fery QI Ay




AT 11 oF Q. UIga&aeh

faga s qamsad

5

oAt 3
NCHERT

I Bfarep rgAuE IR ufieror aRkeg
NATIONAL COUNCIL OF EDUCATIONAL RESEARCH AND TRAINING



T TIgE=At @M (2005) A ¢ & T=di o Whell Sfed %l 9@ o Sfie
q Sigl W =ey) w8 fagid frdael o9 @ 39 fouda o fauwia € fSees gweEeaw
THR S TS Tk Tohed 3R TR ok wiel SfaNiel MY gU 81 7S T wrgHeEl W
e gy 3R UIgd TEdeh 39 ST faER W 3THe T ol YA 21 59 TAH
H & fava il T Aoy SR W RS #IR SR i @ 37 i ygha 1 fae e
21 3 © fop 3 ey B usig fen Aifa (1986) o afvfa srer-shfa seen &1 fan
H TP R q&F o S|

TH AT 1 TR 39 0 o0 R R T R wpell o g iR st s
F1 wegeial Tfafafial i qaret #) 738 W der @R HiEd o SR e ST
W foaR #3A *1 S 34 21 T g8 A B fR ARk e, wee iR eerd
W T gl g Wi T ge-armt @ et SR SEehY ¢ A 1 Gold HT
Tehd B foen o fafay weml o didl sl SFRE! fhy S w1 Y@ %R0 91839 &
! THT 1 THATS SER S $1 Y 1 TS 3R 92 i fashfaa = o fog
el B foh ed o= ) Wien 1 gl § qu 9rieR o $iR s, 3= M
fruifea e &1 ues 9 sig 7

3 29T Thd i <ok faaht 3 el o i) hiasa w1 6w €1 <
THI-GRO § oriera a1 € el €, e anftfer shofel o eme o g, foe
fare707 o fou Frora A 7 e ghihd 59 Won| foreror iR godiea ot fafml o m
1A ohl T KN ok U8 UIgF THIh Thel H d=d| o Siia ] HMHeR gare qell difiEd
1 SE I T SwE S W et gl fag et 21 g i wHen o fued &
AT ST GHI T &4 W@ H1 Teod 9 Al q=a I 1 21 39 HIRe &1 &K
TEXH ok Ic1 § I8 U1 Jash Ha-foeR iR faera, sid whel § ameid td 95 d @i
eI W 1 WM ol TiateeE et 0 2

THEIRE, 30 TH F1 WA F AU aE T wed Twe i wfafa &
gy o fou sl sTe FA 71 RS TH UST Y oh HEhN UE o Tee]
WRER SEd foo] ARefieRt 3R 30 &0 o FelleshR WIhER Yo AR SiF 1 fasi
MR 1 39 e Y&k ok forehrd | g f¥1eren] F AEH f; 59 e i Had sHH




vi

o o &n S9eh Wl o 9 €1 ' 39wl wewnsd SR wWieH o i ohad @
o= o1 e, wrnft den FeAfiEl St 7eg oF § g SSRargds wean o gy,
oy ®9 © HreAfhes e Ioad el fourm, ae S9em foase 93 51, 9. gona
R 3R o S, Serare Y sremerr ® wfea, Ag AT wffd g0 wew sgue
T U S o T e €1 e guRi SR 31 el o et frER @n
o fd Tafiq LHLE.RE. feufel e gemel &1 & &af (9 et g9y o
TRR ol T Wehl

IECHED
T ot T e S
20 RFR 2006 1R e uftug



a1ee, fagm ofit wfura wemegesw wfufa

TH.H. ARG, FIHER, S JHafdel HeX wi STegHiy ug stqgifnfeed, (IUCCA),
ToEIfEE, gor ghafddt, o

T FAGRR

Wk S, Fioer, ool favafoemem, e

&1 HU-STh
A e, I, SEvauy., g amd, & Koot

=
STR[ATY o, IR, THIRTEE JIaR, S a.ul., i em 3., 78 Kot
Toh.SId, TEITee JieR, 8.8 TR, 9w

3 o8, doa, SEta W, TSR, T8 fooell

TH..TH. a9, o, S ta ., TR, 7 Kool

. e, deaw, TsRE ytae foemm formea, gema forr, fiee
duad. 9, FHw, 8. AL, TR, Sk

o qTTE, olFeard, WLaTRs. 3L, T ELE.em 3., 78 fRoett

LAY, FErEe FIHEE, M fa9n, rd o 95, SR, Sl
genen @i, deT, smafafa., = Koo

TIel TR, G 37Ty, Sl AIedl Thel Ueleliieh], SN, e




i
HIW-HY-ddh
RN o, TEifime FIw, Sl uE.uy., THLE.3RA., 78 ot
- f
SR TR, fa@rT @ qia gaa9%, SR e &% faaEr, SHae-aqa, 78 9=
T, . I, TERTEE TIHR, AW A e AL, e, me wew

wW.HALBOE, e, TS gfad faee faaem, geme faer, Ko
AT, T8 frar frve (foam ehs-3), foren feemem, U< o &9,

feeel! TR, T8 foe
o6, fart, e sy (L), S fame™ d@ned
Gud HHR S, eIy, .Ul S 52T shiels], HEH! SHYS-81eRd, S.W.

&t W
g0 e, gy, SLiva ey, g amd., 78 Koot



TEIh oh 3ifaH %Y o fau SIS wrEienen § 9 o ae Fefata 9 s
W%@W#aﬁﬁwaﬂwmm%ﬂww WA, Tl
Jaed faenerd, sHag, Y y=ET; foree gee, oo, fagd et SR we,
GoRRER i, QR HeNIg; Sfedl hloRl, daeid, Faiqd &= ﬁﬁﬂ?ﬂ ﬁwgﬁ
S ohy, 2 Taeedl; O ue HERe, M faqn, YRd R S, ST, i
loh. A, @ aged (3L) , Shald faenerd |ie; SFRIeT ¥Rol, Sifereh! fawmT,
feett favafaeme™; Fgd @F, deaw, e JeHa LS. s oeeE, (3.9.);
gud BHR S, dee? (TO); oh.Te. S 52T hieisl, T, SHUS-81eRd (S.9.);
ARG, fieR oo, (SR, Ss fren o, feeiiclt, SHag-sqa (A.9.); G
sel, TS, Sl wpa, end, % fSodl!; Ao, we- e feeme (faam
&%), foren Fevmea T TSEE o, ool W, Tl SemImi, WS,
SareR Aarea farmes greTg, feoet; i, f.si.3 qsenta s et famme™, €9
TR, feodl; WS AR 3repL, 915120, Sl dfsereh Thal, el T, B,
MSEEE (39.); AXNAR, Fet, T, 78 ool

IRYE TL.HLE. AR, TeSt Tl o6 JREdeR ag ST HRRTe | Hefatad
it it agqed fewfirar & fag enard #: el w, dev (W) wEdema.,
T feeeit| grita a1, fagrreger, oW o, TaE g sTR A, Tema, a6, o,
S (WeESR), FiHe (v faum) , feedt favatamem, e

Siferer & weTETR WA o faw aitvg githe wa s, faammeen €1 e,
LA H1 9 B 3Heh WY € URug Th HR TE Gelg BS SERT,
A7 emey; ff Fva wa fae A|E, F9 Ueex; gER A, 7% e,
CLHLE AR, sk FR, FX ©9F TR, LT, TR, frw, Sl
T, TS 3RS, YIIEE 1R WehIeH faunT o wedi Y eifdeh S9R Ffta i 2




T, 9RA o TN, XA 6! Tk HYUl JYeT-HU=,
FUTSEEl, Y-TRUer, eliehdATier  TURT
S oh ToTT T2 SHeh THE ANTReh] ohi:

A
b g TS, enfeler 3iR TsHfaes =,
NV fomm, sifureafen, fawara, o
p L SF 3R YT 1 T,
qTed S o Tau,
qI 31 G B ok R MR 3R
M, T TehaT 31 @S
Qi s arelt Sydr sem o6 fog

qgHHTY BT U 0 WG QuT | 17l
aE 26 TEeR, 1949 3. (Tafa #Awrfefid grerm
ToHl, Haq & T9R B8 fowHl) Sl TaEgRT
7| ameiia e € |
NES N S b EE N

D Q L




sk

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12

2.1
22
23
24

3.1
3.2
3.3
3.4

iR
=g SR ST e
o T
R IR i s
U A=
U=
T S=a
qrEfeh TH=ad
I ARG

i T

qH=Id k1 Th

) W o Wi SR wefTS Wi SR W

iR
==l 1 HIAF PH
oy
wed

iR
0

IEENIECIR ISR
3 I o AN SR R T PR W
Breniufadia Tt

0 N N = =

10
14
14
16
16
22

35
35
39
42

56
56
63
71
82



4.1
4.2
4.3

5.1
5.2
5.3
54
55
5.6

6.1
6.2
6.3

6.4
6.5

7.1
7.2
7.3
7.4

8.1
8.2

8.3

9.1

T
T AT 1 fasTd

ity e

qftay wEwet &1 e
aftns We &1 "l S
amfs SR yeg feor
fgeda St

qH

FTfHeRTT

T =) TR oh Waeh AWHR1S o1 S g 31T
3] @ fFEq

T =R M o s et & AeE g

3 =R Rl ) srEiien e @ '

iR

UM <1 SR Tagia
ERER
RER|

iR
¥ quiishl o faq fgug gwa
Y% T HY U]

94
95
96

105
105
106
110
112
116

124
124

126
132
137

146
146
150
161

173
173

180

190



Xiii

9.2 TTHRH
9.3 it

9.4 HHIMR g

9.5 U 9@

9.6 HHIGX HeA qA1 UK W= o o9 da
9.7 To¥I9 TRl o n IR 1 ANTRA

10.1  9fHenT
102 @ 1 &

10.3 Y@ o gt o fafay &y
10.4 @1 1 SA9H THEHIT

10.5 W fog =1 W@ 9 3h

1.1 9fHent

112 ¥ o 9]
113 Jd

114 &

11.5 <ferd
11.6 sfaqae™

12.1  gf¥ent

12.2 Tfarfta siafter & Frdwmer otk fdsren-aat
12.3 iaRe § ws fog o e

12.4 7 fagati & &= =1 g8

12.5 fa4resr g3

13.1 yfHent

132 STRaTSl ] HESTIYd dH

13.3 €
134 Frefida weml w1 e
13.5 STEhe

190
192
194
199
205
208

217
219
227
235
239

251
251
255
257
262
271

284
285
285
287
290

298
298
301
315
321



14.1
14.2
14.3
14.4
14.5
14.6

15.1
15.2
15.3
15.4
15.5
15.6

16.1
16.2
16.3
16.4

iR

A

A F@ R W A HUA T
IERERIEAEIER N

Jauia

Ul T Al i YHIO L

iR
Yeh!UfF i A9

TRET

e fa=eq

Tl 3R " e
ARERAT sl T fagasor

iR
BRI ]

Al
WIFeRal @i AT Jieeh ol

A.1.1 HHR
A.1.2 fdt wmaes & foaq fgos o

A.1.3 ST TOIR Foft
A.1.4 =RETdieT ot

A.1.5 TETURRE gt

A.2.1 HH®R

A.2.2 9RIYsR gay
A.2.3 T freel e 22

339
339
342
347
353
357

367
369
369
369
382
393

404
405
409
416

435
435
437
439
442

455



GTWIT[

l el (Sets) '

s*In these days of conflict between ancient and modern studies; there

must purely be something to be said for a study which did not
begin with Pythagoras and will not end with Einstein; but

is the oldest and the youngest — G.H.HARDY <*

1.1 it (Introduction)
TAIE I H TG o S1Add H WH=Ad hi ORenedl
IR B el 76 TRehedT 1 FAT Tford &1 9 geit
et ¥ B €1 W 1 YA Helt] Ue el hl T
3 o fau fopan sian 21 sfid, Shd, wifdear 3 o
e U= o T i STEeahd St ¢

== Tagia 1 fasm™ e A" Georg Cantor
(1845-1918) &R foharm T ol Frehiorfiedta Sioft o5 el =kl
A I FHT 3R] T=ad | Tgal! 9R Iiad g3l o1l 36
FAE H BH S=ad d§ Hatud $w HeAYd RIEGIEIE: I Georg Cantor
dfspaneti W forem & (1845-1918 A.D.)

1.2 9= AR Senr Treuor (Sets and their Representations)

e e o T g a&qetl & WUE 1 wEl wd €, S99 i e, st
fig, frehe 9 anfe) wfora o ot g9 fafe= wuel, =1 ==l @ 8, Scewnd, gepa
el o1 9ug fagst 1 9%, ST 9eel o1 9Ug offk) foma:, 9 fefatea
I T foa i

() 10 ¥ w7 faum yeha "weAn, 1eiq 1, 3, 5, 7, 9
(i) WG T AR,

(iii) SIUSH FOMHIET & R, I, q, ¢, i, o, U,

(v) Tafe= 9eRr = &,
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(v) HE&A 210 oh IR OEES, AAQ, 2, 3, 5 1 7,
(vi) THERT 22— S5x+6=0,%F T e, 2 qAT 3

Tel &9 9% 3@d € R ST yoie SR ¥ § aeget b U gl wue
= o1ef o 2 o ot a5g o gew ® gw g fofy fifyea &9 9 @ Oohd B 5 o7 9%
Tk o0 G H ® @reel T ?1 SSrevn: g9 e ffvad w9 @ %% uwhd € 5 e
&', vRA &1 A o wye ° T 21 gwer fawda wm A oW Wi ¥ fHfveasy @ 2

&0 9 U0 Og=9d & /9 3 SIe § ® 2, foeen v it o fawiveg @
RIS IS

N : Uehd Q&S 1§

Z : JUTishl T HH=a

Q : IRa "E&msl &1 T

R : Idfas SISl 1 A=

Z+ : 97 qUIehl h1 =

Q*: ¥ URHT &S 1 9=

R*: ¥ ariaesh &A1 &1 T

= fowry wgeaal & foau fHuifa Swfea ydte! &1 7am &0 39 gwas o fRR
EaGRE

3Her STfaiaa fave o Ui Gl faeara sl 1 U8 U guRkeig ag==d
&t 2, Fifer waifus faem s o fola w0 #1 a9es s =t 9 s =t
o fou fg=i-fo= & Wbl 21 31a: I8 T guURwiia §0e el 2|

1 ‘aEqetl oh Ui e’ 1 B9 Uk Gg=9d hed 21 T8 W ed fefatad
fagell W &M <

() F9=9 % fou awqd, sEFa qu g5 s g 2

() TH=TE H1 YE: AU ovimren & wg e @ fAwfya wW ®,

S A, B, C, X, Y, Z g

(ill) == o el w1 SIS U o Bie el g WERid #W B, 99 q,

b,c,x,y,z?ﬂTﬁ{

S o, =" AT & aTd B, Al €H %ed § 1% ‘g ¥9=ad A | 2’1 9
‘W%“W%’m‘ﬁ%’ﬁﬁ&lﬁﬁﬁmwm“e(epsilon)"WFlﬁl"T
fepan ST 21 21a: B9 ‘ae A’ Ta@d Bl AfE b, 9q==" A %1 319@d Tl 2, @ 89 b
¢ AforEd iR g8 “pum=a AT e 2 Usd 2

9 YRR TS AU o Rl oh HH=ad Vb 9=y H ae VIhg be V. 3
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YHR G 30 o AT U@l o 999y Pk fau, 3¢ P fohg 15¢ P.

@

foret w=a &1 Frefm w6 & Q@ fafmf

() UL A1 gRviEg 'Y
(i) Fg==a o '

VT &9 §, == & Al SaFa 1 gees & s 2, seEel #, W W

Q, srd-form g1 guer feman ST ® SR SH @ & Uk HEel HISd & fiw

fored 21 seewond, 7 9 %9 el 99 oF quie] o W= 1 9o JweT w9 H

(2, 4,6} 511 fohan wmar 21 el wy==a o1 T &9 ¥ wefiifd & o 9 @i

(a) W& 42 HI faurtea $E Gl At 9Tepd 9east &1 9qead
{1,2,3,6,7,14,21,42} 2|

(b) ST Fuinren & " Wl S g {q, e, i, 0, u} Bl

(c) Torom wiepa wemet 1 W= (1,3, 5,...) 21 31 o fug, et den &F
B %, a5 wae ¥ o o wene B g siedE §

Az HIGY & WX &9 § fa7dl wl Geldg F § S Y F1 Hed Tél &l 21 39
YR SUge W= &l {1,3,7,21,2,6, 14, 429K 9 y=i¥ia S g €

€ AN W@ A8l foh TH=9 ! I ¥4 ¥ foed 97 fopdl stama

! HEIG: SR TR faed €, s, e e g W 9= g 1SS &
fau W= ‘SCHOOL’ © wek #1ei &1 §9q==q { S, C, H, 0, L} =l

(i)

T i Y §, fret weem o et sl § U wets e g @ St
T | X o fRet st o & g 2SSy 9= {a, ¢, i, 0, u} *
Gt ereEl o U welTs uieH @ foh e W yeleh Stage ST SuiHel 1 U
TR B 3R 5 U ol g 3 31er El 2l

T W= H1 V 9§ Fefid % gy e faad © T,

V = {x : x 3USH F0iHeT 1 TE W@ B

T A <1 =ifeq & ot Tg=aa o efeadl o1 9viF & & g eq Wil ¥

1 TN T B, (x5 T T R o= welte w1 ot W fRan o Wk ©, S, 31w
y, 7 AAME) Toreh S9d hie o1 fog “:" fo@d €1 ied & fag o o5 9y==d &
el ok fafire o 1 forad © 8k R dyel oM 1 et Fies { )% W

fored €| W= V o U aui i FEfaiad YeeR 9 Uel S 2, “ |l x 1w
SRl x ST FofEren @1 s w=r gl
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39 ol | whisgeh 1 FAN ‘g x 1 G=eE” o Ty SR e w1 AT e
x' o foq fopen st 21 seewr & o
A={x:xTh Whd H& € 3 3<x< 10} & Frefafad yorR § ed © -
‘et x kT eI, SEl x U UIehd W& ® X 1,3 31 109k o= H €1 31 Wy
45678 3R 9 == A o 3 2

TqME B0 S (a), (b) 3N (¢) W Ve &Y § =fofq wq==i ! HH: A, B, CH Yehe
%X, A, B 3R C ! wq=e fmio wq o, Frefofaa wer @ off fefua fwan st g
2l

A={x:x T Wihd W& € S WE&A 42 ! Tauria & 7}

B={y:y sl o 1 TF @ )

C={z:7 U faum wepa wem 8}

THIRT 12+ x — 2 = 0 1 T 9= I §9 § faf@u)

T WS TH YK ol s e T,
(x-1) (x+2)=0,3dq x=1,-2

IA: Wod GHIHU 1 T WY U ®Y H gH YR forar S HeRdal € {1, - 2).
=T {x:x T o9 QU © SR #? < 40) T X w9 H fafeu)
1,2,3,4,5,3 6 e gead €| 3. {1,2,3,4,5,6) Wx 9g==d H T &Y 2
== A=1{1,4,9,16,25,...} & =g i1 &7 ¥ fateq|

eI Al B 39 YR forg wehd €,
A = {x:x U Wiehd G H1 o1 2}

fohoqd: 89 =9 YR o fo@ e T,
A:{x:x:nz,aﬁne N}

&1 <@ ¢ R XU U ey o Yo e i ¥ SUSh & U | %W 2| T8
Wt foF 2791 U Uik W& ¥ S | W URW B ST Uk W s il St €
AR 6 § feeh T 21 om: "= fmi w9 H w9 3w YR faed 2,

{x:xznzl,n,wmméaﬁt 1<n<6}
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E 3R T ®Y H FiUiq Ydeh A=ad ol 38 AR A== i 9 ¥ Fiviq

== ° ¥ Ham st
i) {PR,ILN,C,A L} (a) {x:xUTH &7 qolfh € q1 18 I ATh &)
(i {0} (b) {x:xTF TIfF T R 2-9=0}
(i) {1,2,3,6,9,18}  (c) {x:xTh Uik T 3R x+1=1}
iv) {3,-3} (d) {x:x ¥ PRINCIPAL &I T&F 3R )

fF (d) ®, 9155 PRINCIPAL® 9 #1eR & @R < 218k P 3R | =l T9M €8 =,
FA: (i) 1 WS 0N (d) 9 g1 21 56 YR (ii) 1 HE fHeM (o) 9 e €, it
x+l=1Facd g fF x=0 @ A, 1,2,3,6,9 A 18 T W g 18 &
9ISt €, ST (iii) =1 W& e (@) 9 B 21 3fa § - 9=03efq x =3, -3 3R
AT (iv) 1 Tl e (b)) 9@ B B

frefafad & & o ageaa €27 9 SW T stifaca waEu)

() JoTeR ¥ 9RY TH 9 99 o 9t HEHl %1 9|

(i) 9RA o T9 Hed 31fye gfaumemel @l &1 augl

(i) Tova o WEIS ™NE SewErs H WU

(iv) ST9eh! el o 94 deTehl i Ul

(v) 100 ¥ %7 ¥ Uhd WS &1 9L

(v) <E® HEs gR fafea su=mi &1 |ugl

(vii) FT T9 qUIiehl T WITI
(vii) S 1@ H AW ATl YAl 1 UL

(ix) fova o Fa9 31fus @ars e’ &1 9%l

A @ieie A={1,2,3,4,5,6}, o0 T ¥ I9gH Tdie e AU ¢ 9RUl
i 5...A i 8...A (i) O...A

(iv) 4...A v) 2...A (vi) 10...A
Ffafa T ==al & =X ®9 7 farfau:

() A={x:xT& quiH & 3R 3<x<7}

(i) B={x:xHEM 6 ¥ 9 Th Whd H&A 2}

(i) C={x:x3 3w H T Yepa G © FTEeh bl 1 AT § B}
(iv) D={x:xT&F AYST &A1 8 S & 60 H1 Ik 2}

(v) E=TRIGONOMETRY 3% & ¥t e 1 TH==d

(vi) F=BETTER ¥I& @ ¥ e 1 A==
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FAfafed T==al & 9==ag U 9 | =Heq i

i (3,6,9,12} (i) {2.4.8,16,32} i) {5,25,125,625}
(v) {2,4,6,...) () {149,...100}
frefafeaa ag=ml o 9t steal (Fse) w1 PEdag Hife:

() A={x:xTh faum yepa wem 2}

(i) B={x:xTH Ul 2, —%<x<%}

(i) C={x:x Tk qulsh 2, <4}

(iv) D={x:x, LOYAL ¥I& &I T&h 37&N ¢}

(v) E={x:xad @1 wh tw wE 2, foed 31 A @ e #)

(vi) F={x:x s ooioen 1 Th oo ®, Sl k9 T8 3T 2

g 3R Ue w0 H fafia i < i s fwior &9 o aftfa s 1 we

fam sifeq:
@ {1,2,3,6} (a) {x:
i {2,3} ®) {x:

Gi) {M,A,THELCS} (¢) {x:
: x MATHEMATICS 1<% &1 U 31eR 2}

av) {1,3,5,7,9} d {x

X Th 9T G&l ¢ 3R 6 1 9N @)
XTSI 10 ¥ $Y TH (U8 Wiehd WE&T 2}
x T Iehd W& € 3K 6 I 9IS 8}

=T A = { x:x [hdl That &1 Fe1 X1 teqaRa & fomneff € )
B SH Tho § S T he X1 H SeAFRa faenfeidl sl 71 s St W e 1|
FT Hehd Bl Td: UgEAI A o TeEEdl i geA ia 2l

39 "= fo@ w==d B W faar sifaa:

B={x:xaHA | & X au X1 § st famned €)

&1 3Ed ¢ o wen fenedl ww Wy S wmensti X aen X1 s1eme e Y Wehdl
21 o U= B Y &% @t srage 7@ 2

T 9= o T o e T B 2, fen ayeed o v v
e 81 38 R & U’ B U o 9= € 9 o A s o e 1
2| iom 9q==g &l wdis ¢ SF¥en { ) ° el s 2l
&0 i o au==El & % S T W R
() WF T R A={x:1<x<2,x T Wb W& 2}.98 A fem qq==g
2, ik 1 3 2 % HeA HIE Yiohd "N e Bl 2
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() B={x:x’—2=031 x Tk U T ¢}. 7l B o wg==d v, Fiifch qeiiehe
¥-2=0, x o & G oE" 99 ¥ S T e 2

(i) C={x:xTeM 2 ¥ AA¥F Th §9 39T §&O1 2} @ C fem o= ¢,
Fifeh ohael TE&AT 2 1 HH AT HE 2

(v D={x: =4, xTaum 2}. @ D fom wq==g 7, ifes i
x2:4,x$WWW@H§QHﬁ@ﬁT%I

HH ifee fof A=1{1,2,3,4,5}, B={a b cde g}
ol C = { 39 979 favg & fafy= 9 ¥ w4 9 120}
THREA B foh AW 53197 € @R BW 6 ofa¥a €1 C | fohad ofeda €2 St o wawe
g fF C % el 1 gem = 9 T 2, fohg 9% T Wipd wew 7, S 9gd 9t
B Thdl €1 fRet Tg=Ig S orgmdl w1 HEM ¥ AN Sifuug "yesm o fue
el H HE 9 ® 3R 3 TH WA 1 (S) E YR i 21 AR 1 (S) TH Wiehd
e €, Al S U enfie uRfd W g g

BN Wiehd TS o == N W R &l 80 3@d B 36 9= & fad]
=1 T Wi 72 2, Fifen Wieha WISl & We STEifid el 81 39 YR eH ®ed
& o Wiopa wEmel %1 S U STuiiia W= g 8 SWiE S A, B el
C ufifirg W= & 3 n(A) = 5, n(B) = 5 3R »(C) = 1 Hita we|

e e, S ek 2 st Toeh stemdl i wen fivea gidt €, uifia
T HEAM 7, S H=ad IR W= hear gl
3T B I[EON R =R+
() A W Ewre & & %1 wge= €, d@ Wuifia 2
(i) 9 ST fom S, TRt 2—16 =0 o &al % W= €, a1 S uRfHa 2
(i) 7 offew fr G, frdt T w feom wft fogell & @g=== ?, @ G
qfifia 2
S g9 fordl w=ed i U &9 § fefia & €, a9 80 3§ =g o w9l
FTTE H Hiwd { ) o Wi fored 21 Tt srafifia e o weft st @i
#eeh |} o G fae w9e 71 ?, it U8 aqeEg o agel sl wen witd
&l Bl 21 o1a: BW fonel ST W==g 1 WX &Y | Wehe H ok foIq SHek A
U %1 34 31l Wl foed ®, fSod 9 9= &1 Gl W g Wb 3R qaiua
@ foig @ 2
S, {1,2,3 ...} Wiehd H@ASH & 9= €, {1,3,5,7, ...} v wea




g T

et 1 ggeE € SN, .-3,-2,-1,0,1,2.3, ...} Ukl T W= Bl A wedt
Fe ARG 2
Gt S1afifi T=e o1 9ol WX ®Y § LT a1 S Hehar 21 SS@
o feTq aTEdfer HEAIS oF TH=ed 1 9U 58 ®G § T8l a1 S Wehdl ©, ST
TH U= o 9l 1 HE fae e (ufgme) T g R
Taeney fon ffafes aqe=al o #H ufifi € ik +F emufifim 2:
() {x:xe N3 (x-1)(x-2)=0}
(i) {x:xe N3 x* =4}
(i) {x:xe N 2x-1=0}
(iv) {x:xe N3N x T 399 Fe& B}
(V) {x:xeNE}ﬁTxﬁﬁl'q%}
() YS9 W= = {1, 2}, 3q: F€ Ui 2
(i) Wed WHEEA = {2}, ¥@: T8 gRfha R
(i) IET T = ¢. 37 Tg IRfHA 2l
(iv) T&o gon T== weft 19T WEHe o e © SR it A9 gemns
o1 YEE 3T €; Ad: Wed WeEd uiiHa 2l
(v) wHEifn faom grepa wead ora €, d: yed aeEd a2l

T U T WAl A IR B, ®, A A 1 Yo Ede B 1 ot 3e@d € U1 B W
Yl SETd A Wl ) 1Edd €, df ST A 3R B, WHM ®hedld 81 S IF
=l H qed: WHH 3ed e B

T WA A IR B WM HEAd B, A SUH qeFd: WA Edd @
3R &Y forad € A = B, 3171l =99 3199 Hed 8 3R ed faed € A#B.
3R &Y T=fafed IgEon W faar &:
() @ offee for A={1,2,3,4} 3IRB={3,1,4,2}. @ A=B.
(i) WM e A, 6 § &H A9ST W& 991 P, 30 F AYNA @S] o
=g &1 T ® for w=ag A SR PUHA €, i oheret 2, 3 3R 5 €
TEA 30 & AU UAES B 3R 6 § HH Ff B



w9

4% el == & Uk 1 U 9§ AUk e i e g e,
Tee SEedl e 81 SAE o fod w=Eg A={1,2,3} 3B ={2,2,1,3,3} WA
&, Fifh Ahl Ycieh 31e9d B 8 31X 3! foreim oft Ted 21 56t shol & Wi: femelt
FEed Wl U ] WY SEeh 3EFdl & TN e i gl

T Tl & g Bifen, W wE I ¥, R FRU S aqarsu:
A={0}, B={x:x>153R x<5),
C={x:x-5=01}, D = {x: x*= 25},

E = {x:x GHHWO x2—2x-15=07F Tk &7 YUk o B},

Tl 0c AR 0Ug==ai B, C, D 3R E, & & forelt & off 7Y €, e1a: A=B,
A#C,A#D, A#E.
Fifeh B = ¢ fobq 3 =1 wq== fem ¥ 2
Ad: BC,B=D dx B #E.
C={51Td -5e D,s@@T C=D
el #ife BE={5)},C=E,D={-5,5} dX E={5}, 3@: D =E.
T YN HHM H=EEl %1 T shae C 99l E 2|

frrAferfiea weem gl o o 9 W 99H 22 19 ST o slifaeT warEu)
(i) X,3& “ALLOY” o 31e ol ¥=ad a1 B, ¥ “LOYAL” o 31eTX ol

HH=41
(i) A= {n:neZdM <4} A B={x:xe RAM x>~ 3x+2=0).

() =& X={A,L,L,0,Y},B={L,0,Y,A,L}.3W: X 3 BEAH qq==
£, Fifr fre wq== % sEgal ®1 g o ey qeerdl T ¢l ad:
X={A,L 0, Y}=B

(i) A={-2,-1,0,1,2}, B={1,2}. /i 0c A3 0¢ B, 0L A3 B
9 e B

frefaiad & 9 ®iH 9 e qq== oS3 7

() 2 9 9 fguy greha denstl &1 S|

(i) 99 AT & w1 F=aA|

(i) {x:xTh Wepd WM 8, x< 5 X WY & WY x> 7 }
(v) {y:y fe=l ot @ goiae Tt =1 swafts fag 2)



10

T

frefeia sl § 9 i aRfH 3R ®iF i 82
() =4 o TR 1 T

i) {1,2,3,...}

Gi) {1,2,3,...99, 100}

(iv) 100 ¥ &€ ¥ qUliehl sk H=a|

(v) 99 ¥ B YA YUliehl h FH=aA|

et =l o § Yok o fou Saee for A i © S wiF el 82
(i) x-3181 o FHIR {@sT T T

(i) SIS FoMHTET o ST w1 A=Al

(i) S WM w1 e S 5 % U 2

(iv) 9% W TA e TRl 1§l

(v) o &g (0,0) ¥ B X S a1l gl Il A=A
fofafaa o saarEy fF A=B ® 1een e ?:

i) A={ab,cd} B={d cba}
(i) A={4,8,12,16) B={8,4,16, 18}
(i) A={2,4,6,8,10} B ={ x:x {9 ¢ YUl ¢ 3K x< 10}

(iv) A={x:xH" &N 10 % G N 8}, B ={ 10, 15, 20, 25, 30, . . . }

11 Frefeaia ag==a 0 9uF 82 SR digd 9a5y)

i A={23]}, B= {x:x T & 22+ 5x+6=07 TF & ¢}

(i) A={x:x3e FOLLOW I T&% 3R 2}
B={y:y Vs ‘WOLF @I T&H 3N 8}

= ST g ==l | | UHH =l ] 999 hifeld:

A={2,4,812}, B={1,2,3,4}), C={4,8,12,14}, D={3,1,4,2},

E={-1,1}, F=1{0,a), G={1,-1}, H={0,1}

= U A==l W =R st
X = 39eh faene o q«t faenfar &1 sg==,
Y = ST9eh! e oF Wl famnfe o1 wa=a|
B9 A B T Y 1 Y 3fermd, X 1 Wt Uk {ee 2, 89 HEd © 196 Y, X ®

T STHY=T 2 X 1 Tk STHY=4 2, Tl & X C Y G Wohe hid 21 Tdiieh <, HoM
‘U SUHEE B, SAYe ‘et ' o T e 'ian 2l




e 11

e TH==" A 1 Y& aqd, q==d B 1 Wi Uk =G g, @ A, B &I
SUNTEE HEA 2
T IR H, AcB, AR 5@ Ff ac A, T ae B. 91 TdiF ‘=, fwent e
‘qreqd ©' ORI ], T WANT G Bl 81 59 Wedleh bl TANT Y ok, BH SUSHE
1 IR 36 RN for@ wehd 2
AcB,dS ae A=aec B
TH SR U i TH YhR UGd €, “A, B 1 Th SUET= 2, AR TH qe @,
o a, AT Tk 3o ® arwd ® T o, BT ot Uk 3emE B 9k A, B @1 U
SueT=Eg € 2, @ eF faed € fF A B |
e qF 31 =Ry foh AWl B, 1 W= €F o U et | 98 TEvas @
o A Yoieh 3fo@d B H 21 98 §wa € foh B o1 o 31@9d A | & 41 7 8l AR
UG g1 8 o5 B 1 Yok otemd A § +ff €, Al BC A . 39 <91 H, A 3iR B SHM 9=
% 3R sH UhR A C B 3k B c A@A:B,Glﬁ ‘o' fgan e (two way
implications) o T Wdfieh 2 oI f wra: ‘afk iR e afs! & & o He o i’
o gl
i @ fred freroa @ 6 Y agem WA w1 ST ©, @ruiq
Ac A | T o 9= 0 & I Segd el Bl € 9d: eH 39 91 U UeHd § T
O YT THE hT Uh SYSH=E 2| 39 BH P Sqedl W faER #d €
() 9ma "ems &1 wH=ad Q, ardiae Wesli o WH=sd R ® Th
SuHg=Eg € 3R en foed ® fF Q cR.
(i) A A, TEH 56 o GH STl w1 =T € AR B, WA 56 o WH FAAH
TISTh| 1 W= €, 4 B, A 1 U SU8Y=I9 ¢ 3R &9 foed ¢ % B
c A.
(i) =M efifT foF A={1,3,5} X B={x:xH& 6 4 ®H TH fauq qeha
Hem 2} A AcBTAU BCA, 3: A=B
(iv) HF oS 6 A={a eioul A B={abcd.aq A BH Th
STE=g & § e B ot A % Sudg=A T R
A offee foF A @R B 99==a 21 afS AcB @ A#B,d A, B % Sfea
U= FHEAT 8 3R B, A 1 THTwT Feeldl ¢ SIEome —
A={1,2,3},B={1,2,3,4} & (& 3aq Sqq== 2|
If% T AT Sheet Tk 3F9d9 €, 9 €9 38 TS Uehel HHEE Hed 21 3T:
{a) TF THa T T




12 7|

I foe == | fa=r sifva:
0,A={1,3}, B={1,5,9}, C={1,3,5,7,9}.
Y% =g g °h 99 el Udih C Al ¢ 9RY;
@ ¢...B () A...B (i) A...C (v) B...C

() ¢ cB,H R ¢ TH T=aT H ST Bl 2
(i) AgBHIifH 3 AR 3¢ B

(i) AcCHif® 1,3 AT 1,3 C

(iv) B c C#Fifs B = Y&ieh fe@a C ¥ ot 2l

AN A={a,e i 0,u},B={ab, c d}. F A, B Th ITqH=AY
22 T& (F?)| | A, B %1 39 qg=E &2 & (F?)
M AT A, B 31k C 9 9q==a &1 9 Ae B« B C, @ 1 78
T ® o AcC? afs 78 @ & s A
oM ot T A= {1}, B = {{1}, 2} 3R C = {{1},2,3) q=aa@ T&
Ac B A= {) TN BcC 90 21 W Az C il 1e AR 1¢ C.
e SIS o et T 1 T T 36 q=ad &1 SUN=d Tl g HWehdl 2|

< o 31=R% 1.6 9 T g1 ® o 9g=ad R & 9gd ¥ Tecqul SqHq=a 1 ¢

Y P o 9 g9 e 3 W/ &
gTehd W&l & W= N ={1,2,3,4,5,...}
quiieh] w1 T Z={...,-3,-2,-1,0,1,2,3,...}

IR HEsll w1 ag=d Q:{x:ng,p,qe 7.7 g =0}, 5! =4
YR Ued 8:

“Q 37 gt wemstl x 1 Yg=Ia 39 YhN 7, fF x TR §,$W%,Hﬁp3ﬁi

g 3 iR g v A R QS s s (R —? @ T e

%>,§,3§ (ﬁ@%ﬁ%ﬂwﬁhmww%)aﬁ?—% s et



= 13
i w1 ey, S T, 9 fefya o €, 919 o arsafess gemst (qiwe

qemall @ sigwl) W et a9 d 2l
3a: T={x: xe R3Nxeg Q} =R-Q 1efiq o w:ft srfaes wead s ufims
T RIT o W ® 7,5 3R n Rk wfmfaa )
T W=l o Heq S W HaY TH THN ©;
NcZcQQcRTcRNgT.

A it fob

a,be R g < b, a9 aTEaferh SNt o == {y:a<y< b} Th faga e
FEAM & 3R G (q, b) 51U FEMad BT 21 o 3R bk o= fro @eft fog 390 e
T e & WY q 3% b =T 36 a0 § T e 2

9 e fod o fog ot 2t ¥, W9 (S]) Siaa wea © #R T
[a b] g0 T&fua g/ 81 3W@: [a b]={x:a<x<b)

@ e ot € W G o fog W o ol g W g B ©

[a,b)={x:a<x<b},a¥ b, T Th Qo a ¢, EH ¢ fafawe 2 fohg b
rqafsid 2|

(a,b]={x:a<x< b}a¥ b % (% Gl a2, fowd b afifed & fobg
a FTErsa 2l

T Hendl g ATkdideh W&l o =99 oh IUHH=3] oh Ieeid Hi i Th
depfouss fafy firerd) 21 Seew & faw, ot A=(=3,5) 3 B=[-7,9], @ AcB.
L= [ 0, oo) SEUR oRiaeh W3l o W= ! <l €, SEih (— oo, 0 ) ROl
STEdfeeh @S o WHEET ] Wil Bl (— oo, 00 ), —co W oo e TorEqgd W@l 9
Geifera ardfers SETEt oF ST i Yeiia i 2l

FRdfaeh W@ W R o ITHH=A o €9 H Afuiq IUYH Aaual Sl SR 1.1
ﬁWW%:

(a,b) [a,b] [a,b) (a,b]

O O @ @ @ O O @

a b a b a b a b
3MeRfa 1.1

Tel &0 oM <4 ® T uw ofaue o erged o™ wen o W fag @
RN, U==d W= {x:xe R:=5<x<7} &l @A (-5,7] €9 ¥ @ wahd
& a1 AT [-3, 5) ! g i w0 {x:-3< x< 5} 5N for@ wehd Bl wem
(b —a) T (a, b), [a, b, [a, b) T (a, b] § W Tl H ff oo Fed 2




14 TfoTQ

=9 {1,2} R fa=nr s aq=== (1,2} & aft sqvag==at = fafew) ad
Fa ® f o @t sl &1 SuHgEEd e B sdiae ¢, 9qsed {1, 2} * U
SUHT=ET 21 BH @A B Th {1} 3R {2} off uq==a {1, 2} Suu == g1 ey
e off 9 ® T YT U=ag W@ &1 SYSg=ad gl 21 gEiee { 1,2 ) off gy
(1,2} 1 U SUHY=A 2| 31d: Gq== { 1,2 } o |l fHal o 9R Sqaq==4 €,
A G, {1}, {2} 3 { 1,2 }. 3 weft SUOT==Al & q==g & 9y { 1,2 )
1 °Tq WHeed Fed 2

TI=9 A% SUUY=dl o HUE H A %I UId WY Hed 21 T P(A)
Q & =3 21 P(A) 1 Yo% 3999 Th §q==d gl 2l
q: Y foeror ¥, Ak A={ 1,2}, @
P(A)={o¢, {1} {2}, {12}}
Jg o A BT R n[P(A)]=4=22
UHET W, A A Th UH 99==4 © % n(A) =m, @ 98 fag feman s g
g & n[PA)] =2~

A TR faem weel o e U reReg g o St iR STl W e
T ggal €, S foh 3@ faem wed o wrwfiter e €1 S & o, §en-voned! @
AT T THA BH Wiehd GEASl o T SR STk SUHgeaal ¥ o el €, S99
ST TSt 1 W=, §F HeAsll o1 Wl SISl 98 STHRYd SH=ad ' WIat1eh
U=’ FHEd 8| el S Sl W Ydis U S fEfd S 2 @R 38k
IYE=EI I &R A, B, C, (< R

IO, QUITR| oF W= Z o oI, 9w Semnst 1 9=ad Q, T WEss
U= Bl Gehdl §, A1 arkifesh Genstl o1 qq==d R 9 Uk W qgeEd € el
2| Uh 3 IS | HAG SHESA AT o u fave o wHEq Wi T S,
At TY=ad gl

R Tl ® Wdleh A1 ¢ il T Y T HYA T8

G (2,3.41...{1,2,3,45} (i) {abc)...{bcd)}

(i) {x:x 3ok Tommerd 1 wen X1 U fomneff &), . (x:x 3Aqeh fomm™ =
w famnef )



g 15

(v) {x:x Toreht wude o feod @ 99 2) .. . {x:x U 9EF G § 99 @
et B 1 9 21)

(v) {x:x Tod gude o feora W B9 @) ... {x:x el woaw o fem wh
A 8)

vi) {x:x TR wae o fro wh wwerg B 2) ... {x:x Tordl Tuae o feem
& e €)

(vii) {x:x T UH Wiehd GEA B} ... {x:x TF Ol )

Siifere for Frefafad weum @ € s19en 3w 2

@ {ab}laz!{bcal

() {a,e}c{x:x3U GUHET 1 TH @ T}

Gi) {1,2,3}c{1,3,5)}

iv) {a} < {a b c}

v) {a} e{abc}

(vi) {x:xE@T6@WWWWE@T%}C{x:x@WW%,
S W@ 36 I fadisa s €)

A A o5 A={1,2,{3,4},5) | FfafEa § 9 & @ we 98 T @

R A2

() {3.4}cA (i) {3,4}e A (i) {{3,4}}c A
(iv) 1e A (v) 1cAMi){1,2,5)cA

(vii) {1,2,5}e A (vii) {1,2,3}cA

(ix) ¢oeA x) ¢0c A &) {op}c A
Frfafea ag==al & 9t Sqag==a fafeu:

(i) {a} (i) {a, b} () {L2,3} )¢

P(A) & Tore 3o ®, 9% A =¢?
fr=fafea =t e w9 ¥ fafaw:

i {x:xe R, -4<x<6} (i) {x:xe R, -12<x<-10}
@) {x:xe R,0<x< 7} (iv) {x:xe R,3<x<4}
FAfafaa faual @1 9g=aa i &9 9 fafau:

®» 3,0 i [6,12] @) (6,12]  @Gv) [-23,5)

frafafaa & 9 v & fou e sH-w wEten e gEiad 2
() wER IS w1 A=l (i) FHfgag s 1 TH==A|



16 TIfTa

== A={1,3,5},B={2,4,6} 3 C=1{0,2,4,6,8} W&t 2| & < Tg==

A, B 3R C & foru frfafaa § @ @ @1 (¥) St aq== fag s ge6d 272
@ {0,1,2,3,4,5,6} i) o

(i) {0,1,2.3,4,5.6,7,8.9,10} (v) {1,234,56,7.8}

Tl o o SIfeRTe Hedl w1 ol g1 Frefud fRan ST wehdt @ R 9 e
F&d €1 S ARG I AT TS THIMET John Venn (1834 Fo— 1883 T) o 1 T &l
T B 1S NG W 3T 3R 6 g WHa: o9 eld 2| e Wil S %l e
e A g 3R SHeh SUST=EEl i U g9 g eI id 2|

el a9 @ o w==El o 3ol ] Seh faRiy W= | for@n s @ S

aMepfa 1.2 3R 1.3 ¥
U U
o]l o]l
5
1) 9
3TMeRfa 1.2 3Terfe 1.3

amepfa 1.2, U=1{1,2,3, ..., 10} Uk Uil 9= & 31 A ={2,4,6,8,10}
3Hch] Weh SUHH =AY %,
Pl 1.3, U={1,2,3, ..., 10} Ush Wit ay==m €, f5eer A={2,4,6,8,10}
3R B = {4, 6} STEH== & 3 B C A.
IS o SRl 1 fakgd W W 59 g9 Sl o e, Feis 3 S
T fo=ar

el wenstl ® &0 Hi@ g & fop wemel w an, SR, qon iR 9 w1 w@hmand e
YRR W= T ST €1 390 W Yedeh |ishaAr i < weme ) Hu— fohar wn o, foed
Th 31 W& 9 g2 ol Saedvl ok forg <1 wemst 5 3R 13 W AN & wemar go
+ W e WEA 18 WIS et @1 G Wemsti 5 3R 13 W TN i SR W9 i
W e WEl 65 U Bl ¢ TH Wb, W U Wihard €, fen! < ayEeaEl W HaH
FH 9, T I Y= & Sl 2| 316 eH SHeAl W OB Al g Gihast &l




e 17

a3 3R S9eh UremT @ S T T80 W AN BH Gl %l Sooi@ fehdl
At = o IuHH=adl o ®9 H |

M AT foF A 3R B & < w==
g1 A 3R B 1 WitHer o8 y=ed € 5Ed A o 9t femel & Wiy B & off |t
3TTIE B, AU ITATTS 3T99a] ! hael Wb aR foran T 2| Ueftep ‘U’ 1 YT 9ier
i Frefid & & foau foran sar 21 gdierrerss &9 § 89 A U B foed € &R =8 (A
gfiwe B’ ad 2l

T S foF A=1{2,4,6,8) 3 B={6,8, 10, 12}. AU B @ HifeU|
TN @I B T AUB =1{2,4,6,8, 10, 12}
I HIT fF A U B foEd 999 IvafTsS 3/9dd 6 3R 8 w1 hadl T &R
fer@d 21

tl'l‘f?ﬂﬁﬂifm“A:{a,e,i,o,u}\%ﬁTB:{a,i,u}.me“
AUB=A.

