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(Relations and Functions)

“» Mathematics is the indispensable instrument of

all physical research.— BERTHELOT <

2.1 31@37[ (Introduction)

IO 1 3iferer #eT Yoo AT aRaderie Rt & 9=
AR (TgaTT TRA)HEAT A AT FRA & IR H | §AR Sfash
Sad #, g7 deul 1 AT & ar 396 deat & TR &7
gcaife| MOV # o g4 sgd & T A & SN T m, HET
n, @B, WM 1LI@T m, & AR &, GHTIT A, Geead B
& 3UEHed ¢ 31 @8l A g/ @d § T fhdl @y 7 @
Ior iFATAd 81d § e aeedh v e wa 7 g 81 59
3 7 g W 6 e 9eR ot et & weedt & gIA (124‘)6‘-]11’;?21:%)
ST ST ot 8 AR T 37 oAt A 31 arel el Jeedi &

ST SeTel dTel TSl I FEISE HIT| I H, g7 0 [IAY Feel & aR F A, ST holed
Sele & A | Bolel I IRFHeUAT IO H 3Hcdd Hgeaqol § Fifeh Ig Teh a& ¥ @l
TEJ & T AOTARTHR JAUTTLT HIlIel & R 1 3feargor wich gl

2.2 m‘u’r FT FIAT I0TeT (Cartesian Product of Sets)

A ST & A, &) 9HR & T &1 R B, el a&g3it &1 qHFeay g,
37T A= {aTdT, e} 3R B= {b, c, s},
SRl b, ¢ 3R ssaer: Rt AW d91, e 3R Fle «F FERT &= §
s Al TTTal & fhde TAR T Gl SEI & QA ST off @ha &7 WA Ao
ST % U I g g G § s e 6 BB g T 21
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qred 8l &1 (ST, b), (ST, ¢), (T, ), (AT, b), (7T, ¢), (ATelT, )| 39 YR g 6 Read-[feeT
TEJT TTe e & (3Mpf 2.1)

Aol FeT3it & TROT RIS 6, U HAT FIA, qydl F7 98 oA g, T T HIsosh
ﬁﬁ@ﬁ%&ﬁ?m@ﬁﬁm’%ﬂqﬁﬁwmm%m(pq}pe
P 3R ¢ € QI 38 fArafaf@a aiemwr & Tose foRar ST dhdr B

ar 3R T PAUT Q HT HIART UM P x Q 37 Feft AT oAl 1 FHead
¢, STl 9o gch P& dUT SfadT gea Q, | e FerT S Gohdl gl 37d:
PxQ={(p@q):p €Pqg €Q}
I PATQH & 1S off N Fogeeg 8, Al 371 ity o 87 Rerd Fegeag g g,
3 PxQ=¢
IWFT T § §H STd ¢ b
A x B = {(eITel,b), (SITel,c), (|Tel,s), (ATeT,b), (Hell,c), (ATell,s)} |
geT: fAefaf@d & geeaal W IR Sifee|
A= {DL, MP, KA}, ST&f DL, MP, KA feoell, #T Weel, d2aT FHedlcsh
# fAERa =a § 3R B ={01,02, 03}5#m: eel, #ew weer 3R 03
el gaRT AT & T T ed e i aibas weat 02
ghe ad gl 01
Ife et U= feoell, 7ET weer AR &wadlesh, MSAT & i
Tl & fou Gahd yeufa (Fhfadhn) 3@ gideer & @1y o« & &l
o T Teufd, THTTT A% 39UT § IRY &), O 57 et @ Jpfa 2.2
UICeT gl aTel oA Hied A § AT 3of AT T FoT FEAT kel & (3l 2.2)?
el 8ol alel oA 38 YR g, (DL,01), (DL,02), (DL,03), (MP,01), (MP,02), (MP,03), (KA,01),
(KA,02), (KA,03) 3R FF=a A TUT HTIT B H ST 0T 6 YR g4,

[ ]
DL MP KA

A x B = {(DL,01), (DL,02), (DL,03), (MP,01), (MP,02), (MP,03), (KA,01), (KA,02),
(KA,03)}.

IE AT § G@T S FHhaT § & FAT O F 56 TER 9 oA §
Fifh Fead AR BH & v3F 7 3 aud §1 389 & 9 "HT Tha by
veufoat e €1 7 o Aic AT 6 57 3@uar & o o= & FA bs
Fgcaqul (Houiiges) §1 3ameor & foIv Hishfder HEAT (DL, 01) I8T =18l & i b, |
Hiohfae F&AT (01, DL) g1 b, |

3 H TISET & AT FHAT A= {a,, a,} 3R l

B={b,b,b,b,} R TUR HITFT 3MHfd 2.3)| Fgl a, a,

i 2.3
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AxB = {(a, b),(a,b,), (a,b), (a,b),(a,b),(a,b,), (a,b), (a,b,)}.
Iig AR B, aedids &3 & W & IUEHTAY &, of 38§ FhR o 8 HiAd Jon
foell oo & foigal 1 U T #td § dur I8 Tuse § & (¢, b,) R &ud &g,
(b, a) R T&Uq &g & BT &

