TUTH
5N, gRenfa 1 f k1 9RER Fa it

qrI9T
T 1A | T GeY q91 o 1 e TR B1 59 o1eA™ Y g i

& = fan s R

¢ wfua g fodl form %8 o Tgfed @@l &1 T g
¢ g U FEEAl AT B HT HAE UM, T
AxB = {(ab):a e A,b e B} e g fouiv w9 9
RXR={(x,y):x,y € R} 3ﬁ'(R><R><R={(x,y,z):x,y,zeR}
® AR (a,b)=(x,y), T a=xTAA b=y
¢ AR n(A)=p A n(B)=gq,d n(A x B) =pq.
¢ Axp=¢
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¢ gu=d:; AxB#BxA.

o = A ¥ 9=ad B H GaY R, SE IOH A x B &1 T STHTTd
eIl 2, T8 A x B o it g7l o YW Sesh x a9 T sesh y o i
et Hay o1 afvfa seh wra fohan S =1

ﬁ'{:ﬁme,WHRa?W,Wym%,Wﬁ(x,y)eR,
Ty R o hiHd T o UM SR 1 G, e R 1 9Id el 2l
Ty R o ifd gl o fgdia w2l &1 9=ad, Ted R %1 9ReR g 2l
FeTT 9=ad AW W= B U %o £ T aiTe YR 1 Gy g 2, e
GUeId A Yo 3199 x 1 =9 B H T IR cheel Tk Ufdfsa p gl
? 3@ 91  8H £ A>B SR flx) =y fa@d 71
A e £ W1 Wid q91 B SEehT HeWid il 2|
W £ 1 URER, £ o Wiafasl sl ST el
¢ fFE arafas wed o 9id a0 IRER <A &1 ardfos el & g
AU I Teh STHI=A Bl B+

¢ el T SIS W f: X — R AU g X — R, & faw g9 frafafaa
aftarmd 3 2

(f+g () =flx) + gx), x € X

(f-8 @) =f(x)—gx),xeX

(fg) (¥) =f(x) .g (x), x € X, k HTE 3R 2|

(k) x) =k (f(x)),x € X

*

* & o o

* o

g(x) =%,xeX,g(x)¢0
AfgTfis g=yfi

e Ie% FA9AH Gottfried Wilhelm Leibnitz (1646-1716 o) §RI &9 1673 |
fafaa wife qugfafs "Methodus tangentium inversa, seu de fuctionibus" #
uReIferd 31 €1 Leibnitz o 39 9185 o1 94N Sifagetuoncde 9ra o fohan 81 =i
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Tfura

e T S’ e ‘HeErl’ o ISl g 39 I U 9% o ®9 H
rfersrfeda fean 2

_ﬂ?’ﬂ'st 5, &1 1698 T John Bernoulli § Leibnitz &l fa@ T 99 H§ 9galt aR
gfaenfia €9 @ %o I8 1 faveivonenss e & fafdre wam fuifa fman 21 s
AE H Leibnitz 7 79 FeAfd 39id gC 3R off < fa=m em

ST 91 § %o (Function) ¥T6% |1 1779 o Chamber's Cyclopaedia
o g S B | ST H e 91e% sl WA wR ARE AR geme steen feer
R g7 WY ®9 9 o+ faveluuesh ekt o forg feman e 21

> —

L)
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