WEdMAUB={a,¢i0 u}=A.
T ST W W gl § T fRe w=ea A 3R SUeh Sud{sEd B &
aftqer aq=aa A @ g €, @1ufq afk Bc A, @ AUB=A.

o eiifee fof X = {79, a1, ofehex) sl X1 o faenfel=t 1 <t faemem
! gl A | €, T W= 2 6w R Y = (T, Sfers, aTeien) wen X1
feranfefa =1, S fomner &1 geae 99 o €, Th 9gea B X U Y TSI 3R 59
=99 ! SARA ISl

T XY = {TW, T, 3R, Sfae, mie). 78 & X1 34 faenfdal &1
= B, S A Al T @ gt 99 | € AW weda 49 § € A <A Sl ¥ 2
Iq: B9 < WY=EEl o HHeH 1 URH 39 YR Y Gehd €

T Tl A 3R B w1 Giiner 9=, 98 9= ¢ o o weft sreee
TS d AFEWB A E (37 srewEl B Wit [y
T TS Al | €) | TdiehTeHeh €9 § g fored €
fF AUB ={x:xcATxeB } &l A

T I==Al o Wi @ eepd 1.4 § @
T 3 e § yei¥ia fmar -1 e 1 B

amepfd 1.4 o s@ifed 9 AU B & YRR AUB

Fl 2 3MMeRfa 1.4




18 TIfoTa

@ AuUuB =BUA (%" fafa fram)
) (AUB)UC=AU(BUO

CIEERRER),
i) AUd=A (qeqTer 1w, ¢ Wia U 1 doTe e )
iv) AUA =A GRUEERERE)
(v) UUA =U (U =1 f1a)

=g A 3R B &1 Gl S
gt Teel 1 G €, S AR B Il § St B1 Tl 1 T wdfes
o1 T o o foe fran Sar 21 Sq=e A 3R B &1 GafTs S4 w4l el @
=g B, Sl AR B H ¥ Bl Yoiiehioneh ®9 | &n foed € fh
ANB={x: xe A3 xe B}

SR 12 % GH=Id A 3R B W faaR #IS A A B 3@ Sifew)

B WA ¢ T ohael 6 3R § &) UH 3199d 2 il A 3 B gF1 § s9afis €1 &:
ANB=1{6,8}

S 14 o e X 3R Y W =R i) X A Y 716 shife)

BH @A ¢ ohad ‘T’ € T wE UEl e ©, S M § SHAtTs B ST
X NY = {7}

e it foF A=1{1,2,3,4,5,6,7,8,9,10} IR B=1{2,3,5,7 }
A A B @ #IfST 3R 9 YR fT@re 5 A~ B = B.

TH @A 8 fF AnNB={2,3,5,7=BeieM3de fF BCA3 ANB=B

e A 3R B 1 WIS 39 Gt teral w1 gy=ed €, S A 3 B S
o Bl Ydiehedes &9 o, 8 fored € T
ANB={x:xe A3 xe B} U
pTd 1.5 H SR 9N, A X B o wafTs
1 YRRTa e B A
afg AR B U < 9g==d & & AnB = ¢,
A A IR B IR U{=Id $edl &l I AAB
fau wH dfifst f8 A =12, 4,6, 8} 3t R




B={1,3,57}, @ AR B €I 9= €,

Fiifr A B ¥ g Wt stage s9afts &) 2

YR Tl ol oF 3@ g Efa foran s

Gehal &, Sl P 1.6 H wERid B
ST oM@ o A 3R B 3THgH 9= &

i) AnB =BnA

(i) (A "B)YNC=AN(BNC)
(i) 6NA=¢,UNA=A

= 19

(010

3TeRf 1.6

(&4 fafa fam)
(A= )

(0 3R U = Frm)
(artem )
(forazor =1 seq fam)

By

7

(iif)

(ANB)

(iv) AnA=A
v) AA(BUC) =(A "nB)U(A NC)
i N faafa g & U R
= o A7 SRl [l 1.7 ()-(v)] 5 39 91w W ¥ 3@ "R &
U U
)
l'.
6] (BUC)
U U

ey

®

(i) ANBUC)

(iv)

(ANC)

(v) (AnB)uU (ANC)

Figs. 1.7 (i) to (v)



20  TIfUTG

F=El A 3R B 1 @ SA SraE]
FUEE B W AW € fohg B W €Y €, v % AR B 56 ww # fan Wi
Yetarass €9 § 38 A-B fo@d € 3 <A 3@ B” Ugd 2

o oifelt R A=1{1,2,3,4,56),B={2,468) A—B 3R
B-A¥@ &N |

TH U HE FHA-B={1,3,5), FiF owaa 1,3,5 991 AH T
fohd BY &f € a1 B-A={ 8}, Fifh s/@a9 8, B # ¢ fohg A & &I 2
TH3EIE F A—-B=B-A

WFﬂﬁEfm“V:{a,ai,o,u}?ﬁB:{a,i,k,u},?ﬁV—B\%ﬁT
B - V 3@ kiUl

qﬁV—Bz{e,o},ﬁFm“We,oHﬁtﬂq U
VH € fohg BY 7€l ® a1 B-V = {k}, %

IeFE kY=g BW € W V ¥ & 2 g

TH AR HW T fF V-B£B-V W= ‘
U] Hehad 1 TAN id g 8H 9=adl o 3R
1 GRS i H: 3@ YR forg wehd ®: A-B

A-B={x:xe A3 x¢ B}

< = A SR B & S F AT e g ST 18
T ST Hehel @ SiE T 3Tepfa 1.8 § WeiRid 2

JAMhd 9N < =9 A 3R B & @R & |U B-A
<1t 21

== A-B, AN B 3R B - AT
SR B € otefiq T A fEe Qw4
FafTe = U e qy==g g @ wen fh (ANB)
el 1.9 H waidfa 2 MR 1.9

fFfafed § 9 Y& 9==ag g™ H1 9Had 9 i
(i) X={1,3,5}, Y ={1,2,3}
i) A=1la e i 0 u}, B={a b, c}
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(i) A={x:xTF Wpd H&A € 3 3 & U B}
B={x:x%EM 6 ¥ ®H TH Wiehd T& &}

(iv) A={x:xTF Ui H&A B 3N 1<x<6}
B={x:xUh Wehd H&T 2 3N 6<x< 10}

v) A={1,2,3},B=0

A @i 6 A={a, b},B= {a b c}.# AcB?AuUB [ &I

qfE AR B @8 wq==4 € T AcB,d AUB®I & ?

e A=1{1,2,3,4},B={3,4,5,6},C=1{5,6,7,8) M D={7,8,9,10},d

frefafea wma wifs:

i) AUB i) AuC (i) BuUC (iv) BUD

vy AuUBUC (vii AuBUD (vi) BuCuD

7o 1 ¥ U g% Wi =ad 0 $1 Fare q=ag Ad hieal

qe A={3,5,7,9,11 },B={7,9,11,13},C={11,13,15}3R D= {15, 17};

frefafea wma wifs:

i1 AnB (@ BnNC i) AnCnD
iv) AnC vy BnD vi) AnBuUO)
(vi) AnD (vi) An(BuD) (ix) (AnB)n(BuUC(C)

x) (AuD)N(BUCQ)
qﬁ(Az{x:x@W#@T%}, Bz{x:x@ﬂ'ﬁ‘ﬂ'@'ﬁﬂ@%}
C={x:xTh faum yepa &M 2} D= {x:xTh A9 qe&a 2}, @ Frefataa
I I

) ANB i) ANC (i) AND

vy BAC v) BAD ~vi) CAD

Ao == o § 9 S 9 I EYE 22

() {1,2,3,4} T {x:x Th Whd H&A B 3N 4<x<6 )

i) {aeiouldd {cdef}

(i) {x:x Tk "9 R B} @I {x:x CH fauq quie )

afs A=1{3,6,9,12,15,18,21},B=1{4,8,12,16,20 },
C={2,4,6,8,10,12, 14,16 },D = {5, 10, 15,20 }; af F=ifaf@a = F@ &ifaQ:
() A-B (i A-C (i) A-D (iv) B-A

v) C-A ~vi) D-A (vii)y B-C (viii) B-D

(ix) C-B (x) D-B xi)y C-D i) D-C
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qE X=1{a, b c,d} IR Y={Ffb d g}, Fe=fafead ® 7@ HieQ:

i X-Y (i) Y-X i) XY

If¢ R eredtass Gens R Q 9w wemst & wq==d €, dl R — Q &1 &I 2
AR T Frefafad sl § 9 yds 9 € o1 S19? 0 SR o sliftae ot
E RIS

() {2,3,4,5}7 { 3,6} NETH q= 2|

() {aeiould {ab,cd)}s=Im T=A 2|

i) {2,6,10,14 )7 {3,7,11, 15} 6 == 2|

(v) {2,6,10} 7 {3,7, 11} F€IH qq==4 2|

M Ao for Tl 1y weme w1 wEten g U R a9 A, U o1 o8 SuHq=ad
2, Y 3 ) 1o S S 42 F 9T T8 6l 39 YR A= {(x:xe USSR
x W& 42 1 9IS I B} BN @A € R 2e UTehg 2¢ A, i 2 W& 42 =
Teh Wk 21 S YR 3e UTshq 3¢ A, @21 7e UTehg 7¢ A 31 ohaa 2, 3 @l
7€ Uk UH ared & S AY &l 81 37 i 219 Wl o e st aead
{2,3,7}, U o QYA 1 Tk T=aa FHecldl g 3R 38 ik A’ 9 Frefaa fhar s
213 A’={2,3,7) SHUSR A @A & fh A’ = {x:xe U3 xeg A} 21 354
frefefed aRamn o et 2:

M iy foF U T wmdien aq== 2 3R A, U &1 Th STaq==d 8,
A H TF T USh 3 F9Fal &1 U= €, S A o 37999 T &1 Tiwic
®1H 30 U 9del A o T ol Ttk A’ 9 Fefud #3d €1 e A= {x:xe
UsR x¢ A} &0 fa@ o&d ?1 A= U-A
e[ IS foh A oF Ik H=a i, fodheud:, SRR =@ U 91 §9==ad A
o 3 o &Y § @ S Tohdl 2

A oo o U=1{1,2,3,4.5,6,7,8,9,10} 3R A={1,3,5,7,9} © @
A’ J@ ST

T IC HW T hedd 2, 4,6,8, 10 & U UH 39a € S A § &l 2
3 A'=1{2,4,6,8,10).

TF oS fF Ut a8 fen foume™ o sen X1 a4t faenfefai =
e Te € 3 A, el X1 &1 9 wsfhdl o1 uy=Eg © al A’ i St
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iR A, Hel X! Gt TTgfenal o Tq==d 2, 31q: A’ Tl el o 9l aigeh
1 = 2|

i A s == U 1 T STqg== ¢, a1 g1 TF A’ ot

U &1 T STHT==4 8l 2l

Y: IYYeR IERL 20 H,

A'={2,4,6,810}
I (A ={x:xe U3 x¢ A’}
={1,3,5,7,9} =A

Tk Y= 1 R ¥ W ¢ fR 9l 9gsea U o fad Stegea A
o fau (A = A

319 frfafad 38— o 9 (AU B)Y 91 A’ N B’ % 8a el

oF WS R U =1(1,2,3,4,5, 6}, A= {2, 3} 3T B ={3,4,5)},
A,B’, A AB’,AUB [ HIfT 3K e fag w5 ( AUBY =A’N B

T A’ = {1,4,5,6),B' ={1,2,6}1 3: A’B' ={1,6)
T: AUB ={2,3,4,5} 3 9T (AUB)Y ={ 1,6}
(AUBY ={1,6)= A’ B’

TH YR 89 2T § % (AUB)Y =A’ A B’. 72 fag foran <1 wear © fF suder
9oy =9e €9 W U B € 9% A IR B @l 9=d U iE ] SuHgsd
2, @ (AUBY =A’ " B’. Tl ¥R (AN BY = A’ U B’ 37 9RomHi &l v o 29
YehR Rl hid :

“J F=IEl o HitHeH 1 Gk Sk ek SH=AE! %1 WS €l © a9 S

=l o WIS Rl Gk 3k Lok Sl

H G BT %I” W De Morgan&

f77m @ed 2
%WWDeMorgan&ﬂTﬁWT@TW%I
frdl == ASh T A’ ! o7 IR@ 511 f&fua
fopal ST Wehal © w9 R atepfa 1.10 ® weiia 2
SEIfRd S A== A & T A’ I ST 2

U A

TR T 1.10
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L9 W ())AUA =U ((DANA =¢

2. De Morgan &1 @9 : (i) (AUB) =A’ "B’ (ii)) (AnB=A"UB’
3.7g-9 fm c (A =A

4.0’ IRU S fm @ ¢ = U IR U’ = ¢.

3 Tl o1 Seare o Rl g oA ST HeRdr 2

oM ofife fR U=1{1,2,3,4,5,6,7,8,9},A ={1,2,3,4},B={2, 4,6,8 } R
C=1{3,4,56)}  fAfafaa I &ifEq;

HA (B Gi)AUC (v)(AUBY ) (AY (vi)®B-CY
IfU={abcdefgh} a Ffafad =" & 0 A St

® A={a b c} (i) B={d e f g}

i) C={a c e g} (iv) D={f g h a}

Iehd WEAIS! o W= i e I=ad Hd gu, Fefaiead aq=adl o
TafEa:

() {x:x T Uehd §9 GE&A 2} (i) {x:xTe Yiepd faom ge 2)
(i) {x:xH@M 3 H TH ¥ S B} (iv) {x:xH FAAT qEAT 2}
) {x:x 3 3R 5 9 faufsa g9 awit w gen 8)

vi) {x:xThk qoi o e g} (vii) {x:xTH ol o wew 7}
(vii) {x:x+5=8} ix) {x:2x+5=9}
x {x:x>7) (xi) {x:xe N32x+1>10)}

e U=1{1,2,3.4,5,6,7,8,9},A={2,4,6,8} IR B ={2,3,5,7}), d "t
wifse fa:

() (AUBY=A"NB i (ANBY=A"UB
fFfafad § ¥ yd® o fau Sufe oF @ Eifau:
G (AUBY (i) A’NB (i) (A N BY (iv) A’ UB

M S for fordl e o Teerg wef) Brgeil o1 wq==e qEles wq==a U 2|
i AsT qeft el & wq=ag @ 590 0 W w9 Tk &0 600 W 9= 2, Al
A’ 22



e 25

frafafea weA & 9 90 o fou e om0 9w
0 AUA =... i) ¢ "A=...
(i) ANA =... iv) UnA=...

UE o 3=l W BH < WgEHdl o WitHeH, WS ael iR & SR § €@ ek
T 3TT=] W TN o1 ufafed o Sfam o graf-erm
%5 T F W N 5 ogees § ya gl U

TIART S S G AT, S Uil (1 16)
T oft foran <am) Q
() WF e R A 3R B R aq==a 21 4k

ANnB=¢,d (ANB)
n(AUB)=n(A)+n(B) (D) P
AUBF s@m@ M A AT € W BH # wg a4 )

¥ &l €, s A B = 0. 3: GRUM (1) Tohled W gl 2l

(i) =A9H ®9 W AR A MR B Ui wg== €, Ain(AUB)=n(A)+n(B)

-n(ANB) - (2)
A HIT o T==9 A-B, A N B @1 B — A 36T 8 I 371 WiFe A UB
2 (3Tepfa 1.11)1 @feg

n(AUB) =n(A-B)+n(A "B)+n(B-A)
=n(A=B)+ n(A AB)+n(B-A)+n(A N"B)=n(A NB)
—n(A)+n(B)=n(A AB), S 9T (2) = Tl & 2
(i) T AR A, B R C 9RfHa === 8, @
n(AUBUC)=n(A)+n(B)+n(C)=n(A "nB)=n(B NnC)

“n(ANC)+n(A AB NC) . (3)

areE § g9 <&@d ¢ T
n(AUBUC)=n(A) +n(BUC)=n[A n(BUC)] [(2) 8 |
= n(A)+n(B)+n(C)=n(B AC)=n[A N(BUC)] [(2) 8N |

FifF A N(BUC)=(A NB)U(A NC),8d o a1 ¢ %
n[A N (BUC)]=n(A "B)+n(A NC)=n[(A NB) N(A NO)
- n(ANB)+n(ANC)-n (ANB NC)
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A: n(AUBUC)=r(A)+n(B)+n(C)-n(A NnB)-n(B NnO)
-n(A N"nC)+n(A NnB NnC)
TH YR IR (3) Tog el

T X 3R Y 6 ugeg ® f X U Y H 50 e@He €, X o
28 T B AN YH 32 feo@a B, Al X N Y ¥ fohen stawd 272

fem 2 % n (X U Y) =50, n (X) = 28,

U
nY)=32,n(xNnY)="?
T n(XuY)=nX +n(Y)-n(XNY)h Q
TN g B9 2@ § TR )

nXNY)=nX)+n(Y)-n(XUY) (XNY)
=28 +32-50=10
faeheaa: 9@ <ifeT T n (XA Y) =k d 3T 1.12
n(X-Y) =28-k,n(Y-X)=32—k (3 1.12 & 37 @ FR)
T @ e 50 =n XuY)=nX-Y)+n (X NnY)+n(Y-X)
=28 -k +k+ (32 -k

3d: k =10.

s fomred o 20 steAmes ® S | a1 i uer €1 T 9 12 Wi
g € 3R 4 Hifden! SR T S 1 Ted 21 feha steAaen Aifaent e 87

A AT foh M SH SeATe] o1 W== Fefid i 8, S T 98 @ 3R P
S 1eAIehT 1 T TR hear €, S Wi ver &1 86 U9 o e | 31 A
3 ‘A’ § e qe ves 3R § WA 1 Hehd fHol g1 €T
n(MUP)=20,n(M)=123R n(MNP)=4
& 1 (P) M@ HT =Ed B
RO s (MUP)=n(M)+n(P)-n (MNP), & ¥ g,
20=12+n(P)-4
3Ad: n(P)=12
FAue 12 FAATE e TR 2

35 ferenfefai =) Uk e o, 24 fihehe @or THE HW € 3N 16 A
Bl THE L 2 3Eer il Y fomnell W 9 w9 U @d ST Qo Ee
3l 21 e ferenefl fomere 3R weamal SH1 e wEE wid €7
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M e o fehehe Wer v6g s o famfalel w1 aq==m X 31 9 s fe
Fedlel Wl TEE i arel Tt &1 aqe=g Y 2139 YRR X U'Y o9 famfar
H1 FI=F 7, S A ¥ H Th Torl T89S 9 2 3R XN Y = faanfefat 1 wg==m
2, Sl 3F € ©d Ter TEE S 2
e n(X)=241n(Y)=16,n(XUY)=35n(XNY)=?

T n(XuY)=nX) +n(Y)-n (XNY), s J897 gRI, B9 W< 3 2|
35= 24+16-n(XNY)

THfeTg, nX NY)=5

ot 5 famneft <9 @t @or T e €

frdl what o 400 faenfefal & welaor 100 fammel 99 %1 ™, 150
feranefl Wk =1 T@ 2R 75 fereneft da g Wer Qi w1 W 9 ol I S €1 ;i R it
o forae formmefl 9 o 9 o1 @ 9 ® SR T HR w1 N2
M ity for U wdeon fopu g famnfelai & wye=em i fefid st 81 aa A
e 1 W@ G el 3R B W 1 W G el fernteE o "y @i feiia s
21 39 THR 71 (U) = 400, 1 (A) = 100, n (B) = 150 3 n (A A B) = 75.
3™ n (AMAB) =n(AUB)Y
=n(U)-n(AuB)
=n(U)-n(A)—-n(B)+n(AnB)
=400 — 100 — 150 + 75 =225

31 225 Termneff = @ €9 1 3K T G w1 W 9 2

200 =afe et = T @ difea ¥, 7 120 =R WEE C,, 50 AR
WA C,, 3R 30 AT WEA C, 311 C, TFf & § yfaa gu €, @ U9 At =i
& 9 hifee S gafad ge el

(i) A C, forg @A C, 9 7T,

(i) @WrEA C, fog WA C ° &,

(i) TEEE C, 1@ WEE C, ¥ wAfeq gy
M fifSte fop U, = 4 9 difga safeal o weifes aqee &l e s @,

A, WA C, 9 g9 =aferal o == 1 a9 B, WA C, ¥ WHiferd saferal =
= 6 e i 2
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Tl W (U)=200,n(A)=120,n(B)=5071 n(ANB) =30
() TU g o sm@ (emepfa 1.13) ¥ &9 3@d & fm
A =(A-B)U(ANB).

0 n(A) = (A-B)+n(ANB)

U
(% A-B) 3R AN B HIH ©)
AYM n(A-B)=n(A)-n(ANB)= Q

120 -30 = 90
q: WA C, Tohg WA C, | T8l weife safeRmal (ANB)
1 W& 90 2| 3TTeRfe 1.13
(i) @Rfd 1.13 ¥B = (B-A)U (AN B).
gaferT n(B) = n(B-A)+n(ANB) @FfH A-Ba A-B EgH 21)
3 n{B-A)=n(B)-n(ANB
=50-30= 20

a: WA C, fhg W ¢ ¥ 7 wafaa safwEl @ wen 20 2
(i) TAH C, ¥ WEH C, | GHifer Akl i @A AU
n(AUB)=n(A)+n(B)-n(ANB)
= 120 + 50 - 30 = 140.

fe X it Y& w8 "gw=ma ® f% n (X )=17,n(Y)=23dm
n(XuY)=38, A n(XNY) I R

I X MR Y AW a==a & fF X UY # 18, X "W 3R Y ¥ 15 3194 &,
W XNY d fhar stEEa g2

400 =AfREr o wug o, 250 &L qom 200 S St whA 1 R =l &
qen TN QAT S Wb ®2

AR SR T I W ae=a 8 for S H 21, TH 32 IR SAT ¥ 11 374 &,
@A SUT ¥ fohad 31Edd 717

e X SR Y I @ 9= & T X § 40, XUY H 60 3IRXNY H 10 31699
g, @Y H fora e qi?

70 SAfeE o THE W, 37 HIWI, 52 9 TE HW B SR Yok AR A H W
%Y W Y Th U9 TES LAl ®, A fhdd oK HI%T N =G M| hl IET
HW 22
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65 ferl o TUg W, 40 Al fhepe, 3R 10 =afw fhehe aon 2F@ <A =i
TS I €, @ e SafeRt Shaer 2FE o1 TEE S € fohg fomehe i @2 TR
=Afe I8 &l THR Hw 2

T wU W, 50 Al %, 20 <AfE Wi @R 10 s W oIk e 9
B ISl Kl Sl Gehd 21 TR et g SFI 81 st | § 9 9 R Th AW
et TR 72

@R 9 1 “ CATARACT ” < 991 T o6 3180 &1 w=ad ao
3 “ TRACT” o oUife=d o 31er o1 Sq==d @M 2

A A o X “CATARACT” o 31eRi o1 9q== €, al
X={CATARACT}={C,ATR}
M Y & Y “ TRACT” o 31eri o1 == €, al
Y={T,R,AC}
SFiiTeR X 1 Yieh 31add YH € 991 Y %1 Jcdeh 3fed X § ®, 3fd: X =Y

g=ad { -1,0, 1) o |t ITEg==al 1 G SR
HA A={-1,0,1} 2| SH=9 A o8 SURH=a4 foad &g o stere et ¢ R
=R O 21 A o Th 37T ol SuHgEEd {—1 1}, {0}, {1} 21 Ak 3 31@ge 9
= {—1,0}, {=1,1},{0, 1} 1 A o A s1ed e STHg==g A @ 21 56 YK
A @t STET=E ¢, { -1}, {0}, {1}, {=1,0}, {=1,1},{0, 1} @em {-1,0, 1} =
fag #IfT % AU B= AnB& arcad @ 5 A=B

g HiE 31999 ae A, @ ae AUB. FfH AUB=A N B, 3dfau
ac A NB. 3d: ae B. YRR Ac B. 38 YR I€ he B, d be AUB. Hif®
AUB=ANBSHET, be AN B. 39 YR be A. 3[: B c A 3dud A = B.

=2l A, B o fou fag &I f&
P(ANB)=P(A)nP( B).

T eifele & Xe P(ANB), @ X ANB. 3afal X e P(A) a1 Xe P(B), fS@e
e ga3T T Xe [P(A) NP (B)]. 39 ¥R P(ANB)c[P(A)NP(B)]. 9H g
% Ye [P(A)AP(B)], @ Ye P(A)de Ye P(B), 38 9K Yc A3 Y B.
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Y Yo A N B, fSEeh acqd 8 6 Ye P(A N B), 3T [P(A)NP(B)]
CP(ANB), 3@ P(ANB)=P(A)NP(B).

T SIS STTH HUE A 1000 SURIaT 1 weeror fman oIk giaa faan
TR 720 ITARKIST 7 IR A TAT 450 YT 7 IR B T8 Fhanl H1 IRI !
TS A At ST S A W& 22

M AT foF U wederr Sysiemmeti &1 e €, S 7 SyHieie & =g €
S8 SR A g foran 31X T S Sy 1 == ¢ =i Sk B T&g fhan
fear 2 o,

n(U)=1000,n(S)=720,n( T)=450
TWUHEL  n(SUT) =n(S)+n(T)=n(SAT)
=720+450-n(SAT)=1170-n (S AT)
e B % n(SUT) sifemhan @@ M & n (SN T) = 8, fhg SUT c U,
rEeht @ B R n(SUT) <n(U)=1000 | 38 R 1 (S U T) i Afeehad
A 1000 81 ST 1 (S AT) 1 <A AH 170 B1 3Td: S SISl bl THS Hd
o SUHiERE H AW HeA 170 2|

500 R HAfeTeh] | YSATS i W 9™ T TR 400 T A YR &1 &R
%, 200 @ B WehK w1 R o A1 500 T A 3Tk B &Ml Wb w1 &I o Hiferss &)
1 3 Mg Wl B2

M AT o gedm 6T 1T R Aferh! s Tg==a UR, A WehR shi SR o Hfchl
1 U= M € 3R B WK &1 $R o Wikl o1 qg==g S |
ﬁ?ﬂ%f% n(U) :SOO,n(M):400,n(S):ZOO3ﬁT n(SNM)=>50.
T YehX n(SuM)=n(S)+n(M)-n(SnM) =200+ 400 -50=550
fehg SUMc U fSes aread 2 & n (SUM ) <n (U).
Te U faieife 21 e wen affes wel e 2

T Helfaaed ¥ gear & foy 38, aehe o1e o fag 15 3R fwehe
o forg 20 s WM fRT MU AR A s ot 58 A HI e 3R Sheaw i
@ I @l ok fae e, d fhas @ @1 dF °§ § -3l | @al o o Ha?

T ife & F, B den C 39 @il & 9= f&fd #d € fo s eam,
STEeheara de feepe & fau s e
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T&T n(F)=38,n(B)=15,1(C)=20, n(FUBUC)=58 3R n(FABAC)=3
T n(FUBUC)=n(F)+n(B)+n(C)=n(FAB)=nFNC)=nBNC)
+ n(FNnBnN C),

SH U n(FNnB)+n(FNnC)+n(BnC)=18

STERf 1.14 H U a9 o@ W fa=r Hife:
Tel o9 AN o1 GeA 2, TSeh! eheret Fearet qen
ArecheaTel o forg uses firel, bSH @i i e §,
! ehael Feara aell fehene o foaq 9eek Tt
AR 3 A i Hew g, e haet Sk
e ferehe & foq gk fifell ¢ 39 @ &t ge © MR 1.14

S 1 € @l & fow 9sw el 9 YRR d=n (FAB A C) =3 3R
a+d+b+d+c+d=18

A a+b+c=9, Sk 37 A K GEA 2, Tl A Bl § @« Bl o fag
Teeh fHel

frefaiad sl § 9 & frds Sueg=a ®, g6 Folg e
={x:xe R TAM -8 + 12 = 0 F HAJ= & deil Al AEAlch

& x }, B={2,4,6}, C={2,4,6,8,...},D={61}.

1 wifeT R Freafafad § 9 g oA 9§ A o9 21 e w7, d 39

fag HifsQ ok s/me €, @ & S ey

(i) IR xe ATAM Ae B,dq xe B

i) IIRA cBAaN Be C,a Ae C

(i) IR AcBAM BcC,d AcC

(iv) IR AgBIM Bz C,@ AgC

(v) 9 xe AT Ag B, xe B

(vi AR AcBadd xe¢ B, d xe A

M AT A, B, 3R C T8 ¥9==9 € fh AUB=AUC TN ANB=ANC, @

Tgiize fF B =C.

fe@r fr Frefatas =R wfasy qoa :

(i) AcB (i) A—-B=¢ (i) AUB=B (ivy AnB=A
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T

fT@re o6 Ik AcB, @ C-BcC-A.

7\ wifeiw fF P(A)=P(B), fag &ifvt {6 A=B

fepegl off w=eral Aden B o foq, 01 7e g € f%
P(A)UP(B)=P(AUB)? 3™ I & A FdEy

frl < W=l Aden B & fou fag wifey f,

A=(AN B) U(A-B)3RAU(B-A)= (AUB)

Y=gl o TOEE H1 YA weh g wifag R

) AU(ANB)=A (i) ANn(AUB)=A.

f@eEe fF ANB=ANC @I aqd B =C 7@vgsh &9 9 & g 2l

e difse fe A @i B wq=am ®1 afs fedt wg==a X & fau
ANX=BNnX=¢0d AuX=BuUX,d fag sifvt f& A=B.

( A=AN(AUX),B=Bn(BuUX) 3R faaw fag =1 v i)
TH Tq= A, B 3R C 7 #IfSQ a1feh A A B, BN C @41 A C 3T ==
& I ANB NC=0.

TRl faemera o6 600 faenfeil = weleor ¥ wa gaw T 150 fomnefl =m, 225
feraneft et qen 100 fomnefl =/ ik SR <A G {1 T wifeY e
feraneft =1 @ =M did & IR A wiGl i B

foenfert o5 wek W o, 100 famnedt f&a1, 50 fomnefl stush qen 25 fomnedt <A
arore st S 2 femnfelal § @ yode @t & @ s e 21 g o
fepa feremeff 22

60 TN o HE&UT | 911 T TR 25 AN 9HER 99 H, 26 @ 99ER 99 T, 26
AT GEER 93 1, 9 @I H a1 [®Al, 11 @ H den T i1,
8 @ T a2 1 <HT 3R 3 @ o+ &1 Sorer o ugd @, Fretaied o it
() &7 9 FF U TER 939 9G4 arell i GE

(i) IH-3 Had T GUER 99 UG 9@l i GE|

T HAYUT H U T TR 21 @ SR A, 26 AN IR B, 29 AN 3R C IHE
F 1 AR 14 AN SR AT B, 12 W SIS C 99 A, 14 @7 SIS B qen
C 3R 8 &l A1 &1 Scurl i TS i &1 T w5 fohae @i oheet Seug
C %! 78S H 2
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T A B gl 9§ et S Hery afmrst oK wimaet w® faur e e
21 et |r e e 2
Teh W= a3l 1 GURAIa §UE el 2|
T e s ww o sree 11 g v, e S e 2l
T S Ty ereEEl w1 wen five g @ uRfia S e @
T YR S=ed e 2|
T =T A 3K B WHM $Edl @ 9% A9 qed: S SeEd g
T = A el W= B o1 SUHT=EY Shedl €, A Al Yol e
B &1 ol s1ade 81l e 9= R & SUGH= e &
frell Tq==g A 1 oq S=Ed Ah 9 SUNHEEAl 1 WIS B 2l
< = A 3R B ol WiHer S Gl el sl Seed el @ S A1 dl A
HE @B ¥ @
< U= A 3R B %1 WS S1 Wl el h1 W= el @ S A 3K B
I A S9afTs eI < ST A 3R B W1 @R, i A q91 B 56 % | @,
39 9t st %1 e ®, S AW ® fohg B # 7€ @l
forgl & W=ad AT B3 fal, (AUB)Y =A’ "B’ a1 (ANBY =A"UB’
IfE A iR B U wRfisg wq== € fF AN B =0, d,
n(AUB)=n(A)+n(B) 3R
I A "B o, dl
7 (AUB)=n(A) +n(B)—n (AN B)

SHA U Georg Cantor (1845 % - 1918 3o ) @1 TYfeh wH==" THgId o
AT AT o1 STHT W1 ST 81 Tq== fagid W Seh 904 01 1874 % W
1897 %o o &= o Th&ll T § YhmI § AT ITeh! T=ad TAGIq 1 AT
WW@WWQalsinx+azsin2x+a3sin3x+...&Wﬁﬁ%ﬁwm?ﬁ'qQlﬂﬂ
1 AT FL ®

18743 H 3194 Weh Y U § I8 Wi foran for arafas w=mst =it
qUIfshi o W Teh-Teh WAl § €I W@ S Hehel 1 1879 %o o swe # o
=l oF fafa=1 TUrEl Sl IR e 396k 3 W T Y1 gul
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T

Cantor o ¥MY ! W 1 fa@ama Tfoad Richard Dedekind (1831%-
19163) = YR &1 § WehR fhall wfehd Kronecker (1810-1893 %) A
SR F==dl !, IH YR ¥ o o fau 99 YR 9Rkfa s==at =1 fa=n
W%W T i @@Hﬁ?‘ﬁ’ﬁa Gottlob Frege q It St gt
R g==d G ! qhIe o Il o ®9 H y&qd fohan 39 999 a6 §qul
== Tagia vl T==al o WA o AR Sl Hheddl W STHRa a1l I8
ferema @iUSt qIfRifeR Bertand Russell (1872 $.-1970 %) @ fS=814 1902 % #
FaarE foh Tt W=l o =g oh I i Hheadl Wb AU &l S
EGl| %I 39 YR Russell i foam feanfe firelll Paul R.Halmos = W R
T 39! g% ‘Naive SetTheory’ﬁfFl’@T%fm““@ﬂﬁﬁﬂﬁ@ﬂﬂ%ﬂ%”l

T Tt el oF aRumeeEY A== f9gia &1 9 AR e
1908 ‘sco T Ernst Zermelo g1 YenI¥d femam m=m 1922 ‘sco T Abraham Fraenkel
3 Teh S8 9&E o} fEam 1925 % | John Von Neumann 7 Trafidiertor 1
SR T &9 | Y&d o1l 35k a8 1937 %o § Paul Bernays - S=ilSseh
SRR w&ga foranl 37 ARl § ¥R, Kurt Godel 10 1940 o H 39
HHARME ¥ 9%dd fRal 7401 39 YUR 1 Von Neumann-Bernays (VNB) 312l
Godel-Bernays (GB) 1 == T9gId sed 2l

g1 9t hfaAgdl o @R, Cantor o == fHgId & AN hid h
i § yET R S 21 ade H SASehel U oF STERTYl Hehou . qul
RO o W dgifaes 9o § WA B 2l




SEE 2

oY TS et
(Relations and Functions)

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

2.1 91;&!3'7[ (Introduction)

TfoTd <1 tfereRTer W Yo steriq UREdRie feEl o o
AR (TEEM ) SIEA i A B B 9 H | AR
3fer Sited o, en Eel w1 fafa 6 ol ere Uel &
TR H A 7, S8 9 iR o, foar ofR g, steAren @R
feraneff genfe) o o ot e 9ga @ wey fied € W9
"g= m, €T n, @I?’ﬁ'ﬁ%’,‘i’@'{ l,i’@T m,&ﬂ'ﬂﬁ?%’,
‘T A, Y= B 1 SUETEEE 21 3 9t # 29 e
£ fop forell waw & U9 g witnfod g & ek o2
e o0 o B 21 39 A ¥ en Wieh T fhd R
T =l oF WSHEl oF I S S Hehd € 3R TR oA

el & o e A T o O H T e 1916 A by

HN 37d H, 79 UM fouie e o aR § S, S B oA
% I 1 o ki IR TR H 3T Hewqul § iR 9% T 9% W gHd 9
o e TTOTAER FAAeT SOl o foeR w1 AR S 2

2.2 'HW’EPT H R o1 (Cartesian Product of Sets)
M A foh A, S WehR o T &1 @R B, @ el 1 e €, mﬁ
A = {@d, T @R B = {b, ¢, s,

H%Tb,cﬁ'{sm WW%’TW%W@W c

% 21 T QA Tl 9 R YR 1 TiF oeqel o g s S p

gehd €7 HHEg qlch W WG id ¢ g9 @d ¢ fo fefafea 6 4

-1 0 Wi 81 €1 (T, b), (S, ¢), (A1, ), (7, b), (e, ¢), T :ﬂ?'"

(e, 5)1 30 YHR B 6 fa=-fa= aed wrw gt & (3Rt 2.1)1 3R 2.1
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el Heetl § TR0 SIS fF, Tk Hitd 99, o6l & 9 T 2, 59 9% sies
¥ fagd § X f57eh! wh R o R foviy w0 o wfea fran s @ a1efd (p.g).
pe P3N ge QI3H Frafafaa 9Rurmn § o fran <1 dehar 21

T A Wg=aal Pae Q w1 idid UM P X Q 39 |l hiHd Il I
a8, S9! o w2 P ¥ e f5dia sk Q, W ook Ml ST @ehdl ®1 37a:
PXQ={@qg:p e€PqgeQ}
qE PQH 9 i ot o W= 7, A1 Skl s oA ot e = g €,

AL PX Q=10

ST T2q ¥ 80 W ¢ T

A X B = {(T@,b), (T9,¢), (A1,s), (b)), (Fel,c), (Fe,s)}

A: Frefafea g1 a==al ® fa=ar sifsu)

A = {DL, MP, KA}, S&l DL, MP, KA fioeit, men wast, e
hieeh i TRt sid € 31 B = {01,02, 03 ) 5hH9l: faeedt, 9o
WY 3R FAlew gR MiEA & o SR aedd e w5 wigfe 01
e yohe €l DL MP KA

afg & Twa foel, A YW @R i, mieal o
AU =ie o T Hehd IGfd (HeRfdehT) 36 Yiaa™ o WY o1 FTF 2.2
® &l o dera Ugfi, 9=aa A% 3T9Fd | URY B, @ 31 A=Al ¥ U g 9t I
i W € a1 3 I H1 el WA a8 (3Mepta 2.2)?

WS eF ae I 3H YeR €, (DL,01), (DL,02), (DL.,03), (MP,01), (MP,02),
(MP,03), (KA,01), (KA,02), (KA,03) 3R HH== A a1 == B &1 %119 T0H 59
WeRR BT,

AX B = {(DL,01), (DL,02), (DL,03), (MP,01), (MP,02), (MP,03), (KA,01), (KA,02),
(KA,03)}. b,

IE TAT © @ N Wewdl 2 7 HRE TE § 36 YHR 9 g © O3
Fifer =" AR BH W ye o 3 oragd €| 39 gH 9 §9d Hehd b,
ugfoal faedt &1 98 ot e FIST & o7 seeal & g9 s°H F F9 b,
Hewqul (Forfaer) 21 St o forg Wiskfas w@n (DL, 01) 5@t & |} !
2 Sl "Wiekfass " (01, DL) ©1 a; a4

A o T % AU 9s A= {a,, a,) R aTTeRf 2.3

B= (b, b, b, b,) | fTar #IC (a1l 2.3)1 I

22 73 74

AXB ={(a,b),(a,b), (a,Db,), (a,b), (a,b), (a,b,), (a,b,), (a,b,)}

03
02
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g A IR B, aT&di(ae @A & == & U= 8, a 39 YhR Ud 8 shitd
7 el wrae o fageti @1 feafa frefoa w5 € aon 98 w1 € & (a,, b) = feom
53, (b, a) R feerm fog 9 fo

() < HHd TH 99H B €, A AR hael 97 S9eh WA GUH Th THA
g @R "a fgdfte ues o w9 &l
(i) 9% A® p 3e@E a1 B § ¢ 3799 €, @ AXB ¥ pg 3169 B € Afq
I n(A)=p T n(B) =¢, @ n(A X B) = pg.
(i) o Aqen B aifea == € 3R A= BH ¥ = omifa 2, @
A x B ¥t e === e 2
(iv) AXAxA={(ab,c):ab ce A}. T (a, b, ¢) Th HHI
e 2|
e (x+ 1, y-2)=(3,1),dl x 3R y o FH 1@ HIfeQ)
Fifer HiHa 9 T9H 2, THfae 1 u2eh off THE i)
I: x+1=3 3 y-2=1.
A B Wy =2 AWy = 3.
T P={a, b, c} 3Q={r},d PX QT QX Pd HITY| M I g
O FHE 22
I O I qREE |
PXQ= {(a 1), (b 1), (c, N} FRQXP= {(r,a), (1, b), (r, 0)}
ik, it T H1 WA F1 GRAT W, T (a, 1) TH (r, @), F TIH TE IR
Ig 1A HIAF IO ok YAF T ok foq ang B 2, fd eq ke frepred @ T
PxQ#QxP.
ey, o W= § afedl i Wl §9H B
A wife foF A = {1,2,3), B = {3,4} 3IRC = {4,5,6). Fr=fafiad 7@ shifs:
i AxBNOQO) (i) (AxB)N(AxC)
(i) Ax@BuUCQC) (iv) (AxB)U(AxC)
() & Y= ok WSS H1 aR9 ¥ (B N C) = {4).
A Ax (BN C) = {(14), (24), 3.4)).
(i) 319 (A x B) = {(1,3), (1,4), (2,3), (2,4), (3,3), (3,4)}
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3 (AXC)={(1,4),(1,5), (1,6), (2,4), (2,5), (2,6), (3,4), (3,5), (3,6)}
Waw  (AXB)N(AXC) ={(1,4),(2,4),3,4)).
(iii) TR (BuUC)={3,4,5,6}
37 AX(BUC)={(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) @ AXB A A X C 9g==41 & A ¥ g5 fefafiaa 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)}.

IR P = {1,2}, q =4 P X P x P 91d hife]
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)}.

Ifg R U9 ar&dfeoss S@mel &1 9eea €, d ®eid A R x R 3R
R x R x R &1 F&fta =@ €2
e T0H R X R =T R x R={(x, y) : x, y € R}
o1 Freftg s 8, formen wam fgfam mfte o fagen o fFéwie! &l yehe # o fag
foper Sl 81 RXRXRET= RXRXR={(x,,2):x y,z€ R}

o1 frefya shear 8, foreeh i Siferi e o foger o fewmsl &1 9he o &
ferq femen St 21

Tt AX B ={(p, q),(p, 1), (m, q), (m, r)}, A A B ! @ i@

A =9I F<hl T T=A = {p, m}
B = f5dl™ =<l =1 W == = {q, r}.

RIE GHJ—%J:G,%J,?MH% y 9@ i)

Iqfe T AW 3 e ® Ul @=Ea B = {3, 4, 5}, @ (AXB) 1@l @
& A1d Hife)

e G={7,8} X H=1{5,4,2}, WG x H 3R HxG @ &)

TAART R Fefafiad weAl § 9 g 9o © SA9a 1 21 AfE heH ST
2, d U T oA ) WE W e fofEy

()P = (m, n} AXQ = { n, m}, A PXQ = {(m, n),(n, m)}.
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(i) 9% A 3R B g aq==g €, @ A X B &Ha TH (x, y) H1 Th A
e 8, 39 YHN fhxe ATH y e B.

(i) 7 A={1,2},B={3,4}, WA x (B N 0) = 0.

g A={-1,1}, W AXAXATE FHifaql

T AX B = {(a, x),(a, ), (b, x),(b,y)} A AT B A HifsWl

A e o A={1,2},B={1,2,3,4},C={5,6} a1 D={5,6,7, 8}. Fqd
EASLEED

(H)AX(BNC)=(AXB)N(AXC). (i) AX C, B X D &I T& Sqa{== 2|
E it o A= (1,2} 3R B={3,4). AxB faf@q Ax B & fHa
IYEH=AY BI1? Ieh! FHI 1T

T A TR A 3R B & W= €, &l n(A) =3 3R a(B) =2. AR (v, 1),
(1,2), (2 1), AXBH® &, @ AR B, M i, S&l x, y 3 z F=-fa=
99 2

HTdE TOF AXAH 9 3 €, TS (—1,0) a2 (0,1) off 31 S==a A T HIfSg
TA AX AT 99 ATI99 i Fq Hiq|

T W@ P = {a,b,c} T Q = {Al,
Bhanu, Binoy, Chandra, Divya} & fa=R
FHIGLI P AT Q3 g TOH H 15
e 1 Weha B,
Px Q= {(a, Ali), (a,Bhanu), (a, Binoy),
..., (¢, Divya)}.

319 Y Y hidd I (x,y) o WIH =2 x a1 fgdia w2 y o o9 T gy
R Y &2 P x Q 1 & SUGT==4 36 YR Y T Hehd 2|

R ={ (xy):x M y &l 99 3L 2, xe P,y e Q} TH Y&HK

R = {(a, Ali), (b, Bhanu), (b, Binoy), (¢, Chandra)}
Gad R o1 U gie-fosor, 59 R om@ wed €, aefa 2.4 o y=idfa 2|

et i w==9 A ¥ 3ieq ¥==9 B ® wWad &g oM

AX B % T SYEH=IT Bl 8 IE STEH=A A X B o A I o go| 9o fgd
HEeh! o He Uk Hay wifud s O UK Bl 2| 5 wesh, Yo seeh il widrse

e 2l

o Ali
eBhanu

eBinoy
eChandra
eDivya
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A=ad A 9§ 9=a9 B H Ha¥ R & s{Hd gl o6 9 GUH Tl oF G=ad
%1 Feel R 1 ¥id ed 2

Y=o A ¥ =99 B ¥ Ha¥ R o shitd Il o Al f5ada seenl o a=aa
%! Ga¥l R 1 Y& $Ed ¢ G==9 B He¥ R 1 We-9id Heeldl g Al Hifsy o5,
IRE c Heud

(i) T HaY 1 Seiig 89 a1 a1 I fafyy a1 Tz i fafy
g Tman <1 Hehal 2
(i) T d M@ fRe "o w1 T gite o 2|

e oifeie 6 A= {1,2,3,4,5,6}. R={(x,y):y=x+1} ST ATA
T W gay gRYIfa shife)
(i) T HdY H TH dR @ gR <9
(i) R 9, Teyid do1 IR fafau)

(i) afearsT g/ ol el

R=1{(1,2),(2,3),(3.4), (4,5), (5.6)}. 22—\ e
T Y SR Al 2.5 § W 2 o \ﬁ:i

(i) B9 2@ Thd © T qem " o5 —> o5
1 W= a1eiq Wia=(1, 2, 3, 4, 5,) g 6 °6
R, f5da sean! &1 agea sAufq ufer P 2.5

={2,3,4,5,6)dq% ®&9@=(1,2,3,4,5,6).