- Roqoft |
(i) @ HAT JIA FARA 81 ¢, G 3R Faw AR 353 TIa RIA Tea AT gl
3R dora gfadha g o TE &
(i) IR AF p 3HGUT qAT B F ¢ 3999 &, A AxBH pg 3909 g & 309 IR
n(A)=p adAT n(B)=gq, @ n(AxB)=pyq.
(i) I ATUT BIRTFT FFeay § I AT BA @ F$ 3uRfAST &, o

Ax B8l 3ARAT T g &
(iv) AxAxA={(a,b,c):a b, ceA}. Ig (a, b, c) TH HidAT F¥FH
gelldl gl

3EEIOT 1 ARG (x+1,y—-2)=(3,1), dl x 3R y& AW AT HfS0
& Fhifeh AT JIA FA ¢, TATAV HId Tesh o TAE giavl
37 x+1=3 3 y-2=1.
W A W x=23Ry=3.
FEETOT 291 P={a,b,c} 3IRNQ={r},d Px QU Q x P RAT| &A1 Al FIciter I0TeT
AT 872
F HIig IO HT IR F
PxQ= {(a,n), (b7, (c.N} ARQxP= {(r,a), (r, b), (, O}
FLifeh, hiAT JIAT I TATAA BT IR F, JIA (a, r) JIA (r, a), % GHAT 61 § 3R T
ST I IO & Yodsh J9A & T oep gl 8, 0@ ga sy e & f
PxQ=QxP.
U, Jcds Foead & agdl S HEdl FA &l
3EET0T 3 AT oifal fob A= {1,2,3}, B={3.4} 3R C = {4,5,6). Aefaf@a ad Hfaw:
@) Ax(BnNC) (ii) (AxB) N (AxC)
(iif) Ax(BUC) (iv) (A xB)U (A xC)
g () ol THTdl & FAfrss T GRE & (B 1 C) = {4}
3 Ax (BN C)={(1,4), (2,4), (3,4)}.
(i) AT (A x B) = {(1,3), (1,4), (2,3), (2,4), (3.3), 3.4)}
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IR (AxC)={(1,4), (1,5), (1,6), (2,4), (2,5), (2,6), (3.4), (3,5), (3.6)}
sqfaT (AxB) N (AxC) ={(1,4),(2,4), 3, 4)}.
(i) FIiTH (BuUC)={3,4,5,6}
A A x (Bu 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) T (ii) & AxBAUT Ax C HH= & YT § gf Aeafaf@ad ured gar g
(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)}.
FEETOT 4 P = {1,2}, A HTIT P x P x P A ST
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)}.
FEET 5 I R GHED dEdide HEABT HT AT g, A FCF IO R x R 3R
R x R x RFIT &I = &2

F I 0TI R x R WTaT R x R={(x, 1) :x, y € R}

Fr AERd Xar §, foraer e gfafas wafse & [Hgat & M & yae aa & fav
faar STar 81 Rx Rx REATIT Rx RxR={(x, 3, 2):x,y,z € R}

T T &Xar g, Toraer saier Bfsr smehrer & figsit & et # ghe = & faw
forar Srar B

3EEIT 6 TG A x B={(p, q).(p, 1), (m, q), (m, r)}, AW A IR BF AT NS

] A=YYH TH H THHT = {p, m}
B =gfada et 1 aeeag = {q, r}.

geATdell 2.1

o
.

3 0¥y 33
2. e HTIT AR 3 37aTd § TUT GHTIA B = (3,4, 5}, @l (AxB) # 37adal & H&dm A

Tt (LL E]:(E lj,a’rxaﬁn 7 B

ST
3. IfE G=(7,8 3R H=1{5,4,2}, G xH3IR HxG AT Hifav]
4. ddemsv & AeAfail@d Y=l # ¥ Ucds Tcd g 3JUdT AT ¢l Ife U 30T
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g, dr QU 91T U & FEY 91 X fAf@u|
Q) TP = {m, n} 3Q={n,m}, A PxQ={(m, n),(n, m}.
(ii) af& A 3R B 3R wgea § A AxBHAT F7Al (x,y) F1 v 3R qgeag
g, 30 PR fhx e AQAT y € B.
(i) IfE A= {1,2},B={3,4}, @A x (BN )= ¢.

5. TG A={-1,1},dl AxAxAJd AT

6. TG AxB={(a,x).(a,y), (b x), (b, y)}dl ATAB AT HfAv|

7. AT NST R A={1,2},B=1{1,2,3,4},C= {56} dUT D= {5,6,7, 8. GcIIud HIfFT
ED
(HAx (BN C)=(AxB)N(AxC). (i) AxC,B x D& Teh 3UHAAT g

8. HE NST & A={1,2} 3R B=(3,4}. AxBATQT| AxB& el SUEHea gI?
STl Gl S8

9. ®A Mo HANR Bar dgewg €, S n(A) =3 3R 2B) =2. IR @, D),
(1,2),( 1), AxBH § d A3R B, & A RS, @ x, y 3R 2 Aea-Fe
3auq gl

10.3TcHT I[0TT Ax AH 9 3@ad §, TSl (—1,0)ar (0,1) 8 81 FeFeag A AT HifST aur
AxA% AV Jagq & AT RS0

2.3 WY (Relation)
ar WP = {a,b,c} TUT Q = {Ali, Bhanu, Binoy, Chandra, Divya} 9X faaR FifSw| paar Q&
I IO & 15 AT Z7A 8, 5 50 P Q
YR e AT ST Heve &,
P x Q = {(a, Ali), (¢,Bhanu), (a, Binoy), ...,
(c, Divya)}.
39 §H Godh HAT LIA (x,)) &

SIH "Ycah x AT E‘(ﬁ?ﬂq T<H y & &g Teh
" R TS & P x QI Teh IUHHTT
39 YR e & Tdohd ol IHY 2.4

R ={(xy): x, ATH y T TUH 38R g, x € P, y € Q} 3H UFR

R = {(a, Al), (b, Bhanu), (b, Binoy), (¢, Chandra)}
" R & U foe-Raor, 58 O 3m@ #ed €, 3mpfa 2.4 # vefia B

o Ali
eBhanu

eBinoy
eChandra
eDivya

afveniar 2 |TRHY 3INFT @g=zag A @ INFT FH=TT B A ddY FH1dig JoTa

Ax B Ueh 30y Il § I§ IUTHTIT Ax B HAfd JIAT & JUH U1 gfada geaht
& FEY Teh HY TN el @ e Il &1 ST Teeh, YUH ueeh AT Jiafdd Hgordr gl
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RIS 3 HHATIT AQ THTIT BH HEY R & HiAd JIAT & Gl 9UA gl & T
& TEY R A Iid Fgd 2l

ARETST 4 FHTTT AQ AHTIT BH WY R HiAd JIAT & Tl gfacy geal & oy
FT GG RFT INER FE &1 TTT B HIY R FT Gg-I1d Fgenall g1 A Ao &, aRew
c g

() T HEE T ST FEGor a1 A Ieex AR a1 wHead AT AR gan

forar ST Fhar B
(i) T dR 3@ Ry Fay &1 ' e ™o g

FETETOT 7 HIT oNIC fF A= {1,2,3,4,5,6}. R={(x,)):y=x+1} GGRT A ¥ A # T gaY
gRHATNT HifaT|

(i) 39 HIY &I Teh IR IRW GaRT GBI

(i) R & 9id, Fgdid aur ak&x faf@u|
ger (i) IRETST ganrT

R={(1,2), (2,3), (3,4), (4,5), (5,6)}.
"ol R 3@ i 2.5 & geiid gl

(ii) &7 ST THhd & T TUH gTahl &
qHTIY AT 9id={1,2,3,4,5,} 38 YK,

iaci geehl &l FHwad AT IR = {2, 2
3,4,5,6,dT @gWd = {1,2,3,4,5,6}. >

N
IETEAOT § S 3R(T 2.6 F FHeET PR Q S

% SId Ueh T SITAT 31T g 50 Y &l (i)
AT AT §9 7 (i) X F9 # fAf@w mpfa 2.5
Ok Ui JAT IRAT F4T 52

g TISTd: HEYUR, “x, y T JI g7
(i)ﬂﬂmmmﬁ,R={(x,y):x,y FFNE xePyeQ

(ii) TFET T 3, R = {(9, 3), (9, -3), (4, 2), P Q
(4,-2), (25, 5), (25, -5)} >
$H §aY & Uid {4, 9,25} ¥l - :g
oq oY & GRE {-2,2,-3,3,-5, 5. 4 > 51
e B B s 1 v Rl o s\ 2
O Feftrd 81 § U1 FH=IT Q 30 HEY H 5

eI €l iy 2.6
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el TeaT AR WHEAY B el T Fof WEAT, Ax BF Hovg S
$r TEIT F AR BT &l 23|'1%\'11(A)=p3-ﬂ?' n(B)=gq,dr n(AxB)=pq3ﬂTm3ﬁf§W
AT 2 gl &l

3EEIOT 9 AT oNfolt fF A={1,2} 3R B={3,4}. A9 B#H Faul $r G&AT A HIfav|

g T AxB={(1,3),(1,4),(2,3), (2 4.
FAIH 7 (AxB) = 4, ATV AxB & 3U@HTUI] HT F&IT 2'E| ATGT Ad B &
qeey fr aEar 24 gl