I SMeRfd 2.6 § W= P 3IRQ o o9 U e <A M 21 TH Hey
#1 (1) Tg== FHio &9 ¥ (i) T &9 § fafay) s6er wid 9 9 5o 87

oqeed: MR, “x, y HT o 2
(i) T==a i &9 % R={(x,y):x, y F1 a1 €, xe P,ye Q}
(i) T=X &9 H/, R = {(9, 3), (9, -3),

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

T Ha 1 WA {4, 9,25} 2 *9 +/
TH Had ] 9 {-2,2,-3, 3, -5, 5}. 4

e e fs s 1,3 el ot s \ A _

Y wafed TE € q91 W Q TH HeHl @
HEY B ST 2.6
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el S=ad A ¥ 9=ad B ¥ @4l i Had ¥, AX B & 999
SUGTER 1 W& & e Bl 21 AR n(A) = p @R n(B)=¢, @ n(AxB)=
pq R Feell HT ped W& 204 Bl R

T oS R A={1,2) SR B ={3,4). A9 BH Gail &1 &A1 1d HIToY|

T’ AXB={(1,3),(1,4), (2,3), (2, 4)}.
Fifh n (AXB ) = 4, SHEY AxXB o STGH==dl %! §&O 2¢2| Hiw A9 B
ol T wE&m 24 2
AT A Hgd H ‘A | gea' ff wEd <

e wifee fm A={1,2,3,..14}.R={(x,y): 3x—y=0,&[ x,ye A} 5, A
Y AW T Hay R Tl s6es wid, 9ewid 3R 9 fafag)

Tehd WEAIST o A= W R ={(x,y):y= x+ 5, x 5 4 ¥ FH, Th WFHd
HET 2, x, y € N)EW T Hael R GRAME HIWQ 360 G i (i) T &9 §
TEeh Ui 3R g fafem)

A=1{1,2,3,5) 3B =1{4,69). A4 BH T% Hau
R={(x,y):x3ﬁ1yww1%l'qq%,xe A,y e B} g0 ftwifid wifSql R
I ®Y | fafgn)

A 2.7, ¥H==d P9 Q& TH
Heier <9t B TH e ol

(i) Ig==g v €9 (i) 7= ®9 |
fafew) g9 wia qen 9fiER = 27
7 oifee fof A={1,2,3,4,6}.9H
i f6 R, AW {(a, b):a,beA,
& o §&N b ®1 gJuEy faafea
A g IR T Hee 2
(i) R %! I&=X &9 ¥ fafay

(i) R T Wid 1d hifeg

(iii) R o1 9RER A1d hifSQ|
R={(x,x +5):xe {0,1,2,3,4,5} )57 uftqfoa Gae R % Wid K 9feR 36
ifTa)
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G R = {(x, x°) : x F&A1 10 ¥ HH Th 399 §&A1 2} 6 W &Y ¥ fafay
M ST 6 A={x,y,z) 3R B={1,2}, A¥ B Hauli &I G&1 A i
M AT B R, Z R, R={(a,b): a, b€ Z,a—b Tk ol &)}, 5RI GRAIT Tk
e B R o 9id a9 GRE A iy

TH TR |, B U (a9i9 WehR o Heel o1 31eqdq hid, T et hed 21 89 Hed
o+ Tk 90 & w9 F 3@ whd B, food e KU gy sl 9 AU sredd S el
&1 B i giad o faw e 98 W oy S €, S wfafes’ steren ‘ gfafemor’
T W= A Y GY=E B & HeH, £ Uh Bl SEcd €, A e A
o Yoleh 39 1 HY=EA B W, Uk 3R haw Uh Wiatad el 2
TR IR §, B /£ fohdt a1l ag=am AW U It 99 B 91 €, 39 YRR
1 Wl T £ B Wid AR Q91 £ o TRE ot Q1 fe i Il o yem wes W
&l 2
T £, A¥ B U ®e ® AU (a, b) € £ f(a)=b, S bl f o IFavid
a 1 UideT 9o o K b H1 ‘Ud wfafee’ wed
A¥ B Hor f ! Gdiiah &9 H £ A > BY e W 2
fsel ST W & < ¥ 8H el § 3@ © 1 Saed 7 ¥ R ey
To @l €, walfh 1Edd 6 1 HiE iatss @l
T: SR § W G Weel U o e © i 3Heh Wid o o feFdl o Uh
¥ atfuer giafas €1 SEror 9t wer 7 © (F?)| A Ry Seel § wgd 9
Geul T foam 301, Y @ $9 Bor ? 3R W wed e 2
M ST fom N wiepa wemstl o1 == @ 3 N W qi9ifa uw dey
RWW%?%“Rz{(x,y):ysz,x,ye N}.
R % Wid, HeWid a1 GRER & €2 1 98 e, Uh Heid 7
R &1 9id, WIehd G&Ael &1 Gg=ad N 21 5T Heuld f N 21 58kl IRet gH
iehd HEMSl 1 gy 2
iR Weleh Wiehd W@l 1 %1 Ueh 3N shael Ueh &1 Uidfee 2, 3o 98 Ea
T %o 2
T fou deel § 9§ gk 1 e Sifse iR ke <91 H SRl |iEd
Ay, foh I g8 Wer ® st e?
» R={(2,1.,3,1),42)}, (DR={(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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(i) AT Rh Wid o Yok 31a9d 2, 3, 4 o Yidiss SAgdd €, SHAT 98 Hael

Th e B

(i) ifr Th & g reEE 2, & fq=-fa= yiafasl 2 3R 4 9 EafE €,
3EMIT I8 HaY Th Heid el 2

(i) TR Yok 2Terel o1 Ueh 3T chael Uk Giaisd ¢, SHIOY I8 Gae TH
T 2l

Tk UH o &l fSeh! IRER arafaes S&el o 9==ad a1 39 his
SUHY=E €, aRdiaeh W Teld ®ed g A ordtash = ol e arsdtas oH

T 1 Uid o aRdiae GEAel w1 A=A SAYE] SHh] e SYETeId 8 dal 39
aTEfaeh T o FEd T

aH fifey for N arefos wemen w1 @q==g 21 f: N > N,
F(x)=2x + 1, §RI YR ek ordfeaes A e B1 $H GRA 1 A Hieh, e

& T Wl w1 gof i)
x 1 2 3 4 5 6 7
ylfh=lf@=]f@=|f@=frG="|f®=f=..
X 1 2 3 4 5 6 7

y [ =31 fQ=5fQ)=T|f@=9[fO)=11|f(©6)=13] f(7)=15

(i) A"k Wl (Identity function) T
SIfST R ar&afaes 9&stl &1 9y=ad
2l y= f(x), 99% x e R gN qR«fa X
aT&dfe: WH ®e f: R — R 81 39
YhR o el bl dedHeh Thets hed
g1 8l W £ o wid 99 9 R 2
TEH] @ TH WA W@l B @

(aTepfa 2.8)1 9% @ HA fag § v
@WW%I Jx)=x 341?&[2.8

-8
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(i) TR We (Constant function) y = f (x) = ¢ SE ¢ Th 3R ¢ 3R TIh
x € RgN 9Refia wen arafass 71 %o £ R — R 2181 W £ %1 9id R € 31 SEeht
GRE {c} B f 1 G x-378] o FHIK T 1@l ¢, SR & T 9% f(x)=3 ¥
xe R B, O SEH1 3erE 3Mehfd 2.9 § g9 Y 2l

Y

X!

N

N

-8

—6 —4

8
6..
4
2

A\ 4

2 |02 4 6 8

v

fx)=3
3TTeRfa 2.9

(i) TEIE TWerd AT FEUSH Wt (Polynomial function) %o f: R — R, Th
WWW%?&( R & Y& x ok fag, y =f@=a,+ax +ayx
+...+anx”,5|ﬁnWWTTW%HWao,al,az ..... a €R.

f(x)=x3—x2+2,3ﬁ'{g(x):x4+ ﬁx,WWﬁWW@WW%W%

2

h(x) = x* + 2x g AR B f, SgUEE e @ 21 (F?)

y=fix)=x% x&€ RgA %o £ R — R, %! a9 &ifsw) g6 gfieren
HT TAR ek A T Wt H QU RN SE e w1 Wid qe1 9ER F= E2 f
1 @ ot Eifau)

X

—4

-3

-2

-1] O 1 2 3 4

y=flx)=x
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X -4 (-3 -2]-1 0 1 2 3 4

y=f@=x*| 16 9 4 1 0 1 4 9 16

f ® WA ={x:xeR},f H IE = {x: x e R}. fH @ 3THA 2.10 H &I
2l Y

f(x)‘ixz 3TTeRfa 2.10
f(x) =x% xeR g1 IRAIA ®e f:R — R &1 3@ @ifu)
R
f0)=0, (1) =1, i-1) =1, f(2) = 8, fi-2) = -8, f(3) = 27; (-3) = 27, AR

Y
f={(xx%): xeR} fhT

e SAeRfd 2.11 |
= T 2

Y/
f=x?  ameRfa 2.11
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f(x)
g(x)
T Wid H, x % gt agud wer 7, e g(x) 2 0 uflE %o Hedn 2

(iv) ufR®T e (Rational functions) , % YHR % o W@l fx) 94 g(x)

T daRdfdsh ®F %o f: R — {0} — R &1 9Rem f(X)=é,

x € R—{0} BRI SifSTUI TH IR 1 GART h¥eh (A qifeishl sl qui shifsel 36
T 1 Wid qe IRE @ 872

X 21 -15]-1]1-051025]05( 1 L5 2

1
y_x

ol &1 ¢ diferaRt 39 YRR 2:

X -2 -1.5 [-1[-05f 025 05 1] 15 |2

-051-067|-1|1-2 | 4 2 11067 | 05

S =

y:

THHRT I, A o AR T ardferss Hed € e shent aieR off 3= ok stfaftam
T (s GE g1 f W e ST 2.12 § YeRid 2l
Y

f) =% smeta 2.12
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(v) HTdieh ®wetd (Modulus functions) f(x) = Ixl ¥&& x e R R IR Her

£ R—R, UTUieh el healdl 21 x oF Yieh RO HH o feq Ax), x o ae &l
21 W x o RO HF o TG, fx) B HA x, % A % U1 o SR B B, AU

x,x=0
f(x):{

-x,x<0

Hish Hel H1 A Hfa 2.13 H @ 21 Ol wo i FRUg W wher o
Fed 2l

Y

Y!
Six) = x|

3TMeRfa 2.13
(vij  Tag wem (Signum functions) 9&% x €R, & faT

Lalkx O

f(&x) 03 x 0 1 y=1
Lak x O
X,\A N

—> X
0

g0 IRefd ®er fR—R fa8 ®er e 81 y=—1 (—\{/—1

g e @1 Wid R 21 9RER o= {1, 0, 1}21

Pt 2.14 ¥ fag wom &1 sreiE <@l T R Y’

d
fixy=—3afkx OamO0ak x O
(vii) HEWH YUTfeh WaT (Greatest integer .
functions) f(x) = [x], x €R g IRAM@ et TFHT 2.14
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£ R—> R, x¥ HT I x & T TR YUlieh HT T T (HRUT) Il & UH T
g YUlieh els headl 2|
[x], 1 R ¥ &A@ Wehd B T
[x] =-13AR-1<x<0
[x]= 0AK0<x<1
[x]= 13R1<x<2
[x] = 232 <x< 3R
TH Wor 1 OE epfd 2.15 § <wifa W 2

Y
A
3 —0
2 —0
1 —o
( -3 =2 -1 1 2 3 4 5
X'€ — 0: } > X
—a -1
—0 +-2
—0 -3
v
Y!
S(x) = [x]
ateRfa 2.15
TH 3T =8 |, &

T o fhg YR < arEafess ol i Sigl SdT €, Ueh STdfeeh Bl i W
T SRR WAl ], Gk oRdfas B o fhEr aifkw (TRl enfewr w1 ey arafaes
W | €) 9 on e S €, <1 arsafersh werl sl TN feRan S @ qen Gk aratash
Hed g ¥ A fEn S 2

() N aRfaeh el &1 I 91 iy fF £: X > R g: X > RFE
arEafash e €, S8l X c R. A9 BH (f+g): X —> R, 9 x e X & forg,
(F+2) (x) =f () + g (x), 5 IR w3 2
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(i) Ueh aTEdfaeh Wed U § @Y @l ¥eMT A ool fF f: X — R aen
g X > R&E T ardfas e 8, S&l Xc R @ 89 (f— g) : X>R &1 @i
xe X, & T (fg) (x) = flx) —g(x), ER1 wRwf h3d 2|

(i) ek 3faer ¥ UM 99 A 7R f: X—>R TF Tafas qH Bo ® € o
s ey R el iy W euw ity fedl aafas wen 9 219" e
of, X4RH Wh ®er 8, S (0 f) (¥) = O f (x), x € X | uitfia gar 2
(iv) &I STEAfaeh Werl ol UE & JRdfas Berl f X — R a0 gt X—>R &
A% (A OU) Tk Bed fg: X—RE, SO (fg) (1) = fix) g(x), x € X W
ufemfia €1 59 feiger: UM o wd €

(v) S aTEdfeeh Werl ol WRTRe A wifelg T £ 9e1 g, X—R g1 g,

T IRt ®er €, Sel XCR. £ %1 g ¥ 9rhd, 5@ gﬁﬁﬂaﬁaW%’,@W

f

g, W Aftire X @I g(x) 0, fog, ( ]( ) =——= r gRwfd 2

(%)
g(x)’
tl'l‘f?ﬂ'ﬁﬂi]&m“f(x):xzﬂm g(x)=2x+1ﬁ‘°lTRlﬁl%“W%l

f
(f+ 8 (0, (F—g) (), (f) (), ( ](x) @ wife

Fre) () =x +2x+1, (f-g) ()= x —2x— 1,

2

(fo) (1) =x (2x+1)=2x +x, (f]m - w1

2x+1° )

M SifST fF flx) = [y T g(x) = x RURR ardfeeh @@asti o fag

ufefim & wed ¥, @+ g) (), (F- g)(x)(fg)(x)@ﬁt( ](x)Eﬂ?f Hiferal
Tef & frefafes gfom fiem §:
Fre) = Jx+x -2 @ =Jx —x,
\/— 1

¥ _x2 ,x20
X

(fg)x = Vx(x)= e st ( ]m
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Frefafed Saal § S ° ®er 27 R0l 6 Sooid HITNul I HaY T herd
2, a1 391 ufter fraifa e
() {2,1),(5,1),(8,1), (11,1), (14,1), (17,1))
Gi) {(2,1),(4.2),(6,3), (8,4), (10,5), (12,6), (14,7)}
@) {(1,3),(1,5),(2,5)}.
fr=fafea arafas wedl & 9id qen 9RER J[ Sife:

@) flo) = |x] @) fx) = Jo— x>
Th B f(x) = 2x -5 g uRwia ?1 feefafea & @ fafey:
@) f(0), i f(), (i) f(=3).

T ¢ AfeHId AOHE %1 BREEEE aoHH § gfafesor e @, S

t(C)=% + 32 50 ot € FrereE B 9 R

() 1(0) (i) £(28) (i) #(=10) (iv) C o HH, S&¢(C) = 212.
frafafea d 9 yos wad &1 9RE J S

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

(i) f(x)=2>+2 x T i Ge 2

(i) f(x)=x, x Th arias & 2

fafasr 3ergvor
M wifse f R ardfass SeMsl &1 =29 €| U arias wer
£ RSR® flx)=x+ 10 }{\
B IRMITd ShifSTE 3R 59 %od &1 e gifau)
TEl, 89 <@d § T A0) = 10, A1) = 11, ((10)

f2) = 12, ..., (10) = 20, &fg 3T f(-1) = 9,
f(=2) =8, ..., A=10) = 0, TAT<I

(-10, 0)
31d: U g Fer o e I 3R AR 2.16 X' € 5 > X
¥ gwiie 7T ®9 H BT /
Elf(x)=mx+c,xeR,@%f@7m" v
& . - Y/
WW%,Wm@c%w%wqﬂaaW fx)=x +10
e w1 TH ST & ST 2.16
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e eifee fF R, QE@QHR = {(ab):abe QAMa—-b e Z}. 50
R, wh Hey 21 fag wifse fa
(i) (aa)e RAF ae Q& fay
(i) (a,b)e R add & fh (b, a) e R
(i) (a,b) € R 3 (h,c) e R T a9 & TF (a,c) R

() HfFa—a=0e Z, a8 fr=pd e © 7 (a,0) € R.

(i) (a,b) € R &1 arcqd B T a—-be Z zU9faT, b - a e Z.
3d:, (b,a) € R

(i) (a,b)7A (b,c) € Rad & &6 a—be Z.b-ce Z. @,
a-c=(@-b)+(b-c)e Z.34d:, (ac) € R

T £={(1,1), (2,3), (0, -1), (-1, -3)}, Z ¥ Z.¥ U= ‘g woq 2, @
fix) 1 sl

Tk U Wk e 2, THAT £(x) = mx + ¢. [ it (1,1),(0,—1)e R
21 A, f(1)=m+c=170 f(0)=c=—1.300 85 m =2 firerar 2 3K 3@ 9K
flx)y=2x-1.

2
ol f(x)=ﬂ 1 Wid G hITSG)
x°—=5x+4
FAFE 1 —5x+4=(x—4) (x—1), THAT T £, x =4 3K x= | F ARG 3749
gt aredtas wemst o fau giwfia 21 em@: £ @ wid R— {1, 4} 21

Bl f,
1-x, x<0
1 ,x=0
fx) = o
x+1, x>0

g gRfE 21 £(x) 1 e Eifay

EH f(x):l—x,x<0,15|
=4 =1-(-4)=5;
fe3)=1-(-3)=4,
fe=1-(-2)=3
f=) =1-(-1) =2; 7%
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I f(1) =2,f(2)=3.f(3)=4
fi4) =53, iR flx)=x+1,x>0.

3T f T 3TMerd ST 2.17 | 9T €9
1 B

3T 2 T fafae gyracit

2
.. x7,0<x<3
X)=
T L {3x,3£x£10 AR R 2
2
i ,0<x<2
T g, g(x)=1" T2° gm uftfia 21
3x,2<x<10

TYiEe foF o £ Tk Hor € g Hor TRl 2

g f(x):xz, dal % A Ff

2
X +2x+1 .
S, P WA W S
x"—8x+12

fx) = J(x—1) 50 IRAIMGA i we R Tid qe IRER T1d hifeg)
f@) = |x—1| g0 GRAI ordferh ®er £ Fid 99 qHRE 1 iy

AT f(x) =

2
X

A e f:{LX’Ierz
fruifta sifew

}’:’CER}R@R‘* TH TeR T fF IRER
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UF ST 76 £ g : RORHHA: Ax) =x + 1, g(x) = 2x — 3. 51 9o 21

f+g,f—g3ﬁ'{§§ﬂ_d i)
M @i foh f= {(1,1), (2,3), (0-1), (-1, -3)} ZHZ F, fix) = ax + b, T
uRwiftd G e ®, SEl a, b HE qUIE Bl a, b i wifEw
R={(a,b):a,beNTMNa=5") R TRemd NUNH, TF Had R 2| 1
frfafea w9 272

(i) (aa)e R,E®H ae N, (i) (ab)e R, & acwd 8 7 (ba)e R
(i) (a.b) € R, (b,c) e R @1 a9d & T (a,c) € R?

ek <M § 319 ST I Sfifad o) Sqensu

A o 75 A={1,2,3,4},B={1,5,9,11,15,16} 3 = {(1,5), (2,9), 3,1), (4,5),
(2,11)}. 1 Treferfiad wem a1 €72

(i) f,A9BY U W99 Bl (i) f,AUBY T %o 2l

Yok <9 | 319 SR 1 Sfifacd sqersy)

HH @i Tk £, f= {(ab,a+D):a,be Z) g YRHINA Z x Z %1 Teh ITqH=A™
AN £, ZHZH T o 22 A9 S facd § e Hifey

HH Sifse fh A ={9,10,11,12,13}d21 f: A—N, f(n) = n 1 HSTH A9 T[0Tk
g, aftifia 21 f 1 9ReR 7 wifew)

TH AAE § BEA "o 991 el w1 e TRl € 5 S1eAE i ged wal
=1 "= & w2

a7 Tonsll fomiy o8 ¥ Wyfed s@@dl 1 T I

HIATT UM F==A A TL B 1 HIdd OH, Hg=

AxB = {(ab):ac A, be B)gd 2| fosiv w9 9
RxR={(x,y):xye R} ILRxRxR=(xy,2):x7y,z¢ R}
AR (@, b)=(x,y), W a=xqA b=y

IR n(A) =p 4 n(B) = ¢, M n(A x B) = pg.

Axo=0
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HHEAEI: Ax B #B X A.

G T=ad A Y I=ad B H W R, HAE 0 A x B 1 T STHT=AH
eIl 8, TS99 A x B o i T & 9UH T2 1 a1 f5dld T2 y & o=
fopell Waier =1 afvld ek qrw e St 21
el aTeRra x o1, Heel R o siavia, gfafsd y 811 2, @ (x, y) € R,
Teel R o hid I o U SEeh] 1 WH=Ed, Ha¥ R 1 Wid el 2|
Teel R o hiHa Il o f5did U] o1 ==, a9 R 1 GRE el 2
T 9= AW G=ed B | %o £ U fafine YR w1 de g ¢, T
= ASh Yoieh Ed x 1 TR B U Ush 3R heel U idres y el
2 3@ 91 &l 8 £ ADB SR Ax) =y fa@d 21 |
A e £ %1 9id a1 B SHeRT He9id Bl 2
T f 1 GRER, £ o idiael T gg=Ed Bl el
TRt aEdfaeh wor o6 Wid de 9RER SFI 81 s Qe sl Sl
AU W T SUNH= Bl B
Tl BT SSHITT %o f: X — R g: X — R, & fow g9 f=fafaa
afeamend <4 2

(f+8) (x) =flx) + gx), x € X

F-8 ) =fx)-gkx),xe X

(f.g) ) =f(x) .g ), xe X, kP 3TN 2l

k) ) =k f(x),xe X
i(x) S (x)

o =%,xe X, gx)#0

T 358 FA9AH Gottfried Wilhelm Leibnitz (1646-1716 $0) R ¥ 1673 |
fafEa e qUgfafd "Methodus tangentium inversa, seu de fuctionibus" #
ufteferd 31 21 Leibnitz 7 39 I8 &1 WANT Mfageiuoneqs 9& ® foran 21 =2l



Hay Td He

oM i T !’ e ChHEl’ o Y&l g S9d HI Wh 9% oh 9 °
sferepfedq fmam 2

Tz]?ﬂ'sc 5, 91 1698 T John Bernoulli § Leibnitz ! for@ TWeh A T gl ax
e &9 9§ %o 9 1 favavonEes 9| | fafire wmm i fea 21 sE
TE ¥ Leibnitz 7 219 Hedfd ¥ gL IW ot 3 T e

FiUSHt A9 H % (Function) & 9 1779 o Chamber's Cyclopaedia
o T S 21 S e 9155 shl AR =R ARE SR wemst steen fer
RE 5N WY B9 W o fovciuueAs: ekl o forg fepan e 2
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T&MI

>

* 0

D)

oI forHIHE Rt =cafd Wer wreal ‘fertia ' den ‘weH’
¥ g ¢ a1 sHh1 A S ) gl & wo’ g 2
=4 faua =1 foehre qora: Brsil o Hafua s seenst
%l B hL oh AU Tohan T o S&eh! STeaae g ansnst
& wH, G, fo= AT -9 1 Fo AR ST 2 o
e AfTFarsT 3N o g fohan TR adEE H 9T SUA
agd IR &3 S8 o, gy wre, T wftey (wfdhe) &
fesier TR &3, 3T0] 1 TR HT G0 HA, TR
SAHeTel SR 1 HaE o fowa H qaigam o o, wififaes Arya Bhatt
o () 1 FIvATer S e 31 W & H g 2 (76550 B.C)

Tl el & gu = 1ol o BrewiviiEda S o fova & steme fopan 7
59 T sl 1 goiell & oFud o ®9 § Sarn T 2l R e
FeArHeR1sT qe 3ok HeRIvTHdTE STUMl o STWANT ! a1 a0l g0 o U9 &l g
% | T 21 59 1o o, gn Brepoifid Srural o deell 1 Seniviiide worl o
&Y H SehhI0] HET T Tk TUIEH] I HLRF |

TS HIV I8 A9 T S Tk TR0 & SHk WRfues T3 o ofi|: Y W S 21 R
% HUM i gol fefd ol yRfaes oot qen gue o Afaq Rt i o 1 sifan g
wgd T To fog 1 9 wed 21 AR ol amEd ® A S ereeR 9o Ak ol
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<fequmterd 2 il ShIvT RUTIHeR shectidl © (3T 3.1) 1 fergit shivr skt @19, soiq (s[mer)

B Wi g e
o > A
£ .
% e
L)
0 - >A
it TRk B
(i) TATEE T 3R 3.1 (i) SRUTIeHE RN

1 98 1 S e i yRfes feufa @ sifiw frufa 9 SR W g g @1 s
I T o Y 3T SeTeal &1 hivr kT g

areRTE A
SOH! THE 1 Hohd <dl ¢, STEIU F AU @ ' = >
AR Y@ 1 fefd 9wk gof guE & i aiferr st B
Tk TE fa S wewar € ok, ety 3.2 TeRf 3.2

TgIta T R

I G192 HIU ok fou Gaurere B SIeM: Tk TAd gC Iied & gEe |
T T 107 o fao@ | g Hehd @ fp 92 15 UReHA1 9fd Wehs 21 8H 101 o W01
1 T 31 SR o Taud § Ay foen] S T e s ), 3 feift | den
oo w2

g IR o1 § a9 ST o1 HE T g

Ww(%)ﬁwﬁﬁmﬁmwm@%ﬁmﬁ%,s@1°1i1%|@€r%|

we feilt w1 fire o qen w e o) Ses o fawifoa foran siman 81w feult =1 wrsal
T Weh e heaal 2, 39 1/ 9 foed § 9 Uk fHe o1 Wigel 91 T Uhs Hed
2,38 1”7 9 fagd 21 ewfq 1°= 60", 1 = 60"

F® U ST WY 360°, 180°, 270°,420°, — 30°, — 420° ? S=®
arepfa 3.3 ® <witar T 2

360° A J 270°
G ety G
B

w€
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(o]
420 0] A O >A
0 >A \% g _ 420°
B
B

3TMeRTd 3.3

FI7 H A & AT wF @l e oA R,
5 Weam A9 #ed 2| S g9 (I9 1 5591 T THE €l) & s W Th T
TETE o =19 §I 94 WHI01 ] Tk eI 919 FEd 21 3R 3.4 (1)-(iv) ®, OA
URfqer o & U1 OB 3ifaw qon B1 aepfadl & wivl fg@me 7u € foes Wiy

- 1. 1 .
| e, —1 e, 1= e qen -1 e 2

() (i)

(iii)

M 4
i

B
(iv)

3MFTa 3.4 (i) - (iv)
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T WA 2 fop TohTE B o o o1 Uiy 2 B B 3Td: WM 9N i U
wof IfeRTT S R 27 WedA w1 o Hala w2

T wataiad g b r B ol Tk 99 |, » oS %1 =9 oy W T T8I H
107 AR HLA | BH SA € o 99 o WHM =19 ohg W WHM HI0 Aid i 2
<fer r 591 & 99 | r E HT A9 g R TF AT FT 107 HAa 3 €, 3@

l@ﬁwm%mé%@qwﬁmaﬁﬁa@m 31d: afg o g4, et B

r , 99 I SR [ 991 ohg W AR o1 @ Wead §, 9 89 UM © TR ezé

aql =ro.

AP
12
a o
TP I b1 ohg, O W & 91 g9 W L fog A B1 |
10T 1 YRR ST OA B, a1 91 o =19 o1 ool 9 g 11
o ohy W A9 gR 3iaRa HvT i A9 Fead ¥ e et
21 9 Aifeg g & foig A W wel T PAQ B | fag 0

A areafas @ear vp=@ gsfela &3 2, AP
STcHe STiTereh H&a <Ml & 91 AQ SRUTcHeh ariash
e quitar ® (3Mepfd 3.5)1 AR €9 99 kI AT W@ AP
1 TS Hi1 faqda o o g9 W a4 W@ AQ I HEl
=1 fon # ¥und a1 ye arafas SE o Sd ead Oy i 2
T @ faeia:l W VR fedw WO qen andtad TF 35 Vg
HETE i U ¢ GEE HHE HWehd 2

FAifh
I, % T Weh IV STl € TSrent |9 25 edA B 9 e 360° eIt "y ®, @y
2n fETT = 360° A 1 deTT = 180°
S Hee gd e w1 feilt w9 qen feift w9 i Wemm 99§ o4 | 2
2

nwﬁ@?ﬂ'ﬂ[tﬂ?7 ] SUAIT ek, B U1 § TR

180°
— 57°16" THepean
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<, cosec x = y = cosec x b1 UTd, HH=TT { x : x € R TqUI

sinx’
x#nm,ne Z) a9 TR gg==g {y - ye R,y 2191 y <— 1} 81 36 ¥R, y=secx
. T
] 9id, W=" {x:xeRHWx¢(2n+l)E,neZ}?MT, IR, F=d
{(y:y e Ry <—13y=1}%y=tanx &l Ud, @99 {x : x € R a0

x¢(2n+l)%,ne 7} ae uiER el srkafas Gens %1 Wgee 81 y=cot x 1 W,



Sermfadg ®em 67

= {x:x € RAM x#nm ne Z}, G i gl demst &1 qg== 2l

=0 3@ ¥ fr o wgefe ¥, 5 1, 09 gﬁwm%,aﬁsinx%ﬂoﬁlﬁ
SR w2, g =gete § 5 x,ganaﬁamm%mmx,mmaﬂzm
31 e wgefe d 5 2 A %ﬁaﬂtméaﬁsinx,oﬁ—lﬁaﬂtaw%am

sia = %"@zmwm%aﬁsinx,_laoﬁammw%umﬂw

&0 o Trepifad worl & fova § faer e ghd € a%qe: gER W freEfafea
IZHTUTT%:

I =rqarer 11 =rgerst 11 =geren IV =gerte

sin [0d 1 eRagm?e |1 oFeRmae |oF-1FeaRmem |1 90+ I wgm 2

cos |[1Fomemmeae |o@ -1 Mueme [-1F 05 eagme |0F 1 H R e €

tan [0 Voo FHI AN TG R |0 WO H AR TN 2 |0 oo FT SN slea & |00 F 0 %7 R wgar @

cot [[cocToF e eeaT 2 |0 B —co I SN AAM 2 |oo T 0 I AR Tea@l 2 |0 T —o0 FT 3R = =

sec |1 W oo H AR WA € | —c0 W I R wEal € | -1 @ —co T AR Al B |oo W 1 HI AR =l @

CoSeC oo W 1 HT AR A E |1 Woo HI AR T B | —oc0 F —1T R W € |—1 § —oo T AR Rl B

WW#%%&?%WWK%ﬁtmxwmoﬁ oo (3TA)

e wedl @ @ 31 g T SE-S9 x 1 6 g 1 3 o&a @ FH-99 tan x 1 TH
wgd tfr e ST 21 S YRR, S B9 98 %E Uehd & T =gl wgefe § cosec x F
ﬂﬁ—lﬁ—w(w?ﬂﬂﬁ)Wﬁw%ﬁwaﬁ%f%mxe(%jn)ﬂa

SIE-S x,27 1 3R TS Bl €, cosec x TgA (4eh SHUNHS HH el €| HHNUE:
I8 oo T — oo eAAl qU1 =W o [T YRR o HEEN i & Bl




68 TToTg

& <@ T sinx A1 cos x o M w1 SFa¥el 27 o 9= TR et 21 S,
cosec x AU sec x & HMl &1 f a0t 21 % o NI Bl 21 8H 7T 31we] o
tan (7 + x) = tan x 3@ &1 99, tan x o AAI § A 1S IIE TR Bl €, AR
cot x, tan x 1 Xk &, THek AHI § ot HaU v o qvEq g et 31 Breproridia
Tl B 39 9M (TOTHH) T SFERR 1 ITART T W, TH HeHl ] Aerd Eid Fehd
21 S Wl 1 S A TRy T g

y=cosx Y

3Tt 3.9




PR wem 69
Y Y
] ] 1 . M 1
[ ] [] 1 1 [ [ ]
[ | [] ] 1 T [ [ |
] ] 1 . M 1
[ ] [] 1 1 [ [ ]
v \2 . . ' 2¢ : .
i\ ' 1 : _-121 14 ' 3775 '
'] T : : 7;[ : 27: '_T[: 1 1 ITC 1 :27:
Xe._ﬂ_. O '_E.' '3_7'5. >XX<: L] 0’ J.I_ t L] 7 >X

2' 1 "2 ' ' ¢-1 2 ' '
] ] 1 . M 1
1 _2 ] 1 1 "_2 1 1
[ | [] ] 1 [ [ ]
] ] 1 ' M 1
[ ] [] 1 M [ []
1 ] 1 1 l 1 ]
] ] 1 ' M 1

Y Y’

y=secx y=cosecx

3TTeRTd 3,12 3TMeRfa 3.13

I cosx= — % 2 IR x g =gufe § feom ¥, @ o ot R

el o Tl i 1T Tl
) . 5
Fifh  cos x =—§,%Tftﬂﬁ%1&m"secx=—§
5
Kic| sinx + cos’x =1 Asin>x =1 — cos’x
- SRR 9 16
sin®x T >
. 4
3d: simnx==+ —
5
<fer x gta =qefer & 2, 1 sin x %1 A9 FOTHS eI 3@
4
sin x -3
T Ig o U g § R
_ 3
cosec x -7
Hﬁ%‘qtﬂﬁ%
sin x 4 cOS X
tan x = = = qeql cotx = —
cOS X 3 sin x



70 TToTg

47 cotx=_%mﬁzx@?ﬂaagafwﬁm%,aﬁmﬁaﬁwmm
el Sl JA i)

. 5 . 12
Fifeh cotx = — — . BH YR T tanx =— —
12 5
3:|a‘ 2 _l+t 2 _l_i_ﬁ_@
sec’ x an’x > >
13
A secx =+
5
<fer x Tt =gerfer o feerd 2, sec x 1 A FROTHAS BRI TEfQ
B
sec ¥ =— 2
T g off 9 e @ R
5
COS X = ——
13
Hﬁ%‘?qﬁ%
I F N N
sinx = tan x cos x = (— 5)><(— 13)— T
o 113
COCT T sinx 12
3lxn
SinTWqﬂaﬁ%’ S
B0 W € TR sinx & WAl A faUel 21 o UvEN RGN Bl 21 sy
3lx o o 3
sinTzsin(lOnJrg):sing:%.

cos (—1710°) %1 HH A hifS(U

&1 WA € foh cos x & WM H S 27 AT 360° o ITHE RGN Bl &1 g6y
cos (~1710°) = cos (-1710° + 5 x 360°)
= cos (—1710° + 1800°) = cos 90° =0



frafafaa goi o 9= o= RiEdE Sl &1 7F A Sife:
cos 5=~ x At el o 1
sinx=§,x§{:ﬁ gt feem &)
cotx= =, v wgafer 3 fee
sec v = =, x vl gef  feor

5
tanx=—E,x§Fﬁ =gty o feem 2

U9 T& 6 9 10 ok HF 19 hIIC:

sin 765° cosec (— 1410°)
Ly Lom =

an — sin (— 3)
L

cot (-~ =)

TH Y U 'Y S WEAsh (i) o AN g AR oh fau emida wen 9o s
Geifed k! 1 a1 1| 9 Fael § T Hol IR ! g9 v weafieRd
#2789 3@ € T

sin (—x) =-sinx

cos (—x) = cos x
9 g9 T 3R IRemm fag &

cos (x + y) = cos x cos y — sin x sin y

THE g4 W @R ity o % 7o g w81 9 f& o P,OP, x den
SHUTP OP, y&  HIP,OP, (x +y) EM IH: W HI0 P,OP,, (- y) Tl 31: P, P,



72 R
Y
'

P, (cos x, sin x)

L/'\

P,(1,0)
> X

\ge

X'€

P, [cos(x +y), sin(x + y)

P3 [COS(—y )a Sin(_y )] S~

v
Y’
3R 3.14
P, @ P, CREEH G P (cos x, sin x), P, [cos (x + y), sin (x + y)], P, [cos (- y), sin
(- )] RP, (1,0) & (TP 3.14)1
13t P,OP, @2 P,OP, ® foeR #ifsl o wafmew & ()| g6 PP, iR
PP, TR € T FF 1 ST FH T
P P> =[cosx—cos(-y] +[sinx - sin(-y)J’
= (cos x — cos y)> + (sin x + sin y)?
= cos’x + cos’ y — 2 cos x cos y + sin’x + sin?y + 2sin x sin y
=2 —2(cos x cos y — sin x sin y) (F17)
g PP =[1-cos(x+y)]*>+[0-sin(x+y]
=1-2cos (x ty)+cos’ (x+y)+sin? (x+y)
=2-2cos(x+y)
i PP, =PP,¥H 94 &;PP2=PpP

r

SHfIT, 2 —2 (cos x cos y — sin x sin y) =2 — 2 cos (x + y)




3d: cos(x+y)=cosxcosy—sinxsiny

cos (x —y) = cos x cos y + sin x sin y
EAH®l 3 H yoh WH W — y W@H W

cos (x + (= y)) = cos x cos (—y) — sin x sin (- y)
A cos(x—y)=cosxcosy+sinxsiny

m
cos (E_x) = sin x

Wﬁw4ﬁx#wmgamy#wmx@ﬁquﬁ%

(71 ) T e T . .
cos (T —X)=cos = cosx+sin — sinx=sinx
2 2 2

Y -

s1n(5—x)=cosx

HIEMRT 5 %1 ST HE W EH R ©

om r (z_
s1n(2 X)=cos 5 |3 = COS X.

sin (x + y) = sin x cos y + cos x sin y

g9 SIMd ¢ T

sin (x + y) = cos [g—(?“r)’)j = cos ((g—x)—}’j

T . T .
= cos (E—X)coser sin (E_x) sin y

=sinxcosy+cosxsiny
sin (x —y) = sin x cos y — cos x sin y

Iqfe 59 waEieh] 7 H y & WM Wy W@ d ST IR0 I 2

x 3R yoh Suder HH ] wewieRR 3, 4, 7 3R 8 H W W gH ffatad

o TRl W B

n n
cos (E+x) = _sin x sin (E+x) = coS X
cos (T—x) =—cos x sin (T —x) =sinx

cos (T+x) =—-cosx sin (T +x) =—sinx



74 TToTg

cos (2w — x) = cos x sin (2w — x) = — sin x

3 Y o |G GRUMH tan x, cot x, sec x T8 cosec x o TIT sin x 31X cos x oh
oAl % RO | AEHT § TRl ST wWeRd 7

Uﬁx,yaﬁ'{'(x+y)'ef'@f7=|ﬁ§ giﬁrﬁqu@%?ﬁ,

tan x +tan y

tan (x +y) = 1—tan x tan y

R x, y A (ot ) R W A S W TR W R cos x,
cos y ddl cos(x+y)3FJ‘l%°f%] S|

sin(x+y)  sSInxcosy+cosxsiny

tan (x + = = - ;
(r+) cos(x+y)  COSXCOSYy—sIinxsiny

39 3R 8 H cos x cos y, ¥ fauifed i ™ &9 UM 2|

SIn xcos y N cos xsin y

COSXCOSY COSXCOSY

+ = ; ;
tan (x +y) COSXCOSY sinxsiny
COSXCOSY COSXCOSY
tan x+tan y
~ l-tanxtany
tan x —tan y
tan (x —y)

- 1+tan x tan y
Ife HeldiHen 10 § yoh ToF W -y @A W, 89 U@ §
tan (x —y) =tan [x + (- y)]
tanx+tan(-y)  tanx—tany

I—tan xtan(—y)  l+tanxtany
'é:lﬁ{x,yw (x+y)'a:'a‘7=|ﬁ_$: ot <hroT R,quﬁﬁyﬁ

cotxcoty—1

cot (x +y) = cot y+cotx



rRTodE wem

Fifeh x, y AT (x + y) SO0 H & g R,WWW%,W sinx, siny

HﬂTsin(x-i-y)?E?{:ch%l 3d

cos(x+y) €OSXxcosSy—sinxsiny

cot (x +y)= — : :
sin(x+y) SN XxCOSy+CoSXsiny

Wﬁ?%’(ﬁsinxsiny,@ﬁﬁ%lﬁﬁﬁ,%’qqﬁ%

cotxcoty—1

cot(x +y)=
( ») coty+cotx
cotxcoty+1
coty—cotx
e GeHHepT 12 W yoh M W —y W@d € d g9 ST IR U 2|
. . 1-tan® x
cos 2x =cosx —sinx=2cos’x—-1=1-2sin*x= ————
1+tan” x

g9 SIMd ¢ T

cos (x +y)=cosx cosy—sinxsiny
Yy M W x, W dl, 9 9§
cos 2x = cos’x — sin’x
=cos’x — (1 — cos?x) =2 cos’x — 1
RGE cos 2x = cos’ x — sin’x
=1-sin*x—sin> x=1-2 sin’x.

cos” x—sin’ x
d: BH UM T cos 2x = cos? x—sin 2 x = — 7
cos” x+sin “ x

391 3 B W cos? x © fawifem & 9, 89 U@ ®

1—tan® x
Cos2x= "7
1+tan” x

2tan x

sin 2x = 2 sinx cos x =

T S ¢ fR
sin (x +y) =sin x cos y + cos x sin y

yoh BF W x WA W, g9 U e

1+tan® x



76 TToTg

sin 2x = 2 sin x COS X.