A @A F T B A W FEw o Fga

YeAdTell 2.2

1. #AT AT & A=1{1,2,3,..,14}.R={(x,») : 3x—y=0,3T@ x,y € A} GaRT, A & A
T ge¥l R fof@v| 39 wia, agwia iR aReR faf@w)

2. WIehd HEI & FHTAT W R={(x,y) :y= x+5,x HCAT 4 § FHA, U WHd F&I;T ¢,
x,y eN}GaRT Tsh HaY R qRATNT HAT| 37 @8 &1 (i) T & A g8@F 9id 3R
gRER faf@u

3. A={1,2,3,5}3IRB=1{4,6,9}. A% BH T Tay
R={(x,y):x3ﬁTyEFI'3-iFlea'W%,xeA,yeB}aﬁmqﬁﬂTﬁﬁaﬁﬁUlREF»TW
v # fof@u

4. P 2.7, GHTAT PA Q HT Th Hee
geltelr 81 39 ey &r
(i) FHFeag AT &9 (i) WX T A
faf@w| g% g dar aRwR a1 §2

5. AT oifaw T A= (1,2, 3,4, 6}. #AlT
AT & R, AW {(a, b): a, b A, HEAT
a AT b FJUEY fasfard adr §)
ganRT afenfa v w9y gl
(i) R& X & # faf@w
(i) R 9id AT HIAT
(iii) R IR AT RS0

6. R={(x,x +5):x e {0,1,2,3,4,5} |GaNT IRHAVT FEr R&F Wi 3 IRA A v
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7. EYR = {(x, ) : x TEIAT 10 ¥ FF TH FHT &I g}  WeX & #7 faf@u)

8. AT ST fF A= {x 1,2z} 3R B={1,2}, AT BF Tl H T&IAT AT HIfIT|

9. HAWT AT FR, 2T, R={(a.b):a, beZ a—bTF UE g}, GaRT IRANT Th G
gl R&F uid qur 9@ A1d ST

24 Wold (Function)

39 3TTOC H, § UF AT YR & HIY T NS B, O BT Fgd 1 §H Toled
# T TIA & T A q@ TR &, EN T QT §U I9¥dl & AU 39¥q 3c9e+T g ¢
Thelel I JAT A & AT 3 dg Y e oa 8, S gfafer srgar gfafmor
GRS 5 U GHTUd A THTUY BH FEY, [ Uk ol Feolldl g, Ile GHTAT AH
Ycdeh 37aId T HHTU B H, Teh R dhae v gfdfed grar g

qE rsal #, elel £, fordll 3R THead AY Th 3IRTFT AT BH ¢, 30 TR
I G R £ HT AT AR U /& KA o & e HfAT geAt F yyH geh @A
el 2l

I/, AR BFI UHh Holel § dAT (a,b) e /Al f(a)=b, &l b [ & Jddd a Fl
gfdess duT o A b ‘qF yfafeT wga g
A¥ BF ®dd f FT TdiecHAs & H £A > BY T Fa &1

el 3SR W €T & & gH Wl § ¢&d & [ 3ereor 7 7 f&ar d@eer wh
Welel 18T &, i 39T 6 T s Yfafed Far gl

YeT: 3EER0T 8 H fGAT TY UH ol AE ¢ Ak $HP Uid F FO g4l &
Th & HOw yfafds &1 3egror 9 o Gelet A€ & (F1?)| A faU SereRl # wga @
Haul W IR &9, S @ $o ®old § 3R g@ boi w761 gl
FEETOT 10 AT ST o N Irohd T3t 1 Goeayd g 3R N R aRef¥d v deeR 569
ghR & P R={(x,y):y=2x,x, y e N}.

R & Wid, Tg9d JduT 9RAT A7 §2 FAT Ig T, Teh Polod 87

& R 9id, b HEAT3H &1 FFHeaT N | 5801 Teuid T Ng| SHHT IRET FF Hiehed
HEI3T & FHAY Bl

FLifeh Fedeh Uehd HEIT n T Toh IR hael Uk & e §, AT Ig HGE Th
Hele gl
FEETOr 11 A QU d9ut & @ gd« @ Aeor RS 3R g% gen A wRoT afed
JASU o T TE Holel & 37T gr?

(i) R={@2D.,35.0), 42}, (i) R = {(2,2),(2,4),3,3), (4.4)}
(i) R ={(1,2),(2,3),(3:4), (4.5), (5.6), (6,7)}
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g () FHRF Iid & 9Ah IHaqd 2, 3, 4 & Jldfa efda §, Safdv Ig §aY Uh
Helel gl
(i) TR TR & TUH 37aUq 2, af Feat-Fee gfafdar 2 31K 4 & Fafeq §, safov a8
TSET Teh Wolel gl &1
(i) FHifP TP 37GTT FT T 3R had T yfafes §, safav TJg TIY Th Bolel gl
GREHTT 6T O Delel I TSHR IREAT arecfaeh TEan3it 1 Geead I1 3TH HIS 3T

8, aFdfa® A Fdd Fed &l IfE IEAQAF W arel fHEY aredfas AT Beled FT id o
qIETdeh HEII3T T FHTIT 3T SHDT Hhig IUHHTUY g ol 3 aEatad Beret 3 g o

3EET0T 12 AT AT % N aredfgs dearsid &1 @g=ad g1 f: N > N,
f(x)=2x+1,caRT IRANT T aEdfaF AT ol &1 3T IR FT G I, A &

IS WRON & ot ffT
x 1 2 3 4 5 6 7
y | fO=.| r@=.1 =\ r@=.1 fG=.. | f6)=.. f(NH=..
gel quT &y gé aroft A & 9 §:
x 1 2 3 4 5 6 7
y | f=3 | 7@=51 f@)=7| f@=9 | fG)=11 | f©®=13 | f(7)=15
24.1 S Tele 3 3% @ (Some functions and their graphs)
(i) dcaA® B (Identity function) HT oNfaIT A
8 ES
R drEdfas HEAB &1 dgead gl y = -
fix), 9AF x € R N IRHATNG qrEdideh i
2 -
AT ®olel f:R>R gl 30 IR & Foldl yoe yp 4 : , S
. o ) -8 6 427102 4 ¢ 8
N ACHAS B FEd &l T W /& Ui 2
—4
JUT 9REI R & SHH 3ol Th T 3@l L 6
g & (3mpfa 2.8)1 ¥E Y@ AA [Ng @ ;;‘8
& % o B .

ST 2.8
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(i) 3IT WAA (Constant function) y = f(x) = ¢ JAGT ¢ Th AT § 3 gA+
x € REART IReT T aedfas AT Beldd £ R —» RE| g1 T £ & 9id R § 3R 3@
IRIR {c} Bl f T G x-378T & AR Th IWT §, 3STR0T & v I fn)=3 93+ x
e R B, dF 3HH 3@ 3MHfd 2.9 7 g & g

Y
A

N A N @

N

X' €

8 -6-4-2 [02 4 6 8

Yl
fix)=3
amefa 2.9

(i) 9gYE Bl AT SEIGT Felel (Polynomial function) Felel f: R — R, T TgIIT Helel
FEAIT &, I R & Icddh x & fow, y =fx)=a,tax +a2x2+...+aﬂx",3IETw n Uch
WW%’HQJT a, a, a,,...,a eR.

= 2, 3R g = + N2 x, GENT IR ol T SEUERT Bolel & ST B Ai(x) =

X3 + 2x EERT IRHA Felet h, TGUET ool @ ¥ (FAT?)

FETEIOT 13y =flx) =% x € REART Heled £ R — R, HT GRHATST RS0 37 aRemsr &1 g23er
& Ad & IS difcle  qU RAT $H Bl FT Gid TAT IREAT FT §2 [ & e
st difaw)

X -4 | 3 =2 -1 0 1 2 3 4

y=x)=x

e g0 A gE e A A ¢
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x 4| 3] 2]-1] o 1 2 3 4
y=f(x)=x* 16 9 4 1] o 1 4 9 16
f @ Wi = {x:xeR},f F IR = (¥ x e R}. /& 3G 3MHT 2.10 7 9T g
Y

Y
f(x):xz 3“?% 2-10

FEATETOT 14 £ (x) = x°, xeR GART IRATVT Helel f:R — R H 3@ FifAT|

g FEl W

f0)=0,/1)=1,f-1)=—1,/2) = 8, [-2) = -8, f(3) =27; (-3) = 27, TG |
Y

S=A(ex): xeR} [T

e 3Mpfa 2.11 &

@rar I g
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S )
(x)
x % RS SEIET BeleT &, THTH g(x) » 0 TRAT Helel Pl ¢

(iv) 9R#AT BT (Rational functions) ., YhR & Boldd SIar fx) TUT g(x) Th 9T H,

1
IEIEIOT 15 U gIedide AT Held f: R - {0} »> R &HT gfyHTyT Sx)=—,
X

x € R—{0} G@RT HIfST| 0 IRHAT &7 F2AeT e ArAfaf@d arfersr a qur fifaw) sa
Helel T UTd ddT IRIX F47 87

x 2 | 151 |05 Jo25]o05] 1 15 | 2

y= 1
X

g qul 1 a8 aifle 38 TR §

x 2 | 15 |1 |05 |o025] 05| 1 15 | 2
|

y=— —05|-067 (-1 | -2 | 4| 2| 1 | 067 ] 05
X

SHHT Tid, Y & AT HAET ardiden HEATT ¢ AT SHHT GRAT 3 e o JfaRerd

HET A HEATT §1 f FT 3o 3T 2.12 7 gefia 3
Y
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(v) AT Bl (Modulus functions) f(x) = [x| Icd& x € R aRT IRATRNT Heled £ RoR,
AT Helel HEollal ¢l x & Fedeh KUK AT & AT fx), x & aUR g gl W x &