2sin X COS x

: sin 2x = -2
I cos? x+sin’ x

Y% U8 i cos? x U AW 0 W, ¥W UM B

‘ 2tan x
SIN2X= T fan” x
tan 2x = 1—tan’x
eH S © R
tan x + tan y
tan (x +y) = 1 - tanxtan y
] 2tanx
Yo T W x @ W, T N T, e
—tan x

sin 3x = 3 sin x — 4 sinx
&1 UM €,
sin 3x = sin (2x + x)
=sin 2x cos x + cos 2x sin x
=2 sin x cos x cos x + (1 — 2sin’x) sin x
=2 sin x (1 —sin’x) + sin x — 2 sin*x
=2sinx—2sin*x +sin x— 2 sin*x
=3 sinx—4sin’x
cos 3x =4 cos’x — 3 cos x
&1 UM €,
cos 3x = cos (2x +x)
=C0S 2x COS X — sin 2x sin x
= (2cos?x — 1) cos x — 2sin x cos x sin x
=(2cos’x — 1) cos x — 2cos x (1 — cos’x)
=2cos’x —cos x —2cos x + 2 cos®x
=4cos’x — 3cos x

3tanx—tan’® x
1-3tan’ x

B0 Ud €, tan 3x = tan (2x + x)

tan3x =




Sermfade ®em 77

2tan x
_ tan2x+tanx  1-tan’ x
l-tan2xtanx | 2tanx.tanx
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sin (x +y) —sin (x —y) =2cos x sin y .. (8)

HAT fhx+y=0ddMx—y =0, SHAT

oy

(3), (4), (1) A1 (8) ® x 3R yoh HH TWH W, &9 Id €,
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0 0—
cos 8+ cos ¢ =2 cos [%d)j cos [Td)j

cos O — cos ¢ = — 2 sin (e;d)jsin[e_d)j

2

sin @ +sin ¢ =2 sin (%}305 [%}

sin O — sin ¢ = 2 cos [%}sin (9_;1)}
iR © T ¢ hl IS aATEATh & HH Fehd 21 TH O o T Wy q1 ¢ o M
Wy W, g9 UM &:

Xty x-y . Xty . x—y
cos , COSX —Ccosy=—2sIn > sm—2 ,

cos x + cosy=2cos

x—y xX+y . x—y

+y . .
cos ;sinx —siny =2 cos

sin x +sin y =2 sin
Heigtient 20 ¥ g9 =1 oo U €

(i) 2 cosxcosy=cos (x +y)+cos (x—y)
(ii) —2sinxsiny =cos (x +y)—cos (x —y)
(iii) 2 sin x cos y = sin (x + y) + sin (x — y)
(iv) 2 cos x sin y = sin (x + y) — sin (x — y)

g wife:

) .5
3sm£sec£—4sm—ncot£:1
6 3 6 4

a9 = 3sin£sec£—4sin5—ncotE
6 3 6 4

3 ! 2 —4si (TC Tfj 1=3—-4si I

= X — X — - | X = — -_

5 sin p sin

1 .
=3-dx o =1 =T U



sin 15° &1 A 1A hifs|

sin 15° =sin (45° - 30°)
= sin 45° cos 30° — cos 45° sin 30°

R B W
V22 22 22

131
tanE <h] HIF FATd cAlS I

137[— 7:+1 = 1—tan rr
tan 2 = tan 12 = tan 12 46

tan =~ —tan -~ 1—i
i B -1,

lthanEtanE l+i ‘/§+1
3

g wifa:

sin(x+y) tanx-+tany

sin(x—y) tanx—tany "
Tq U T,

- sin (x+ S1N X COS y+€os xsin
anit qey = SNOHY) y y

sin(x—y)_sinxcos y—Ccosxsiny
39 3R B I cosxcosy W ToANSH 1 T, &9 9 €,

sin(x+y) tanx+tany

ST e = sin(x—y)  tanx—tan y

femme

tan 3 xtan 2 x tan x = tan 3x — tan 2 x — tan x

B0 S ® fh 3x=2x+x
LS Gle tan 3x = tan (2x + x)

tan2 x+tan x
q tan3x=

1—tan 2xtanx

o RIRE

et w79
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=

tan 3x — tan 3x tan 2x tan x = tan 2x + tan x

tan 3x — tan 2x — tan x = tan 3x tan 2x tan x

tan 3x tan 2x tan x = tan 3x — tan 2x — tan x

fag wifsu:
COS(E‘FXJ‘FCOS(E—XJZ'\/E COS X

4 4
FEEHR 20(i) 1 STEAM FH W, 89 W T,

T cos E+x + cos E—x
EIRIREE 1 1

= 2cos

1

T <
=200sz cosx =2 % ﬁ cos x = f2 cos x = Al 9

g =ifsig

cos 7x + cos 5x

sin 7x —sin 5x

=cot x

FEEHeRTE 20(i) A1 20(iv) T ST HH W, TH UM T,

ol gey =

2¢co

Tx+5x Tx—5x
S cos

2

COS X

2¢os

Tx+5x . Tx—=5x
sin sin x

2

= cotx ZﬂTéﬁ' qe]

sin5x—2sin3x+sinx
95 TSI =tanx

T UM €,

ol gey =

cOSS5x—cosx

sin5x—2sin3x+sinx _ sin5x+sinx—2sin3x

cOSS5x—cosx

cOSSx—cosx
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2sin3x cos2x —2sin3x _  sin3ux (cos2x—1)

—2sin3xsin2x sin3xsin 2x

12
I-cos2x  2sin” x

= : =7 = tanx = qu\"l 9
sin2x 281N XCOS X

g ifaa:
: 2_+ 2 — t ZE—__ 2 2£+ 2 7_TCCOS2£—E
sin c cos 3 an 7 3 sin c cosec 33

5 .23

cotzg+cosec£+3tanzg:6 251n2—n+20052£+25e02£:10
M A hiTSIC:
(1) sin 75° (i1) tan 15°
frafafas =t fag sifew:

cos| T~ x |cos| Z—y |—sin| E—x |sin| - =sin(x+y)
4 PR 4 47 Y
T

tan | —+x 2
[4 j_ (l+tanx]

[n j_ 1—tan x
tan | ——x
4

cos (m+x) cos(—x)

sin (T—x) cos [g + xj

2
= cot'x

3 3
cos [%erj cos (2m+ x) {cot [%—X}FCO’E (2n+x)} =1

sin (n+ 1x sin (rn + 2)x + cos (n+ 1)x cos (n + 2)x = cos x

3 3 .
CcoS (Tnerj—cos (Tn—xj = —2sinx
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sin” 6x — sin?4x = sin 2x sin 10x cos? 2x — cos? 6x = sin 4x sin 8x
sin2 x + 2 sin 4x + sin 6x = 4 cos? x sin 4x
cot 4x (sin S5x + sin 3x) = cot x (sin 5x — sin 3x)

cos9x — cosSx sin2x sin5x +sin3x
- - = - =tan4x
sinl7x —sin3x coslOx coSS5x + cos3x
sinx—siny xX—y sin x + sin3x
— = tan — —tan2x
COSX + COS y 2 COS X 4 cOos3x
sinx — sin 3x ) cosdx + cos3x + cos2x
— =2sinx - - - = cot3x
sin” x—cos” x sindx +sin3x +sin2x

cotx cot 2x —cot 2x cot 3x —cot 3x cotx =1

4tan x (1—tan”x)

1-6tanx + tan*x

tan 4x = cos 4x = 1 — 8sin? x cos® x

cos 6x = 32 cos® x — 48cos* x + 18 cos’ x — 1

T = U FeiidE wer e @ e w1 et wfer ' € 3|
A% H, B9 TN Il o Bl o T B9 UEe UG goh © 1 sinx q¢l cos x b
HH H 27 eIl o U9 GG Bl @ 99 tanx o W H 7 3TqUe o qeEd TG
Tt 21 PR roIidta FHieRt oF TH g SRl 0< x< 2n ¥l ¢, WA &A ( principal
solution)ﬁ?ﬂﬁ%lW‘n’@%@ﬁﬁ%ﬁﬁ%ﬂﬂﬁﬁﬂ&@ﬂw
WW%,?@WW(generalsolution)W%IWW%W@
VAR R ENETUL
FrAfafaa 33r Havfida afeol & g #H 5 98EE Bl

Wsinngwg@wmﬁm|

.2 . ) 3
%‘qﬁlﬂﬁ%fm" sinE:£ qasn s1n—n:sm n—E :Slnfz_
3 2 3 3 3 2

2
zafely, & & ngam ?n%|

1
wﬂwtanxz—fwg@qwamﬁﬁm
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3
agr tan[Zn—Ej——tanl—_L
6 6 3
TH Yeh[{ tans—n—tanﬁ—_i
6 6 NE)
51 1m o
THfeT, q&1 & s ?%

e, B9 Trepiuritda Wil 1 =09 8 [ S| B9 3@d ©
sinxzoﬁxznn,aﬁne Z

T >
cosx =O?ﬁx=(2n+l)5,7ﬂ%'[ne Z

319 g\ 1= gfomm fag =i
frl arafas @ x a1 y & foau

sinx=siny@lxznnJr(—l)”y,Tflﬁne Z 9 e 2
% sinx=siny, @

) ) xX+y . x—y
sinx—siny=0 31 2cos sin =0
X+ X—
?ﬂﬂﬁ cos y=Oquin y=0
X+ T xX—y .
EESIiCly 2y=(2n+1)5?ﬂT=nn,TﬁTneZ
?ﬂﬂﬁ x=2n+)mn-y qTx=2nTE+y,TT|%aneZ
31d: x=(2n+l)TC-i—(—1)2””y'ﬂTx=2nn+(—l)2"y’G|ﬁneZ

S9ded A Rorml i frem W, '9 U & x=an+ (-1)'y, ®ine Z

HIE ardfge @MU x ddTy & AT, cos x = cos y & x= 2am £ v,
SElne Z 9= B 2

T cos x =cos y, Tl

Xty | ox-—
cosx—cosy=0 aﬂﬁ—Zsm 7 sin 2y=O
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L Xty LX=Yy
ERSIETA sin =0 9 sin 5 =0
X+y X—=y <
afeTe =nn Al =nn,Sélne Z
?ﬂﬂﬁ xX=2nm—y qTx=2nn+y,TflﬁneZ
A x=2nniy,5|ﬁneZ

g wifse o afg xqeny gﬁwwﬂﬁ%?ﬁ

tanx=tany15|x=nn+y,5|ﬁne 7 9w Bial 2
I tanx=tany, @ tanx—tany=0

SINX COSy—CcOSXsSiny 0

COS X COS Y
gl sin (x—y) =0 (A7)
ELIGI Xx—y=nn A x=nn+y, TWne Z

3
sinx=—§®%ﬂ§ﬂﬁﬁﬁﬂ{l

. . .4

%‘E{qﬁ% sinx=—£= —SIHEZSIH[TC-FEJ:SIH—TC

2 3 3 3
. . 4n
3d: sin x = SIn—
3

L, 4m -
SR x=nn+(-1) ?,H%Tnel
47

?XWWWW%WW sinx:—?%ucwﬁgeﬂ

T T ARl G B Rl ST Hehal , foreer foe sinx:—gﬁ,q%’mﬂ
fafeel o 9 e ww @ e Juiy o yorem: fatee e 1 ded 2
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1
cosxzzﬁw T
. 1 T
T UG ® COS X =— =COoS—
2 3
e x:2mti§,5|ﬁne VA

tan 2x = —cot(ergj & A Hife|

3q qrd % tan 2x:—cot(x+§j = tan(g+x+§J

hY/4
T tan2x = tan x+?
St -
e 2x:mt+x+?’a%'[ neZ
St -
a0 X:mtJr?,Tﬂ%T nel

BE iU sin 2x — sin 4x + sin 6x =0
gfHE & forE gEd §,

sin6x + sin2x —sindx = 0
Ell 2sindxcos2x —sindx =0
DI sin4x(2cos2x—1) =0

1
I sindx=0 = coszxzE
EEIGY sindx = 0 31 cos 2x = cos%
o Ax=nn I 2x22’mi§,aﬁ neZ

DI x:nTit q7 x :nnig’aﬁnez
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TA HINT 2 cos?x+3sinx=0
TR %] 39 YR o wehd ©

2(1— sin’ x) +3sinx =0

Rl 2sin” x—3sinx—2 =0
a (2sinx +1) (sinx —2) =0

. 1 .
3d: s1nx=—5 g sinx=2
LG sin x =2 319g 2 (A7)

1 . In
LI inx= —— = SINn—
sin x > 6

LT o
a@:, ga: x=nn+(-1) - 2, Eine Z

Fefafea TRl &1 T8I el A9 & T1d hifell:

tanx:\/g secx =2
cotx:—\/g cosecx=-—2
Trefafiad gcieh TRl &1 19k B 1A ohifaId:
cos4 x=cos2x cos 3x + cosx—cos 2x =0
sin 2x + cosx=0 sec? 2x = 1- tan 2x

sinx +sin3x+sin5x=0

3 12 - . . .
g sinx=g, cosy=—E%,Tﬂ%Tx?MT yEA fodta agerie | ferd

g @ sin (x + y) HT 7 TG Bt

&0 WA € R
sin (x +y) =sin x cos y + cos x sin y (D
) 9 16
SiE cos? x=1-sinx=1-—=—

25 25
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4
=qfoTg cos x = ig
Hifer x fgdta =gufs o fem 2, 31@: cos x =TS 21
4
3d: cCosx=——"
5
) 144 25
Aq sinfy=1-cos’y=1-——=—
169 169
) 5
?ﬂﬂﬁ s1ny=4_rE

Fifer y fgda =qefsr o fem 2, sin y ¥Fce 21 3HiAQ sinyz%%l sin x, sin y,
cos x A1 cos y 1 HIF HHIHWT (1) H T@H W, 87 I €,

: 3 12 41 5 36 20 56
sin(x+y)==x| —— |+ = |[x—= - —-"—=-"
5 13 5) 13 65 65 65

9 ) .5
fag W: cos 2x cos%—cos 3x cos;x =sin 5x sin Tx
T U T,

. 1 X 9x
7 = — | 2c08 2x cos——2¢C0S — COS 3x
= [ 2 2 }

:l cOS 2x+£ +cos 2x—ﬁ —CoS 9—x+3x —CoS 9—x—3x
2 2 2 2 2

1l sx 3x 15x x| 1] sx 15x |
= —Lcos—+ COS— — COS—— —COS— | = —Lcos— — cos—J
2 2 2 2 24 2 2 2

5x  15x 5x 15x] |
1 > T PR
2 oginl2 2 (gl 2 2
=2 2 2

. . Sx ) . 5x .
= —sinSx sin —7 = sin5x sm; =TT gey
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T
tan—wtﬂqaﬁ?ﬁ\am

T iy ngﬁr?ﬁZx:%

2tan x
3= tan2x = ————

1—tan” x

2tanE
- tan— = ;

I-tan® —

o 2y
HH i y—tang?ﬁl—l_ 2
q yV+2y-1=0

24242
Tafeg y=— = 1442
~ T . i
WgHWﬂﬂﬂfﬂﬁﬁ%ﬁ%,thangw%l T
tang:\/z—l

3 3r X X X
T tanx:z,ﬂ<X<7,?ﬁsin5,cos5 qn tanz& M J@ hifed|

! 3n
FiifeR m<x < 2 TUMIT cosx RUTHE 2|

m_x_3m
EAE 2 2 4

X X
Wmsinzaﬂﬁ%‘mﬂ% cos;Wc K3uil

9 25
S| sec’x=1+tan’x = l+—=—
16 16
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16 4 .
=gqfelq cos’x=— Acosx= —— (H?)
25 5
2 g 2£_ _ i_g
sin =]l—-cosx=1+—=
2 5 5
X 9
Wm L R
M T 0
X 3 .
sin5= E (F1?)
200s2£=l+cosx=1—i=l
2 5 5
X 1 X 1 .
ELIGI 2—=— 7 —=—-—=  (F?
% T o €55 T
X
x o 3 (=410 .
tan — = = XL Jz—
x4
oS 10 1
g HINT: cos?x + cos?| x+ = |+cos?| x—= :E
3 3 2
39 UM %,
1+ cos 2x+ﬁ 1+ cos 2)5—2—7t
S 1+costJr 3 N 3
- 2 2 2

| =
[ 1

2
3+cos2x+cos [2x + 2?71:j +cos [Zx — ?nﬂ

N | =

2
3+ cos 2x+ 2cos 2x cos ?n}

| =

3+cos2x+2cos2x cos [n —%ﬂ
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= l 3+cos2x—2cos2x cosE
2 3

1 3
= —|3+cos2x—cos2x|=— ==
3 1=2 =i o

fag +ifsT:
by

T Or 3n
2c08 —cos—+cos —+cos —=0
13 13

(sin 3x + sin x) sin x + (cos 3x — cos x) cos x =0

X+
(cos x + cos y)* + (sin x — sin y)* = 4 cos? > Y

x
(cosx— cos y)* + (sinx— sin y)* = 4 sin? 2 Y

sin x + sin 3x + sin 5x + sin 7x = 4 cos x cos 2x sin 4x

(sin7x+sin5x) +(sin9x +sin3x)

=tan 6x
(cos7x+cosS5x) +(cos9x + cos3x)

X 3x

sin 3x + sin 2x — sin x = 4sin x cOs 5 cos 7

Ffafad g&s a9 ffsin%,cos%ﬂ%’[ tan% I it
4 1
tanx = —;,x]%?ﬂ'q =gefe § 2 cosx = -, x gar =qete o 2

sinx =

I Ueh o, TRl 521 7, =19 oh1 el /A1 ohs O 3fafRRd 1ol O &M €,
AWl=r0

%@?Wz%xwm
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St A9 = —x {eam A
T
2 0 o
cos”x +sin“x =1
1 + tan’x = sec’x
1 + cot?x = cosec’x
cos (2am + x) = cos X
sin (2nw + x) = sin x
sin (—x) =—sin x
cos (— x) = cos x
cos (x T y) = cos x cos y — sin x sin y
cos (x —y) = CcoS X COS y + sin x sin y

T
cos(E—x) = sin x

Y/
sin (E—x)=cosx

sin (x +y) =sin x cos y + cos x sin y
sin (x — y) = sin x COS y — COS X Sin y

T U
cos | 5 sin x sin | 5 coS X
cos (T — x) =—cos x sin (T —x) =sin x
cos(m +x) =—cosx sin (t +x)=—sinx
cos (2 — x) = cos x sin 2n —x)=-sinx

a&x,yaﬁx(xiy)ﬁamwgwﬁmwaﬁ%,aﬁ

tanx +tany
+y)="T"—
({5 3) I-tanxtany
tanx—tany

tan (x —y) = 1+tanxtany

T x, y 3R (x + y)H ¥ HIE B 1 1 o9 Ok @, @

cot xcot y—1
cot (x +) = cot y+cotx

91
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cotxcot y+1

cot (x —y) = cot y — cotx
i ) 1—tan’x
cos 2x =cos’x —sin’x=2cos’x—1=1—-2sin x =75
1+tan"x
. . 2 tan x
sin 2x =2 sinX cOS X S
1+ tan“x
2tanx
tan2x = —"— 5
1-tan~x

sin 3x = 3sinX — 4sin* X
cos 3x = 4cos*x — 3cosx

3tan x—tan” x

3 =
tan 5x 1-3tan® x

. X+y X—y
(1) cosx+ cosy=2cos > cos >

X+ .X—
i Sin Y

(i) cosx—cosy=—2sin

. . . Xty Ay
(1it) sin x + sin y = 2 sin cos
2 2
xX+y . x—
(iv) sinx—sin y = 2cos Y sin v
2 2
(i) 2cosxcosy=cos(x+y)+cos(x—y)
(i) —2sinxsiny=cos (x+y)—cos (x—Yy)
(i) 2sinxcosy=sin (x +y)+sin (x — y)
@iv) 2 cos x siny =sin (x + y) —sin (x — y)
sin x =0%® A x=nn, @ ne Z
T o
COS X =Oﬁﬁx=(2n+l)5,WneZ

sin x =sin y 8 @ x=nm+ (- 1)"y,5|ﬁne Z
cosx=cosy,€sf ?ﬁx=2nniy,aﬁne Z
tanx=tany€31 ?ﬁx=nn+y,3|ﬁne Z
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WﬁWWWWﬁWWﬁW(Sme) 3R He
e afier 1 o foerr fagia (Seepd 9 | foran T sEfadta ) o far T
2 fStwent dreE T o 3fier o vq@ 2

AR TUH (600 8.) 7 90° | ek, IVl o sine o HIM o T g fa
o WieTed! TaTeal ol Horaery 9o | & ik 9 ¥ sin (A + B) % Y9R &
Th SUUTT 21 18°, 36°, 54°, 72°, JAME o sine I cosine o (OIS HH WEHT
fadt 5 fw T R

sin”! x, cos™! x, 3 ! =AY sin x, T9 cos x, M F TIMH T FAN HL I
Waﬂﬁf@ﬁﬁ Sir John F.W. Hersehel (1813 ©.) g1 feU 7T 91| =g ﬁ?{ﬁ
Gaifid 994l & WY Thales (600 €. gd) =T 1 TIRE™ €9 U FeT €21 &1 3=
oy o weM fyufte #1 S & |99 %1 99 9 2| 39 o 3= Uk a1
SIS o WEFH <8 a1 fRIHe 1 Weigdl i A9t Seh STl i qoil ol
W feRan em 3 S @

l_le
S

== = tan (§ T I~Ta190)

Thales %! TS SN &1 S 1 TN A 1 FF 99 @ Srar 21 5k
T =M TAEY 1Sl oF T 1 WA foman on S 31 < Herfl oA w1
& GAHEY Sl 1 "eEd | g 9 S o e 2
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(Principle of Mathematical Induction)

**Analysis and natural philosopy owe their most important discoveries to
this fruitful means, which is called induction. Newton was indebted
to it for his theorem of the binomial and the principle of
universal gravity. — LAPLACE <

4.1 91;&!3'7[ ( Introduction )
T o w1 TR sTeRyd fagia w9 R
eI o 1 W Igd U SHTEe 3 e qeh
%1 ISR A HUA § oFe deh ©i-

() GFTA TF WIA 2

(b) G+t AT "R 2, gHfeg,

(c) GHU FORMA 2

e 2 (a) 3 (b) Ted B, Tl () 1 el Tfid 2l
39 TSl SERL | T 99 o fau g9 foe "ed 2

() e« 9 9T 2l

(i) = ¥ 959 HIE HEA §H " B, 6, G Peano

(ii) T3 TH T HeA 2 . (1858-1932 A.D.)

39 YR HAY § e T uiha ? ey wed
fag w1 A faan w1 €, fod 7fors o W T S| SR (conjecture) 37eraT
NI heEd €, deh W TE o =R0] Wi T S @ 1 U 3udY wenfud i ST Sehdt
%,aw;ﬁﬁwaﬁ%,mﬁﬁmwﬁwﬁr@ﬁﬁwﬁwﬁrwﬁw
STIIATT T

TR % fada, STeE aeh ok fRufa o TeEe W STAIRA Bl e s
Y% Td & w9g Teufq & =AM o WEd gu geiet o OeT g Weh STgHIHd e
fereniad foran STaT 21 S®eh! TIOTG © Wil: AT fomal STl € a2 oiafiieh Teid, STel 3ifehel
1 HUE a1 fHeTeivor A el €, 1 98 J&T TR 21 39 WK, Wel 9 § 89 &8
Tehd & o e g o ered fafire feufodi = qesi @ sl w4 W 2
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drerTiorg & = T i = wrEnet o, 5w UH 9o O %eE B @ R T
7 QUi 5 o TaI | oAt foha Sl 21 U8 el i fag e & fag fafire s
W i W fagia @ s TiuTdE s Rt faegia (Principle of Mathematical
Induction) e 2l

i o, g Tegul S b1 U w9 S TR ST shed €, W i g1 T
S T9g1d oF el ol §HE o T, heda1 ifY for T gaell SATEaeeR 2gal &l
T TF R W @ ¢, S aRfa 4.1 § wefiq 2

TR A 4.1

W W 2w w1 fAfdw fRen | wenr i S € @ weft e R s gof:
gifyea g o forg for @sft el iR Smded, s s i @ fo

() 999 eea At 8, 3R

(b) SH T § N9 T g (Al B, SEh! STReN ferdd: et 2

7€t ot e fagia w1 SR B

B0 WA € o Wiehd dEmed w1 W= N Akt gems &1 fawi wim
SUET=EE 2| arad |, R 1 99d B suegeEg N @, fed frefataa qor 2

Tk HY=IA S Wi Weed (Inductive set) HEA™ B 4K le S 3N
x+1leSvE wWxe S. FfEH N, S fF G mmis qq==a g, R & God B
SUET=E §, qRomEd: R frdl off U0 suug== § S sHies 2, N stfed &y
9 gHifed e 2

oA AT o &R WIeha WEmei 1, 2, 3,...,n, % A & T Gl 9T s =ed ® e
Th A M n=3 F AW 1+2+3F AN R, n=47F AT 1 +2+3+4FH
T 31 B Sl SR A A o g Rl wehR o e ferverd i ok forg 9fta g

TR I +243+.4n= n(n2+1)1:|E°f 2l
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I g7 a%ad ° e fag e 51 gear €2 79, e @ 1 % R =R T,
¥ QUi A o foIT oM & Ty R Thd §, g 39 Ui %1 9 1 % g
A % fo 9 i fag & T Tkt 215U foaw U R Sfgen & sewasd
2, fSTaeT 999 39 YR *1 8 % T 9R fRE oF quis & fog 99 o fag @ 9 e
o W SAMMH o qUiiehl o forq ¥ PR otd o9 fHg € S @1 3W R i
fspan sj@en i i se fafy g Se= wHe S Skt 21

Foqdl HITT ¥ quifes P(n) @ Fag T fgar oM 3@ 9HR B f&

() n=1 fag e g g 1ufq P(1) 9T § 3R

(i) I n =k Th Whd G&A, & L F FA L A n=k+ 1, % foq off

HUT T B i P(k) 1 Feral 1 acdd @ P (k + 1) S Hel

3a: 9l WIehd WEA % U P(n) WA 21

O (i) W 92 1 A 2| UE qifefaEt ot g "end! € S n> 4ok gt we
o foIu shem @ Bl 39 Teufa o, 999 =00 n =4 9 YRY e 3R 89 9ony o
n=4 % fau s19iq P(4) 9faa 3|
1 (i) Wirsiterd Tqorerd 21 98 FremegEe T wedr T @ we o= ko fag we €,
W ohelel 31 hedl € T A T8 n=k ok T weH WA ®, A n= k+ 15 foag off
T B 9 YR O 1 Wl g o o g Sheer widsifer |1ea (conditional
proposition) @I g % B: “AfR n=k o faq weA T B A T@ n=k+ 1 & foQ
Ff g 2”1 39 Hfi-hedl I et TR (Induction step) el ST 81 9 3THA
Wﬁ‘n:k#mamw%’ﬁaﬁqw (assumption ) A UTeheuqT
(Induction hypothesis) eard 2l

SEreXne: T § g Wk G WIS S Wehdl € St foRel Yed o e g g,
|

1=12 =1
4=22=1+3
9=3>=1+4+3+5
16=42=1+3+5+7, S
e ifSe fop wem < favm wiepa Wt 1 A fgdta yrepa we &1 o @, g e
T WTepd el H1 AN gAT Wiehd WE 1 a9 8, TNl a: 36 Yed 9 yad g
g
1+3+5+7+...+(2n—1):n2,3wf'i
T p foIom Wieha W@ 1 AN o 1 o 2l
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HH lifee TR

Pn):1+3+5+7+..+Q2n-1)=n?

&0 g 3 =Ed € 76 P(n), n o |l A4F o faw g 21 e s &
T oTelt ST9T o Werd wRo1 H P(1) S G fag Fd 21 TH 0 i WA BT Fed
%IW&H:

1 =12 27fq P(1) 9T 2l

3T =0T WA =0T (Induction step ) W%Iqﬁ%ﬂwwgf%P(b
T ® Sl kU Wighd GEAl ® SR BH P (k + 1) 1 Wl (Hg U 1 el
2 Hifs P (k) 9 €, ¥:

Pk)y:1+3+5+7+..+Q2k-1)=k (D
P (k+1) T Ta=r &ifeg
Phk+1):14+34+54+74..+Q2k=1+ {2(k+1)-1} . (2
=i+ 2k + 1) [(1)3F 9 9]
= (k + 1)

A, P (k+ 1) 9T © 3R 319 emfrer sqafa qof g8l
Ia: 9t ik HE&ASA 1 % AT P(n) @ 2l

qdl n> 1 fau, fag ST

12+ 224+ 32+ 4%+, . +n*> = n(n+1)é2n+1).
M ifSg o 5o %eUm P(n) B, @1efq
P(n): 1P+ 243+ &+ 400 = ”(””2(2”“)
% BT PO 1 1(1+1)(62x1+1)= 1X2X3=16ﬁﬁwé|
ferelt o qUifsh &k o fore oo HifT fok P(k) 9o B, @eifq
124204 34+ 44, 4 K = k(k+1)6(2k+1) (1)

ae BH fag w8 & P+ 1) o 2,
(12 422 432 +42 +. .+ )+ (k+1)?

_ ke D@EAD gy [(1) & W= 9]
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_k(k+DQk+D+6(k+1)°
- 6

_ (k+D QK> +7k+6)

- 6

(kD1 D20+ D) +1)
B 6

39 YR, P(k + 1) 94 € 5@ &4l P (k) §F 21
ara: o e fagia @ |t yieha "ems N o fau e P(n) 9 2l

g4t o quiier n e faw fag wifse fh 27> n.

HH @i TR P(n): 2" > n
S& n=1, 2'>1. 3@: P(1) 9 2l
FHed St fop Frel o quies ko foaw P(k) wer @ arerfq
Pk) : 2¢ > k (D)
a9 & g 0 R P(k +1) 9 © 59 &4 P(k) 99 2|
(1) = S 9eff § 2 T TON W W W
2.2¢> 2k UW HW 2
DI 2k Sk =k+k>k+1
T, P(k + 1) ¥ & S S P(k) T 1 31 TG ST g, Wik o quiih
ne foq P(n) ¥ 2

adt g n > 1 & o, fag wifew:
111 1 n

+ot =
1.2 23 34 nn+l) n+1-

M witey fr fear weF P(n) © 9o &9

1 1 1 n
P: 75733732

1
+ ...+ = = 3
2 23 34 n(n+1) n+1"’“9‘°'%

I 1
TR P(1):—=—
A ()1.2 2

Feq FifSe foF quis k& foau P(k) 9T ?

zﬁ,a“rﬁmrw%mzp(n),n:l#mw%



T AP T Hgid 99

11 | k
— et ——t— .t =
e 12 23 34 k(k+1) k+1 - (D

BHP(k + 1) &1 T fag &1 € 99 P(k) ¥ 21 39 2 Ffafad ® famr wifsw)

1 1 1 1
—t+—+—+..+ +
1.2 23 34 k(k+1) (k+1)(k+2)

- LJFLJF—JF...JF L |4 !
1.2 23 34 k(k+1) | (k+1D(k+2)

k 1
=%+l kaD(kt2) [(1) % W ]
k(k+2)+1 K2 +2k+D)  (k+1)"  (k+1)  (k+1)

Tk D(k+2) T DK+ T (ke 1) (k+2) | (k+2) (k+1)+1

3 ThR HEAP(k + 1) T B S8 4 P(k) §cd 21 37a: 0T A gl g et
quifehl n>1 o faT P(n) 9 21
dF o9 ik n % o, fag wife fF 79— 3, 4 9 fgafsa g 2
o Y e oM P(n) ® el
P(n): 7"—3", 4 9 fawfsa 21
B UM €
P(1): 7'-3' =4 T 4 9 fawfsa & 21 38 IR P(n), n= 1 o ToQ 9 2
Hedl HITSY o Th o9 quie k% fQ P(k) 9 2,
arerfa, P(k) : 75— 3%, 4§ fawifea giar 2
ad: en for@ Wehd € 70— 3¢=4d, W&l de N.
@, g9 g e =ed ® Pk + 1) 91 €, 5 &9 P(k ) ¥ 2
70D 3k D = JED 7 3k 4 7 3k 3k 4D
= 7(7* = 3%) + (7 — 3)3*
= 7(4d) + (7 - 3)3*
= 7(4d) + 4.3% = 4(7d + 3
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affom ofer @ &9 <@d € fR 76+ —3¢+0 4 | fauife gl 21 56 YR, P(k + 1) 94
2 W Hf P(k) Ted B1 sEfer, T e fagia W wedsh oF quiih ook fera sher
P(n) & 2|

gt yrepa W& n % faw fag IS & (1 + 07> (1 + nx), &
x>-1.
T+ offee for o sem Pn) @
1 P(n): (1 +x)"> (1 +nx), x>— 173 faQ

EC| n=1,P(n)¥A & FE (1+0) = (1 +x) S x>-1% fag 91 2
Tl Hitae TR
P(): (1 +x) > (1 +kx), x>— 1 §A 2l (D)

79 g9 g o0 ='d € TPk + 1) ®F €, x> -1 o fou, s &4 P(k) 9 21
. (2)
AR (142 = (1 + 0 (1 +x) R fo=wR S
G 8 fF x>-1, 38 ¥R (14x) > 0.
EITLe (1 + %)t > (1 + kx), 1 94T &L 89 UM &,
(1 +x) 121+ kol +x)
DI (1 + )+ > (1 +x+ kx + kx®). G
Tel k U Iehd W@ € 3R x? >0 TH WhR kx? > 0. 3T,
(1 +x+kx+kx*) 2 (1 +x + kx),
3R T TR, TH W FW@ &
(1+x)" >0 +x+ kx)
DI 1+ x> [1+1+kx]
T YR, we (2) fag ear 21 sra: it s fagia 9 9 wieha gemst o o
fau P(n) & 21

fag #IC o 9t ne N& faU 277+ 3.5 -5, 24 9 99 2

T ST 5 HeF P(n) 30 TR qRHfE @ T
P(n) : 2.7"+ 3.5 5,249 W9

Sd n=1% T P(n) ¥ T 89 U0 ©
2.7+35-5=24<0 fF 249 97 2|
FEAl SHItT 3F P(k) 93 2
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DI 2.7+ 3.55-5=24q, V@R ge N o (D
19 79 THg & =ed € Pk + 1) 99 21 5& &9t P(k) 99 2
9 UM €,
2.7 43541 _5=27¢ 7 +3.5 5 _5
=727 +35-5-35+5]+35.5-5
=7 [24q — 3.5+ 5] + 15.5* =5
=7 x24q-21.5+35+155 -5
=7 x 24q — 6.5 + 30
=7x24g -6 (5°—5)
=7 %24 -6 (4p) [(5—5), 4 &1 0 & (F?), pe N
=7 x24q —24p
=24 (79 - p)
=24xr,r:7q—p,ﬁmﬂ@T%| .. (2)
=5 (1) &1 <@ 987 24 9 9 2
39 YRR, P(k+ 1) 9 8, S & P(k) 94 81 31d: MO e fagid 9, |99
ne N& fau P(n) 9 2|

fag =wifsT f:

3
n
124+ 22+ ...+ n? >?,neN

I ST R & R P(n) B,

3
?ﬂﬂf'cL,P(n):lz+22+...+n2 >%, ne N

3
T A 34§ = 1% fau, P(n) v g w@ifw P(1): >%
FHeU HIfT fF Pk) ¥ 2,

3

k
FAA, Ph) : 12+ 224+ ..+ k2 > 5 . (D)

a9 &9 g 0 6 Pk + 1) 9 © 5" &4 P(k) 9 2
FREREI %,12+22+32+...+k2+(k+1)2

3
= (12 + 22 +...+1<2)+(1<+1)2 >%+(k+1)2 [(1)3h 9T 9]
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[K* + 3k* + 6k + 3]

W | =

1 1
5 [(k+1) +3k+2]>§ (k+ 1)
39 YR, Pk + 1) T g1 19 i P(k) 9 2| 37 ORI 38 g ne N o fog
P(n) G4 2|

Y% Uhd W& n oF faq e SIHA fAgid g STaieel ol e
(aby' = a'b" T8 iU

M S &= seE Pn) 21
S P(n) : (ab)" = a'b".
e =M 2§ fh =1 % fIq P(n) @ B, S (ab)' = a'b'.

T FITC P(k) T &

FAA (ab)t = a'b . (D)
B9 fiag 90 6 Pk + 1) 9 © w9 T P(k) 93 2
9, 89 UM €,
(ab)<*' = (ab)* (ab)
= (d* b") (ab) [(1) 9]
= (d*.a") (b*.Db"
= gt | pk+l

TEMAT, P(k + 1) §cd € S8 &4l P(k) T 21 37 O e fagia g0 geieh Wiehd
& n o U P(n) 9 2

Tt ne N foau wforde = fagia o 99 g)1 fag sifse fof:

3" -1
1+34+32+ ... +3" 1= Q
2
2
P+22+33+ ... 410 = [n(nﬂ)j
> )

1 1 1 2n
1+ + .+ =
1+2) (1+2+3) (1+2+3+..n) (n+1)"
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nn+DH(n+2)(n+3)
4

1.23+234 +...+ n(n+l) (n+2) =

2n-13""+3
4

n(n+1)(n+2)}

1.3+232+33+...+ n3"=

1.2+23+34+...+nn+tl) = [ 3

n(4n® +6n-1)
3

1.3+35+4+57+...+4(2n-1) 2n+l) =

1.2+2224+32°+ ..+n2"=(n-1) 2"+ + 2
1 1 1 1 1

vt 1-—
2 4 8 2" 2"

1 1 1 1 n
—+—t Fot =
25 5.8 8.11 (Bn-1)(3n+2) (bn+4)

1 1 1 1 nn+3)
+ + Hot =
1.23 234 345 nn+)(n+2) 4n+)(n+2)

a(r" 1)
r—1

[1+§j [1+§j [1+ZJ...[1+(2n;rl)j=(n+l)2
1 4 9 n
(IJAJ (1+lj [1+lj...(1+lj:(n+l)

1 2 3 n

n2n—-1)2n+1)
3

L-l———i——l +..+ ! = "
14 47 710 7 (3n-2)3n+1) (Gn+l)

a+ar+ar*+..+ar' =

12+32+5 +..+(2n-1)* =

LS S S 1 __n
35 57 79 7 (@2n+D2n+3) 32n+3)
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1
1+2+3+...+n< §(2n+1)2

n(n+1)(n+5), & 3 H TH N 2
1071+ 1 €& 11 § 959 2l

K=y (x+y)H AN 21

322 _gn 9, HEM § W A 2l

417 — 14", G&AT 27 1 Th TN |
2n+7)<(n+3)?

ot a1 T ga R FreAEs faee @1 fE o faad,
SIS fae=d, a1 <emell o 1e9H g Wk STIHINA oA faeiad &
T R e €, Siedes o6 8 Uk <90 K1 Y 7 Y fordn T el
Tt e fagia W UE wEE ® fSee v fafad wer e i
Fe 1 fag F o fau fFan <1 gear €1 oF quifel o Wl 39 YR
o Y YA I P(n) 91 o ©, TSEeh! @l o= 1 % fau S S 2l
T aR fRel oF qUuifes k, % faT P(k) T T 1 TH HX P (k+1) Fi
goaar fiag & 2

1 Teheqett SR fafuat o fawda nferdta e g swufa fret safe fae
sR1 fRdt e s o foran o enfashR &Y €1 7w ww S ? f
3T T9gIa Phythagoreans bl 1A 1| UM STFHA THSId o6 YRY &L ol
99 widiE! e Blaise Pascal @i &1 STl @1 A ¥R w1 WA S
T John Wallis = {21 ol &% & 36 fogia =1 94 f5ug 9897 1 s9ufa
YT S | fRal 711 De Morgan = U oF &3 | fafy= fawal © aga 4R
e B1 o€ Ued <At o, fo=iv s aftwfia fopan 2 @ik wfordiar emmee =m fean
g <1 T gftral % sifeERer @M S o fAW De Morgan w1 M
foenfaa femaml

G. Peano = TI=qd] e STTHRONSAT oF YA GRI UIehd WEAISTl ok T[0T o
Sl S w1 ST fomn, 5= o fyami & eifiwgda wed 81 g =
ARG W W Weh o Yok T STTHA @l gl 2




e )

wftmer W@ i fgards vt

(Complex Numbers and Quadratic Equations)

s®Mathematics is the Queen of Sciences and Arithmetic is the Queen of

Mathematics. — GAUSS *#

5.1 9fiert (Introduction)

el swenstl o en Tk 31K & =X 1 U Sdid Wil
1 AU Teh = 1 g WHIeRLON w1 STeraE foha 2l
T <@ § T SRl 2 + 1 = 0 1 IS ardiaeh g el
2 HifR 2+ 1=0" 8 ¥»=— 1 O el @ 3w
arEdfeeh @Al 1 a7 S0l el ® SHfT Srdterh W
TUTTEA! <! 98 YUITell o &9 § §QM i SAEeaehal 8 ™
TR W HHIRIUT 2 =— 1 =1 &1 YT L Heh | A |, §&A
IR FHHOT ax? + bx + ¢ = 0 ] A U T 8, &
D=0’ 4ac <0 %, s ardias Seqet # qored o

el T 2 W.R. Hamilton
5.2 wims W& (Complex Numbers) (1805-1365 A.D.)

T HeqT w1 o /] Wohad i § FEfaa €1 9@ 76 i = -1 g €1 e A
2R i e 2+ 1=0 % T &4 2
a+ib % YR I Tk H&H S8 ¢ 3R p ARl G@AN 7, T 9iEy e

-1 .
TRy et |1 SSR & fAw, 2403, (< 1)+ i3, 4”(3} Hitay gead g
AiEY W& z=a + ib & U, ¢ IAfSer 9T FEadl 8 a1 Rez gR1 F&fud
o STl B 3 b hTeufsTer W shegardl @ qe Imz g0 Tefud fRan s 81 Seea
% o, afx z=2+i5, 7@ Rez =2 3R Imz =5 3 AA W& 7, =a +ib A z,=
¢+ id FH B Afg a=c3ﬁTb=d.
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qﬁ{4x+i(3x—y)=3+i(—6),5|ﬁx3ﬁT yWWH@T@%,WxﬁTy
1 hitelq|
T faon 7
4x+iBx—y)=3+i(—6)
T AR o SR(Eeh qU1 HIed(eh WN i WHM oid 8¢, BW Wi Bl €,
4x=3,3x—y=-06,

5= 199 & FH |, xziaﬁt y=¥

(1)

T YW H, '9 Wiy wemst o deriud &1 fasm i

Itz
z1=a+ib3ﬁ1z2=c+idﬁ§ﬁqﬁ3:[5ﬂ#@qﬁ%|ﬂaz1+z2$qﬁﬂﬁﬁﬁ%’f@ﬂ'{?\q
o ity fopan s 2:

2, +z,=(a+c)+i(b+d), S & T: Tk wfmg wen 2

I F faw, 2+ 3)+(—6+i5)=Q2-6)+i(3+5)=—-4+i8

Titny e o 9 Frefatad TN $ E@qe w9 2l

() Hewer fFm < wing Semsll & dhd T 9imy 9@ gt 8, aefd
T wftay wemst ¢ a9 ¢, & A, ¢, + 2, T WiEg gen 2

(i) A fafmg fem fe= < wfms gemst ¢ qun z, @ fag

z,tz,=z,t 2z

(i) ®Eerd fraq fe=l &9 wimg gemat z, ¢, a1 z, & fau

(z,t2) tz,=z, T (3, T 2.

(iv) TN AT T TR SiHg §& 0+ 0 (0 % g S0 Sl ?),
AT oA 19l S Wiy T Feam ¢ f9ed fF yos afmy
& 7,z +0=2

(v) TN Giaeiq &7 ifide Yois 9ty 9@ z=a + ib, % foau &
AT G&A —a+ i(— b) (—z % BRI <A ST 2) I Bheft =, Sifeh A
Siaei @1een z 1 RO wEerd €1 B9 Uk @i € TR oz + (—2) =0
(ANTIHR THHHR) |
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ol &t
Himy gest zlﬁT ZZWWZI—ZZWWQWF{WWW%:
2, -2, = 2, + (—z,) ST (6 + 3i) — (2 — i) = (6 + 3 i) + (2 + i) ¥R
Q-+ (-6-3i)=—4—4]

EIERSIISIY
z,=a+ib T z,=c +id FE I Ay Fead F 79 AR ¢, ¢, FeAfafEs &9
Q uftwfea feran man 2:

z, 2, = (ac — bd) + i(ad + bc)

IR & T 3+i5) 2 +i6)=(Bx2-5%x6)+i(3x6+5%x2)=—24+i28
qitny Hems o [F %1 Eiea § fefatEd o el €

(i) Hewer Toram < wfing wensi &1 A%, TH 9ing g T g €, 9
H&?%H@TﬁzlHW22$W,WQ,Z2WW$Q@TW%I

(i) whm fafwe tem =l < aftny gemsd ¢, qen 2, & fag,

ZIZZZZZZI
(i) wgerd fram ol & wfms wemstl 7, 2, @ 2, & fag
(z,2) 7,77, (2,2)

(iv) T[UTIcHeR deleh oAt AT A G& 1+ 0 (1 % gRI S9iar S ),
TUTTATeh T 31071 Tehel WIS HEAl sheard ¢ o fo g |
Tz & fau z21=¢

(v) TuTeIsh Ufdel| @ Ifde Uoish IEW 9 § & z=a + ib

@#0,b%0) F o, of whnd wom —o i (2

a’ +b* a’ +b? (z

z! o g1 <9I S €) 9IS el €, z b1 [UcHe Uideid sheard @ s

SR

o z.%zl(wm)
(vi) @ied Trom for=t 99 aftmy wenst 22y %y = foag

@ z,(z,tz)=22 1tz 2
(b) (z;+tz)z;=2 2 1zz

fongl @

< g wims wemsl a9’ z, & fau, @ g, £ 0, TEA j—;ﬁw%ﬁ@aw@
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Rt e S & jf:zlzi

2

IR T AU, W g =6+ 30 3R 7, =2

- %:[6+3i)le—ij = (6+3i) [22 +§—1)2 +i22+((13)2}
- (6+3i)[25+ij

1 . 1 .
- g[12—3+z(6+6)] :§(9+121)
T wa €

P =ifi=(-1)i=-i, it = (i2)2 = (-1)° =1

i5=(i2)2i=(—1)2i=i, i6:(i2)3:(—1)3:—1 TR,

gﬂr PFEALR gq \3311 Q:i T W -, lﬁl:lxi:L:_l‘, i’zzi: 1 :_1,
%' i1 -1 P2 -1
_ 1 1 i i _ 1 1
3 . .4
| "=—=—x-=—=1i, | =—=-=1
A R A | 41

HHAT &Y ﬁ, Gorei) T’Tﬁm“ k o %I'Q, =, = 2= ] e =

EIES P=—18R (—ip==—1.39fd — 1 & =fger ; 3R —; Bl
T fag  JC1, 1 31 BER fae shaw i B
39 Y @ Whd © T i 3N i S SR 22+ 1 =0 3726 2= —1 °h B 2

=i YR, (\/Ei)zz(\@)zizzs(—l)z—s
do () ()
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T 3% g 3 SR 3%
R @ sheret f3; ! 9 & fau & wdlier /3 o1 WA fohar s 2, ererfq

J=3 =i
YR 9% ¢ U oS i 9@ €, @8 \—q = Ja =1 = Ja i,

&0 W ® T @l e aredfass @@t o $R b % fau Jaxb=vab T
IR 99 ot ¥&= B, S6 a>0,b<0Aa <0, h>0.
B ? A a<0,h<0, B9 SHBI S W ©
e HIT & 2= V1 V-1 = J(~1)(=1) = 1 =1 S =@ a1 1 fo=nes = fR
=1
g9, Ja xb#Jab e ¢ AR b I RO SEATGR FEAT 2
AN AR g 3R p I W B f YA R, 9 WL T F Jaxb=vab =0
&Y frfafed aames =) fag +d 8
fordl wftmyg wemstt ¢ 3K ¢, & fau
(Z1+Z2)2: Z124_Z22+2Z1Z2
Eﬁwﬁ?ﬂ%,(z1+z2)2=(zl+z2)(z]+z2)
= (z, T 2) (g, + ) z, (FT f7m)

=zl 24 4% % (s fram)
=7 27 2 2 CF &1 w4 faf fam)
=z +232, + 25
Tt «ffa en f=fafad acads! ®1 fag & 9 2:
i) (z-2) =d-222+2
(i) (z,+2,) =2 +3272, +3222 +23
(i) (z —22)3 =z —3z7,+32,2 - 5
) 2 -z =(z+2)(z-2)
aT&d H agd ¥ T Tkl 1 i qeft Sredferss et o fag a €, 94
oty gemet 1 o & fau fag fear 1 o 2
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frafafad &t a + ib o ®9 H I HL:

N 1Y
(1) (—5’)[?} (i) (~i)(2i) [—gzj
1Y s, - |
i (=5i) (glJ = gi = ?5(—1) - gz gﬂo
i ) (2i LY 1 .5 I o2 . 1,
i (06 [3i] =2 = 5l 5

(5-3i) Bl a+bieh ®1 H S HL:

B W B, (530 =5 3% 5% (3i)+3%x53i) - (3i)
=125 225i— 135+27i =— 10— 198i

(—\/§+\/3)(2\/§—i) F a+ibF w1 F T B
& o (—\B+\/3)(2\@—i) =(—\/§+\/§i)(2\/§—i)
= 6+\Bit2v6i V22 = (-6442)+3(1+242);

M ST z = g + ib T WS F&A1 €| 9 2 o A6, S |z | R <A1 ST 7, 6l
O aes WS [,2 2 B aRefia fma s @ s |z | = 2,2 R
2 T, Sz GRSl S §, Wi W' g - b E §, 3tfd 7 =a—ib
IR F A, [ 340 |=3 412 =10, | 2-5i [= 427 +(=5) =29,

R 3+i=3-i» 2-5i=2+5i, 31-5=3i-5

eH Uit # € fop SROURK WS W@ 7= a + ib 1 OIS Siaem

1 __a . b a-ib 2
avib  a+b>  d+b: d+b |z
fefiq ZE:|Z|2

sa: Tl < wftmg wemstl ¢ W ¢ % fau frefafea feed & g | sga=
fepal <1 Wehal ©:

.

>, B @
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| A lal
0 |z z|=[z]|=] @ 1%, |y 2 ]=0
(i) z2,=2 2 V) ztz5=7%z
alla
) (ZJ = gz, #0.