FOT AAT & AT, flx) & AT x, F AT & FHOT & KR g g, 349

x,x=0
f(x)z—xx<0
mwwma@ﬁrz.wﬁﬁm%lmwaﬁmﬂmmsﬂ

Fed 8l

-8 6 -4 -2 __02 4 6 8

+-4
-6
L8
A\ 4
YV
Six) = x|
amefa 2.13
(vi) e ®eaT (Signum functions) 9% x R, & T
1,afs x>0 v
S(x)=40,7fc x=0
-1,9f% x<0 , y=1
garT aRea ®elel fR—R 8T Boldd Fgardm &l . R
X'<€ X
fest wee & 9id RE IR FFea (-1, 0, 1)E] 0 -
T 2.14 7 RIgs Bolel & HTel@ AT =T Bl y=-1 -
(vii) HgH ‘:I"\Uﬁﬂi Belel (Greatest integer functions) x| Y’
f) =+~

fix)=[x], x eRGART IRANT Fell  FR SR x A

ampfar 2.14
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FH AT x & T AgaH qUIH H AT IJgOT (YROT) T § VAT Holel Agadl Uit Felel
FEeITdl &
[x], ST aRATST & &H @ Fhd ¢ &
[x]=-137f&-1<x<0
[x]= 03fG0<x<1
[x]= 130G 1<x<2

[x]= 23fg2<x<335alg
$H Tolel &I 3Tel@ 37Tehfc 2.15 # geffar g

N
T3 —0
T2 —0
T1 —O
e 32t 1248
—t ._lO. —t X
-1
—0 -2
—0 -3
v
Y!
Sf(x) = [x]
mﬁ 2.15

2.4.2 ATEATaE WeAl F OSSO (Algebra of real functions) 38 eTeoe H, §H WG &
e YR aT aredide $ofl 1 SiIST SITdl §, Teh aredideh el ol G H & TErAT ST
g, UF arEafad Wl A R Hfeer (Tt nfeer @ vy arafaw dear @ §) & qom
fohar SiraT 8, a6 areaidsh Welsll ol a0 fohal SITar § 4T Tsh aredideh Helel & g8X &
T fE&=r S g

(i) & aFafd®d FaAAT HT AT AT faT F /X > RIAT g: X > RFS
gl arEdafas Wl §, S8l X cR. d¥ 87 (F+g): X > R&, I x e X & faw,
(f+g) (¥) =f(x) + g (x), GART IRHTT A &l
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(i) TH FFAfAF Foaa d7 ¥ qEI & "gerar AT Afov o0 X > RFUr
g X > RAS g aredafas wad &, S8 Xc R. dF §F (f-g) : Xo>oR & @Y
xeX, & ﬁ*m'(ffg) () = fix) —g(x), @RI RN T L d Bl

(i) TH HEA F IOT AT NIC &F f: XOR T dEdfded #AT Beld § TUT o
e e g1 FEl dfew & g wfdvw el aeafes @ear @ &1 A9 aoeERa
of, XTRHA Th Fele &, ST (af) ()= af(x),x eX T gR™T grar g

(iv) & IRFAfd® Gl FT AV T AdAfdD Bl £ X —> RTUT g: X—>R & IUTAHA
(TT [OM) Tk B fg: X>RE, S T () (x) =Ax) g(x), x € X TART IRHATNT &1 38 fager:
et $fF FEd B

(v) @ aEAfaF oAl FT HPGA HAT lfoll fF [ TAT g, X—>R @R aRkeni¥d, ar

WW&E@T"’XCR.fﬂgﬁw,miﬁﬁxﬁam’s‘,ww&a’r

g
Trxr e X S8l g(x) # 0, % foIT, (ij(x)zﬂ,aﬁm IRATRT B
g g(x)

3EET0T 16 AT alfalT fF fix) =TT g(x) =2x + 1 & IEATAH HoleT &l
(F+2) (). (F-2) (), () (), ( Vi j () T B
g

gol TIsCd:

f+e @=x*+2x+1, f-g) (x)=x>-2x-1,

(o) x)=x*2x +1)=2x*+ 22, [ij(x)= x’ ,xi_l
g 2x+1 2

FEEAOT 17 A AT & fir)= [ TUT g(x) =x KO arEdiash &t & fow aRenfyd

&l ®e &, A (f+2) (), (- 2) () (f2) () AR [i) (x) A1 i
g

o Tgl g7 faeafar@d aRomd Fed §:

(+9) = Nx+x (-9 @ = VX —x,

3 1
(fg)x: \/;(x):xE}ﬁT (g](){f) :ﬂzxii,x;t()
X
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geATdell 2.3