2 — 3i %1 OIS Ufdel™ T i)
o fo@n 7 =2 - 3i
Tz =2+3i 3R |z [ =22 +(-37=13
AT, 2 — 3 &1 TOMHS HidaAm

T 243 2 3
= =+ iy |
Fo131313 e &

! =

TR fear o 9w ww Fefafaa &1 9 o e s g v

Ll 243 243 2432 3.
© T 203 (2-3)(2+3)  22-@Gi 13 13 13

s\l

frafafad =t o+ ib & ®9 H T H

542 s
O (ii)

5442 B 5+x/5ixl+«/§i_ 5+5V2i++/2i-2
T T N T T 1-(v21)

346320 _3(1+2v2i) _ L+ 23
142 3
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T 1 9 10 Tk i Ay Genet 4 Y&F Bl g + b F ®Y H e hifoq|
A 3.
(51)(—;1} {9, 419 ;39

37+ i7)+i (7 +17) (1—i)—(—1+i6)

[l+izj—[4+i§j _[l+izj+[4+ilﬂ—[—i+ij
5 5 2 \3 3 3 3

3 3
(1 -0 %+3ij [—2—%1}

Y9 11 ¥ 13 &1 afmy gemnst § gy &1 s gfaay 9 i)
4- 3i J5 +3i —i
Frefafad =aSteh &l a + ib o €9 H SHe IS
(3+i5)(3-iv5)
(V3 ++2i)-(\3-i2)

St for 29 Yed 9 € WId ® T orfass e (v, y) o Yieh shiHa I o E,
e XY T H < IR o W@l o v
el H NI x— 318 y— 3187 G ST STl
2, wh sfgda fag v @ 2 s B(-2.3) AQ2.4)
ity @& x + iy H S A R
(xy) o ET €, 90 § Uk g fag
(x, y) o &9 ¥ A &y fohar s
Hehal 81 € e foeimd: 9 2l

T Wiy "emst S 2 + 4i,
—2+3i,0+ 17,2 +0i,~5 —2i 3 1-2i !
Sifer i I (2, 4), (-2,3), (0,1), (2,0),
(—5,-2) &AL (1, —2) d» ®7d %,
atepfa 5.1 o fageil A, B, C, D, E @R F Y
SN soifirdtg fregur feman e ) 3MeRia 5.1

C(0,1)

SN

Xl

" DR,0)

E (-5,-2) F(1,-2)



7, T g 63 &1 T |fmg
e g e foran T B, wftmns qo
T g q e Bl
e d@ H 9fmy W&A (x + iy) HI
Hres 63 Px,y) § qa fag 0(0,0) &
= w1 3@ U grd giar @
(eTpfd 5.2)1

-9 W Tug, wftgy wemst
a + i0 9 o G Bl & SN y—378] W
fag, wftng @&met 0 + ib ®9 o 9
2 21 e qa ¥ xa1e 3R y-3e
U A 3187 3R hIeuiTeh 3187
FEA 2

X €

oty TEnd ok fgamda wefisho

b
{Xs
+

113

P(x, )

> X
(0,0)

\4
YI
MMeRfa 5.2

WWﬁWﬂH@Tz=x+iy3ﬁTWW Z=x—iy hl fagsl
P(x, y) 3 Q(x, —y) o g Taefga fwan wn 21 saifuda 9o |, fag
(x, —y) oTE(EE A&l o Guel 6 (x, y) 1 540 gidfss seend © (2eptd 5.3) |

Y
N P(x,y)
X € 5 > X
\,, Q(x,—y)
Y
MR 5.3

AT T faig P, oreR WiHs €& 2= x + iy 1 & st 81w for e
EEs OP 1 ook r © 3R 6 98 &I ¢ Sl OP, x—3181 ! [k {390 o 91

AT B
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g0 [ < o P arfash Sewst o
HHd W (r,0) ¥ Afgda w9 9 FuiRa

> <
<
O

o T 31 (1,0) 55 P % T P A
HEAM € 3Mepla 5.4 fEw o
=0 T g Y g9 e x-ot e frm X € ) >X
! R @ 7 2
&l x=rcos O, y=rsin @ 3 E@T
z=r(cos 8 +isin 0), WY & I L&A ‘;{’
B HEAA T AT =y 4y =2 F g IFH 5.4

1 Wi Hed & AR O, WHH FeAl &
THITTIh 1 AW Hearl & al Hiew ¢ § fefua g 2

ot Wi @& 220, 020 <2n ¥ O &1 Shael T4 T €1 B oFf, 21 1
oo o fRdl g, Siate o fAu, SI % AR W < 0< 1 3T YRR K TH
HS T Fehell 71 TH 0 1 UH OF, f59d #1 — < 6< 1, 7 1 WA AW Feaw
2 3N arg z © Frefya foman S 21 eMepfa 5.5 @R 5.6 <fEy)

Y Y Y Y
P P A
o 0
X' X X’ pd \X X’ pd X X" X
0 Y0 - ~ 40/ X %)
0
P 2 P
Y, Y' Y/ Y!
(i) (ii) (iii) (iv)
AMeRfd 5.5 (0<6 <2m)
Y Y Y Y
P P A A
0
0 \\
' X ' & N X' pd X X" X
0
v P v P
Y’ Y’ Y’ Y’

G) (ii) (iii) (iv)
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wfirg wem z=1+iV3 & yda =9 § frefim s

HHT 1=rcos®, /3 =rsin®
Tl T o1 a7 Hieh R SigT T EH U €,

r (0052 0 +sin’ 6) =4

Y pa43
arefiq r=+/4=2 (vfasst w19, r>0) (43
LI cosezé,sinezg X O X
TR W A 0= v
TR i 5.7
AT eTuferd ea &9 2:2[cos§+isin§j
GitAy e W i e 5.7 § g9 T 2
-16
qftyy e i3 T YT €Y H ®UARA it
16 16 1-iV3 P(4,403) A
A& A R TG 0
X' € 0 >X
-16(1-i/3)  -16(1-i\3)
- 1_(1.@)2 1+3 M
3TMeRfe 5.8

= —4(1-i3)=-4+i43 (emfa 5.8)
L —4=rcos 6, 443 = rsin @
T AR o ek 3T Sigd W EH WiW el ® 16+ 48 = rz(coszeJrsinze)
e e W e 7,2 =64, Ui r=8

1 3 n_2=m
= — ] e — e: — — e —
(eI, cos 0 >’ sin O 5 i 3 3
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2n . 2n
— 8| cos— +isin—
Uiy, STavaes a9 ( 3 3j

Yo | ¥ 2 d% Wiy HEeae U goieh okl WG SR RN T ShITeT;

z=—1- i3 z=— 3 +i
e 3 § 8 T 9iHyg WEAS H Y i YEd 9 H ®UARA Il

1—i -1+ -1-i

3 3 Fi i

&0 gl € fgemdia TRl & aR ¥ SR @ SR BEH S| arkdfosh Gest &
= § o feufadl o g fopan @ SRl fafaeet > 0 21 o 8w feafatey fgende
iR & W) # faER & 2
ax2+bx+c=0ﬁlﬂﬁa,b,caﬁﬁﬁ‘wg3ﬁ'{a¢0
TH &ifeu ff 52— 4ac < 0
&0 WA ? T &0 dfinyg qemst o 9= § Hulds adfas gerstl o aiige
el Wehd € TWfaT Suds Wit & eol Wiy wemstl o wgeed | ® Wifh
x:—bi\/b2—4ac :—bi\/4ac—b2i§mwgﬁ%|

2a 2a

TEl T, HB AN I8 A o A g 2, o foreht weftenon o feram

o1 g2 38 ey #, frefafad v 1 seaw (fsn squfa) & foran mn @ o
‘ST i Her gHA’ % w9 H ST ST 21

“Ueh WgUS WHIHIUT 1 HH W HH Th ga gl 2
T YU % Hherka®y gy Frefafad Hewgl gRomd W g 2
“n TG A TH TgIR TR | p gA T F17
X +2=0 ! A HISY
R ® 2+2=0

aA x=-2

S x= /-2 = +2i




oty TEnd ok fgamda wefisho

R+x+1=0 H A HifST
T P—dac=1-4x1x1=1-4=-3

—1i\§:—1iﬁi%

2x1 2
V52 4 x+4/5=0 I T RIS

WW,WWXZ

Tel, THiRToT BT fafaaasil 2 —4x5x5 =1— 20=—19 %

—1+4/-19  —1+19i
T A N 2l

fr=fafea e ¥ 9 9% & gd Sife:

*+3=0 2 +x+1=0
—x2+x-2=0 xX>+3x+5=0

\/§x2+x+\/§=O \/gxz—\/zx+3\/§:0

x2+x+L:O x2+i+1:0

V2 V2

(3-2i)(2+3i) ’
(+20)(2—7) STl S it

xX*+3x+9=0
X*-x+2=0

117

B-20)(2+3)  6+9i—4i+6 12+5i 4-3i

R N = X
(1+20)2-1)  2-i+4i+2  4+3i 4-3i
48-36i+20i+15_63-16i _ 63 _16
1649 25 25 25
(3-2i)(2 +3i) 63 16
- — +—i
(+20@2-p ™ ", 55753 el
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frafafaa affmy T=mst =1 e 19 Sine [d i)
15 W T

I+i 1+i 1+i 1-142i

- = X = =i=0+
1—-i 1-i 1+ 1+1

3, 0=rcosH, 1=rsinB
Tl AR ot ik Siied Y eH U B ®, 2 =131iq r=1q

cos9=0, sinf=1

1+ . .
TH YRR :wmwﬁamﬁwg Buil
1 1—i 1-i 1 i

@ 15 ar)d-i 1+1 2 2
1 1

TH i 5=rcose,—5=rsin6
9T (i) 1 T €H IE F g,
O S
r—\/z,cos =5, sin®= NG
W 0=

1 . 1 . -7
T amWT%|
a+ib

A x+iy= o & W, TEg W R 2y =1

(a+ib)(a+ib)  a*—b*+2abi a*-b*  2ab

. o _ _ + ]
ﬁW%, X+ly (a—lb)(a+lb) Cl2+b2 - a2+b2 Clz+b21
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| . (a* —b*)> 4a2p?
W L =) ()= (T )

(a* +b*)?
T (@ +b*)? T

0 1 adiaeh HF 9dsU, €

3+2isinf %
1 2ising T AITE ©
) 3+2isinf  (3+2isinB) (1+ 2isinb)
5 e ¥,

1-2isinf ~ (1-2isin6) (1+ 2isind)

3+6isind+2isin® —4sin’0
B 1+4sin’0

3—4sin’0  8i sind
= ) + .2
1+4sin“0 1+ 4sin“0

o gan € T wfiny gen arafas 2

8sinb _
ELSIGIN 1+ 4sin’0 =0 U sinO=0
3d 0 = nn,ne Z.

i T o= ) e e e i

COs — +isin —
3 3

~ 2(i—1)xl—\/§i_2(i+\/§_1+\/§i) ERCE RCES
1+3i 13 1+3 2 2
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-1 3 +1
2 2

=rcos9, =rsind

e ity
T HAR o ek, S gU B9 Wid BN €,
rz:{\/g—ITJ{\/gHT: 2((\6)2“):%4:

2 2 2 J

DI r=2 T

2

{#HGJ } 1 A A TS
WQW%TE@TﬁZIﬁT@&W,WW:

Re (z, z,) = Rez, Rez, — Imz, Imz,

1 2 \(3-4i :
[1_41.—1“.}[ 5”) %l AR &Y H iEfda sl

. 2 2
af x—iy= "L G g R e (2 92 8
c—id ¢ d
frefafea =t yaa w9 o yiafda i
A+7 143i
O (2= (i) 15

T 6 9 H RU U e AHIRO i B Rt

3
3x2—4x+§=0 X2 -2x+==0
3 2
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27x* —10x+1=0 21x* —28x+10=0
_ ‘ 4 +z,+1
A 7, =2—i,z,= 1 +i, S % AF T HI
N2 2 2
X+i (x"+1)
?Tﬁ{aJrib:( 5 ) Jfag wifsw &6, @+ 2= ———=
2x" +1 (24 +1)

Al 2, =2—i,z,=-2+i, 7 &1 91 fehrfer)

() Re(zl_ﬁ] (i) Im(é}
7 L)
1+2i

1-3i
MG (x—iy) (3 + 5i), —6—24i 1 G B A Eataesh @M x 3N y @SS

qftny g 1 A S R 1A HIFQ)

1+i 1-i

1 1a T T

AR (x+ iy) =+ v, AT B §+§=4<x2—y2)

B-a
1-ap

afe o 318 B o wimy deand € =t [Bl=1, T HA T I

TR |1 - i[* = 2% o YW Ok qal 1 Fe&A [ Hifor|
AR (a + ib) (c + id) (e + if) (g + ih) = A+ iB &
q W fF (@ + b2 (3 + &) (e + [2) (¢ + h?) = A2 + B>

1+1i

?Tﬁ{[:] =1, m 1 =Fa9 qUih A HIG HIT)
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a+ib o &Y i Teh T, SEl q 3R b ardferss & 8, Teh | e
FHEAl ©, o GHH WA ] Adideh 9N 3R b SHR] HIOUHH W
e 2

Wzl=a+ib3ﬁ'{zz=c+id,?la

i) ztz,=(@tco+i(b+d

() z,z, = (ac—bd)+i(ad + bc)

frelt YRR 9iHY 9 A z=a+ib (a %0, b+ 0) % AU, Th AiHg §@&0

a . —b 1
+1 i _ ~1
= a2+b2,walwm@m%,sﬁzlﬂz g e TR simar =

b
ﬁzwwmw%m@%(mtb}{azibzﬂ }

a*+b*
=1 +i0=1 9Tt Bl &1
TRl Tﬁ—mv- k h %I'Q, o=, %= 2= 3=
AT G&A z=q +ib G 7 gR A o S € 3R 7 =a—ib
R RIS I
ity &A1 z=x+ iy 1 YA 9 r(cos 8 + i sin ), %,GlﬁrZ,/szryz

(thﬂW)ﬁ'{cose=§,sin6=%(6,zwiﬁ'ﬂﬁiﬁw%l) 9 <Al

7, fo® fF —n <0<,z YUE whivlleh FHeam <l
Teh p ¥l SIgUS GHIR0T o p Hed 2 2l
T fgend™ 9ol ax? + bx +c =0, 5@l a, b, c € R, a#0, b — 4dac <0,

F 7o o= PENdacTb Mi#mwﬂ%ﬁ%

2a

AT A 39 24 ] Ygar o foh U R §&A1 o e k1 STdfash Sl
Tgid W wiE affac &l @ W gl S99 WA MUde Mahavira (850 o)
1 a1 © Y WYUH 39 SieAE % Ted: Seoid fhAl “Si s
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Sfa arfora a) wug’ ® "aran & wo (Afen) e golart (ufen) 76 7, e
THHT Y AT il 1" Uk SH RS s Bhaskara 7 1150 Fo § 310!
Sfa ‘Semfo’ o of faan €, “swo afer &1 w1 aige @ g @ F=ifs
g U ot &1 81" Cardan (1545 %) 3 x+y= 10, xy =40 = g & o
IO R W A fed $RiH x =5+ /215 dMMy=5— /_15 THh BA
o w9 § T fran e S=iF = et G 6 3 wed =aed (useless) €
Albert Girard (T 1625 %) = 0 TEAT o 10 i TR R 3R Ha
T, 30d & aguer WHiRuT sl fSaHT =1 B, S Het U< A H weaH B
Euler ¥ ®el9e¥ /_1 =kl i Hehad Y&A fhal qe W.R. Hamilton (STHT 1830
%) 7 Th Y R g S IR AUk ‘hieufn @’ o YEnT
Bled gL AHAH G&AT g + ib ! (e A& F hiHd IH (a, b) o I H
T&d TeRa|




(Linear Inequalities)

**Mathematics is the art of saying many things in many
different ways. — MAXWELL %

6.1 ﬂ;fﬁair(lntroduction)
el el § g9 U =) 3T <1 =) R o SHieRol 99 Siedeh Yol ohi WHieRo
% ufEfia sk 8 w1 i@ ek €1 e BHR Hikss W weied: 78 999 33dl € T
“orl STfeRen WA Rl Wod Weh WUl oF ®9 H URefid i §9a 22" SeevE:
M9 wen o |t faenféEl &1 S=E 106 UL ¥ %Y ¥, AUh! He W Afeenad
60 TS = pfEE a1 I TE Tehdl B1 T B U@ e fie € T < (9 ),
> (9§ &), < (W FH T W) > (Y A 41 weR) 98 Y9 e ¢ 3% 84
BTHﬁ:IT:FI'Ii' (Inequalities) #ed 2

TH A §, B U A 4 =) URE i e Efenist w1 srege s
FYeR13T <Al 27eaT fome, T, WiReIeh!, Seaaeshil THEIST (optimisation problems),
HefIE, HAIfom 3te § Helfed qoemet 1 g w0 H 7oA syArh 2

6.2 BTFI'&IT:FI'QV: (Inequalities)

&n frefafaa fufaal ® R w@ 2

(i) I 200 TIF TR T T & Ty SR S €, e 1 e & Yekel
Y= §| Tk fohall =reet o Uehe 1 god 30 T9 1 AR x SHeR gR Wl T e

o Uehdl h! WA h! ook Ll B, Al STk g1 @9 I T8 &R 30 x &9Y Brf

Fifer SH =gd H Yo o & @isT € safe 98 200 9 w7 gl o @ @
T&T T U (7)1 A

30x < 200 (D)
Ted: HUF (1) T T 2, it SEE WHal (equality) 1 HE (=) TE R
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(i) WM % 99 120 T & o 98 i W 9 47 wlie =edt 81 e &5
oI 40 T 3R 99 A1 Hod 20 ¥ 21 59 frarf o afy o g ik T R w5

& x U1 U9 1 WA y B 1 Ik 1 & I T ot =AU (40x +20y) T
21 39 YR 80 U § fR

40x + 20y < 120 . (2)
Fifer 5 feafa & wd &1 T o ol aAfeman 120 T3 B 1 e ST weH (2)
o & 9T B

40x + 20y < 120 . (3)
C: 40x + 20y = 120 (4
FHUF (3) THRL0 T B, Siafh Hed (4) TR 21 SH e Si9 (1), (2) ae
(3) araftent Hean 2|

Teh THMe], |1 ardideh QE&AST a1 J diid Seieh] | ‘<’, >, ‘<A >’
o fag & 9am 9 o )
3<5; 7>5 A HEAeh TATHRT & IR 2| Sl

x<5,y>2;x 2 3, y< 43I yNieEeh (=Nich ) ITIHeRT & IR0 &
3<5<7 (WA TS5, 3T d7 WA R),3< x<5 (38 Y& Bx, 39 &1 A
T T 9 5Y B 2) 32 < y < 4 Tg-safiemt o s 2
eIt o Fw 31T SeEw fefafed ©

ax+b<0 .. (5)
ax+b>0 ... (6)
ax + b <0 .. ()
ax+b20 .. (8
ax + by <c ... (9
ax + by > c ... (10)
ax + by<c .. (11)
ax + by=2 ¢ .. (12)
ax* + bx +c<0 .. (13)
ax* + bx + ¢c>0 (14)

A (5), (6), (9), (10) 3R (14) ghfam i 7on w9 (7), (8),
(11), (12) ¥R (13) rafberd Fead €1 a3k« 07 o ®wW® (5) ¥ (8) T
! SR T =X TR x o Pah @i 2 3R A g oqenp 08 o wHS
(9) | (12) % ! r@f < =) REF x 9o y o Waw sms| €

HHie (13) 3R (14) 1 s@iben P 77 €| oafaa § 98 Tk = TR x &
Wm%,ma;t&
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T M W BY ohadl Uk =X IR o =R URME ok ew swftesl o
LTI HL|

STYNT 6.2 o TfHeRT (1) 31U 30x < 200 W faam wifsm) = <, i =@l x =@«
& UYohdl 1 &M H AR Fl B
TIEA: x T FRUTHE quiish a1een fy=1 =t & wear 2
TH SR 1 ST 9 30x AR AT 9 200 B

x =07 fau, =@l 981 =30 (0) = 0 < 200 (AT 9eT), Sifeh ¥ B

x =17 fau, =@l 981 =30 (1) =30 <200 3@ 9&1), Sifer o 21

x =27 fau, 9@ 981 =30 (2) = 60 < 200, St foF "= 2

x =37 foru, s/ 981 =30 (3) = 90 < 200, St o & 21

x =47 fau, 9@ 981 =30 (4) = 120 < 200, S foF & R

x =57 fau, 9@ 981 =30 (5) = 150 < 200, St foh & 1

x =67 fau, a/@f 981 =30 (6) = 180 < 200, St foh & 1

x=77% T, s/ 9 =30 (7) =210 <200, 50 T 3@ 21

Suds frafa o &9 g € o soo srafient i 91 %oF 3 o1 x o °H
wad 0, 1,2,3,4,5 36 Tl x o 37 AM &l S U TEHRT 1 TH TF HU
TN 81, IR STATHERT ol &1 &ed 21 3 Tq== {0, 1,2,3,4, 5,6} %l &l qq==
FeEd &

39 GhR, T =X TR o fhel STEiHent o1 g1, =) U o1 98 A7 8, S 36 T
T Y AT 8l

%ﬂﬁ‘ﬁ@?ﬁ STEHeRT 1 B 9ATE 3R ‘31?'{1%1'@’ (trial and error method) ¥ <
fopan 21 & etfuer glaumre 7€ %1 wed: wg fafy sifus w@a o arcl qen
FHefi-hefl Fureq 7€ Bl €1 BH sl % g o fau dAfueh =S A wmHes
ehHieh hi eIl 21 S Teel eH W&alsh Sfbehatl & % @I ord digs =1feq
3R s/ ) g Hd TEI IR FAE 1 WE UeH e AEu)
3R] WO B foh Haeh Weiehtoll i g1 hid wHg g9 ffaiaa Fadi s aeE
W B

ek HHIRT0 ok <1 9el § HHM HeId Sl (31eel BEE) S Hehdl 2
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Teh SHIR0T o S 9& § HHM IR S | O (1eE 9F) fRa S
kel
STMHeRTSTl ! T hid WA 89 JH: $51 (aHl &1 9o a1 a9 2 ¥ @ 9eied o
Y T &1 R A a1 € T omcHeh Wemsti W et o < qel &l on (4
9T) HE W @R o fog w7 9 ® (e < ® >, < > 3l R
fean smar ®) | 591 SRl fefafea el o w2
3>2 e —3<-2
— 8 <—7 @R (-8) (-2) > (-7) (-2), JAqA 16 > 14
T YR SfiRet w g w0 & fau g9 frefafea feml w1 seom w3 €
e 3T o I el H, T\iaet & fagl 1 gaifaa fey fomm aum g
SEl (stuar =eE) S HHd! 2l
forelt eTafient o6 M Uil ! WA AT Wened | o (A1 9) fRar s
Tehal &1 TRg <A Uell Bl WHH e T@S W TN (AN WM, i THA STEIHRT
g eqEr uRafdd =t iy s 2
AT 3719 TH H I W foaR Fd

30 x <200, ! A A Hifo o=
(i) x U Wb WEAl 2
(i) x T qUish 2
k| %3% 302)6 S 200
X

3:M<_>ITX<T

(i) S x TH Wehd HE&A 2l
e 3 ffa o x o fEfaiad 79 %99 S 99 9 2
x=1,2,3,4,5,6
EHeR 1 T W= {1,2,3,4,5,6) ©
(i) < x UH qUe
wed: 39 feufd § fu T srthen o B B
=3,-2,-1,0,1,2,3,4,5,6
SEHeR 1 ' W= {....-3,-2,-1,0,1,2,3,4,5,6}
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A HITSW: 5x-3< 3x+1, v &
(i) x Tk Ui 2| (i) x T aRdtes §E& 2
fem 2, fF Sx3<3x+1
YAl S5x 3 +3<3x+143 (Faw 1)
AYA] Sx < 3x +4
AU Sx—-3x<3x+4-3x (a1
AYA 2x < 4
YAl x <2 (fFram 2)
() & x TF quiss B T4 feafa o f&u o it & g
e —4,-3,-2,-1,0, 1
d: A 9= {.., -4, -3, -2, -1, 0, 1}

(i) e x ek arEdferes Hea 21 39 feufq o Srfient 1 el <2 9 oFe 21 THehl
79 T T 2 @ B9 we ardfas S SEihe o g §1 3Td: STEiHeR o g
FEe (— o0, 2). B
T STHHeRIS oF Bl UIghd HEATST, qUlieh] aeN aRafos WEel o TH=ad R
forIR ohteh T1a o 21 @I ST9 dek 7= S0 | B, B9 TH ™ § SAHHensl
T Idfas deet & w=ad ¥ & 9
TA IS 4x + 3 < 6x +7.

TAT fRdx+3<6x+7

AT dx —b6x < 6x +4 — 6x

AYe -2x<4 AYAT x> -2
Soiq -2 ¥ o< T ardfash e, U T eTaite o '@ 1 W: ¥ 9g=ad
(=2, ) B

TA HIfY 3 ég—S
SRS § R SR
3 6
Bl 2(5-2x) £ x-30
q 10-4x<x-30
el —5x<-40,
q x =8
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rofq e wed ardfas §EAd S 8§ WEl 41 SR €| I T Wi % '

xe [8, o)

TA BINT 7x + 3 <5x+9 T TH BA hl W& W W f@d shifsu)

W AT Tx+3<5x+9
A2x< 6T x<3
T W@ W 3R 8 feEfaiEd R ¥ usia o Tehd € (ST 6.1)1

<|||||||\?|||>
-4 -3-2-1 01 2 3 4 5 6
TR f 6.1
3x—4  x+1 .
T it 5 ZT—lawwwﬁw%@mwﬁF@aW|
3x—4 erl_1
5 >—
- 3x—4>x—3
2 4
T 2Bx-4)2(x-3)
] 6x—-82x-3
q 5x25 or x21

HE @ W s ' fefaiead weR § Yefi s Tehd ® (3R 6.2):

>

T T T T T T T
-4 -3-2-1 01 2 3 4 5 6

3TMeR{e 6.2

el X1 o 9UH 931 o fgdta o5 o1 9heqst § Tk o o Wiwiis 62 3R
48 T € <A 3 A Hifee, fd afier wen ¥ 9 9 B 60 3k 1 <an
ST T T T |

e eifee for B aifter gien § x 3 9w s 2
62+48+x _

3
aGA 110+x= 18031 x =70

60
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39 YRR W B I A1k GH&T H =AaH 70 3k U H AUl
wArTd fawd Gems o T g 9 s, e 9 ged 10 9 9
&, R ST AR 40 | FH &

A faan o < swara foug wieha wemet # s faun @ x 21 3 YRR gHd
foom W& x + 2 Bl YSAHER

x> 10 . (D
qam x+(x+2)<40 .. (2
(2) & B &E W EH UM ¢ 16

2x+2 <40
T x< 19 .. 3)
(1) 3R (3) ¥ fr=d e €

10< x <19

39 W T We x o 31 O 10 3R 19 o & € sefay gt gae svfie s
(11,13), (13, 15) (15, 17), (17, 19) B

B IV : 24x < 100, 5

(i) x T Uehd HE 2 (i) x T Yol 2

B HINT: -12x > 30, &

(i) x T Yehd HE 2 (i) x T Yol 2

B hIfST: 5x-3 <7, S

() x T& qoiiH (i) x ek ordfers €& B

B VT : 3x + 8> 2, 54

(i) xTH quis (i) x Tk arEdiees §e 2l
frfafad 999 5 9 16 9% ar&afde 9@ x o faQ g Hife;

dx+3<5x+7 3x-7>5x-1

3x—1)<2 (x-3) 32-0)22(-x)

xre+Z 11 —>—+1
2 3 3 2
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=) 30 HERT
5 3 205 3

2(2x+3)-10<6 (x-2) 37-Bx+5)>9% -8 (x—3)

x_(5x-2) (7x-3) 2x-D_(x-2) (2-x)

4 3 5 3 4 5
eI 17 | 20 Tk 1 AHAST 1 FA T HINQ qo1 3= F&A @ R A@iiad
i)

3x-2<2x+1 5x-3>3x-5

X Gx 2) (7x 3)

3(1-x<2x+4) > 3 5

& = geel < uwes when | 70 @R 75 @i 9 R ¥ 9 FAaH i 96 i,
S o8 R Teheh T H W 60 3Tk R AT SEd W HR Teh |
et urgTse | U8 'A'TH o fau s SAfe w1 @t ure wlensti (Y9 100
o W) o 90 3w 1 A ek 1 ST WK HT =8| 97 il o JeH =R
wenell o Wi 87, 92, 94 3R 95 F W 9% <[FaN ik A Hieg ford qret
Th&T H YT heh YAl S 9IEsH H TS A 9IE
10 ¥ %Y AN faum H&nstl o Td I T4 hited oo ansd 11 § s
El
SONT 0 &t o T8 I 9 &, 59 @ gds 5 9 98 2, a1 3961
AMHA 23 | A 2
T TS 1 o 921 IS W9 Bl G B dF T a s w1 el e
Tard €t ot 9 2 A FH {1 A S FY AT e 1 I STefeh B
1 URHY 7w 61 i 2|
T Al 91 A o OIS o @ i At e wwd 2 T ddE g9l i
e W 3 At sifus IR Al e el B @aE &1 S 2 g Bl Wi
xt Goyifaa arEal = €, afg e hel S IhS W w9 U %A 5 9dt atfie
GEIY

[ % T T A ) o xR, 9 (4 3) S SR 20 U e T
T A gwgl & weEEAE 21 T YHN x + (x + 3) + 2x < 91 AT
2x 2 (x+3)+ 5]
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Bl SN ¥ B 2@ € T weh =R Ui o e srwfien &1 sl wew e e
T IR oTieR % &1 F1 9V & H T A [ ¢ 79 B9 ) = URE ) aew
TYHeRT o @A &1 FUMH HL|

BH WA 2 foF Uk Y@ sdig ael ) Y@ o sAfafed € 9 o sied) 81 Yo
9T o] STH—acT HEd &l Uk HHaiR 1@ aa &) amf s-aa 8 < std-aa § oo
L B ﬁ?@@ﬁ?ﬁ (non-vertical) 3@ Teh a1 &l F=ra 318-da1 9 94 Ae-ad
o faufs st 21 ehfd 6.3 o i 6.4)1

Y
A
Y ECEd)
() 0\ aref-ae
. . I
=t e ferere
ardaet | ard-aer aref-ae
I I
X' € >X
(0) X' € > X
0/ I
A\ v 1/\/

Yamgl%rﬁ.s MMk 6.4

FIAE a1 H Weh a5 A1 @1 a1 W o g a1 s1g-aa 1 a1 11§ g grml o=
A T R foh 1 Wk aa ° R fag 1 SR ax+ by <c A ax+ by >cH
HIE Haw 27

?ﬂ'l'S’Q%Tftlﬁ@f ax + by = ¢, .. (D)
Tk @1 & W&l a£07 b £0 2
319 7l i WA €

(1) ax+by=c (i) ax+by>c (i) ax + by < c.
Treed: Rt () ® (1) 1 9q< & 9 949 65 (x, y) () 51 e @ ) feem
%ﬁ?ﬁ?ﬁ'ﬂﬁ:l
feorfa (i) § W TH AF WA € TR b> 03 W ax+by=c, b >0, WU 55 P
(o,B) @d & @l a0+ bP = c.
T E-qe TH *E 95 Q (o, y) ® (3R 6.5)1
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e 3Mepfa 6.5 W &9 fopd e € T X

'Y>B (ﬁ?) IQ(aaY)
a by >bP \ .

A ao+ by>ao + b \ Il
A ac+by>c (A7) . P (u,B)

T, Qo y), TafHent ax+by>cﬁ '\C@E

Fdl 2 X' € P >X
S, @ ax + by = ¢ % R Si-q 11F 0 1%
feora @l firg SRR ax+ by > ¢ F W A EN
EZGH Y

il 3R {e 6.5

Toarmd: 91 @1 ax + by = ¢ W Tk 95 P
(0, B) & ¥R Qo ) HE faig, srafireht
ax+by>cﬁ2q§‘gw%l
dqMk ao + by > ¢

= ao + b y>ao + bP

= v>B (FifH b > 0)
ateid Q(o, v) ere-aa 11 H feer €
d: ?ﬂﬁ—WHWﬁﬂﬂﬁgmax+by>cﬁlq§‘2w%3ﬁ?ﬁm:ﬁ
fog =i Wax+by>cﬁﬂ§§w%, s 11 feer e 21

T YR e g T Whd € TR b<0 o fou 9 @l fag & erafuem
ax+by>cﬁ'xq§‘2?m'_{ﬁ%, a1 1 ¥ feorg e ® @i foetiva:

m:@%ﬁw@mm%f%éggﬂﬁgﬁWﬁZIWax+by>c;b>0?Tf
b<0 o ITER, ] GI< H & 9 ad-qer 1 [ ¥ 9 fopell U a1 o feora &1 @
A Teredera: |

YA ax + by > ¢ F1 A 1 siel-aal ¥ ¥ s snf-aa & [(FW
%T'l—a?l':[ (Solution region)?m'%ﬁ %] ﬁ?%ﬂ 37-q Sl STEATfehd a?l':[ (Shaded region)
R frefud w3 2

a8 oF fome frdt staftent o wqui a1 fRe@ =i, 3§ TafieT @

%T'l—a?l':[ (Solution region) #Ed 2
fordt orafieRt gR1 Fefua &F & 989 o fau, fedr s1d-aa o haa T
g (q, b) (S Y@ W feem 7 &) oot Sit=m &1 o 2 o o S§ erEfien &l
T el B el 2| A 7 g erafivnt S Wqse s € 1 i 59 ate-aa
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=) Frefud w8 3R 9 sed-aa = sEifed % 3d § e 98 f§g 21 em=en
T FHHAT 39 -t 1 Fefua Suh foa g8 fag =2 21 e gfaen =7 gfie
¥ 9 (0, 0) = WrfHerar & S 2

IS Tk STEHBI ax + by 2 ¢ A ax + by < ¢ oh &I HI g @ @
ax+by=cq1ﬁ:a-crmﬂ1%|gﬁw&w—@aﬁq@m@ﬁ%\w@w@aw
Tedl el Y@ Eied 2l

Il SR ax + by > ¢ Al ax +by<c$wqﬁ%ﬂsfi'@ax +by=c
W e et fog SHek To@-a ¥ Wi T8l g | SHiY g &3 9 @

fageq =1 @feq @i=a 2

AT 6.2 | BH T =R ARMET x a1 y 1 Frefataa e srwfin ww g o
40x + 20y < 120 ()

ST L1 g T 37 U oF @iied Hell Shfeder 9 ! TUME ®9 § gfiefad s
H 9 g o

I IR ® WS TH HOTES R foAeTe e A1 7 wehd! @, ;¥
T STAHeRT 1 & x A1 y I Shejet U G & &9 | &4 T@d gU hid 21 56 T
T B x 991 y ok WMl oF UN SIS TG A0 § feh W %o (1) ¥ B A o
UH I o1 Tz AR (1) 1 FA TH=AT (Solution set) BT x = 0 Rl YRH
#W WEH Ud B R (1) & .

TR T8 = 40x + 20y =40 (0) + 20y =20y. %

. Y
T YR 2
20y< 120y <6 . (2) N T
oW x =0 §W yH "AO0, 1,2,3,4,5, KRS
6 T & Whd g 7
T ferf % (1) % 7 (0,0), (0,0, (02), . \
(03), (04), (05) 3R (0,6) & 44 N -
YRR S x=1,2,3 d (1) & 34 & 3:
frefatea 2: 2 | (2,2)
(1,0), (1, 1), (1,2), (1,3), (1, 4) 1
(2,0), (2, 1), (2,2), (3,0) X’<_ot1‘2‘3‘4‘5_>x
T Hfd 6.6 f@rn T 2l
A BH x qA y&'ﬂﬁ(domain)ﬁiﬂf v’

Hemet 9 famia wer ardfas e s TTER{d 6.6
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¥, @R TE € o v orereen ® swfuen (1) & # g
Tl B B 3 W@ foh Tl i 1 AifEa-fary
(Graphical method) 39 frafa o 1feen gﬁrw
21 39 29 9, 79 (1) o Fd e

40x + 20y = 120 . (3)
T foER W g 3K 39T Ao T 2l
IE Th Ol W@ S wEE qo & se-ad 19
sd-qa 1 H fawfoa &t ©

a1afient (1) 1 3e@ ©ied & fog, 89 e1d-aar-1
4w fag (0, 0) " od € 3R =E wi=d € TR
xﬁ?y&qﬂmﬁw&_{ﬁ%mqﬁl
3T 98 <@ foh x=0, y =0 STHHH T G HWd Y’
2l TH YR B %Ed © T @i @ g, 3Mepfe 6.7
aref-ae 12 (3Tepfa 6.7 ® T man 2) 1 Jfk Y@ & aedt fag s (1) 1 g
HW B 37d: Y@ W ™ R T A R
30 YR U T iRt 1 et Y wied - 121 wed: se-ad 11 e
=1 A T 21 TH YehR @R (1) 1 B SHeh 3Moi@ (Y@l Wigd, d1d-aal 1) ok
o forg 2|

319 BH D SN 1 Wl W & = URE o Waw swiienist & ed H
= fafy = @ 2

3x + 2y > 6 @ 3@ fafy (Graphically) ¥ a1 Sifaq|

TEgeH BH WHILOT 3x + 2y =6 1 W% Wied W@l & ®9 H G € (35 6.8)1
IT W@l xy - q Kl 7 A¥-qa 1 qen 11 H Y
fasfom et € 20w fog (S W w fem o, n
T ) S (0,0) W FQ E S seh-mm 2 Y

1% o € (3epfa 6.8) | 316 e &id € T ‘43‘,“‘ I

TE fog & T o # WgE wa @ 21

o e e L 5
< — > X

T U € fh 30)+2(0)>6 o 1 2°3 4567

R 0> 6,5l 3EA 2l R

31q: std-wa 1, fau gy omfieT 1 Ta-& Y’ 4
& 21 weed: Yar W T i o fag, & IR 6.8
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SAMHRT ! G &I Bl 1 W VAl A, DA id-qat 11, {@r o fage =
Frewht, & T SR 1 TA &3 B

fefardfta 9@ & s/@fHst 3x— 620 &1 @@A-fafy 9 g e
3x-6=0 % M@ AHA 69 § & Y
N

T R i)
&0 U 95 (0, 0) o1 =99 & § IR 38 & 4t
ST § W@ W EH 99 ¢ R 31w
30)-6=0 3 —6>0 s foF 3@ B % Y
T THT A T ST EAA W x= 2 T 1. >x
Tfet 3R BrEifRT 97 2 SO0 12 345 7
y <2 F STeRE-faf W gl F) M a;,;gmg
y=2 &% qed 6.10 ® w2 Y
&9 el std-aa 1 9 & fag S (0, 0)
1 = U B AR G e | y= 0 WA 4 I
W wH T E R el §
1x0<29 0<2 Sifeh ¥eA B 1 I

TH YR 3@l y = 2 o el o & ford g X' € 0‘1' N >X
55 (0,0) feor B, & ¢ srafhen &1 ga-47 2

;W@ y = 2 % A & g fag (o T rrfre10

o fag wfmfon =& &) & T omfmw & )

& B

frafafaa smafireren &t steraa-fafy 9 fgfafta 9o o f=fia e

xX+y<5 2x+y =6 3x+4y<12
y+82=2x x—y<2 2x-3y>6
-3x+2y=>2-6 3y —5x< 30 y<-2

x>-3.
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frsd 9 o 80 & =R UREl o Waw smfeet w1 sreeA-fafy 9 ga w1 9@
T 21 376 B D SAE i W @ & =X R w1 e ™ &l gl B
1 fafy = &4

Tre=fafed st|ien e
X+y2>5 (1)
X—y<3 . (2)
F AerEE 9ty o ga St
Yfieeh T@fHen x + y=5 1 3@ 3AEid 6.11 | @i=n T 2|
Y

N

WW%%W@W(I)W%@,%@Tx+y=S&WWW$W
e g ¢ fored Y@ w feem weft fog ot wfinfem 2

Sl frdenedl W g9 weieRtr 1 ot et @iEd @ SiE TR (2Rt 6.11) ® fa@mn
T 2| qE SR (2) F B Y@ x—y = 3% SUY SEfRd &5 gN e g B,
e e v wd fag o wiwfem €1

weeq: fgemifea &3 (double shaded region) St SUdad 3 SMifeha &3 o
SIS B, 9t Ry gy em@fisn fem (1) 9 (2) @1 difsd g & 2
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Frefafea Waw st fem &1 sered fafy grr sa st

Sx+4y<40 . (D
x22 .. (2)
y=>3 .. (3

FAYeH B0 WHIHTON Sx + 4y =40, x=2 3R =3 gA e W@et & s
i 2

a9 B9 <@d € foh 3@t (1), 3@ 5x+ 4y =40 o == SMEifha & 1 Fefia
¢ o Y@ o et fag o afifer € emfienr (2), W@ x =2 & Tl @R
1 BEIhd &5 3R S/t (3), Wl y=3 o U0 sEifhd & o & Y@ &
Tt fag off wifera €, &1 fefua s 21 or: wdiee smEifad & ik Y@l w it
fag (smepfa 6.12) & g e i fem & & &

Y

\" A
1 ~
Il

0
9
8
7
6 T X&
5
4
2
1

pa
<

A4

X' € 4 —— > X
O\/l\%345678&
Y 3TTeRTe 6.12
agd © =eeie frufadl & S srafien e @ I €, = REl x 3R y A

uHt Uiyl Bt €, S SRuneHes el € Wehd! 21 SSRIU: Sculad Shiedl i WEdl, %A
T e TEGST I TS, B B W o HS DI HEAT NG| weed: TH gRfeufa 7 x
>0 3R y> 08 &5 Yuq =quie ¥ & g 2l
HEY 319 eH P TH MHa Fem W fmr o €, ™9 120,720 2

freafafaa @t e =t st fafy 9 ga wifsa:
8x + 3y < 100 (D)
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x20 .. (2)
y20 .3

&9 @l 8x + 3y = 100 &1 3er@ Giwd 2l
TG 8x + 3y < 100 39 @1 o 1= o BElfehd & 1 iy s g, foasd
Y@ 8x+3y=100 & wsft fag widford & (SRl 6.13)1

Y
N

3
30 +
25 ¢
20 +
15 1

N
10 1 2
[

! &
X'€

0 510 \1'5 20 25
A4
TR 6.13

v

Ifeh 8x+3y< 100, 31a: Ffay BMEIRRA (Triple shaded) &3 1 T g st gem
=qefer o €, qen foew et o fag off wimfaa 2, Ry gy smfis e = sa
et e 21

frafafea smafte fem =1 soeE &ty 9 sa sifsw

x+2y<8 .. (D)
2x+y<8 .. (2)
x>0 .3
y>0 4)

T 3T x + 2y =8 3N 2x + y =8 1 i@ Wiwd €1 3T|fHeh (1) 3 (2) <
G et o fagel died orme o A feua e 1 fefia e 2
Ik x> 0,y> 0 31@: Yo =qie ¥ ffuq e SAifhd &5 & yo&® fog K g
ITafieR T & o ol Feiad i @ 3Mehfd (6.14)1
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_ N W A/ N QR

AT 6.14
gt 6.3
799 1 ¥ 15 7 FefafEa srafie e =1 e fafy 9 ga S graphically:
1. x23,y22 2. 3x+2y<12, x21,y22
3. 2x+y26,3x+4y< 12 4. x+y=24, 2x—-y>0
50 2x—-y>l,x-2y<-1 6. x+y<6, x+y=4
7. 2x+ y28, x+2y2=210 8. x+y<9, y>x, x=20

9. Sx+4y<20, x=21,y22

10. 3x+4y €60, x+3y<30,x=20, y=0

1. 2x+y24, x+y<3, 2x-3y<6

12 x-2y<3,3x+4y 212, x=20,y=>1.

13. 4x+3y <60,y=>22x, x=23, x,y20

14. 3x+2y<150,x+4y<80, x<15, y=20,x=>0

150 x+2y<10,x+y21,x—y<0,x=20,y=20
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B hifole —8<5x-3<7.

& 39 frorfa o =on o 9 smfeRd — 8 <5x—3 3R 5x—3 <7 21 3% T9 WY~y
T HCT =R € eF f&u T @l & wem § =R UM x w1 oS Th S
e 2

Y 3@ ® fm —8<5x-3<7
0 S5<5%<10 FI-1<x<?2
5-3x
A HIT -5 < 5 <8.
5-3x
FAE -5 < 5 <8
0 10<5-3x<16 A —15<—3x< 11
D 5>x> u
_X_—3

59 5w _Tlls;cg&wﬁ%ﬂmmﬁ

frafafaa srafge-fem 1 g Sifs:

3Ax-7<5+x .. (1)
11-5x<1 . (2)
3R 3= 9= W W AeiiEd S

STEfeRT (1) 9§ 89 9Id % ©

3x-7<5+x

70 x<6 . (3)
EfeR (2) § o B9 Ww # €
11-5x<1
el —-5x<-10

a x=2 .. (4)
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Ife Heq W W (3) a1 (4) hl eifEd w1l 89 U € TR x o SwWats 6
2% AR A2 W a8 o 6 W B € W AR 6.16 § Tl el Wl g YR¥E fopy
T 2l

<€ O

€— ———pp——————>
-1 01 23 456 789

TR 1< 6.16

31 STEeRT TR/ 1 g1 ordferh W&l x, 2 o a0 a1 2 ¥ 91 3R 6 9 B 2
TH YhX 2<x < 6.

el TN § 9 o ST o Uk faerdd ol argdE 30° Sfcead &R
35° Sfcwa & &9 g WA 21 BRAEES U T di9HE S URER 1 S, 9
Ye ¥ wRTERS T R aRedT g

5
C=y (F-32)
2, ST&T C 31 F hy91: a98M 1 3191 Sioqad qe 19 BReEe § Meid #3d gl
@ F 30<C<35

5 .
C=y (F-32), W@ T &9 90 %,
5
30< 5 (F-32)<35,

9 9
aq gx30<(F—32)<g x 35

T S4<(F-32)<63
2 86 < F<95.
T YR dIHM 1 A 9RER 86° F ¥ 95° F I

e Tefar & 9 e o 12% faerEd o 600 foet ®1 9 st fom
30% 37 ol Tae@ o fehan feret S faeme W aifer gftomet fasor § a1t ot
e 15% 9 Afer W 18% 9 & 7
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TH eifae foF 30% a7 o oo st |mn x faet 2
a9 gquf s = (x + 600) ferex

Bl 30% x + 12% 1600 > 15% <A1 (x + 600)

C: 30% x + 12% 1 600 < 18% 1 (x + 600)
30x 12 15

T 00 * Tog (©00)> o5 (6 +600)
30x 12 18

C: T00 * Tog (600) < 1og (@ +600)

T 30x + 7200 > 15x + 9000

C: 30x + 7200 < 18x + 10800

T 15x > 1800 31 12x < 3600

T x> 120 3T x < 300,

a7t 120 < x < 300

39 YR 30% 37 o faa@q =t 14t Omn 120 faex 9 siféen aen 300 faer 9 =9
g =feu)

IR 6 T fafasr goanaeit
YT 1 W 6 T hi AGHRIA i BA HISW;:

2<3x—4<5 6<—-32x—4)<12
—334—7—2)‘318 153972
124X on 7Gx
-5 2
Y97 7 9 10 Tk 1 SRS F T HITSC 3R 376 &1 ] G&A W@ R F&fim
FifTay

Sx+1>-24, 5x—1<24

2x-1)<x+5, 3x+2)>2-x

3x-7>2x-6), 6—x>11-2x

502x-7) -3 2x+3)<0, 2x+19 <6x+47.