1. Rafof@a et & Sl ¥ Baa §? FRUT F7 Jea@ HifFu| Ife G99 T Feld g,

dr 38T IRE AR Hifa:

@ {@2,D,(5,1), 8,1, (11,1), (14,1), (17,1)}

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

2. AFIfef@a aafds Baal & g a2r IR FJa Hifa:

(i) fo)= | (i) = 9 —x .
3. T&H Bad flx) = 2x -5 GaRT IRARA g1 Arafaf@a & A e
(i) f(=3).
4. ol ¢ ATCHTH ATIHT I BReAGISE dT9HRT # SfAfRFor &dr §, S
t(C):E +32 garT aReRa § farafaf@a & ara fifew:
(i) z(g) (ii) £(28) (iii) ¢(~10) (iv) C @ AW, AT ¢(C) =212.
5. SFIfaf@d # & 9% Belel 1 IRE AT Hriow:

@ f(0), i s,

i) f(x)=2-3x,xeR x>0.
(i) f(x)=x>+2, xTF TEdAH &I gl
(iii) f(x)=x, x T TEJTaH T&IT gl

Rafayr serwor

3EIET0T 18 HAlT olfoi¥ foh R aEdfds T&I3T Hr
T §| T aredideh ®elel £ ROR @ fix) =x + 10
EanT AR HITAT AR 57 Boled H1 3@ FiKT|

g TEl, &7 3T § & f0)=10, 1) =11,

A2) =12, ..., [10) =20, 37T 3R f-1)=09,

A=2)=8, ..., i-10) =0, 31T |

3 faT §U Heled & e T HNHR IHA 2.16 &
g 7T FT FT |

fx)=mx+c, x € R, Tk IWH ol

FEATdT &, ST&l m Ud ¢ 3R g1 IWFd Bl ITW&H
Frolel &l U 3ETEoT gl

(-10, 0)

pd
X' €

v
Y!
fx)=x+10

ampfar 2.16
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FEETOT 19 AT ofoT fF R, Q@ QHAR = {(a,h): a.b € QAUTa—b e Z}. @t aRef¥a, wsh
ey ¢l faey fifow &
(i) (a,0) eRTN a e Qb fT
(i) (a,b) e RFT ATCIT § fF (b, a) e R
(i) (a,b) € R3IR (b,c) e RFT ACIT § F (a,0) eR

gd () FfRa-a=0eZ FTq sy AFear & & (¢, q0) e R
(i) (@b)eRFT AT § P a-bez 30T b—aeZ 31, (b,a)eR
(iii) (a,b)TUT (b,c) eRATIT & fF a—b e Z. b—c e Z. AT,
a—c=(a—b)+(b—c)e Z 3, (ac) eR

Fareeor 20 IS 1={(1,1),(2,3), (0,-1),(-1,-3)}, Z & Z.H T IW&& FelT g, A fx) AT HIfST|

gd  Fgifeh £ TR WWh Beld §, FAAT f(x) = mx + c. Gel: Fhih (1, 1), (0, - 1) e R
gl 38T, f()=m+c=1TT f0)=c=-1.389 g7 m=2@aar § 3R 39 yR

flx)=2x-1.

2 +3x+5

TarEor 21 BeeT J ()= & Ui AT PIST|

X’ —5x+4
g Fhifh x2 5x +4 = (x—4) (x —1), SATAT Bl £, x =43 x=1& AFAARFT 37 Tl
arEdiash &I & forw aRen®a g1 31a: £ & 91d R- {1, 4} §|

3aTET0T 22 Wl f, 1—x, x<0
f)=<1 ,x=0

x+1, x>0

carT aReid g1 f(x) 1 3Ter@ Fifaw|

ol Tgl ) =1-xx<0, &
f=d=1-(-4=5;
f=3)=1-(=3)=4,
A-2)=1-(-2)=3
M) =1-(1) =2;331Me
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A A =2,/2)=3./3)=4
A4) =53cAfe, Fbifh fix)=x+1,x>0.

3C: f T 3 T 2.17 & SMT &9 &
grem|

eI 2 g¥ Afayr weATgel

xz,OSxSfS

. ®9Y f, f(x)= CaNT gRATNA gl
3x,3<x<10
Tt g, _|x*.0<x<2  ggrr aRenfa
g(x)=
3x.,2<x<10

gATsT fF Faf /1 e FoleT § 3R g Feled FGT &l
2. AR foy=x, @ M A FifaT]
’ 1.1-1)

2
were £ = X 12X+ g gig s e
x2 —8x+12

f@) = {J(x—1) earT gRNAT aEdfds Bt (1 Iid aur IRE AT AT

]

:l“—

9]

- f@)=|x 1| zERT aReT areafa® woe fH Sid qur IRER aa AR

2

o

2

A NfaT f={x, b

J,:xeR}R@fRff THh Hdd gl fHT IRAT
1+ x

fAuia FfST
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7. AT AT F £ g: RORFAW fix) = x + 1, g(x) = 2x — 3. AT IRATT |

f+g,f—g3-ﬁT£?ﬂT—f ALY

8. AT NfT & f= {(1,1), (2,3), (0,-1), (-1, -3)} ZH Z H, fix) = ax + b, AR
aATT TF wAd §, el a, b HS YOIiE 81 a b F UG Hifaw)

9. R={(a,b):a,beNdUTa=1"} EaRT IRATNT NANH, T Y R gl FT Fafaf@a
FUA T g2

() (a,0) eR,EH aeN, (i) (a,b) € R, T acad & & (b,a) e R
(i) (a,b) € R, (b,c) e R T arcad § R (a,c) € R?

Ucdeh &2 H 319a1 30X & iR i sdersu)

107 ofoT 6 A={1,2,3,4}, B={1,5,9,11,15,16} 3iR 1= {(1,5), (2,9), (3,1), (4,5), (2,11)}. FT
fAfafaa s I 872

(i) f,AUBH TH TEY g (i) /,ATBH TH Had gl
g G2 H 379e 3o H AT Tdasu|

1. & AT & £, /= {(ab,a+b):a,b e L} SART URHAMNT Z x ZH Th 3YEHeT gl
FT f, ZAZH Th Bolel 87 39 3] F 3T off Tase fifav|

12,87 AT fh A= {9,10,11,12,13}T f: ASN, f(n) = n T HgAH TS I[0Teh SaRT, TRATIT
¥l £ & o 1T P

R
SH AT A §Hel HaY AT Holol T ETT hal 1 56 I HT F{ET STl
& oA & S T g
+  HfAa oA K @AY oA & FHRT azdl w1 th FIA|
¢ FEN A0 FHECUA ATAT BH DA A0, oA
AxB = {(a,b):a e A,beB} gl &l {AY &7 &
RxR={(x):x,ye R} IR RxRxR=(x,y,2):x,7,zcR}

¢ g (a,b)=(x,y),<_-ﬁ a=xddl b=y
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2

afora

I n(A)=pdUT n(B)=q,dr n(AxB)=pg.
Axd=0¢

HAMHATId: AxB#B xA.

T FHTITA Y FHIT BH HAY R, HIAT IO A x B & Ueh STHH gill
g, [ Ax B & HAT J7AT & JUH Gceh x dUT AT T y & &g fhadl gaer
&I Gl &t gred fRar Siar B

frell 3raaa x &1, Y R & 3ideid, gfafss y @ar §, 58T (v, ») e R,

" R & HiAd AT & GYH TCH H GHead, Ha R & 9id g gl

" R & HiAT oAl & facha gl 1 Feay, Hau R &1 IR g &

Bolel THUT AY AU B H Golel / Toh [afRISe GehR 1 Faer giem &, e

FACIT A% YAh HITd x H1 GH<ad B # T iR dael v gfafda p giar §
39 §1d T &7 £FABIE fix) =y fo@a €1 1

Aol f &I Ui dUT B 3T TGWId &Il gl

Thelel f T IR, f & FiafSsl T T giar g

Tl arecifash Befet & i oUT IRER alel & aecideh TEA13t T T 3ryar
3l Teh 3YFHTTY BIcl &

FeAdAl HT fSIMOIT Feled /: X — RIAT g: X > R, & v g7 Aeafaf@a aiemme
ad gl

(f+g) x) =flx) + g(x),x € X

(f-2 x)=/f(x)—gx), x € X

(f2) () =/ () g (x),x € X, kP 3T &l
() () =k (f(x)),x € X

i(x) = &,xeX,g(x);tO
g g(x)



e gesufa

Hold s¢ TAWUA Gottfried Wilhelm Leibnitz (1646-1716 $o) g@RT &« 1673
# faf@a dfe aogfaf@ "Methodus tangentium inversa, seu de fuctionibus" #
qﬁafﬂagmﬁ Leibnitz 7 38 e &7 WA TAIVUNcHS H1d & fhar g1 3ol
Holed &I AOIANT FR’ TAT ‘FHAAR & Ul GaRT 3cdoed AT Th T & &I H
fwfead frar §1

SIS 5, &=l 1698 # John Bernoulli & Leibnitz &1 fod Teh 9 # ggell IR GiaemRa
T A Hold Ase FI AWM Ag H s gaer AuiRa fear g1 3¢ #mg &
Leibnitz & 3r9=T FEATT goiid §U 3w o & feam 2|

373ISH |TST H el (Function) 2Tsg T«1 1779 & Chamber's Cyclopaedia # 9rar
ST & SISETOTd H Belel s T YT oX RT3 FEansit rar R afr
CANT TgFd T & oo TARANUTcHS ehsienl & foU fham amr gl

—_— e ——
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