U et @1 68° F 3R 77° F o wedt Tl €| Siewas 9 W foem o amvmm

wvﬁwmﬁﬁq,aﬁﬁmwmszgcwzél
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T

8% I s o oo | 2% difte ufas 1 faeem e 97 (dilute) TR
S 21 g fysgor # sifter wfae 4% 9 @Afues a1 6% 9§ w5 g =R At
TOR 99 8% faeta &t 1T 640 faex 81 @ 7a shifey T 2% faea= o fohad
e zod foam &2

45% 3% o 1125 Toex faeam o fovan ot faeran s o aftomdt fasor o e
25% 9 Aty WG 30% | HH 7 S

T Al o difgw-afer (1Q) 7raA %1 ¥ Frefafed 2:

I M—A 100
Q_ CAX s

<&l MA A 377 3R CA FTAHH! 31 21 9% 12 o &1 317 & =i ok
Th e H1 1Q, 1€ 80 <1Q < 140 G =4eK] &I, Al 39 WHE oh &=l i
HHfe 3T 1 IREX Ad hifea|

Uk 3], ] arfas GE&st a1 | Hisiy AShl 4 <, >, < 9 > & g
& TN § S 2

Ueh AU o QA Ul W W WA Siel A1 SR S Wehdl 21

forelt eTaftert o A1 9efl 1 WHM AT, WA | O (A1 9F) fma =1
ehal 21 W IH 9el i HHH TS F@nst ¥ O (A 9ET) HE W
| & T8 TEER 95 S &

x o 37 | (Values) &1 5 faU U 279fHeRT &l T T HH 9414 8, 3=
ITEfiehT 1 & HEd 2

x <a (@ x > q) T G W R 0@ Gieq o o g @ W 9@
a T e BRI A g9 9L, ¢ | 915 (A IE) TR i H&A @1 ! T Il
F W 2l

x< a (A x> q) T TS W R ARG Gigd o6 (a0 TS @ R FG&
a T U B FHIEl Id G ¢ W 915 (A1 IE) AR 1 G&AT W@ ! Tl
el L < B

I |1 =] i Tk 18R o o < a1 > & o T | fea fog, st
o Ta § Einfed B € 3 STEfieht w1 3fed, 9Har g Fefid Ted |1idt




e srEfireRd

@ & 9 () O € (FW) o @ S 39 &5 k1 HiE ff oy erihe
1 G H 2

I ]I =] ! Teh TR oh fag < a1 > B @1 T R feea fog, smfiann
o B § Gimfad T 2id ® SR srafient w1 efe, Tl gR1 el SReR
T & W (AR W (S B L W S A wE o fag, vt
1 G H 2

sraftepietl & e 1 g &9, 98 SWAS &5 ® s frem ¥ weft §
AR 1 T L 2
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HIEE 3R T
(Permutations and Combinations)

s Every body of discovery is mathematical in form because there is no
other guidance we can have — DARWIN**

7.1 ik (Introduction)

T ST R e 9T SR oSl el 1 U Y2 €1 0
SH At H 4 =T ol € R Yook <k 0 W 9 A o 10 3ok
5N fafga 21 Al 1 @ien 1 "ehal @ A 4 fafire st
=1, fa <A, we ffv=a &0 o =xaftem ffan s @
fehdll SROT 319 3Tehi o 39 Y= %7 &1 9ot 7T T STl
Sherel TEel 3 A% € Sl TR 7 21 Al % GieM & oI,
3MIehT 3 3Tehl ok TR STIRT! 1 wiId T UG ? 30 oA
o I oF AW, 3119 H9e: 29 9 3kl H | Th ¥ H 3
3R] ] TRy, W |¥E Sl ] faaia Felids HT XA Jacob Bernoulli
. - (1654-1705 A.D.)
T 3| W 78 Tl gehm arelt $iR Aiw e, it e
HA H TS €I 8 Tehdl 81 IH 1A W, BY H UG Hifersdh MU qeheeh WraT
TS99 B9, 3 3R] oF Al &l YaaG fhT oA 21, 39 999 o1 IW < Fehil| a&ga: I
Teheieh, TGl o FF9 U1 TRl HAGS H oh (9-T9= Tlepl &1 d& Fuiia
FC ® ST et €1 yom =0 ®, g9 39 fagla W far w31, S f 5 s
1 "G o foy st difas 2l

7.2 UM T 3MURHA Tgid (Fundamental Principle of Counting)

315 &W FrAfafed wren W fFEr w3 66T % 9™ PP, P,dH Se qer S S,
S B
SHeh UMW UeH o foe U2 qen s o fhad fa-fa=t sig (3) €2 wh U




1 o Toe 3 alien €, Fifer == o fog
3 e Iueey 21 SE YRR Tk HHN
w9 2 e 9 fa S e 1 Y2 o
% T % AU RS & = & 2
Ty T9a €1 3rd: Y qe s o Sis]
& T ] @ 3x2=6 gl 59 a9 h
MR 7.1 & Ty fopan o R

AT BH TH YHR H Th gEd
T T fER &1
IEAH o UM 2 9K, 3 @M o fesd qel
2 Ut W Siaet €1 9% 3 aegell wi e
YR U o ST Tehdl € (Y% H W TH
1 0|

3TTeRTa 7.1

Teh & 1 2 T aliehl @ T ST Wehal €1 Ueh 9% o A W oh o1%, Teh @
o fesd @l g4 o 3 T alieh €1 50 YR o&d 3 @H o fgsd & Sgl &1 §el
2x3=6% T ¥ Y& WIS & fau, Tk IH w1 diaa ) g o 2 e adies @)
3T IS gRI 37 TEgatl 1 T o WH o &l 6x 2 = 12 Fa= afies B Ak ww @
%l &l B, B, @H @M o fgsdi &l T, T,, T, @ & THT 1 Siaal w1 W, W, T4
g, A o deree e S eepfa 5 v fRar ST wehar ® (@TeRfa 7.2.)

12 HATEAG,

BITIWI

B,T,W,
BITZWI

BITZWZ
B1’1‘3“]1

B,T,W,
BZ’I‘I“]l

B2T1W2
BZTZWI

B,T,W,
B2T3W1

B, T.W,
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A : ST TR i FHES &l Hefafad fHgia & 93 - WA o S
2, S8 O oAt MRy faegia s1een Shaet UM fagia shed ® iR okt wem
T UHR T,

“Iqfe TH FeA m 19 %l § =fed & gadl 8, deid Tk 3 gl n 19
%1 G Tfed &l gwdl €, @ KT g¢ #H d i ween & 9= @iwl & uied g &7
FeT 91 G&IT mxn &1

SR giviq fagia &1 seAet & Hifa 9= o fau SAde el fhar s w@eha
21 sewond, 3 st o fory, e fagi frefafaa ger o g

af% T T m o= ol @ ufed € Gehdl €, $9eh S Tk T Tl o fae
el 9 Hfed B wehdl €, Riad Tk died) w2 p =1 adenl @ ufed € wehdt 7,
T weel ok Hfed BH oh o= aw & Ha @@, KU g wH ¥,
mxnxp%l”

v e |, U2 qe1 st o Sigl &l TeH & v wen, frefataa e
o ST "fed eF o fafv= fa=rdl =1 9o & 9o e

() TH U2 o = h HEA

(i) U HHS o T H Tl

T ye ¥ fo=arl w1 s demn, frefafaa seet o ST =fed 8H o
fafq=r for=mral 1 dem o s 2

() Th 9% o 999 i HA,

(i) T @H & fesd o =99 &l o,

(i) Wk 9 i 9l o 999 i A

el I W W Yo WA | SRATd 3 We hAl W Sfed © Wehd! € W 8H &
T9g HH § W R T o =9 wd © S 39 9t % | seist o "ied 8 oh
fafiq=r forarel &1 oA Hd B

3& ROSE, & 18R § &1 a1 4 A& a1el, 1efqul N &1edH, =l i
GEA A SIS, Sl el o gRgha #1 erEfa T2 )
o v =t wen, 4 fem e [ ][] ][] =4 o @ sww w5

A 1 WG & e €, Sefeh 39 S 1 oA Wl WY o GRgh i erHta T
21 Ued WM 1, 4 SR R, 0, S, W EH ¥ fopell W g 4 fafe=1 aliepl @ 9 w0
ehdl T THh W18, T TIF H 99 9 el ¥ ¥ el wk 5w 3 fafee adent @




FHET R 9 149

T S Hehdl & 9k S0 AR T 1 2 Tafg= ol § WO s Wl © 3K 31
T =Y TH HI e | qls W 9 S Gehdl @ 39 YRR A fagia gr wrR Sl
W WA S dUh] B G 4x3x2x 1 =247 : TR HI I G&A 24 B

IfE 31erl 1 RGN 1 STAM eidlt, @ fohad 9sg o Tehd €2 IE
1 Tl § 9 S Hehd! B TR 4 T el ° 9 yde 39U 4 fafw= adeR)
Y W ST Hehal B 37d: YR Bl AT T =4 x 4 x 4 x 4 = 256.

Ta=-fa= o1 = fRU gQ 4 ofel 9, fohar fa=1-T9= Hend 39— fohe T werdl
€, A Tk Wond & fau, Tk @ & 9, 2 oSl I sTewashar qed €7

Scarfed Herdl ot & 2 e wml ! Tg=-fa= T & 4 #el 9 ST

TH % AOF HI G F GUR ¢l SN o o TUE &1 4 Tl § 9 R & gh
4 Tafq= qliel @ W T Wehal 21 SHeh 1%, 19 o o TIF 1 99 3 Hel § o fhe
T 51 3 fafe= aldenl @ 9 S "ehel 21 @1 oM fHgia g Hehdl w1 ettt wem
=4x3=12.

bl 1,2,3, 4,5 9 fohadt 2 SAwr w0 Gl o Gehd! 2, A 3] 51
T 1 ST Eehdl 272

HE3T ! oM o dlieh, 2 T Tl = IR STad YR & 91 &

TR ) & F ST 21 TS THE M I TH oh AU et 2 foeRey 2 @i
2 9 4, 3R I8 2 qhl @ fha1 S Gehdl 21 Heh UYSIq <@ WM & 5 3 B 9
el Weh gH W S Wehal € (TR 3kl 1 YU i S Hehdl )1 31d: 3Heh 5
faehew B1 3taue UM fga R S S arell §W HEms & i ' =2 x 5,
g 1021

%Y § HH I HSl I Th HH € W HAGA Th ] W oF Ao W@ 39 feoRal
T Wehdl 272

Th Hehd A A2 A3 A4 5 HS| W SR S Hehal 81 AT EH 2,3, 4 A5
e 9 a1 ol Hehdl w1 HHE SIS I SAAT-3TN UMT K4 S B =7 dema
1 SIg _
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2 gel g 9 9Tl Hekdl @ 9@, 5 3Ues Hel § 2 g vt E3|
ST 9 1 F&A & aUeR 31 0 Fa9 & SER SHER W&l =5 x 4 = 20 &l

T YR 3 Tl g 991 arel Hehdl i W&, 5 el 9 3 Rem wumE

Tl ST T B! TS o UL 2§ THH] GBI 5 x 4 x 3 = 60 2

T YR 4 HS ol Hohdl i @@ =5x4x3x2 =120
3R 5 Zel ol Wehdl I GBI =5 x4x3x2x 1 =120
374 Herdl shi 3T & = 20 + 60 + 120 + 120 = 320.

3 1,2, 3, 4 3R 5 9 fhatt 3 ofaa & 98 o1 9dl §, IR

(i) TRl T RGN &1 STIAM B ?

(i) 3! &I RGN *1 safa T 7 2
HqH1,2,3,4,5,6F fhal 3 g 0 FAW 9 ST Wehdl 2, 4G 3eh! H!
TR T S Hehdl @ 2

S eoferer o yerT 10 31& W fRde 4 318) o Sie oA ST Hehd ©, At T
oFf e HT GRgR T&l FT ST ekl 22

0 9 9 Tk o (o] ] TANT Fih Tohad 5 3R IAIBI FaR oA S Hhd 2,
IfE geeh ok 67 W URY Bl © 3R hIE 3k Weh &R W 31fereh €l et 22
e e fF IR S S € SR 9Romm S Y fe S €)1 9ot w5 Hee
HE 27

-1 1 & 5 @2 feu gu €1 379 fohan fafs= Hera =me 1 wehd €, AfC
Tk Hohd W 2 ¥el, Tk o A9 TR, o FAN 1 AGTARA TSl 27

frsd aT=38 o SR | |, g9 arka | e1eri & fafi= fa=mal, S ROSE, REOS,
..., SIS, ) Foqa TeA 1 MO R €| 3 g H e o g @ fa= € @
v H o1eril o forad 1 w0 TEeeul § T § uoe o, 4 o el v W
g o weft I WY R T T, RUEE el ¢ 39 A% 8 9k NUMBER,
o el § 9 3 srerlim, srelqul @ erefde aa vl it wew fwifa e ®, SefE
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31210 H! TRE *1 eTHfa 7@ @, @ g4 NUM, NMU,MUN,NUB, ..3&nfg fa=mai
1 U 1 eI 21 T8 W eH 6 fafq= el § o wmg o 3 @5 & A
T ATl SHEEE! 1 UM Y W® 2| IH TN o I ohi A W@ = 6x 5 x 4=
120 (o fagid & 94mT 51@) 2

I 31e ! TREMN i STH B!, T TR b1 ATE T 6x 6 x 6=216 M

FrEd Tk Ffvea w0 o o famra 2, foent < g asgetl § 9w wm
T ow I W B R S T R

T feu 39-17=s< W B9 39 Y Al (i w1 EHT STaveshal 36 YRR 6
Yl oh ST e o fag Tedl 2

n iy axgatl § 9 U 99g | gl Sl oo 99T T hHEEl hi HEAl
=l T P W fefaa & €, W'l 0 < r<naen fRe ot wH=a ¥ awget w1 gRaf
1 SAT T’ ¥, P.=n(n-1)(n-2).. (n-r+1)

HU=Al &t T&, r e T & SR EARES

« rism W o

nTEGS W 9 & IR H1 GEA o SR | UEA I n Al ¥ W S Hehdl 2l
Tk AR T WM (n - 1) Akl ¥ WU S Gkl B $Hh S AT LA
[n—2)a0e ¥ W S GHA © ... AN roll I (n— (r— 1)) a1 9 9 S Fehal
2l 31 r o Tl 1 ST W oh a0kl I WA =n(n- 1) (n-2) . ..
m--D))ATn(n-1)n-2)..n-r+1)

"P % e e U Sifser S 8 3R T U TN HoRad o STawashdl 2, freht
HETIdl | H oA o ol ol SIEEl S ek | Wi n! (9 p eom ugd €)sad
AN el il €| ffafed foeor & &0 d@dw % o ® o) w1 @ e 22

Hepad n! WIH n Wehd W&
U ol e hidl € AU 1 x2 X3 x...x (n—1)xn @l n! g el
S €1 BH 39 Wedleh i n AT UG 2138 WAR [ x2x3x4... x(n—1)xn

=n! AR
1=1!
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1x2=2"!
Ix2x3=3"!
1 x2x3x4=43AMS

70 gt w3 2, o1 =1

T UFR A @ §hd &, TF 51=5x41=5x4x31=5x4x3%x2!
=5%x4x3x2x1!

TR 9 ehd @A 0 ok T
n!=nmn-1)!
=n(n - D - 2)! [T n>2]
=nn - D -2 (n - 3)! [ TfE 1 > 3]
Bl

A Harfae 1) 5! (i) 7! (iii) 7 ! - 5!

() 5!=1x2x3x4x5=120
() 7!'=1x2x3x4x5x6x7=5040
3R (i) 7! — 5!'=5040 — 120 = 4920

7! 12!
et BT 5y ) (10 21

71 Tx6x5!
51~ 5l

(i) B9 99 FQ T, =7 x6=42

i Lo 12! 12x11x(10!)

W Toy2) = (0)=(2)

n! .
(n—r)!’aﬁ n=5r=2

&Y Frefafed 1 |49 fermem @

5!
m@_zy(*M%n=5J=2)

=6x11=66

" frerfere

5! 51 4x5

Tl R 21(5-2)!7 21x31 2 10
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1 1
8' 9, 0,,?ﬁx§ﬂﬁ$’ STq|

. l+ I X
T 617 9481 10x9x8!

e o X Rl 9__x
9 10x9 9 10x9
3 x =100
qH Haifaa:
i 8! i) 4!1-3!
8!
FM 31 +41=717? Wz!wwﬁwdﬁﬁm

1 1 X
Hﬁ\'5+5=§,?ﬁanﬁaﬁﬁﬁm

m,wnﬂﬁwﬁmm

i) n=6,r=2 @) n=9,r=5.

3T BH S STl W 999 =oi w8l v Ffafad Ja fear o
"P=nn-1)n-2)... m-r+1)

TR HY A B H (n—r) (n—r—1)...3x2x 1,9 01 H& T, &Y Y gl &

IED

"p _ n(n 1)(n 2) (n r+1)(n—r)(n—r 1) 3x2x1 n!
' (n—r)(n—-r—1)..3x2x1 ~(n-r)V
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"p n! .
'Y YL - (n_r)!,Tfl%TO<rgn

7% P UEW | (U GhaHSTR e ¢l
foey 9§ S =, @ ”Pn:%::n!

HEE] 1 TUMI, Sheet S aliehl w1 T ®, TS U wHa | g a1 weft awget
1 forre fopan e &l U oft =g o fo fomr o) e sueR € 39 wem & faed

) sRegetl o Biee famar foan T B 1R e i B foh UM S 1 Shael Tk e
21 36 ®R W T 0P, = | it fen 2

n! n!

A GA (1), r=0% fau «ff oy 2

e
a4 Pr—(n_r)!,()ﬁrﬁn'

n Tafa= a%gstl ¥ 9 U 99F ¥ r I%g3T Rl @ o1 A=Al i HE&AT, Sdfh
TEG o RN H1 A 81, pr e 2
THhT I fUsel WHE &1 SUdT o WU €, 3Td: TEh] UIsh o foy Big f&
T R

39 TP °h A HI STAN Hl TR FHH o ¢ e sg=ss & F8 W=
H TE I F AN 5 WA R T
I | H VR I Il Wem =P, = 4! = 24 5@ W #1 eTgAfa &l 2 Af
YAUgTd 1 ST B, O TeRl hl A HEA 44 = 256 B

NUMBER ¥ & #1&% ® 9 3 31arf ara =afa o=l &1 wem = °Py=— =

4x5x6=120, T 30 Y § f TN w1 SFIEA T 21 9% TR w1 ST
g, d@ TR w e 9'em 68 = 216 B

12 il o Teh WS ¥ Ush 31e78] 3N Ueh SUEAe o =g+ o adeh| @i
T, 98 UAHL {6 UF oAt Th 9 e U8 W T8 ® Wehdal ®, TSl




FHET AR g9 155

|
2P, B2 -
10!

HH wifoie TR 8H 2188 ROOT ok 18RI o QATG=Id oF iiehl
I e T w21 39 <=0 H, et e fre-fae 79 21 98T 2 0 ¥ S WA geR
% 31eR 21 B9 T S O I o w9 ¥ fiy=-fa= 9 o @ S 0, #iR0,. 379 39
T W 4 fafa= 1l ¥ 9 uh 99" o 9t ) e a1 91 hHeEl I e 41 2
T wEeEl § ¥ Tk %wEed RO,O,T R fo=R il s0er @, 98] W 21 wH=a
RO,O,TTMRO,0 T W& & Wil & ¥oM %H= & 4k O, 7en O, ®! fa=-fuy 7t
HAT T Bl i A€ O, de O, Tl A= H O Bld| 3Aqud, A=l i AH Fe

4!

_— =3x4=12
2!
T 9 I A9 e fmar T e
FH S9 0, 0, HH=d w6 0, O, <Al

- € 0% "9 &
RO,0,T
RO,O,T > ROOT
TO,0,R |
TO,OR | s TOOR
RO,TO, |
RO,TO, > ROTO
TORO, |
TO,RO, s TORO
RTO,O, |
RTO,O0, | s RTOO
TRO,0, |
TRO,O, s TROO
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0, 0,RT] 0ORT
0, O, TR | >
ORO,T OROT
O,RO,T | >
O, TO, R]| 0TOR
0, TO, R >
O,RTO, | ORTO
O,RTO, >
0/ TRO, | OTRO
0, TRO, >
0, O,TR 00TR
0,0, TR >

3TEY 319 B9 ¥ INSTITUTE o 318l o QA=A ok ailehl i H&AT T1d hil
79 <90 H 9 31eR €, f9H 1< 9R e T R e 2
SR W9 W, B9 T §AF e I fr-fe oM wd € W 1,1, T, T, T

22 73

o fafe= eterl & @ ww W ¥ weft 1 OF W W wH=E w1 wewn 91 B T ¥
TR WA f 1 NT, ST, UET, R faar ®ifsw =ft 1, 1, ¥9 7 &f &R T,

1”2

T, T, T S™ 7 & @ 1,1, % 2! Tl § @21 T, T,, T, 1 3! Tl 9 fo=ma foman

1?72

T TRl 81 AfE [, [ 99 & @91 T, T, T, 99 &, @ 2! x 3! %H= 99 &l 39

17 72 73

YRR U8 ¢ fafq= sheeml & Fa H@Tz‘g—;'%lﬁﬂﬁﬁ%ﬁ@ﬂuﬂﬂw&‘m (femm

3qUf) e Y Thd B
n TG o HEEA 1 G, el p &Y YHH YHR Hi R 99 = geR

TEA: TE G § T SATE A9 YHA @ S A efuid 2:
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. . . ! & &
n SRS % FE H Hen ————— #1, W& p, T T R p,
Pl pte py!

Qe T YRR T, ..., p, THU kAT TER F AR W9 (AR wE ¥) fafem v
Eald

ALLAHABAD V1% @ 3181 ® &4 aTcl shi=dl ol 91 A hifu|

TE W9 HE T, T A, 4 91 3701 2, 2 9K L 311 ¢ a9 99 fafy= YR &
2| oTua o= # s gen
3 9! _5><6><7><8><9
4121 2

1 ¥ 9 TH o 3Aeh] I YA Hich ool 4 3hd HEAT o8 ST Hehell

€, A 3Rl I AN H1 STH T 22
Tel R 3Rl 1 A TEUl €, ST o foq 1234 o 1324 | fg=-fom Hemd
g1 o1d: 4-3fw 1 st w1 wen 9 fafe= il o o Uk 9T o 4 3iH] I AR T
I FHIA HI TS h WER Bl TH YRR 4-3TR1E wemsd w adie gem

91 9
’ 4=(9_4)!=§:9x8x7x6:3024.
100 § 1000 = o= feq frat gead €, i< &% 0, 1,2,3,4,5 9
T ST Wehel B, AfE 3Rl & g i ergafa & R

100 | 1000 o o= o Yoieh §& U 3 319 W& 81 YUH 89 6 Al §
U UH GHT W 3 3R] ] o I 9 HHFEl Sl G&A I UM FW 2| T8 HEe
°P. ¥ WY T HHEAl | o ff Wit €, o 0, §hS o v W 21 ST % o
092, 042 ... TITE 3T 3 et WA § = arad | 2 3t € 3r: i WE &l
T T o fAQ, 56 WehR i 2 3fehid W@l o P, H © T US| 316 3 2-3h 14
HETE 1 WA T S o U, B9 0 ] U o T W e Y <9 € 3R v

5 3Rl ¥ Ueh GHA § T bl ] AR a1 aTed (GG i GEA 96 i 2 A8
Ter 5P 7| 3: i wem :6P3—5P2:%—§

=4x5%x6 — 4x5=100

=7560
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nh! AF J1d Hife, 39 YhR f&H

nP4 5
(i) "P;=42"P,, n>4 (i) Tp :g,n>4
4
(i) e 2
"Py=42"P,
I nn-1)n-2)yn-3)(n-4)=42nn-1) (n-2)

Fifn n>4 @A n(n—-1) (n-2)#0

31qud, 31 9l Hln(n— 1) (n—2), ¥ 90T 3 W
(n-3)(n—-4)=42

n —7Tn - 30=0
n?—10n+3n-30=0
n-100(n+3)=0

n—-10=0 A n+3=0

n=10 A n=-3

Fifeh o F A TR & Wkl @ T n=10

g 4 9 9 4

"P, 5
(i) fen 2 T ”-1114 =3
TH UhR 3n(n-1)n-2)(n-3)=5(n-1)(n-2) (n—-3) (n-4)
7 3n=5m-4) [FFEn-1)0-2)n-3)%0,n>4]
2 n=10
J@ hifSY r, A€ SP =6P_ .
R
5% =6°P,,
41 5!
il 5X(4—;»)!_6X(5—r+1)!
st 6 x 5!
Rl (4-r) 5-r+1)(5-r)(5-r-1)!

Kl 6-nNG-n=6



FHET AR = 159

rr—11r+24=0
rr—8r-3r+24=0
r-—8-3)=0
r=8 or r=3.
r=28, 3.

DAUGHTER V=5 o 3181} 9 § 318R a1t fa=rdl =t e | sifae, afg
() 99 WR T Y Rl (i) 99 @R U WY &l Rl

(i) DAUGHTER ¥is% ¥ g fafq=y a1er &, o o 3 =R €, s1afq A, UTen E
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ud § gom UW Udd i & fF Rabbi ben Bzra %1 “C o1 §[3 ¥ &l o, qenfy
3 3 fea 9 fF n $R r o s R 7 % fow 'C = "C, =i #1 W 1321
T H %ﬂ@ @@, Levi Ben Gerson P, "Pnﬁ @ % Y ”Cr$ HYch 1{>ﬁ
EARC IR

v Tier e s iR = foma o guf @Ik shHeg e Ars Conjectandi
& TRt ofe fearm TRt Jacob Bernoulli (1654-1705 &) =1 f&ham gqent Wb
Sk ALONOE 1713 € W gl 39 Y § HEIa: shued I He o gl @
3l SH! YR i B S| R g9 TeTehe i 2l




amrmn
(‘@'ﬂ?{ g (Binomial Theorem) ’

“*Mathematics is a most exact science and its conclusions are capable
of absolute proofs. — C.P. STEINMETZ <*

8.1 yfiarT (Introduction)
fymell wemel W 'HA W @ R FRE YR a+bad
a—b S8 f5usi 1 9 9 ¥H T kA 21 TR A HT TEM
FToh W GEAS & o o HAl 1 WA Jd F HHA 2 59
(98)2= [(100 — 2)1% (999) = [(1000 — 1)*], Scf<I
fre oft, aferen = el Hest S (98)°, (101)° 3earte i
MU, Wik TUARE g S Sied @ Wit g1 3H
Sfeerar =1 fgue 79 gr g fohan =

T B (a0 +b) % TER H oHA fafy urd Bt ©
el iR o U YU A T W ¥ T e H o e
el o[ QU] o foru fgug wom i eremEA (16231_51"66;?:3)‘)

8.2 ¢+ ‘{Uﬁﬂ'ﬁ ED '%l'ﬂ: fgue Leo) (Binomial Theorem for Positive Integral

Indices)
3T g6 ¥ ol T8 FAfafaa qadieret w g6 =R #i
(a+b’=1;, a+b £0
(a+b)=a+b
(a + b?=a* + 2ab + b?
(a + b)’ = a® + 3a’b + 3ab*+ b?
(a + b)*=(a + b)’ (a + b) =a* + 4a’b + 6a*b* + 4ab* + b*
3 YER | 89 2Ed € T
() WER ¥ S % T GEd, Uik 9 | AE T SUEUM: (a+ b)? % TEAR H
(a+b)? 1 9@ 2 & VEfh GGR § el Y& ! H&AT 3 B
(i) THR oh STURK TSI | UH o I 4 Uk o %A 9 ¥ @l § Seieh g Uil
b B TF oh HH U 95 &I 2
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(i) TER oF G UE § ¢ d bl HIAl T AN GHHA € 3R a+ b H UG ok

ERET S
39 B9 a+ b o YUK fawar | fafsr=1 4gf & Tunieh] =l 7 Jeh =afeerd shid

g (smFfa 8.1)
. .

AW N = O
[a—
N
[y

aMeFfa 8.1
1 89 39 9RO | 3ol i feren o forg fndl wfoey w1 Sterciieh sid €2 81 98
<@ S Wehdl B {6 ©@ 1 %1 ik o fer@ 1 371 1 1 90T S0d 2 1 OfeRd o fow 2 2
21 ua 21 ufem o for@ 1 3 299 2 3R 1 61 A u@ 3 1 ufek e fow 3 31 3
31 T S W off TH YR | YH: Yo Uik o URY 9 3fq § e €1 36 Wik
et oft sfomd = oo o fau fomn s wehar 2
T afepfa 8.2 ° U U yiowy @ o iR il forgey m 9q wehd 2l

HTdTeh T
0 1
1 1 v 1
2 1 v 2 v 1
3 1 v 3 v 3

v 1
4 1 4 6 4

TR 8.2 Ukl At

1

amepfa 8.2 ® <t ¢ WRUl i 1ol wf o @R feRdt off W q% w91 Teha €1 AE
AT Tk UE B ) a@ o € e i w1 fomn @ eIk 9 faeedt e e
1 3R T W 2| WEst S g HIHE! TaE Blaise Pascal o 10 R Rehe 1w
o W 9 ufHg 21 8 Yo o Teued o AW W ot S ST 2
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T fgUR 1 S=A Wl 1 THR ot UreRe o ISl o YEI g §9E 21 STEU

BH RSl IS 1 YA R oh (2x+3y)° 1 faER il u| 5 w1 ufe @
1 5 10 10 5 1

39 ufer @1, 3K gHR T (i), (ii), (iii), ST T4 i §C eH UM € T

(2x+3y)’ = (2x)° + 5(2x)* (3y) + 10(2x)* (3y)> +10 (2x)* 3y)* + 52x)(3y)* + (3y)°
= 32x° + 240x*y + 720x*y* + 1080x%y° + 810xy* + 243y°.

319 AT BH (2x+3y)'2, %1 THR T AT 916 dl 98l 86 =1d 12 1 9ot I hl
TN 39 URehet T 1 Wil o1 o1q 12 9% 1 9t fear fom e ure fman S
Hehal 21 98 et § ofe Tty 21 S TR a1y ed € R St ot = umEl o fasn
# o foru fafar afi sifees wiea = sl

Iq: B9 T U T e 1 9ae S € food Tea st ) W ofw
H 9gdl H1 R dfekdi i fa@ fam g1, f5ug o fRdt «ff =1a o1 fowar 9a i w6kl

Tqh foq B9 T2t U g ‘EA’ & GAl R YA hich, bl e H ford
wemstt & g faed 1 g9 W € TR

P . .
Sy 0T W&l n FOR w7 "C, =1="C,
39 Ul IS ] YA W YR forg wehd € (3Tepfa 8.3)

r

Hrd RIED
0 ’C,
=D
1 'c,
=D =D
2 ¢, ¢, ‘g,
=D (=2) =D
3 ‘c, ‘¢, ‘¢, ‘¢
D) =) =) =)
4 ‘c, ‘¢, ¢, o, e
=D =) (=6) = =D
5 c, ¢ ¢ ‘¢ ‘¢, ‘c
=D =5 100 (=100 (=5) =D
AT 8.3 UTkhel A

ST UId&T (pattern) i <@, Td ikl 1 fore fo 1 &9 weha B9 ot
fret ot =1a o foru ofem o) forg wehd 21 SSRwm: u| 7 o fou ofe gnft




176 T

7C0 7C1 7Cj2 7Cj3 7(:4 7C5 7C6 7(:7
39 YR, 39 U SR U&7 (i), (ii) I (iii), 1 WA e BH UM T,
(a+b)’ =7C a’ + 'C,a°b + 'C.@’b* + 'C.a*b’ + 7C,a’b* + 'C.a’b® + "C.ab® + "Cb’
T YU 1 SYANT hieh Tk fgUg o fohdll SRUR qUlieh noh foae geR f@mn
ST Tehel 21 319 B9 Uk {59 o FREl ot (HOR quiih) = o YER & fomas &t
e ¥ 2

(@ +by="Ca"+"Ca'b+"Ca?b>+ ..+"C ab"'+"Cb"
T YOG 1 SYUtd O SARTHA Hgia R 9T W St 2|
A ST weM P(n) Frefafea 2:
P(n) : (a + by’ ="Ca" + "C.a"'b + "Ca*’b* + ..+ "C_a.b"' + "C D"
n=11 W
P():(@+b)='Ca' +'Cb'=a+b
3@ P (1) 9 2
A Y R P (k), Tl o quifer & % fow W ®, ereiq
(a+b)t = C @ + *C a"'b + 'C,a*’D* + ..+ *C b . (D
&n fag Ul & P(k+1) o o € ereiq,
(a+b)k+1 — k+lCOClk+1 + k+1C1akb + k+lC2ak—lb2 + .+ k+le+lbk+1
3Hd,
(a+b)"*! = (a+b) (a+b)*
= (a+b) (*Cd* + *Ca"'b + 'C,a"?b*+... +'C_ab*' + *C,b") [(1) ]
=Cd* +'Cd'b +‘Ca"'b* +..+ *‘C_a’b""' + *C ab* +*C a'b
+4C a1 + "*C a7+ ... + 'C_abk + 'Cp! [afereh T BRI
=*Ca"" + (*C+C)d'b + (‘\C+C)a"'b*+ ...
+(‘CHC, ) abt + *C,p*'  (WHH T&I o HHE SHHY)
— k+lCOak+l + k+lC1akb + k+1C2 ak—1b2+ L+ k+leabk+ k+le+1 bk+1

(*IC= 1, 'C +*C_=MIC 3R *C, = 1="IC, 1 FAN k)
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3o fig B T A€ P(k) ff &3 © @l P (k+1) 4 1 gHiee, T s feagid
SN, Y% ¥F QUi n o feIq P(n) 9T 21
B9 TH UHY ] (x +2)° & YER 1 3B AR G B
(42)6 = Cx° + 6C 5.2 + C 22 + C*.23 + “Cx2.2% + SCx.25 + °C 20
=x% + 12x° +60x* + 160x> +240x> + 192x + 64
TH ThTY, (x+2)% = x° + 12x° +60x* + 160x° +240x% + 192x + 64.

"C @b’ + "C,a'b' + ..+ "Ca'ly + .+'C @b, & =1 = av

T % chk anfkbk %|
k=0

3T TH YT # 36 YHR o fom W 2

(a+b)":f”ck a" *b*

k=0
faus w9 ¥ &1 At ok C U O wed g
(a+by' o TER ¥ & i W& (n+1) % eiq oaiw @ 1 A 2
TR o ST U] §, ¢ 1 O Tk % %A ° T2 W €| T8 98 I § p, T
WH (n-1) 3R 6 6 yhR ffqw v o 3= T Sk SH YRR b AW Th
% %9 9 g W ¥, Ueel U5 § I 9 IE e, TR g H | IR R g wehn
fem 9 ¥ W HEw B
(a+b)”,$‘5lﬂﬂff,aﬂ% bﬁﬂﬁwmﬂ,qﬁqﬂﬁn+0=n,§ﬁi‘ﬁﬁ
(n—1)+1=n 3 S YR AfaH 9€ § 0+ n=n 2| 3d: 98 @I S Hehell 2
foh WHR o W US| o a1 bl H@l 1AM 1 2l

() a=x7U b=—y, ¥H B UH ;
x =y =[x+
"Cx" + "Cx"'(=y) + "Cx"(=y)* + "Cx"(=y) + ... + "C (-~y)"
"Cx' —"Cx" 'y + "Cx"2y? = "Cxy* + .. + (=1)" "C, y"
BH YhR  (x—y)" ="Cpx" = "Cx"'y + "Cx"? y* + ... + (=1)" "C_y"
THEH JANT 6 BH UM T,
(x=2y)° =°Cx* = °C x* (2y) + °Cx* (2y*)
—-Cx* 2y +°C, x(2y)* - °C.(2y)
=x° —10x*y + 40x*y* — 80x%y* + 80xy* — 32y°
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(i)a=1 T b=x, 0oL 9 U ¢ T,
(14+x)" = "C (1" + "C (1)"x + "C,(1y"2x? + ... + "C x"
="C,+"Cx+"Cx* +"Cx’+ ... + "C x"
B YRR, (1+x)"="C + "Cx +"Cx* +"Cx* + ... + "C x"
fagiod x =1, % foq &x . 7,
2n="C +"C +"C,+ .. +"C
(ili)a=1 q91 b =— x, I B9 UM T,
(I-x)"="C, = "Cx + "Cx* — ... + (=1)" "C x"
fasiod x=1,% foq &9 . 2,
0="C,~"C, +"C, — ... + (1) "C,

4
3
[x2+;j ,x#0 1 THR 0 B

fEUe Y9I 1 TANT Ik BH I B g,
2+ 3o (feem () - < 3]
X J’_— - 4C0(x2)4 + 4C1(x2)3 —_ + 4C2(x2)2 _— + 4C3(x2) J— + 4C4 —
X X X X X
3 9 27 81
=x83+4x. —+ 6. Z+4x. 3+ 7
X X X X
108 81
=3+ 12° + 54+ — +t—
X X
(98)° T TUMT HifTg|
B9 98 o] | &S o AR A1 3Tl § oHed I ¢ ToreR! HId 1 L 9 B,
iRt fgue wig =1 w2

98 &l 100 — 2 forem W,
(98)° = (100 — 2)°
= 5C, (100)° - °C, (100)*2 + °C, (100)*2>~ °C, (100)* (2)*
+°C, (100) (2)* - °C, (2)°
10000000000 — 5 x 100000000 x 2 + 10 x 1000000 x 4 — 10 x10000
x8+5x100x%x 16-32
10040008000 — 1000800032

9039207968
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(1.01)1%0000 T 10,000 § ¥ i d HE&I 9€1 22

1.01 %1 &1 T&i H o4k ok [gUE Y9 & Tgel ® Ual i for@hl B9 UM ©

(1'01)1000000: (1 + 0.01)1000000
= 100000C 4 1000000C (0.01) + &= HIcHe TR

=1+ 1000000 x 0.01 + 3T gTHeh Y
=1+ 10000 + 31 Y-[Heh U]
> 10000

31d: (1.01)"0000% > 10000

fgu= v =1 wAi e fag wifee fe 6'—5n =1 519 25 | 9 faan g
@ T | AW = 2

ﬁﬂ'@l’[ﬁaﬂ%b&%@qﬁiﬁﬂ@ﬁqﬂm r 9Tl Y ek Ik a=bg +r
A €0 HE Whd € T ol bW 9N HH W g USRS a2 r TR Wil Sl 21 g6
YR T S b foIq o 6°-5n a1 25 @ 9N & W | 99 sl ], W (UG SO 2
6'-5n = 25k+1 W&l k T Wiehd W& 2|
T S 2 (1 +a)y'="C,+"Ca+"Ca+..+"Car
a:5,&m%ﬁw@m%,
(1+5y="C/+"C5+"C,5+..+"C5"
(6)'=1+5n + 5°"C,+ 5°"C, + ... + 5"
6" —5n=1+5 ("C,+"C,5 + ... + 5"?)
6" —5n=1+25 ("C,+ 5."C, + ... + 5?)
6" — Sn=25k+1 STl k="C,+ 5.'C, + ... + 5"2.
Ig <ifaT & 6 W@ 67— Snhl 25 W 9N fRAr S @ 99 1 == R

g 4 4 4

YT 1 9 5 9% YA SAsleh ] YER Hhifeld: 5.

5
2 x
(1-2x)° [; - Ej (2x - 3)¢

53 (3]
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T§9% YHA 1 FAN Slen HTGRad o1 HF AG hiTeg

(96)° (102)° (101)* (99)

08 999 &1 T I U Ay HE-9 §e@n agt 2 (1.1)190371 1000.
(a+b)* — (a—b)* 1 TR FIRTI THFT T FLH (\/§+ \/5)4— (\@ —ﬁ)4w
M Ad S

(e+1)° + (e—1)° =T A T HITST FHERT TART hteh a1 3T (2 +1)°+ (2 —1)°
1 HF F1d HIFT|

fEERy fF 91 —8n—9, 64 ¥ fI9ra B W&l n & o1 Yo 21
fag =ife fim ) 3" "C. =4"
r=0

1. (a+by & feoR TR # 304 3@ 2 fF el & "C o' €, WU W "C a'b
T, T 9% "C a2 ¥ SR S T YRR T SR Ual o Wfawd ¥ gH Fe
wHd € T (4 DA T "Cab B (a + by FH (r+ 1A U, YR TS
(General term) Feal &1 39 T, 80 foed HEEGE T, ="C a b

2. (a+b) % YER o WA UE o AN W BH UM ©
(i) A€ nE9 (Even) W& € d YEK o U1 &1 & (n+1) B FifH n TH

n+1+1\*
2

wa@%’w&qml@ﬁwmﬁlmqwm[
9fq GHT T 2

IR, (x + 2y) o TEHR § He Ug (%Hj et 57 ug 2l

(i) A nfawd §&A (0dd) ® @ (n+1) TH HE&A1 81 THIAT, YOR & & 7 T

: ?ﬁ 7417
[Hlj e ["zlﬂj B 3 (2amy)’ F TR T 7T T [;j

2 2

atefe =hen i (%HT SoIfq et Ig 21
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2n+1+1

5 j S (n+1)7 7R 2,

2n
3. [erij ,aﬁx;to%,&smﬂﬁqwqﬂ[
Fifh 2n 9 GE&A 2
78 2C 1 Gj =>C, (3R) BN fean S @

T8 9 x 4 WdT U5 (Independent Term) &1 37X 9] (Constant term) b8l 2l

R (2+a)* & EU% TOR *1 Toedl IR g Real 98 OH e d ¢ H1 94
EIGECIIE 1Y
Cevyy 3 o S0 (re1) 1 BT, = Cey
wed 9§ o fy, r+1=17, & r=16

SR T,=T,, = 50C16 (2)%0-16 16
= 50C16 234 416

‘sjﬂg[ ThX T18 — soc17 233 417

e T ® T T, =T,

e,  0C, (2)* @' =*C, (2)® a"
a17 SOC16 .234

o 16 = 50(:17 233
PCp 2S00 a7 33
R a=""S%c T T 1634 50! =1
~ 13.5..2n 1 .
fe@mEe f (1+x)> o T6R o 78 48 % 2 2t E e T
7 quiieh 2| ! |
ERﬂﬁ . n ar .
< 2l
(2n)!
R, HA T, = FC Py = MC=

2n(2n—-1) (2n-2) ..4.3.2.1 p

n! n!
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n

1.2.3.4..2n-2)2n-1)(2n)
- n!'n! *

[1.3.5...(2n-1)][2.4.6...(2n)] .
n'n! -

n

~ [1.3.5..2n—-1)]2"[1.2.3...n] .

n'n!

[1.3.5.2n-Dn! ., ,
= 2 X
nln!

1.3.5..2n-1) ., .
= 2" x
n!

(x+2y)° o GER ¥ x0y3 %] TON% 1 hitel
A ST (x+2y)° & TER | 103, (r+1)7 98 § 1@ 2|

34 T,=°"C x> Q2y)y="C2".x".y’
T, @ x%° § x 3 y o S 1 Jo H T T WG & 8, =3,
N 3 987
64,3 = _ 9 3_ ——20 _ 20 a3
ESIKI X0y W Pk = °C,2° = 3704 = 3.2 27 =672.

(x+a)" ok T5U8 YHR o T, e’ 3R =19 U A 240, 720 S 1080
Zl x, a T n T HIEW

T 9 § foF q@0 W T, =240

REGH T,="Cx""'. a

ELIGI "Cx"'. a =240 (D
3 ¥ER "Cx?a? = 720 (2
3R "Cx3 a? = 1080 )

)& () 97 F@ R 2 W 1 2,

"C,x"?a’ 720 (n-D! a_
—1 = -qT T
"Cix"a 240 (n-2)! x
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a 6

N X (n—1) . (4
(3) ! (2), § W % R,
a 9
x 2n-2) .. (5)
6 9
OENS) ﬁ,n_1=2(n_2) T =5
T (1) ¥, Srla=240 R (4) 3, ﬁ:%

X
3 G B B W BH x=2 g =3 W HW B
A (1+a)y' o JER H 9 HANTT 91 o Ok 1: 7: 42 o 39 | B
n k1 HF Ad kS
A AT (1 +ay s TR T (r— DT /A7 a9 (r+ DT 98, 99 HA0 9% 2|
(r— D)9 "C_a2 7 o TR N "C_ B1 TH Wb A (r + 1) W& F R
FE: "C_ 9 "C_ T Hifeh OB H SIAE 1 : 7 : 42 T TWOW B W e €,

nCr—Z _1
—nCH 7 A n-8r+9=0 o (D
"C, 17

C: ?—4—23@?{;@—7H1=0 )

i

RO (1) & (2) 1 8 i W BH n =55 U Bl 2l

TUTieh JI ehifSI:

(x+3)8 ° x> & (a—2b)2 ¥ &b =
fr=fafea & vOr ¥ =ames 1 faf@u:

(= y)° (=% x £ 0

(x—2y)"? o TER § <ol 95 F1d Hifeul
1 )® .
or L e
[x 3;} o YER § 1391 9 J1d hifea|
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fr=fafea gori ° 927 9 Fa i

Y X 0
[*?} o
(1+a)’”+”$‘5lﬂﬂﬁﬁ:lu_§ﬁmf%amﬂm a”&WW%I
?Tﬁi(x+1)”$9ﬂﬂﬁ(r—l)ﬁ,rﬁ3ﬁ?(r+1)ﬁqﬁ$w1ﬁ1 3 5l
3TUM €, A n AT r H B A BI)
g SINT o (1 +x)2 o TER § x" &1 1, (1 +x)>' oF JER & x" ok [0
1 AT &Il 2
m T ¥AIHE TH T1d witaq @eh T (1 +x)" o6 T9R § x2 &1 o0 6 2|

6
ze‘%j & WR F x § @ T T

6-r r
e e fm T =°C, [Exzj [—ij
r+1 2 3x

s (3 ey v (L) (L
-ef3) @ @5

B o
r (2)67}’
x ¥ ad U8 o AU, 9% ¥ x 1 "M@ 0 (TH AMe) 1 31d: 12-3r=0Ar=4
(3)6—8_i
£ 12

_ (-1 °C

39 N 57 U8 x 9§ s 21 THiaY A9 g = (~1)* °C

IR (1+a) &F TR F ¢!, ¢’ A o' o oM TR S0 H 2 @ fag
IS T n2—n@r+ 1) +4r—2=0

T WA E & (1+a) % TR E (r+ 1A 98 "C o’ 31 36 YR 98 @1 1 Fehel
T @, (r+1)" 7= ¥ 371 B1 SR THRI O 1C 1 THAC @, o T @t F TR
FHE: 'C_,"C [l "C  §| Wy ¥ oIk WA gvit § ¥ g§iae
"C_+'C =2'C
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n! n! n!

a0 + =2x
(r—-D'(n—-r+D! (r+H\(n—-r-1)! rl(n—r)!
1 1
- +
r-Dn=-r+D(n-ry(n—-r-=-0)! (r+H@r(r-D(n-r-1)!
1
=2 x
r(r=D!n—-ry(n—r—-1)!
1 { 1 1 }
T +
r=! (n—r-1n! (n-rHn-r+1 (r+1 (r)
ST =D n—r=D[r(n—r)]
1 1 2
R + =
(n—-r+D)(n-r)y r(ir+1) r(n-r)

rir+D+(n—-r)(n—-r+1) 2

(n-r(n—-r+hHr(r+1) r(n-r)
rir+D)+(n-rHmn-r+1H)=2r+1)m-r+1)
rP+r+n’—nr+n-nr+r—-r=2mr-r*+r+n-r+1)
n—4nr—-n+4rr-2=90

n”-nM@r+1)+4rr-2=0
fe@Ry & (1+x o YOR § 7 U8 &1 TN, (1 -+ & &R § IH
HeA UG} o ORI & A % SRR €l gl

FfH 20 Th T H&A 2 EAU (14+x)> & YOR § shael T W&l 95 ¢ 1 16

2 = ,
[7'”1} Feiq (n + )7 9”2

o (n+1)" 98 2C x» T ForR ToME 2C Rl
T YHR, (2n-1) T faun wen ® z@feau (1 + 0 % WEOR % 9 " 0]

2n—1+1\7 2n—-1+1 \* . .
[n2+j ﬁ?(anr +1J aﬂﬁnm\‘}ﬁ?(n+l)mq'<%l

4 49 4949 4
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T 9& & NE HwE: 2IC FR 2IC F
W YR >IC_ + »'C=>C [Fifd "C_+"C ="C]
T e B
TEU% Y9I 1 YA W §C PPHEFA (1 +2a)* (2—a)* | a* 1 TONH Aa
i)

Ted UBe g9 R o Yeh § U THT e WA Y GHRY i 21 g
Heh X
(142a)* = ‘C,+'C, (2a) + *C, (2a)® + ‘C, (2a)+ *C, 2a)*

= 144 (2a)+6 (4a®) + 4 (8a®) + 164*.

= 1+8 a+24a’+3 2a* + 16a*
A (2-a)°=C, F-C, () (@) +C, Q) (@ - C, 2F (@)

+°C,(2) (@)= °C, (a)

= 32 — 80a + 80a*- 40a*+10a* - a’
T IR, (1420) (2-a)’

= (148a + 244> + 32a* + 16a*) (32-80a + 80a? — 40a® + 10a* — a°)
& Tqul 1o T qen aedt ual o foras i eaveshdr T 21 €W Shadt o€l 9% ferad
TR of o B AR @t = A I TR 51 gk 21 o 9| H o m%,é%

1.10a* + (8a) (—40a°) + (24a?) (80a?) + (32a°) (—80a) + (16a*) (32) = — 438a*
A: OAEA | gf 1 OIE — 438 B
(x+a)”$9ﬂﬂﬁm@rﬁqﬂaﬁﬁml

(x+ay's FIR ¥ (n+ 1) 9% €| T&I T 3TTciih Hd gL €F e Thd © T 3id
¥ gl U8 WHR 1 Afaq 98 € e (n+ DT 9 (n+ 1) - (1-1) B A W T G,
TR &1 n7 98 n=(n+ 1) - (2 - 1) Bl 3d 9 990 9=, TG & (n-1)" w8 T 3R
n—1=(n+l)— (3 -1). T TR, i ¥ /7 9, TOR H [(n+1) — (r— DT 9- 31efq
(n—r +2)" W8 BT

s TR T (o2 o, v

n-r+1

18
(%Bé;j x>0 % TR x @ @ T 9
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YER 1 AYH I

18—r 18 2r
—18Crx 3 1 — lgcri. 3
r 9’
2" .x3
Fifh e x W T I Td kT 2 efq 59 g H x T 2
18-2
Bl 3 L-0 @1 r=9

1
aa: @il U 15C, > 2

[x—%j ,x#0, ST&l m T WIpd WAl €, o YER § Uedd ¢ Wef o

X

TOTTRT T AT 559 Bl WHR § x° STell 9% A1 hife)

[x%j % WER & T8 di 9& % o “C,, (-3) "C, 3R 9"C, Tl

zEfay fu U giasy & gER "C, -3 "C + 9 "C,= 559.
T 1-3m+ w:Swsﬂ@%ﬁm:lum@wm%wmﬁ

3 r
3:|a‘ ’I‘H—1 - 12Crx12—r [_?j — IZCF(_3)r x12—3r
Fifh H x° ol 9g =gl 3fd: 12-3r=3 a1 r=23.
T UER, AHE U] = 2C (3P 40 i — 5940 £ B
T (140 & TR H (7-5)7 3R (2r—1)" 9= o 7Ol 9H & r J

i)

(14xp* & FER F (7=5)7 a9 (2r—1)" W& o omie A9 ¥C 3R *C, , ¥
Fifh 9 TAM T, THAY

34CP6 — 34C2r—2

TE qfl 9 B SR A r—6=2r—2 A r—6=234— (2r—2) &I
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[E9 AT &1 FAN Hieh foh Al ”Crz”Cpgsf ar r=pdl r=n-yp]
AT, B r=—4 9 r=14 YW g W r 9hd G&A 2 X r = 4 GHa & 2
Ad: r=14

M (a + by o THR § WoH d1F 98 HHY: 729, 7290 A 30375 € @l a, b, 3N
n 9@ Hita|
AR (3 +ax)’ o FAR H 2T x* o Uk HM B, A ¢ 1 AF A HifGQ|
fEU% UHT 1 ST F U AR (142x)° (1—x)7 H x5 1 TOTF Fd HifeQ)
g o @R b fam-fo= quis &, @ fag FIT &5 (@ - b)) &1 & PREs
(a - bR, SEfEH n Th ¥ qulich 2|

[ a" = (a — b + by faT@HT FER HiW]

(V3+42) ~(V3-2)" =1 7 wm e
(a2+\/ﬁ)4+(a2—\/ﬁ)4 1 HH M@ I

(0.99)° % YUR & gl i USRI 1 YA HId U ST FHehean AM T Hifwul

q&;[i‘ﬁ+%j ¥ WER ¥ A9 9§ 59 S o § 59 9% F UM 61 B
@ n A B

4
[1+§—9 x# 0 %1 TgU8 YHa g1 TER A1 hife)
(3x% = 2ax + 3¢%)° &1 fgU8 Yoo ¥ WOR [ e

T fgug @1 fmdt ot o7 quier n o foau yar fgug w99 g/ foran s 2
T YHI o STTER
(@ + by ="Ca"+"Ca'b+"Ca?b* + ..+ "C_ab"' +"Cb"

THR o Y&l o U] 1 SHeEer %Y Ukl HYS hEard 2



fgue W

(a +by' % JER 1 =AWF 9 T ="Ca""b

(a+b)n#wnﬁ,qﬁ:nwa@mﬁaﬁanﬂ(g+lj g g R AR

n faom wem ® @ 9 5 ug (nglj GO (nzlﬂj 2l

WA A TR (e+y)”, 0<n <7, % JHR H 0T ohl ST 91 S8 8 S8 STareal
H T 7 ST geaeh B8 ARA (2008 ) H S Rl I Uk ST, o wewe
Bd €, % ®9 H T @1l 13038 H =1 TR Chu-shi-kie o = # 4t 778 FryseR
ToFTe 1= AT 1544 ©F ST STHA TTiUaE Michael Stipel (1486-1567 %) - Weige™
f5ug 1T ' 91K i URY fRaATl Bombelli (1572%) 3 #t, n=1,2, ..., 7% faq aen
Oughtred (1631 %)™ n=1,2,..., 10 T, (a + b)" o TER § O] hl Sl
T o HeWE oh 9H Uig UREdy ok w1 for@n g7 ST st 5 Uehal
5199 & A9 ¥ yafad ¢, 99T gd 915 § wIEE ga o 7o Blaise Pascal
(1623-1662 %) = 11 321 {598 THR o TUNeh] sl THeher o faq &S 1
AN feRa

nek quiieh Al ok fore fgus g9 1 ad9H @&y 9eha gN fafad g&ieh
Trate du triange arithmetic ¥ 9&d M S 1665 H I g oh a5
RIS Bel
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(Sequence and Series)

TS 3 o . . 7/
**“Natural numbers are the product of human spirit” — Dedekind **

9.1W(Intr0ducti0n)

TIfoTT o, 915 STRA’ T SYART WHIRYT 3TsT o T TR
ST ®1 9 g9 hed € fF UHE o o@wdl l ogwmH o
gelteg fmar T @ a9 TR aed ? R 9 & 39 WER
it fhan T @ o &1 SHek we= & wem, fgdt, g
e q1 M W UEEH Hehd &1 SIewnE:, faft= wwa o
e ! SHHE 31 SR S 1 Tl hid B IS
RIS S Sk T o s R € St @, fafa= ant # ww
SFIRT 1 Ffor wEdt B foRedt W T stemfea wimd
Teh T ST € HEE st o g & § Sl o
agd mewyul SuAnT 21 fafire YAl o1 oW w9

Fibonacci

A U (Progression) el 81 fUsell wen o, &4 (1175-1250 A.D.)
THIGE 0T o Helel H Ug gop 21 TE A | GHiaT A o 9R H &I atfres == e
o Y- TH HHIAC HEA, O HEA, HIGR HIE a9 TUIRR HIEA W He, faw

STIhHI oF HUTTA 1 WTehd F&ASA 1 A, n Iehd WA ok a1l 1 AT a0 1 WTeha
et o BAl o AN 1 Sl A=AFT
9.2 3T shH (Sequence)
33y &w Frefafed semol w fomm i
71 o difeal @1 @ 30 99 2 SR =Afed ok 300 8t ¥ gl srerfq Hrer- o
TR, WU S 1 W& A TS|
300

aﬁqﬂ%ﬁﬁ‘gﬂm:%:lo.
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vo, fgdla, g, ... 3wEl diet o fou =i o qesil i 9@ %A 2, 4, 8, 16, 32,
- 1024 31 3 wEAd wh R 1 i el €, uw ' wed 2

1031 39 91 3 w9 faf= =0l o 9% Wi i 9rhel W fa=ar Hifs)
9 WRAT | €9 HAY: 3,3.3,3.33,3.333... 1S U ® & YTkt ot Uk 31gH 1 Fmior
T T Th ITHA § S Gl oAl € S B9 Sl US hed & STIhH o U ehl
®Ha,a,a,..., an,...,w&mﬁz&ﬁaw%\uﬁmm&wawﬂmmm
T &, SHH T TN T STHA 1 48 I3 #d T ] FEfd Ha € SR W a
g1 frefyd id €, 39 3T 1 =a9e U8 o %hed g
TH YR, AR o gl (Yeell) % FThH o Ul i e YR 9 el e 2

a =2 a,=4, a, = 8, ..., a, = 1024.
T YRR Hid IFTRA el IEROT H
a,=3,a,=33,a,=3.33, ... a, = 3.33333, 2|

3 o, o vei & wem Hifta gl ¥, 59 ufifie o’ wed €1 Sewum:
TSl kT STIRH IR TRy 7, iR U8 10 7% € (wifaa &)

Tk IFTRA, TR STwH el w1 €, fad usi ki wen difaa e e &1
SETEUT: Yellokl AN WIThell sl STshH Teh * SRfid eshn’ &1 aRfid e &
aref &, S sheft wore =@l gl

U g G € foh 3ehn o fafi=t uel o =i e o M ol U o i
T3 §RT e fohal ST Hehal 21 SSEONY, Wihd U GEASH o 3THH 2,4, 6, ... W
ferem =ifSTq)

Tl a,=2=2x1 a,=4=2x2
a,=6=2x3 a,=8=2x4

a,=46=2x23 a, =48 =2 =2 x 24, 3 T FHX 3=
A, B S@d & T SFH H el W a = 2n, T 1 owewmd €, w@fE g

Tk Wiehd W& 21 36l YRR, foun Uik G@mst o oy 1,3,5,7,.... W nd U8 & G
F a =2n—-1,% ®9 ¥ Fefia fFa 1 @l 2, a6 0 Th WIehd He 2
SefEed q@ma 1,1,2,3,5,8,.. 1 & T U &l €, fohq 3y &1 T TRy
Hee ER SR 1 ST Hehd! B S<ELUE:

a =a,=1

a3:a1 +a2

a=a . +a ,n>?2
n n-2 n—1

Y A =1 Fibonacci SIRER FEd %I
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AT H& o SR 2,3,5,7... § nofl 19T G&A 1 HE g 7 21 @ afvfa
3T o sheael Hifgeh e feran s denan 21

I SIRH | I8 U &l i Sl =ieq fh ek forg foriw ¥ grm fopg TRt
ff U8 ey o fmior & fau o1 7 @i dgifas dem sieen fam &1 smen af =t
WW%GI}IW al,az,ay...,an,...WW'l?["«_\q%WI

S qedl & YR W, Uk SFIHH hl €H Toh ol o &9 § of Wehd € Torde!
TId UTehd WEAIST 1 A== & AU IHh ST == {1, 2, 3...k}. & YR Al B

Fef-Ff T FeH ok Hohd g, % AL a(n) FT ST HW L

Al o Ak al,azwa\?,...,an?:ﬁ_%'_q %, KR EED a +a,+ta,+,..+ anl:lﬁ'rﬂ'd HAThH ps|
T SOl et 21 Sof IRfa sreren Saiifa e, 9 orsme e uifid st
ot 21 g0 w1 | Ofa o vefifa s ®, f59 fam Sor ed €1 5Heh fore Uieh

e Hohd Y (armn) o1 S9N Fd €, fmant ot gl € Sien 3@ waR, gof

n
a,+a,+a+..+a H AED T, D a, 2

k=1

Sl h1 YA, AN ok fou @Y, afew Fefy @i o fae fme S 2
SAEWE: 1 +3+5+7 =R G arell Weh gRfHa St 21 S g9 * 9oft =1 9n’ gerer w1
ST Y B, 99 SHHT a9 SH WEen 9 @ S ugl & Sigd § uif g @1 er:
Soft =1 =T 16 21

I B D IR R fER w €
T uRamiet & YR R FEfafEd g sTwE o Yo @9 U Sy,
n—3
1 a,=2n+5 i) a,= 1

() =& a,=2n+5,
n=1,2,3,T@ W, &4 Id ¢ :
a,=21)+5=7,a,=9,a,=11

wHfere, aifgd 957, 9 qen 11

.o g n
(1) I8 a = 4
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_1-3_ 1 1
HEPR Q=TT 4

I
|
|
R
I
|
|
R
I
-

gm:vmaa v _1 1 qeno#

24
a,=(n-1)Q2-n)(3+n) g7 IRARQ FIHT H1 20a7 I8 F0 22
T n=20T@ T, U ©
a, = (20— 1) (2 -20) (3 + 20)
=19 x (- 18) x (23)
= _ 7866.

1 R g o Frefafea w9 F wftafiw @
a =1,
a =a _ +2forn >2.

A ST ok U 9% T IS a1 W g fafem)
THUE T
al=1,a2=a1+2=1+2=3,a3=a2+2=3+2=5,
a,=a,+2=5+2=7,a,=a,+2=T7+2=09.
3A: IR o YW U UL 1,3,5,7 419 2
T G0 1+3+5+7+9 +... &

U 1 W 6T o STTHAl T U o WU e U fafed, et pal ug i e @

n
a=nn+?2) a,= 11 a =72"
2n—73 iyt 5 nn2+5
a = a = ()" n+ a = .
n 6 n n 4

frefafad w39 79 10 9% & ATHA § Y% &1 difed 95 1 Sitey, fSHeT nal ®
ﬁ?ﬂw% :
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2

n
— . _ —.a
an_4n_3’ al7’ a24 n 2n’ 7
- n(n-2)
a = (D)""'n’ a, a, = 13 505 .

e 119 13 T Yoieh 3T o U9 U8 faf@y qen S golt S sifey
a1=3,an:3an71+2g‘1ﬂn>l$ Toq

a =-1,a = "
a=a,=2,a = a ~1, &l n>2
n n—-1

Fibonacci 3shH T=fafaa w9 o gftarfeg % :
l=a =a,da =a_ +a_, n>2 af

1
a

L o T, SEE = 1,2,.3.4, 5

a

n

ud  s1eEd RY s G a9 O 1 O TR0 S €

TF FTFT a, a,d,....a ... B FAR SIHA 91 FER 907 Fed 2, AR
a. . =a +dneN

a, % VT U HEd & qU1 TR UG ] WG AU h Wi ¥ FwEd L

T iy, Toh FHaX Joi (9o ®9 §) R fT=ER &, fS9a1 990 9] o, 991 9

AN d2, U a,a+d, a+2d, ...

WWWﬂﬁW(WW{)a—a+(m—l)d%l

= T S A v w1 e 5 g

(i) A T Fo o6 e 98 H Teh TR Siiel WY, df 36 Wb T 3TTshH o1 |HIR
it e 2|

(i) e frel SR Sl o Yook U] W | Weh ST S SU A1, 39 YehR UIl STIehH
off T goft g 21

(iii) S fordl FHIR Hoft oF Jeh 98 H Weh 31X § 707 fohal SQ f, 9 YehR U<
A o FHR Sl g 2

(vi) A fordll AR Aot F Yeh U8 sl Tk TR 3TeR § 91 a1 S¢ a1 36 TR
W STRH ff U FHiaR ol gl




ATHA qen Aol 195

Te 3ok 1%, B9 W 9vit & o frefafad derd &1 ST B
a=9" 9, | = AfdH 9], d =HE HAXR
n:qﬁﬁm,snzw%&nqﬁwaﬁw
tl'FITa,a+d,a+2d,...,a+(n—1)d@E’HT?RSﬁlﬂﬁ%,?ﬁ
[l =a+n-1)d

S, =§[2a+(n—1)d]

29 T YR ff fo@ 9 ©
n
S, =—|a+!
n 2[61 ]
I FD IR o 2

If forell THaX ST BT mal 98 1 AL n@l IS m, ST&T m 2 n, B Q@ pal UG
1 il

WU R :
a =a+(m-1)d=n, . (D
e a =a+n-1)d=m, .. 2)
(1) 3R (2) I 3a FH R, B0 I &:
m-n)yd=n-—m,qd=-1, ..(3
a4l a=n+m-1 e (4
ELIGI a =a+(p-1d

=n+m-1+p-1)-)=n+m-p
?Fl?ft,paﬁ 1Tf{n+m—p.%l
Tfg fopet THIR 9o & n IS BT A nP+%n(n—1)Q,%,Tﬂ%SfP?MT Q 3N
Bl d W 3R 1A i
me“al,az,...,anﬁ‘ﬁcw W%,?ﬁ

1
S =a,+a,+a,+.+a_ +a =nP+ En(n - DQ

=qfoTg S =a=PS,=a +a,=2P+Q
ESIGlY a,=S,-S =P+Q
31d: 9 TR T

d=a,—a,=P+Q-P=Q



196 T

T TR Sfgdl & n IR o AMHA H S B+ 8) : (Tn + 15) B
129 98 1 39 A IS
HA T ay, a, q9d, d,, FH: 599 6 fgdia w9 Siqdl o Jem 98 qe1 |
HARE, A G g I & FTER, BH U ® :
HOH WAIR S hp UK OH AT 3n+8
o TR 4 Faw B AT Tn+ls

n
5[2611 +(n—l)d1] 348

Tn+l15

g[za2 +(n-1)d,]

2a,+(n—1)d, 3n+8
R 2a,+(n-Vd, Tn+15 - (1)

TOH TE@ 4 1 128 W g, +11d,
fefa T 92 &1 123 ®  a,+11d,

2a,+22d, 3x23+8
2a,+22d, Tx23+15

[(1) T n=23T@" T

a+1ld, 1
A a,+11d, 16
14 =ifsd A9 7: 1621
T SR &1 YoH 99 § 37 3,00,000 TR 91 IFHT ™ 10,000 T
ufa &, 39 9l q wed! €, 9 SHeh g 20 U § WK ™ Fd ity
JE, B U, R S0 TSR
a =3.,00,000, d = 10,000, T 1 = 20
I G T ST HE W, €9 W €,
20
2
a8 =Aferd 2099 % 3d § 79,00,000 93 UM KLl 2

fea & <) S o 91 b. B 5 HEASH o §=
T Tk 9@ AT T © AR o, A, b FEIR 907§ B, 9 §Ee A S g 3R] b w1 GHiEa
T (A.M.) F8d 2

S,y =—1[600000+19 x 10000] = 10 (790000) = 79,00,000
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a+b
2
a+b
2

A-a=b-A FAIA=

T G o AL b HEd GHIAX HIET I Sk SEd & w9 ¥ =qfea fean

S Hehdl 2

30T o oI, ) WA 49 16 h1 WHAGL WEA 10 21 36 e Y Uk WAl
10! 4721 16 T4 TEeht Tk HiGT 9071 4, 10, 161 T L &1 79 Teh 91
T 3odl ¢l R KU T R q qemel o o9 ] 91 SitHe qemel ol W@e 9 §HidaT
AT (A.P.) TR Bl WehTl? Teclieh hITST Toh &Mt 49 168 &g § 31X 12 7@
S Al 4, 8, 12, 16 GHidT Suft (A.P.) & Sdt 21

= Tl < 9=et o a9 bk o fohadl off Semet i W@t THia Ao
AP. ¥ 9itfora feran 1 denal 21
T R ALALA, A aTEHF HE TN T IRR T, Ba, AL AL A,
LA bR ST H R
T b, (n+2)d U= €, Arefq

b=a+[(n+2)-1]d

=a+nm+ 1)d
b—a
.d:
Y TR T 1
T YR, ¢ 991 b F T 5 GEAN HHEGREd 2
b—a
A1=a+d=a+m
2(b—a)
A2=a+2d=a+ e+l
3(b—a)
A3=a+3d=a+ n+1
nb—a)

An=a+nd=a+
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TfoTd
UHl 6 H@AT T HifSY SRt 3 3R 24 % s W@ W WS SIHT Th

TG GO 949 U

T RE AL ALA,A, A TITA 3T 24 F HEA 6 @AW €,

ZHfe 3,AL A, AL AL A, A 24 T SRt H 2

&

I

a=3,b=24,n=8.

THfeTT 24=3+(8~1)d, 399 U< B0 © d=3.
TH Yoh X A1=a+d=3+3=6; A2=a+2d=3+2><3=9;

3

A =a+3d=3+3x3=12; A =a+4d=3+4x3=15
A =a+5d=3+5x3=18; A =a+6d=3+6x3=2l.
e 3991 24 % T 6 9&AT 6, 9, 12, 15, 18 a0 21 2

1§ 2001 @ = faem quifep] &1 AN G HIFSQ

100 @& 1000 =6 H& 39 A Whd WS 1 ANTRA G HIG S 5

TSt &

forelt Taiae 9ol & Yo Ug 2 qe1 U U Sl W AN, 3T Ui Y&l o

TSl 1 T e 21 S9IfsT R 2067 98 —112 21

FHia St — 6, _%,—5,...$fmﬁqﬁwaﬁﬂw—25%?

WWsﬁvﬂwmﬁﬂlamqﬁqﬂl,%‘raﬁﬁq@ﬁm%gwmqﬁ
9 p

W?ﬂ"'[%(pq+l)m it pq.

I ferdt T St 25,22, 19, ... % 9 W& ®1 AThA 116 € d Afad 98 31

i)

SH GHR 97 ok 5 YRI T AR TG it TSGR ko 9% 5k + 1 R

Ife frdll THeR it e 1 & @1 ATEA (pn + gnd), T, Sl p T g = B Al

el SR T IS

T W AfEal o 1 UG o ANTEA HI I Sn+4:9n+ 6. T, @ 3Tk 18

T[T STII T RIS

I fopelt AR 9ol o6 9o p &I 1 AN, YOH ¢ &I o ANTHS o o0& &l

YT (p + ¢) T&I T ATHEA T HISC




ATHA qen Aol 199
g fordl WA AU o6 W p, ¢, r TRl 1 ANTEA HES: g, b A c B A HS

hitsq T

WWW&mHWnﬁ&WWWm%#%ﬁW%
md AU pE & B HFAE (2m-1) : (2n-1) B
I fopell Tmiat 9ot o & U 1 ANTESA 30% + Sn T AU TR A IS 164 7,
A m T WA T4 I
58X 26k o UE 5 Head sifey difer W STshH wHieR Sofl 59 S|
%,aﬂ%b#nwwmmw@ﬁnwmmﬁm|

mm%a{ﬁlawm&@ﬁmwwwwméﬂﬂ%aﬁimﬁm
(m—1) o HEASA 1 3TIE 5:9 21 1 m 1 HH TG BT
Tk A U1 1 A 100 T 1 9UH fhvd @ YE S 21 AR 9% g
fopea o 5 %9 ufd wE s ® qf 30 fohva =t uf¥n @ Brm?
Teh gYSl o < Hileh AR 1 W 50 R1 AR T BT HIo7 12002, Al
SEYS 1 St i @ T Hife)

& Gt - P+ (p=a) =0

p q r

3Tey, FAfatEd st W fa=ar &Y :
() 24.8,16,...
W 9781243
(i) .01,0001,.000001,...
19 W YAH IFThT & TS fhE YRR wgd 22
ST Yos 3RH W B UM § fR vem ug i ®ig, 9 wg wh faew @y o
Tqd 2l

() ¥ e
a=22=2,5-2% 2 4 o R
a, a, a,
Gi) o7 IR
1l a -1 a3 -1 a, -1

T TR (iii) H 98 o SRR B © SaeU? T 9 9% 6 8 5§ oy e



200  TUI@
o, yo U i B, B A IS AT fUmel 98 W SR I W weal 21 (i) § T8 IR

UM 2%, (i) W 7’ —%%(m)ﬁagwagrqmo.m%@agwﬁﬁww
7 OIET Suft a1 Had ¥ G.P. %eEd 2
STFT a, aydy, ..., a, ... B O GO FwE @S, AR TR TSR S qeq

Qe _ o (amR), k2 1% ol

a
alia,ﬁ'l'@e[w%ﬂt[ﬂﬂﬂ? Ao 9 ¥ :a,ar, ar, ar, +...., &l a H UAH UL HeEd
& qe ! TUIRR o 7 W U ed 21 (D), (i) 9901 (i) ¥ < T o dfgat

1 e FEYE FA:2, _ ) qe10.01 31

ﬁw%w%&aﬁﬁﬁ,é@ﬁWW%ﬁWnﬁ@aﬁﬁwmw
T 3 1 9RI oK1 AT T Sgd W@ i1 AR Bl A1 3% o1 §F o 8 Al hicd
21 37 Gl I TF AT TR A wi:
B9 37 P b Wy FrefafEa dehd i1 S9EnT s

a=9Y" U<, r= Eeic] 34, [ = AH 9%,

n= TR & HeE, S =93¢ n 98 1 ANEHA

TSN, T TUIRR S0 G.P.
SRR o 39 U8 ‘¢’ A1 Wd 319 7 €, W foam &1 39k oo i & fafgu)
T IR, WO U o k1 WS S W O FH W I EA 7, 34 a, = ar, TH TRR
AT TR 0, W N FA WA AL M, = a,r = @, SR T IR A FB
ﬁ?ﬁ‘ﬁﬁﬁf@ﬁ% :
TIH q’q’:alza:arl‘l,ﬁ?ﬂﬂ q?{:az:arzarz‘l,ﬂ?ﬂ'q W=a,=ar=ar"'
Tﬁlﬂﬁ qﬂ=a4=ar3=aﬁ‘1,ﬁﬁ ‘E\':aS:ar“:aﬁ‘l
1 3 HIE U J@d B2 1691 U w1 B2

16—

a,=ar'' =ar”
T % gfaey Sa @ R ORG99 # a el Wa, = ar'
?ﬂﬂf'c{ ‘;I'Uﬂ?lT gul 39 ®9 H forel S Hehdl 2 ta, ar,ar’, ar’, ... ar'""; a, ar, ar’...,
ar-'... HwHY: S g0 9fifd 8 @ S" 9ol sraRfHa =
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** Geometry, as a logical system, is a means and even the most powerful
means to make children feel the strength of the human spirit that is
of their own spirit. — H. FREUDENTHAL

10.1 W(Introduction)

T STl Udadt wemsti o fgfonftar Tdvnies wenfufa @
ufifaa & 9% €| gerd: g8 sieniiura @i wantafa %
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1 TR HY T F AU, Xy-a@aH (6, -4 G, | B0
0) figeii & wew F e W el 100 HwRiE O .
o T 2 ;

s ST o g (6, — 4) o x-3187 & SR :
y-318T W 6 THE QU W 3 H|W y-3w & om0 T *(6,-4)
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T frfafed meeyl & &1 off s R 2
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\/(3—6)2 + (0+4)2: 9+16:53W'Sc %I
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=54
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o UIHHl oF 3EAF T Had hid @I THeh! WAl ok B gY it @, SAfHfd F U
AAETTH Hehedrl © 3 edR 3 Sio o 19 o wgd Ueeh d ST g7 9
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witaferd 21 98l ged 3299 @l &1 s g 2§ fereer g @ (slope) w1

HheT T 3T TETF 2l

frdener aot § U @1 x-3187, % 1Y < I A 2, S WER TR ed S HI0T 9

(T SfeTR) S 3@ [, x-3787 i ¥ &9 &
e ST % @I, & gl (Inclination of the
line /) shewTdl €1 TR 0° < 0 < 180° (3Tehfa
10.2)1

e 3@d € o x-3181 W U Y@t
e 0° Bidl €1 T S8 @l (y-318 o FHiaT
Ty W HUE) T g 90° B

Tt o frelt Y@ [ g 2, @
tan O 1 @I [ ! A F&d 2
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&l &1 U 1@ 1 G Sl m W e B 2| 3
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Y
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X 318 T A YA T AR y 18 I e IR T R

B9 W4 B, foF e e t@n ©

< foig 31 e, it o quieen aftanfia gt 21 o7a: &7 3@ 1 el 1 39 W {u 3 faget

o fdunenl & ug ® T S B

g wifsiw foF TR FEw (non-
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fag P(x, y,) 3R Q(x,, y,) T1 TT=aal
X, # X, A W x-3 W @9 B,
fSreen! erer wfitnfia =2 @1 Y@ | w1 g
0, =10 A1 AR HI € Fehel 21 7W
T frerfaal W faem w2

X~ T QR 9 RQ W PM @«

N /
Q(xZ, yZ)

ya >X
difaw (mepfa 10.3 (i) 3R (i) & <@ L0 R

T 2

atreRta 10. 3 (i)
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S @ <0 § MRfd 10.3 (i), § ZMPQ = 6
AT @1 [ 1 BT = m = tan O o (D

MQ _2™N

R s AMPQ H, tanezMP - . (2)

FHE (1) 7o (2) 9, 70 U ¥ e om 222t

X X4
S 9 e WU R
TR 10.3 (if) 9, ZMPQ = 180° — 6. ){\
AT, 6 = 180° — LMPQ. N
m,@ [ %l @A =m=tan 0 \Q(xzayz)
= tan ( 180° — LMPQ)
= —tan LMPQ l

MQ Yo N TN °
MP XX xz_xl' M—I 180 - 6 P(x, )
word: a qeme ¥ fag (x, y,) 8% 0
(x, y,) & ST a1t T # e ] > X
O] R N
m 22N 3TTERf 10. 3 (i)

X X

M Wi R SeEw et [ siR 1w
T, S e TR qe § € HER m, A om, By
e foF ek g ween: o SRPRI Al e 4
|, T T@UE (3T 10.4) 7@ IToF Fohrd A N

3l N4

1 OCZB,ﬁTtanOCZtanB

AT m, =m,, 1 3TF T TR T o
foretma: afe <1 Ywsti [ 8 1, % @ U § >X
?ﬂﬂﬁ m, =m, 0 \ \

ad tan o = tan 3 eI 10. 4
T3 (tangent) e o UM W (0° 3R 180° o =), o=
#1a: Y@t wHia 2
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oq: T AW @ [ SR L, wH B €, A SR
eharel I1¢ 3o @l HHM 2 N
Tfs Yamd 1, 37 |, WER w@e § (ampfa 105), ™ L g
B=o+90°.

> =

ESIGL tan B = tan (a0 + 90°) o B
1 - >X
=—-cota= tan Lo N
3R 10. 5
1
DI m,= E a m, m, =—1

faettwd: (€ m, m, = — 1, ¥Aq_tan oL tan B = 1.
qd, tan o =— cot B =tan ( + 90°) Al tan (B — 90°)
TEfAT, o 3K B 3R 90° 2|
a1a:, W@ [ R [ ER T
Td: T HeAw @ [ 317 [, TWER Ta el ¢ Afg 3R Shaet Al SThT @I TER
RUMMHh HcshH %|

s, F=fafEa 33w  faER i
31 @Al o @ 1 Hitad S
(a) (3,-2) 3R (-1, 4) fagsti ¥ gt = 2,
(b) (3,-2) 3R (7,-2) fagsi ¥ Bt = 2,
(c) (3,—2) 3R (3, 4) feigati | g 9T 2,
(d) ®F x-3187 W 60° 1 HIU T B
(a) (3,-2) 3 (-1, 4) fogeti 9 S el W@ & @«
4-(=2) 6 3
"= —1(—3):—_4:_5%
(b) (3,-2) 3R (7,-2) fageni @ WH ol @1 1 =

_2-(=2_0_
73 _4_0%
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(c) (3,-2) 3R (3,4)fogeli & wM aredl @1 &1 @
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m== =S e g T #)

(d) I W@ #1 gEE o= 60° | T, @ H e
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34T, tan © = tan (o, — ot,)

A o =180°—0

m, m
3 YhRtan ¢ =tan (180° -0 )=—tan O = 1

o
mm, Mk 1 +mm, #0

n, — ny
RIS T &, O tan § e 1T 31R tan ¢ 0MHS BT TSreeh

1+mm,
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a1ef & @ =IARIT I AR ¢ eIk BIOT B

BIE lmz_ml SRUHe €, A9 tan O 2UCHS €N 31X tan ¢ &FKHe BT
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Aferh R0 (AFT 6 0) ¢ =180°— 0 < TANT & W feman ST wehal 2

afe 4 Tl 3 w1 2§ ol v v ww o R g

%1 @lel A hifeT)
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& ) J 8 \_\>X
{ 3R T 10.7
;O Y@ & e 37 gélwﬁrloﬂﬁﬁwwwwmw%

(-2, 6) 3 (4, 8) faigani =1 T arelt ¥@n, (8, 12) 3R (x, 24) faga =
e aTell T W de 21 x 1 W A ey

8—-6 2 1
(-2.6) 9% (4, ) gl & T3 areht T % @ M =Ty

24-12 12
x—8 x—8

(8, 12) 3 (x, 24) fogati & WM el @1 &1 & m, =
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3 x-8 Y
N

Y S
g for @ wmiR @nei & o w9H B
g1 A TAE e arell 9 @ €
fofg o TR St 2, df 1w a €9 9 AB T T = BC &l 2T
9 |t (coincident) Bt &1 3m@: A B
XY-71 # A, B3R CdA fag & 78 9 —5 >X
T @ W BN ruiq 1 fag W g A
(arepfa 10.8) afE IR e Ak AB /]
%! @ = BC &1 @l TMeRTd 10. 8
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@\ fag P (h, k),Q(xl,yl)\‘}ﬁ'{R(xz,yz)W @ W R IESEIEY

(h—x) (y,—y) =(k-y)x,—x)
iif fag P,Q 3K R¥@ 2, &0 U &

yookooy,
PQ & @@ = QR %! T A x b % x

koyi ya
h x x, x°

Ah—x)0,—y) =k=-y)(x,-x)

a0

TR 10.9, ¥ W aes i o1 wH @R i 1 et o 21 wne @i

T = 1 feufadl, 59 T=0,D=2 3R v

SET=3,D =8 3ifhd &I TE &1 @A & A

HeheUl sl YINT Shieh Tfd ] 99 Ja

Hife sefq 38, 999 | fFa yar
e 272

T (D)

éD)
e

3,98
A it fm @ W oeE fag
(T,D)® &l Tama R D fefia 21

Tafere, 763 (0,2), 3, 8) ¥ (T, D)y w@ %2 o
21 39 TR [ 9 (T) > X
ﬂ D_8q16(T 3) 3(D 8) 3HTeh f 10.9

30 T 3

T D=2T+ 1), s foF arefiee Hao 21

HE qd ¥ U =gds gitay fwe il (-4, 5), (0, 7), (5, 5) 3R (-4, -2)

21 THHT AFA W T HIfeU

2a ST o THETE TS T 3R y-3781 & TR 30 UK 2 foh 3R 1 7

fig g1 fag W 21 frge & o 9@ =+
P(x,y) 3R Q(x,y,) % o4 F1 g T FINC 54 : (i) PQ, y-37& & THIHR

2, (i) PQ, x-31% o HHI® 2|

x-318] W Tk foig @ HIC S (7, 6) 3R (3, 4) fagent @ 99 50 W 2
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1@ 1 3Tet A e St ge fag 31 P (0, —4) @@ B (8, 0) feigeti =i foam =t
@S & ey fag @ S 2

UISUTTIE Y9 & WA for fe@ensy & a5 (4, 4), (3, 5) SR (=1, 1) T THeRI0]
st o 3 2

I @M 1 FHIHUT Fd SIS y-37& 1 o7 K20 | e |79 T 3075
10T S 2

x %1 98 HH T sifee faees fog fag (- 1), (2,1) 3R (4, 5) @ 2l

=0 5 1 W fRT fa femensn i g (22, 1), (4,0),(3,3) 3R (-3,2) TF
FHI =g o 9 2

X~ 3N (3,-1) 3R (4,-2) Togati =1 Ty =relt 1@ o o= 1 &0 7 Hifey
T 3@ 1 A SHY @ FHT BT h AT 21 A <A ok S ok R0 kT TS

1
(tangent) 3 2 @ & e A ey

T @ (x, y,) 3R (b, k) ® S R AR Y@ B oe@ m @ A sy
k—y,=m(h-x).

b
Tfe 9 6 (h, 0), (a, b) 3R (0, k) T W@ W T @ fG@Ey & %+;=1.
SHEET 3R oY o et e W faEr i (Rt 10.10)
WEIAB %1 Gl 1 HITSTT 3R 5ok W § warey fom ad 2010 o SH&e e
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Y

N

102 §
be= 4
£ 2
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92 ¢
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— ——————>X
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T Sd B Top fopelt ao1 o fera wep Yan o fogatl =) W oa gt 21 Y 3R faged
% wie 1 U GeY BH Frefeigd SHEN Sl g S WERe Bl 8

B0 hd HE Thd § Tk o mn fog frd & e Y R frem 22 39eh SW TE
&1 Teha € T &9 fogetl & War W gH w1 fHfea ufas 9 €l e sifee R XY-
T Y P (x,y) U @ fag € L o Wi 3q g9 65 P o foiq Uk U9 eq o
Hfdee T TEET HT AEd € S hedt $U <91 H A gl € W« fog P @ L w feem
1, 311 3T el 2| FREE I e ok U Sieniordia wefeRtor 7, fored ko qen
y I € witmfed e 2l
319, B9 fafy= gfaei o ol @ 1 §Hieo ) faar &

afk wh &
W Lx-318 @ g3 W AW o 99% fag st ;e w @t g —a®
[T 10.11 (2)]| SEFAY, @1 LT T &0 W@ y= aq y = —a Bl Fag &1 =21

X L A L
~ A 7 L
. x=b—b (__l_;__)
. 0. > x=b
X'€ 5 X >X X'€ 5 >X
a.
; — 4
< vy J > L
v Vv
v v
Y’ Y’
(a) TR Td 10.11 (b)

T ot fegfa w fsf s @ 6 @ y-31er & S W e 21 3 YR, x-3te 9
b W Teor U Fealer T@n 1 GO A Al x= b A x= — b [T 10.11(b)]!

el o TEM SR (- 2,3) | WM Il {@el o SHiHW 9 Hife)

AT 10123 Tereit %1 Reetfrt v 7 $1 x-sw % WHR @ F vow g
y-Fdemier 3 €, sEfee v o WEiA S (— 2, 3) W WM ol W@ el WHiH
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y=32| T8 YR, y-37e1 & GHHR 3N (-2, 3)
9 9H gl Y@ % g e v = - 2 @

(3Rt 10.12)1

heqAl
W%P (X, yo)@?ﬁa—cﬁi’@TLw
T me, R feera s faa fag 21 w9 ofifsg
fh LW U w3 fag P (x, y) B1( 3R 10.3)

7|, IRE W, L% &1 39 R ©
m 20 e,y oy, mx ox )
Wﬁm“f@l@P (%, yo)Lﬁg‘lﬂﬁgﬁf
(x, y) % ®¥ (1) HqE L@l g AR qo
F1 HE 34 fag (1) 1 T T L 2
zHfe wHteRTor (1) 8 araa § & g8 W&
L 1 TR0 2|
ww,ﬁmﬁg(xo,yo)ﬁaﬁ
el @A m ﬁ%@mﬁ’g(x,y)%trﬁ:
#AR heet af€ sHeh Tewnier wWeiehTor
Y=Y, =m(x—x)
1 W HW B

Y
N
N
P x=-12 N
S =2,3) y=3"
r/ \X
\ 7z
v o
v
Yl
3TTeR{d 10.12

Po(xoa Y 0) A/

TR T 10.13

(—2,3) " 9 arell Bla-4 i @l 1 THHO TG hi)

qﬁm=—43ﬁ'{ﬁmf®|§ (x> ¥)) = (=2, 3) 2
ST fag-ere w9 H (1) § & W B ey 3= -4 (x+2) W

Ax+y+5=0,T S i Gt

oI ffe Y L= R faged P« y,) SR P,
(x, y,) ¥ ST 2 3R LR =a9e &3P (x, y) ¥ (3FT 10.14)1

@ g P, P, P W@ ¢, T,
PP @l @ =P P ! @
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Y
Y=Y A L
?ﬂm X — X X2~ X1
Pz xZ’ 2
S L) -
1 X2 — X 1 P(x,J’)
SH W, ('xl’ yl) ﬁT (xz’ y2) 5y)
faqatl @ SH erelt e 15
Rl >X
rd 0
AT 10.14
Y=Y
y—y,= #(bx—xl) .. (2
X277 X1

fagal (1, -1) 3R (3, 5) 9 BT S o1l W@ w1 gHer fafaw)

& x =1,y =-1,x,=3 3R y, =5 fag & ¥ (2) & T § @1 =
TR, B9 I T
5-(-1
r-()=2 06
T —3x+y+4=0,5 snefree T 2l

H-HT &Y T 1@ & 7F ST
@ qY1 3H g ToRel Tk 3y W e U d:EE g Bl 2l

FHeq T HiST T @ m i @ Y
L, y-319 R 4 fog § ¢ g W yfo=ag A L
HT € (3P 10.15)1 U ¢ @1 L
-3 S HEdr 1 W 'Y ¥ 39 fg
o frderier ST =@ Y@ y-a1e 9 oo 2, " 0,0)
(0, ¢) €1 T YhR L & & m @ 3 I8 P
e fer 85 (0, ¢) ¥ B Sl 21 gHfe, X'</ 5 >X
93-8@ 9 |, L 1 AHeR AT 10,15
y—c=m((x-0)

a1 y=mx-+c
T YN, G m 9l y - WS ¢ ot W W f6g (v, y) e R shaa a4t g
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I y=mx+c .. (03
= AT T ¢ &1 9 oFS A1 FH/OMHE B AR y-3187 9 37q:ES HA: o AT
%O 9N ° 4 B

AT HITAT BT m ol W x-3AF W 4 3Ad:@E A 21 a9 W@ L
TS Bl y = m(x—d) - (4)
feafa (1) o wel afvfa 9 fomnell w0 50wt =1 o< T gha 7

1 .
w@ﬁ&aﬁwﬁf@qﬁﬂ&mmezz,aﬁe%@ww

2 3N (i) y-3a:Es — %% (i) x-3ia TS 42

o 1 .. 3 ..
() el @1 T T =m=tan O = Eﬁ?y-m:'@_s’c=—5.3qm, Q-3 TS

Y YR YA (3) § W@ FHIE yz%x—g A 2y—x+3=0 2, S srefiee
iR B

. 1
(i) @I, m=tan O zzaﬁw=4
(AN, BA-HA: @S &Y UG G (4) 9 @ & FHA
y:%(x—4) a7 2y —x+4=0,

T, S a1l TR 2
LY

T \"
Fifst f& s e L, x-adms ApSD
a AR y-Fa:@S b A 2| OTEA L, x-3E

T o5 (a, 0) 3R y-31a1 W &g (0, b)) W

fierd! 8 (3Tl 10.16) | b
W@l & g fag &9 Fter ° :

_b-0 _ M (@,0)
y—O—O_a(x—a) A1 ay=-bx+ab S - >\ N
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Xy
X
eﬂqﬁa—i_b
T YRR, x-38 3R y-318 W HHN: ¢ AN b WS sH Gl L@l hl THIHT
frefafea & : o =1 . (5)
a b

e @ 1 THIRIU F BT S x- A y-318 W HEI: 3 AN 2 H
3AEs T B
Tel g = 3 ST b = 2. 394 Ha:w@s ®Y (5) ® @ HT GEHH

_i+%:1 A 2x-3y+6=0
FoqA pifee for fefafaa sisel dfsd eoel &
FER @l [ 2
(i) 71 fo9g ¥ W@ R @a I ARl
(i) &9 TH o7 x-31 o & k1 B0 v
){\ N L
LR | A7

>

(iii) 3TI7>=|'T|%T 10.17 (iv)
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7+ <fifSe f L us @ © fEst qa g 0§ w@ifas g OA = p 3K oF
X318 3N OA T o= &I HI LXOA= . HNIT aa § W@ Ll §9e feufaai smepfa
10.17 ® <91 Wit B o1, BHRT $¥94 L 1 &1a 3R 36 R U fag T e 21 Yo
fearfg o x-3187 W AM @& STeT T R
v feerfa ®, OM = p cos @ 3IXMA = p sin o, 39 ¥R fag A & fdwis
(p cos @, p sin w)%l

TEeh affafted W@ L, OA W @d 2|

1 1 COS M

@LH T = OA &l @A tan @ sin®

= TR, W@ LF e - o ? ¢ ek g A(pcosam, psinw) 39 W fem 2
sin®

zfae, foag-8a ®9 | @1 1 THHO

COS®
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1 10T S 2

W@t 4x+ 7y —3 =03 2x—3y+ 1 =0 Wic=sg fog @ &I @t @ &0
GOl T I S 21eff o WA 3q:@s s 2
W%%ﬁg@aﬁﬁﬁ?i’@yzmx+cﬁewmﬁwww

m =+ tan

y
1 TR — = £ 21
X 1+ tan®

(=1, 1) 3R (5, 7) ! T =relt @r@e &1 W@ x+y =4 75 e § faaf
Eacil
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fog (1,2) 9 @ 4x+7y+5=02x—y =073k <, I A HifSQ|
63 (-1,2) ¥ @i 1 9+ aell 39 @1 &I 51 9 &y e f@n
x+y=49 yfawsg g fu foig @ 3 3 #1 gt W 2

FoehoT TSt o ol o 3w fag (13) 3 (-4, 1) 21 B9 & 9% (legs)
(TFRIOTE ge) o WO [ B S el % FHRE B

el fog = foaw 3@ &1 3991 Ad gU T3 (3, 8) @1 Wix +3y =7 H fafaa
1 it

qﬁ(i‘@ﬁy=3x+l 3ﬁT2y=x+3,i'@T y=mx+4, W GO €Y ¥ 74 2 a m
CARIEESIGEETIS I

I wh g P(r,y) & @Rl x+y-5=0 3 3x—2y+7=04 wifaeh
St 1 A wee 10 ® A qwisy 5 P eaferd w9 @ Y@ WO i 2
THIR @13 9x + 6y — 7 =0 3R 3x+2y + 6= 0V THGE 1@l T YHIH0T 7
i)

93 (1,2) ¥ T S aTelt Tk YT fohil x-3181 o fog A & Tuafia gt
2 #IX wuafda fheor g (5, 3) W e oIt ?1 A & fdere 3 s

feare f7 Va®© b7,0 sk Nd® b0 ﬁgﬁﬁ@fcose+%sinezlm
a

e T3 el w1 daEdl w1 R b R

e AR HHIRTOT 2x — 3y +4=0 3 3x+4y—5=09 &g s W@ gei

o G4 65 (junction/crossing) T Tl € 3T FHEHIU 6x— 7y + 8 = 0 ¥ fsfia

U R [aH GHY § UgEl wIedl Bl SEeh N SURd U sl GHIHl Fd
i)

(x, y) 3R (x, y,) &g ¥ S a1t SR @ H @ m T TER 7
_ Y27 _NiT Y,

X=X, X —X,

i Tk @1 x-318 1 o TS0 W oy 107 a1l 8 dl @1 HT BT m = tan 0,
o # 90° 2|

&S T 1 T YA © AR AR @ 1 e SR 2

m, T m, BTl aret T@red L, SR L, 3 e 1 =g i1 0 (A foen) & @

m

, X #E X,
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m, —m
tal’le:‘ =

Jd+mpm, #0
14+ m; m, :

3 W@l FH B © A IR haet AR S @l EH R

3 @ o« Bl € AR SR Shaer 9k Sk @1l S UH%d -1 2l

i fag A, B3R C W@ B § 4% 3R shaa A€ AB &1 &1a = BC &1 &l
-3 W o 0 W feom &fast Y@ &1 gl A d@l y=q Ay =—q 2
y-318 ¥ b W Rom SR W@ &1 Il M @ x=bAx=—b
Wl%lg(xo,yo)ﬁaﬁa]ﬁﬁ?mﬁmwwmﬁg(x,y) fera BF
qﬁ(ﬁ?éﬁﬁﬁﬁﬁ@@ﬁﬁﬂyfyozm(x—xo)ﬁﬁ@?wgl
f@l@ﬁf (xl,yl)ﬁT(xz,yz)@lTﬂﬁWWWWWW%,

Yo Y

y ¥ ﬁ(x xy)
T m AR y-3AATS ¢ Al W@ W Eg (x, y) B AR AR ke AR
y=mx+c.
afe @1 m arell YW x-HAAWE d g B Al J@T kT GHIRT
y=m(x—d)%l
x- AN y-3& W HEW: g AN b AA:E@S o ol 1@l Hl FHHOT
£+1:1
a b

7o fog o @fass g p 3R 30 @ T F x-3T181 & S @ HIUT S el
@ 1 FHRWUT xcosm+ ysinw = p

If% A 3R B Tk W A T & @ Ax + By + C = 0 §Y HT IS THIH
@l 1 A9 e FHISHTOT 1 1@ 1 oA HHIHLUl hewd gl
@ﬁg(xl, yl)@li'@'[ Ax + By+ C = 0 &1 FIT%@‘{{:T (@WW%

p | Ax, By, C|

VA® B’
i Y@l Ax+ By + C, =0 3R Ax + By + C, =0, o &I gl
d= € -c 2

JA*+B’
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Viek U=3S (Conic Sections)

9

s Let the relation of knowledge to real life be very visible to your pupils
and let them understand how by knowledge the world could be
transformed”. — BERTRAND RUSSELL <+

11.1 ﬂjﬁW (Introduction)

s o1 ¥ 30 U @ o el o fafy= wai &1
I a1 B1 59 316 W, H 9 31T Tehl ohl 1
FHa S 39 (circle), Wae™ (parabola), EEEd (ellipse)
#AR srfqwee™  (hyperbola)| Wae™ 3R fqwee™
Apollonius gRT &€ 7T a9 €| g H g7 okl hl ek
uf=8e o1 9H=Id: STk el Sl © il 5% U od
et ol 3R wh wHael o giesed 9 i fehar S
ekl €1 §7 okl 1 el o oA, AT (telescope) 3

AR T o i, srEmEEed % dedRe o, weds Apollonius

Tfe o wga sifereh SUANT giar 21 o1« g9 S oTH sl (262B.C.-190B.C.)
AT o 3@ T e R U " g9 f53ie IR U qo o uiesed & 9Rum
ey fafe=1 YR & o Ww e 2l

A
112 viF & uf=s L
T eifo [Tk fer Tt Y@ § m U gl W@ ® S | @ &
1 feer foig V W gfaess & € 3K 399 T HI0 o aF B 4
(3ApTd 11.1)1
A AT B9 W@ m ! W@ [ qitd: 36 YR S @ TR
m T T Fefadl o, 01 o 371 ® 9 30 I8 Th @d g J

GEe f5eiss @ f9= ore o wigp el ol Sl faemedt o sifafesm <0
T 98 | ¢ (3P 11.2)1 AT 11.1
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JTTeRTA 11. 2 TR 11.3
feer fog V w1 9iep o1 9iE (vertex) 3 Teer T@n [ 9T RT 3TET (axis) HEA

2l S‘fgﬂﬂﬁiﬂﬁlﬁfﬁ%ﬁwa\'@mwiﬁm ( generator) &AL 2l 91 ol
3 <1 e fave s @ f9= 9 (Nappes) #ed |

I B9 Tk 79 3R Tk ¥ 1 UREEET od € d 39 WohR U UfR] o, Vieh
Uf=8e ®ea 21 39 YR, Y Iwas o o & 1= Ueh ofd g Ip 3R & aat
% Ui=sed o W feRar S 21

Yiep o SeAleR 31e1 IR ufesdl aa & o= s vl IR Uil aa w1 frefaal
% IR fafe=1 YR o v U] ww e €1 AF ofife 9R=sd 9, v &
Featel el o W B w0 S ® (MR 11.3))1

Iish ok WY A Rl UR=SSA A1 d Tep ok I W e Tkl € A1 AU o TER feRdt
9 W ST AT A € Hehal 2

STl T, B o Y (¥ % sifafed) i e 7, g e feufat
WW%:
< = 90°, d U= Tk I Bl © (BT 11.4)1
SE o < B < 90°, a1 UREER T egN e € (3MeRfa 11.5)!1
S B = o, @ UREE U oo el € (3T 11.6) |
(ST i frafea w1 g feafa o a1 3icp 1 19 o qofd: STR-UR e 2)
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LN\
N
TR 11.5

MR 11.6 MMeRfa 11.7
(d) SEO<P<o,d T IF o KAl T B HEd B Al GESE g T ATqRee
B ® (3T 11.7)1
11.2.2 33Uy 'Q'I_@" =g (Degenerated conic sections) S8 q@ ¥ o IMH W
Fredl ® @ Frefafea fefmt g gd 2:
(a) SEo<P<90°,d =g U g @ (aRfa 11.8))
(b) & B=oq,dl T, S ol Adfee Ha ¢ AR UESE Uh W W@l el ¢
(3TeRfd 11.9)1
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IE TEe &I Auge frufa 7

TR 11. 10 (b)

SE 0<B<o,dl =T Th qiaess i Sl @ed &1 g ¢ (3Tepfa 11.10)1
Ig famRae™ %1 sy feafa 2

AN A =Tl AT=S% § B & Vh =Rl ol SAMHATE T ok SATER W g
L U STH § Teh oF HHIERIU A €Y H W< Sl
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I, a1 o 5 feigetl 1 A== g1 © S qa o U feer fog 9@ wue g
BN
o fofg 1 o 1 g (centre) Fed & a1 g0 R fdl U# fag =1 s d
T 1 9 I B (radius) FEd B (3MPf 11.11))

Y
e A
P, P (x,y)
&
P3
OP,=0P,=OP, 0 »>X
ameRfa 11.11 arerfa 11.12

If% I 1 ohg Gt fig W €1 @ A g9 1 GHieh0 Worad el 21 e off, g
T % a1 5o o g9 1 At fEfafed YR 9 g T (seRfa11.12)1

I @1 % C(h, k) @21 B9 r 9@ 21 A oifST 99 W &iE 65 P(x, y) ®
(MMeRfa 11.12)1 @ GRATT W, |CP|=r 50 ¥ §N, B9 W ©

Ja—h? + -k} =r
19iq (x—hP+(y—kP="r
TE B35 (hk) 7 5 rorel g9 w1 vl weHieR 2l

% (0,0) a9 520 a1 99 HT WHIEHO A HIfS)
Tel h=k=0. 30: IO 1 GHHT 22 + 2 = 1 2|
K (=3, 2) 91 551 4 THE It g9 HT FHIHIO [ HiTo)
Tal h=-3,k=23Rr=4. 30: 9 H1 S FHiHw
(x+ 32+ (y 22 =167
T X2+ y*+ 8x + 10y — 8 =0 &1 ohg a1 5o g wifsw)
ERIRIPIRE T

(x*+8x) +(y*+10y)=8
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o we B g a W

B
B

(> +8x+16) + (y*+ 10y +25) =8+ 16 + 25
(x+4)+(+572=49
H- Py - (9P =T

3d: g9 B HE (—4,-5)d B 7 T 2

fagall (2,-2), 3R (3,4) W B W a1t $U I 1 FHIHTOT FM Hifolg

W%%@T}H—y=2‘ﬂﬁ:ﬂﬁ%l

A ST foh o9 1 W (x— b)Y + (v — k)’ = P2 B

78 fagali (2, —2) 3R (3, 4) ¥ 9 | WAT &9 UM §

Q- hY+(2—kp=7r (1)
G-hP+@—kP=r . (2)

A I 1 HE W@l x+y =2, W fee@ 2, gHfee

h+k=2 . (3)

R (1), (2) @ (3), ! & T T, B9 U B TR

h=07, k=13 3R 2=12.58

3d: g9 h1 A HHHLT

(x— 0.7+ (y— 1.3 = 12.58

FefafEd 999 1 § 5 T Y H J9 1 WHIHT T B4

F5 (0,2) 3R B 2 5ot F% (-2,3) R B 4 Thre
11
% (5 Z)aﬁﬂ%ﬁﬂém % (1,1) 3R B[ T

%% (—a, —b) AR BE L [q? — b2 R

frfefea wet 6 9 9 @k § Y g9 1 ohx AR B T st

(x+52+(y—-3) =36 X*+y'—4x—8y—-45=0

X+y =8x+10y-12=0 232+ 2y —x=0

fagall (4,1) 3R (6,5) W WF o 9 o GHIH SIS (STHHT 3 W@l
4x +y =16 W T 7|

fagat (2,3) 3R (-1,1) § SN ol g9 1 WHIU F@ HiTe ToenT oy @
x—3y—11=0w feem
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550 5 & ST I 1 GHIRIU T HITS et b x-3181 W el IR i faig
(2,3)9 S 2

(0,0) § €3 ST ol I BT AHIRLO 1d shiferg it Fdematl @ ¢ 3R b 3id @ve
ERIRS

SH I 1 GHIHI T SIS et g (2,2) e fag (4,5) 9 = 2l
1 fag (-2.5, 3.5)T9 x> +y* =25k e, a8 1 g9 W e 7 2

Teh T T oh 37 Tt fagsf a1 [ /
=g B S U e W W@ 3 qd o
T i g (M@ wfeg ) @ >
T g0 W 2l B,
e W& W@ & W &1 fHEer
(directrix) iR e 93 F &l TEed @i
RT (focus) FEd T (TP 11.13)1 (SN foggy
O H ‘Para’ 1 314 W F ‘bola’ HT 1
“Theh T, A T | I Hehel © 1 §3TM 9Y)

it = fag, fHfy=a @@

W@ W Roa @ @l @ ok 39 faged @

== o fAfeaa fig ok fifeem @ @

TE 0 W B, ffvea fog 9 o 9l

e T W e W W@ el 81 B 5 | frgar TfT et

W @ ! Waad & srawe feafa ssd f
2 /7
TEd hi AT ¥ SH aret qen o | i

o @1 ! AT 1 1Y el Sl | W

w1 oty 59 oy W oo & FEd € H

TEed 1 Fd(vertex) HEA T (STH 11.14) 1 ITFfT 11.14

e
ROl TReTH Bl ® AfE sHent v ot fog W Bl oI Soeh! wHiid oter, x-31el A
y-3181 o TR Bl 81 Weord o UH =R Hue ferfa=rd = enepfa 11.15(a) 9 (d)
GEDRR e
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Y
Y
AA r 4
S S
| i
l !
a ~
Xr Z. ° \X X & rd X
N ol F(a,0) - F(-a,0) fO
v oV v v
y=dax Y Y yl=—dax
(a) (b)
Y Y
N A
s y=a N
~ K
o)
< >
F(0, a)
1F (0,-a)
Z. N
~ y=_a 7z
v v
x'=day x'=—4ay
(c) AMFTa 11.15 (a) | (d) (d)

319 W STeRfd 11.15 (a) H MY T Raerd a1 FHiehwl fwht AT (q, 0)a >0

ﬁ?ﬁ'ﬂﬂxZ—aﬁﬁWWﬁl

A S o A1 F i e 121 fea w
o FM @ity 3k FM &1 fag O W wmfgentem
FHIWL MO &l X Th F@REU| Taad i JRem™
o STER e fog O Waed | € 3R e &
o weera 21 O H gu &g AEE OX &
x-3181 3R THeh wiead OY 1 y-318 et |
fifs o 1t = fraa @ g 2 21 7= 1R &
fReT® (a, 0), a > 0 T a1 FFar =1 G
x+a=0%w fm emepfa 11.16 9 21

Y
IA A /
(—a,y)B /{(x,y)
< . >X
M| O\ F(a,0)
N
|
g{
v oV

3TMeRfa11.16
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A AT e W HIE 65 P(x, y) 3@ YR ® T
PF = PB (D)
el PB Y@l [ W o« 2 B%mfﬁ%sﬂ’-mr(—a,y)%qﬁ?ﬁﬁ%qmﬁ%

ERﬁ'Fm“ PF = PB%ﬂmﬁ

\/(x—a)2 er2 :\/(era)2
AT (x — a)® + y? = (x + a)?
qA X -2ax+a+y =x>+2ax+a> A y*=4ax,(a>0).
TH YR TETd W HiE fag AR
V2 = 4ax ! T H 2 .. (2)
faetiea: 71 (2) W P(x, y) U fag 2l

SEl PF = \/(x—a)’ + y?* = \J(x—a)’ + dax
= J(x+a)* =PB .. (3)

AT P(x,y), Reaed W feerd 2|
T UFR (2) IR (3) ¥ ' Tag v & v wae foge sid qar fag w
AR (0,0) T T x = — @ T THHOT 2 = dqx BT B

TR0 (2) ®, AfE 0> 0, x 1 A ST A1 YA € Hehdl @ Tg FUMHSF
&l 50 feafd o Raea #1 em iR =gy =qufe ¥ eiffyea w9 9 ¢ a% e W
kel & 3R TReIerd o1 2787, x-3187 I SFHS 9T 2
3 YR EH TLeerdl shl WHIHU Ui oY Wehd 2|
SERTd 11.15 (b) H y? = —4ax,
SRt 11.15 (¢) H x2 = 4ay,
ERfd 11.15 (d) & x2 = — 4ay,
T R FHEHON 1 Teed o UiHeh GHIEIUT Hhed

R oh HIeh FHIHU |, Ao i A1 fohdl Teh s 3181 W
feord gl 2, o ot foig o2 e & SR T, SE efe & SHIR Bl 21 Fel U
Waed! @1 S, foent T o ff 6y e ehdt @ @R e @i ot W@ e
TRl 8, 39 &I o faud 9 =l @)

ST 11.15, ¥ U<l WRaeid o YHITUR WHehl o FRieor o fifea fHent ura
e 2
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W, WA 18] o Wiel TAA il ?1 A% Reed o GHi0 § 2 1 U
2 df wufid, x-318 % efRw ? oI A wefieRwr H x2 1 Ug T o Wi a7,
y-3181 o I B

Ife gHfHa 2187, x-3187 o R 8 SR

(a) x 1 0Tk A € dl Weaed I A Gerdl 2|

(b) x T Ul SEOMHS &1 Raed 1 3R Eordl 2|

Ife Gufis 3187, y-3181 o SRS 8 3R

(2) y 1 U *FIHe €1 dl oo S 61 3 Gerdl 2|

(b) y T TUTieh M B dl Weaerd = &1 3R g 2

e T AT S ool 311 Weed i 318 o daed (erEs ek 3
fafg o™ W B, 1 e %1 e sl sed © (3Tt 11.17)
AT y? = dax Tt AT SHAT &t AAE FTG@ HAT (THTT 11.18)
TEe™ i GRAMT o STER, AF = AC

W AC =FM =24
3T AF =24
3R iR T, x-318 o Ufd: §HiHd 81 37d:

N
A
/ C t
/L,—HTFWW
0 e >X < M O\F(a,ﬁ) >X
\ B

v \ v v \

3TeRfa 11.17 TR 11.18
AF = FB 3R zafau
AB = TIfYed Sfiel 1 @dE = 4a

AT Teh R T HHHOT 2 = 8x & dl 1Y ok fadenes, net, feman o1
iR SR Afqeia Sften &1 oarE 9 i)

N
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fou Wl ¥ )2 H UE § 3EfOT Tieer Y
x-3181 o qia: GHiEd 2

Fifeh TR § U x FT Ok AR @
TAfeT Weaerd el R gorar 81 &Y e wHieno
V2 = 4ax, ¥ o &HH |, g =2 o)
3 WA &1 A (2, 0) T SR oo i e
T HHHDT x=—2 B (3P 11.19)1 I
Tfaerd Siiar &1 dda da=4x2=28 v

A (2,0) SR TR x = — 2 a1 Rae™
- 1 T ateRfa 11.19

Fifer M (2,0) x-3187 W B THAY x-3181 =% Waed o1 314 2|
3T AT BT FHIHRWT 2 = 4ax AT y> = —4ax o &I § TH AM6T Hlfeh
x=—27% 3R ¥ (2,0) B, TEY oo o1 WHIHLO 2 = 4qx s ®9 § B W&l a = 2.
;. e T A FHHT )2 = 4(2) x = 8x B
Teh e 1 GHIRIU T whifeq forger 9 (0,0)3R R (0, 2)
it Y (0,0) T S AT (0,2) W, S y-2181 T o €, 21d: e w1 31,
y-318] B | SEFAT TReed 1 WHIHO, x2 = 4ay &% &9 | 2| 37d: R 1 GHIHOT &
x2=4(2)y, 319{?{ x2 =8y
Y T 1 WHIHIT T HITSC S y-27e7 o 9Ra: wEiia g e g
(2,-3) ¥ TERa &1
Fifh Relerd y-31e1 o ufid: gufa @i guent 3id gor foag w2}, or: gHa
THET 22 = day A x> =—4ay, s &9 H T &I g Waerd & SN a1 9 Gl W
e whtar @ wq Wae =qd =gef 9 feoa f6g (2, -3) 9 TRl @ gHiae 98 ey
& e T SR G 3T Waed Sl WHIl 12 = — day o ITTEY €, i Waed
(2,-3), 9 TRl 8, 37: g9 WE B €,

N

(2,0)

]
22 =_4q (3), AUqa = 3
370 TRaAd T THHT ©

1
Xt = —4(§j y, 1 3x2=—4y
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frfafad 999 1 9 6 T Yo | 119 o e, Waed &1 3187, Faar 1 g
AR et Sfen 1 daE Ja RIS

v =12x x* = 6y v =-8x

x?=— 16y ¥ =10x x2=-9y
frafafed w9 7 9 12 9% 9d® § Waad &1 THRL0T A hitee 5t U gfders <l
T Hl B:

M (6,0), I x=—6 My (0,-3), Fadry = 3

379 (0,0), 114 (3,0) 3 (0,0), 7 (=2,0)

39 (0,0), (2,3) | ST @ 3T 318, x-3187 o SRy 2l
3 (0,0), (5,2) @ a1 @ S y-3187 o WY GEAG €

P, P,
P
i o 3 fagal
ngq%Filwﬁgaﬁmgaﬁﬁ@: V’\

T 3R Bl Bl Q) feer faget & e i
TRt e @ (ST 11.20)!

| | e el g 1R | e e pE pE P P,
faigall ¥ g &1 =AM =R 2, 9% fEe ST
fogell & o F1 0 T ik B R STRfT 11.20

g &1 e a1t YErEs & Hen fog @ <rHgn @ ohe shed &1 e &b
ﬁﬂﬁﬁaﬁw%@m@,ﬂﬁqﬁwﬁﬁaa{ (Majoraxis)W%ﬁ'{%@laﬁ
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aren 3R < 18 W oeEa @S, dEgT # @Y 1) (Minor axis) HEAE T
dfef ater o e fogenl = e o oiE wed B (STeRfa 11.21)1

&0 5 3187 R S i, 2 W I 8T K1 @S i, 2b W AR AT ok i I
T w20 W faed 71 o o9 1w oA o 9o ref-org et &Y e bR

(3Tepfd 11.22)]

"b2+C2 "b2+c2

ST 11.23 | Segd o <Y 318 W Th Q a—c

s fag P wiifta)

fag Pl 19l o Rl s = b
FP+FP=FO+OP+FpP R P

(Fifs F,P=F 0 +OP)
=ctata—-c=2a
e oY 318 W Tk A fog Q wifsm) a
fog Q =k Al | 3RA =1 AW '
FQ+FEQ=b + & + b +¢% = 2 b2+
Fifer P 3tk Q < <efga R feera =)
1d: <relgd w1 9RE ¥ B9 UM 2

2.0b* +¢* =2a,  HUQ a=.b> + c*
a a*=b*+ ¢, AU c=4a* - b’

S U<
R 2 = o — b* ¥, A §H q &1 AF TR @ 3R
cH UM 0¥ ¢, 7% e d gRumrd Egd o SR
fr=TfeRa 9 9 aga b
o o= 0,2 @ A A S & S e

ﬁzlﬁaﬁﬁ%\%ﬁ?az:bz,m a=b,3ﬁTWWWW

I & S @ (3B 11.24)1 56 YehR 9, Teh <o
1 foeiy fearfa @ 59 arg=s< 11.3 # aftfa feman o 21 ITTRfa 11.24
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?Tﬁ{CZa,%sfﬂsfb:O.ﬁ'{?ﬂéﬁﬁﬁ:lTﬁ:lﬁ a a
# faar ol Y@rEE FF, q% fgwe W@ @ F,
(3T 11.25))1 ST 11.25

i o1 Scohl, i ok g @ 7Y @I g o oY 1 gfEt w61 e
21 IHEA B ¢ F FW AR T, i e= < B
a
Wﬁﬁﬁ%@{ﬁ c%WW&Wﬁﬁﬂﬁ%@{ﬁae%l

Th JEgd Rl
THIH0T TRATH BT € AR el k1 b ot foig o &1 1R A x-3187 =1 y-318T W
feora gl U9 < W9a feenfarar smepfa 11.26 % g9iiw 7w &)

Y
A
(0,a)
Y
A(o,b) 0,01
- X'€ >X
@0 Jad) o~ oo O o0
0,—b )
WO (0,—¢)
x2 y2
= =1
612 b2 \/(0,—(1)
(a)

2 2
() S
TTERTd 11.26 b a

S T TR 11.26 (a) ¥ 39T T g, foweht Tfyal x-a1e1 R feom €, a0
HHHO Fa— |

HH S F, SR F, Tl € iR Y@rEe FF, @ we fag 0 71 9E @i O
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sanfafa T ) wew g o § @ T R g o safafafas) st et
o TUTH] o1 ST Tehe et Ygifies SR SAERIE Hew €1 Buclid = o
300 2.9, SfAfd W 3191 9o foren| 9% Heivem = ¢ e e o g
e Tu Ffv=a ARl oh STuR W SAfd fooll i dfed foran sanfifd,
fSreRT 9RY wRfaal iR Il 4 fhar, SEeh stemad ® s=i dfiwmfi &6
faferdl o TN 1 TERAE TRl S SAEia T S TR gd S
Euclid, 7 fam qen S geerpll | 9w off seanfe =1 <&, S 1300 94 o =erdt
&l 200 s L i Apolloniusef Teh Y&ieh, ‘The Conic’ foet st sme ’:I%TOI‘E[U]C
IV o WY Y UREIAl o OR W off 3 18 vrarfesdAl qeh Swig @l

Rene Descartes (1596-1650 A.D.) e =H T ek a¥ciiieh SAMHIG i
HIAT (Cartesian) el Il 2 fSE®t e La Geometry 719 § 1637 5. H
TR gE| T dATeifteh S o gogd fasia i fafiml s 9=t € Peirre
de Farmat (1601-1665 £.) = 3T=ftd &< foran &1l g9i=ast, Fermates 31 {9 W
"™, Ad Locus Planos et So LIDOS Isagoge - ‘Introduction to Plane and Solid
Loci’ had 3! J o @18 1679 5. H YhI¥d T3M A1l SHGT Descartes i
Jecifirer Sefafa =1 g e w1 97 e

Isaac Barrow = @rdid fafeml sk YA o6l foveepa foham <[ 7 =kl &
GHIH0T T I ok ToIT ARG Okl 1 fafer 1 9= fmaml S=iH 3He YR
o feerishl, et (Polar) 3R fgefa@ (bipolar) =1 WaNT feham|

Leibnitz 7 ‘41" (abcissa), ‘@ife’ (ordinate) 3 Fa3Ts 9&i (Coordinate),
%1 WA a1 L. Hospital (ST 1700 3.) = d¥cifteh saffd @ T Aewqul
qed gk fore|

Clairaut (1729 %.) = He9e™ 0 §F ! A1 T2 98 Ys €9 H o 3=
e TRt 1 fd:@s 9 Ff K31 Cramer (1750 2.) 7 =i &9 9
T feemed =1 YA ek g9 Rl FHIHRT (y — a)? + (b — x)? = r T S=H =9
T W Svcifiien s 1 waiwd Wegdiwor &8 Monge (1781%) 7 enyfie
93 yaur & ®9 ° @1 o1 g = ghR | fem

y—y =a@x-x)

T | @IST o daad g 1 Faed aa’ + 1 =0 f&am|
S.F. Lacroix (1765-1843 %.) g Ued q&ish @@ o, Afth Skl avcifieh
st & AeE #El el fierar 81 S T o el %1 9 fag 'y
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ypEE=Be )
o —o

(—a -b)
3R (o, B) Wy =ax + bW e &I T 2 AN S=E & et %

2

a —da

1+aa'] ot feam o8 e o sv=reHe © TR

Jecifirer SATAfd o ST o 1% 3 HAyd SEvash Tl 1 W B & AT 150
Iuf ¥ 31fyer AR e SNl 1818 € H C. Lame, U fafaw sSfifer, 3
fofquell E =0 3IRE =0 % 9faes] foig @ S a1t a6 mE + m’E’ = 0 1 <l

oM s o <A ¥ e Hecgul sT=uw vig Uil o gefud 2
It faeiosh Archimedes (287-212 £1,) 3R Apollonius (200 $9,) 7 ¥k
R=3el 1 1ed 56| 3Tsishel A deh Hecqul SUsHA 8, forad o sfafier ik
TTHI] HU o SRR W WA(HT TSl % §RI 3T Wl I SgERA g ¢

TEAEY V] 1 §F tan O Zﬂ




el 12

Trfadie =nfafa =t ufie=

(Introduction to Three Dimensional Geometry)

s*Mathematics is both the queen and the hand-maiden of

all sciences — E.T. BELL**

12.1 91;&!3'7[ (Introduction)
&1 WM €, T forelt aor o feem ww fag &7 feufa frefor
% fou 39 39 7@ # ¥ TR @d @ ulaesied el |
Aifereh 31 1 STereashdl Bt 21 37 Y@ne i frdeme ok
37 T ifad IRA I e oF 9y 39 fog o fRwne
(coordinate) *hed & SRferh Sita o BHY shelel Teh el
¥ o foigeti @ & gy 7 T W1 1SS fafie
o ek T Tk 71§ i fafy= v # fufa steen & e
¥ IW TIM q% WM ok A IGAN KT TH —
fafyme woa o feafa anfe, &1 off SIFH 1 sTavaesar gt 21 Leonhard Euler
<<t T T R A 5 R e e A (1707-1783 A.D.)
it Taelt Ah 31U ®a o U@ &I A H el w1 fraior w5 & foaw ey 59 foge
#1 3 RN @ e W A 7 & waiw T € ook 59 fag Ay, ok e @
e, 1 W) SAETAHA TSl 1 d: BH hadl ] @l siedh o YRR e qell o
wiaed e w1 frefyd e o fog o gemetl %1 sraveea g ®, S fag w1 |
TWER e SR @ SRAT, 91 S9 R o B U HE Bl oI hLdl 1 HIR BT RO
oo Sarl qen 39 &fast w1 B 9 WER yfiesiia S ol qe 21 3 TER giaesiad
HH I el 9 od 3R I S w9l 9 gead 39 fag % 7 fdene aa
o @i THdonier sean €1 3H YHR Sialer (space) H Teud W fog = o s
T ¥ 30 eI o 7w S sfafter ® sanfufa 1 o Sehoqmistl @1 stemEe
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93 O | Yf=sixd & Il 99 TER ad qall
S heddl HISQ (AMepfd 12.1)1 F il @ X'
@ef X'0X, Y'OY 3R Z20Z R wfawsfed #d
& TS HHe: x-318, y-2787 31N 2-318] HEd
T TEd: 2@ ® foh A i W] wWe o 2 ST
3% 7Y wHeRITuTe TR fohm #ed 81 X0Y, v &—pn ]
YOZ 3R ZOX, aeii ! sHel: XY-ad, YZ-ad, /
qe ZX-dc, wed g1 ¥ 9 ad e qo
HEA 2| 4
T SIS o qd i XOY 7 od ¢l 3R X v
7Z0Z 3@ ®1 dd X0Y R oead od 21 AR Z
HTTS o Tt ki &fdeid: @ @ Z/0Z @1 ek JMRTT 12.1
B 1 XY-det ¥ OZ 1 fen & F Y 3R =t
T 3Rl o iR Oz &1 faen o F= = @R At Rt wmoreress @ € S
SHI YRR ZX- & et OY faen o Tt 7 it ek iR ZX qa & =1 oY
a1 e o A T 3fEl mones gt {1 YZ-9a o g OX fien # A gt
YTk AT 38 W OX' w1 fem # A1t ¢ gt spomerek et 21 foig O w1 fdere
T o1 U foig ed B1 69 P aa siafe 1 o2 9mi ¥ wied €, 39 st
% TM X0YZ, X'0YZ, X'0Y'Z, XOY'Z, XOYZ', X'0Y'Z', X'0Y'Z' 3R X0Y'Z' &
AR = wEer: LIL 0L ..., VI gRT 9Sfid & 2

sfafter o Ffyem fdumett, Frdenies deti 9k gt fg @fea fdemier Frerm o = o qveq
feu fag & o F&3M (x, y, 2) ! 910 & H1 fafer qen foema: & denet & ks
(Triplet) ST IM W 3{afer ® &7Ta 65 (x, y, 7) & F&R0 &6 &1 f9fy #1 o1@ g0
foear @ =aren s 2 ’ P(xoya2)

iafer § KU 7 foig P9 XY-9a W PM ofal N
died © et oig M@ (3Tepfa 12.2)1 @ M | '
X318 W ML & Eifa, <t 389 LR fierar 81 9 :
ST OL=x, LM = y 3R PM =z @9 (x, y, z) Tg :

P& fderiss weed €1 36 xy, o i wo: fig P /o Y
& x-femsE, y-fden®, qun -fAdwmw oo Voueno- v
ed 21 angsfa 12.2 7 gndwd & fx fag KL Mo

P(x, y,z) 3R XOYZ ® feom &, ad: x, y 3Rz X
ol e 2 JMeRTe 12.2
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afe P ferdl o o1eiel § 81 Al x, y 3R ;o g aggERr uRafda e s &1 36 YR
siaRet ® feom fordt fog P =t diaar arafass wemsti o swia Bifkd (v, y, 2) @ fFan

ST 2 7
faama:, fedt Bk (v, y 2) & KT 0h

S R W x % T x-3e R fag L e 5 E

+Q ¥ T XY-a01 § foig M Feifa s 8, F -

el gHer e (x, y) B &M S 5 LM o\:/ .

A T xR A § e y-aAel T R AT >y

21 fog MR 7gem % 9vaq 89 XY-Td W A D

MP @i @id ¥, Tow fig PRl 2% W 123

freftor & €1 3w wehR fawifa foig P &
e (x, y, z) | o: arer o fea fagei &1 awafas wemst & wivg s
(x, ¥ z) ¥ T Theh-TTadl W@ 2

fehoud:, safte & fro fog P o &0 Fdoisr qoff & 99k 9 9o @i €, S
x-387, y-3181 3R z-31e] H HAW: A, B a1 C fageni w® uhrwfea @ €
(amepfa 12.3)1 A& OA=x, OB=y ¢ OC=z &l d fag P & Féers® x, y 3N z &M
2 3N W 'Y P(x, y,z,) o &9 ¥ forad €1 faeima: x, y 3 7 o U s W &y e
w fag A, B e C feifia & €1 f5g A, B @91 C ¥ &9 &H9: YZ-aa, ZX-aa a0
XY-acd & AR @9 a1 @ied 81 g1 @Al qll %1 ADPF, BDPE @ CEPF T
yiresed fag wowa: PR, S siHa-Biesw (x, yz) & ¥ 21
&1 3&d ? T afg ofafter o 18 fag Py, y, 2) €, @ YZ, ZX @2 XY aal 9 wleferq sRal
FHE: x, y A 7 2

fig O @ fdens (0, 0, 0) T x-3187 W feo foreht fag & fadems
(x,0,0) 3R YZ @ ¥ feorg fenelt foig o fsmien (0, y, z) B9 21

e g o fdunienl o fog 39 ey o1 fuifta e & foew fog feem e
21 Trefafea groft s1at smerel § Feemen! o fog <wid 2
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IO 12.1
fg@ I 11 111 v | v VI VII | VIII
x + - - + + — — +
y + + — — +- - — —
Z + + + + - - — —

amepfa 12.3 ®, afg P o fdwier (2,4,5) € @ F o fdenes o shifsw
fig For foq OY o srfeer A =t g8 9= 1 ema: For fdena (2,0, 5) €
o 32y A hitee fored fag (-3, 1, 2) 3R (-3, 1, -2) feem 2

qroft 12.1 9, 65 (-3, 1, 2) TR o7<qe ¥ a1 fag (-3, 1, -2) B a7=iw o
feer 2

s fog x—e1e1 W e B1 sEen y-fadees qen -fademe s €2

% 65 XZ-da o 21 THek y-Fdene & o) | 379 o HE Thd 7

I STl o A warey, fS frefateag fag frem 2

(1,2,3), (4,-2,3), (4,-2,-5), (4,2,-5), (-4, 2,-5), (~ 4,2, 5), (-3,~1,6) (2, — 4, ~7)

e T &1 qfd s

(i) x-38 3 y-31e I ThH WY e w Th qo S B, SHoad W
Fed 2l

(i) XY-aa1 § ek fag = fdsnes ®Y % B 2

(i) s qo SAqre sy o fawifea e 2

fafardta fadsres frerma & T < faigenl o o &1 <O &1 @1e7ae 9% 9o 21 31T 31
Y 397 A=A o fawr e fem & faw &9 2

HA fSe, qushlfires #& OX, OY de1 OZ o W&l < fag P(x, y,, z,) 90
Q (x,, 5, z,) T



288 TG
paen Q feigell ¥ Friwiw aal & z

IO 9@ gitay, o9 8d tE s 1
firerar @ foreent faeof PQ 2 (3
SR 12.4) 2
FfH LPAQ UH WHHIU 2
aa:L| PAQ H, > 33 A
PQ’ = PA” + AQ? (1) 2
IA: Hifh LANQ = Teh HHRIT, o >Y
zHfeal] ANQ H,
AQ* = AN® + NQ? . (2)
(1) dRQ) o ed o g 8, fF X SR 12.4

PQ? = PA2+ AN? + NQ?
3, PA=y2—yl,AN=)c2—xl34%'{NQ=12—Z1
2
T TR, PQ* = (x, — x>+ (y, - y) + (g, - z,)°

o PQ= \/(x2—x,)2+(y2—y1)2+(z2—zl)2
7% 3 fagef P(x, y, z,) 3R Q(x,, y,, z,) F &= w1 g PQ = fow ¥ 2l
fagva: ?Tﬁ{xl=yl=z1=0, mﬁqﬁ’gat@ 1%@0%3[ al

0Q = \x,"+y,°+2,> -
o8 & e fiig O oMk fafelt 93 Q (x,, y,, z,) S F= T T Wt &t T
fagell P (1, -3, 4) 3R Q (-4, 1, 2) & &= &I i 3@ Fifww
PQ figafl P (1,-3,4) 3R Q (-4, 1,2) o ot &1 g 21
PQ = \[(-4— 1)+ (1+3)°+ (2-4)°
= J25+16+4
= J45 = 35ThE
<9igy R P (-2, 3,5),Q (1, 2,3) 3R R (7,0,-1) W& 2|
B0 S € fr wiE fag, wh € W W fm e R
el PQ= \/(1+2)%+(2-3)+(3-5> =9+1+4 = 14

QR = \/(7—1)2+ (0-2)%+ (=1-3)> =36 14 +16 = /56 =2./14
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Il PR = \/(7+2)*+(0-3)*+ (—1-5)> = /81+9+36 = /126 = 3,14
39 WHR PQ + QR = PR
aa: foig P, Q 3IRR W@ €|
=71 T8 A (3,6, 9), B (10, 20, 30) 3R C (25,41, 5) Th THH01 Y &
o &7
-9 9 e i g € fh
AB? = (10 — 3)+ (20 — 6)> + (30 — 9)?
=49 + 196 + 441 = 686
BC2= (25— 10)? + (— 41 — 20)* + (5 — 30)?
=225+ 3721 + 625 =4571
CA’ = (3-257+ (6 +41) + (9 — 57
= 484 +2209 + 16 = 2709
B0 UM € T CA?+ AB? % BC?
3a: AABC U Guahivl 3o =& 21

T faganl Aden B Fesmes wa: (3,4, 5) 3R (-1, 3, -7) 2 i
fo9g PoF 9y @1 WHIHWT A HifaY, Sdh PA? + PB? = 242,

| Tfaelier fag Peh fRsmeR (x, y, 2) 2l
A PA* =(x =3+ (y =47 + (2 -5)
PB2 =(x+ 1)+ (y -3+ (z+7)?
U T yfdery o STEN, PA2 + PB? = 2%, B9 WId =il 2:
(x=3P+0-4+E@-5+(x+ 1)+ -3+ @+7)°=2k
A 23+ 2y* + 272 —4x — 14y + 47 = 2k* — 109.

frefafeq fog-gmi o &= &t g8 9@ S
() (2,3,5) 34,3, 1) (i) (=3,7,2) 3 (2,4,-1)

Gii) (1,3, —4) 3 (1,-3,4) (v) (2,-1,3) 3 (-2, 1,3)
Ttz o fag (-2, 3, 5) (1,2, 3) 3R (7,0, -1) €@ 2|
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frefafea =1 wenfya sifsa:

@ (0,7.-10),(1,6,-6) 3R (4,9, - 6) T wHfgarg Fagqst = 3 2

i) (0,7, 10), (=1, 6, 6) 3 (— 4,9, 6) Tk THIv sl o ¥ 2|

i) (-1,2,1),(1,-2,5), (4, -7, 8) 3 (2, -3, 4) Th THW =g o i €|
o fage & w=mw @1 W §@@ st S fag (1, 2, 3) @R

(3,2, -1) ¥ gugwy 2

foigell P 9 o W= 1 Wi T ity et foigeti A (4, 0,0) 3R B

(-4,0,0) 9 3RA %1 qTHA 10 2

T s fgfarda safafa & g9 den @
fFe YR |HeRIfUTh I fhE | Tk @
s ! fu e ® ofa: fawfea +3 ot fag
o e T e €| 39 W TW Hehodd &
T Trferfiar saifafa o foe = 2
ﬂﬂ?ﬂmmﬁ&?ﬁﬁﬁgﬂxl,yl,z]) q
Q(x,¥,,2,) &1 9 R (x, y, 2) @1 @ PQ
m:n SFAAE H 3a: faiie e 21 XY-da W
PL, QM 31X RN @« @ifeu| sd: PL 11 QM
11 RN @ e &9 < el o I XY—at ¥ feerg
g foig L, M 3R N 3§ Y@ W feod € SS9

X

o
7

I N
TR fd 12.5

3R XY-a & wiaesed @ st 21 f§g R 9 W@ LM & 9wiaR @ ST @ifa) ST
W@ ©iE T wa oF qo o freg @ qen Y@ LP (fasaiia) @ S 3 MQ & T ™

Hiaesied dl B1 S| SRt 12.5 § WeiEE 2

Tqeed: Fgyst LNRS 3R NMTR 99 =gt €1 s PSR 3R QTR ¥9wd: 9H&EY

2| TafeT
m PRSP SL-PL NR-PL z-g
7 QR QT QM-TM QM-NR z,-z
mz, + nz;
g Yeh R 7= —"

m+n
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% TH YR XZ-Td SR YZ-99 W dd GiE W g9 we a6 g,
. my2 +I’ly1 _ mx2 +nx1
 m+n AR X m+n
s fag R &1 &5 P (x, y, z,) 3R Q (x,, y,, z,) I oo ot ¥@n @
m:n&@ﬁﬁ%:ﬁﬁﬁﬁﬁﬂ%,&ﬁ%ﬁ%,

[mx2 +nx;, my, +ny, mz, + nzll

m+n  m+n = m+n
If fag R, W@ @ PQ &l m - n 39 § aral fawifea a1 & a1 s9eh e
ST G T n bl -n 9 Towenfa w3k uw Ry W €1 39 YR R & e e,
(mx2 —nx, my, —ny, mz, —nzlj
m-—n m-—n m-—n

Hen-fag o Féwie 4k R, W@Es PQ& we-fg 8 @l m:on=1:1 @A W

‘= le;xz’y: )’1+)’23ﬁT lezz
aP(xl,yl,zl)ﬁTQ(xz,yz,zz)ﬁWWWW&UW—ﬁg&W%I
W@ @ PQ®! k: 1 o UM H 7a: fawfsm & am fag R & faens
k:%r@ﬁmwfmwm%}
kx,+x, ky,+y, kz,+z
4k kT 1+
g IO Y ] fag3 i THar ol W@ W e oy dad 9 o g e d
W 2T B
faget (1, -2, 3) 3R (3,4, -5) &l o= ¥ o+ W@ @ &I U 23
T (i) 31d: (i) 9 foufoa & a fag o s s sifew)
(i) 9 ST P (x, v, 2), A (1, -2, 3) 3R B(3, 4, -5) & foa™ ol W@ @ &
#a: 23 ® fage = 2

23430 _9 | _24)+3D) 2 2-9)+33)_ -1
A, Y= T s TR iET 5

. 92—1
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(i) M ST P (x, v, 2), A (1, -2, 3) 3R B(3, 4, —5) ! fie =mel @ @S i
e ST 2: 3§ o fave i 2
L2830, 2B+

safer ~14
: 2+ (-3) SR
2(=5+(=33)
= -1
¥R 2+ (-3) 7

a: el faig (-3, 14, 19). B

fgareF 3 &1 F@T ek fag i &R 63 (4, 6, 10), (2,4, 6) 3R
(14,0, -2) @@ Tl

HqH AL A (— 4, 6, 10), B (2,4, 6) X C(14, 0, - 2) Ty 7w fag &) 9M ofifsg
g P,AB ! k: 1 & fawifsa &t 21 @ Pan Fewis :

2k 4 4k 6 6k 10

2

k17 k 17 k1
A o1 eH S e o k ok fopdl 9 & fag fag P, fag C o durdt 2
2k —4
14 @ WA B k=
k+1 2
4-2y+6
m e dagdee 190
2 k+1 S
; 2
6k +10 O(=5)+10
S kil 3 =2
* -—+1

2
ZEfeT C (14,0, -2) 9 fog & S AB 1 3:2 3¥UE o el fayem a8 3% ol P
21 @/@: A,B9 C 9@ ?|

el fomes ol (x,, v, 2). (. 9,0 2,) T (x,, v, 2) €1 59 Hh
(Centroid) & f13eTe @ Hifsl

M WS ABC U s € foes oid A, B, C o5 fdems wmem: (x, y,, 2,),
(X, ¥y 2,) T (x5, y;, 2),

HM «ifSq BC &1 wea-fag D ®1 gaferg D & fdene ®:

X)+ X3 Yot Y3 2,125
2 7 2 72
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A B9 1 Shgeh G & S Afemehr AD I 3fd 2: 1 ® fgureH il 21 36T G &

IBEHICES
X, + X Yy, +y 7, +2
2[22 3j+x1 2[22 3j+y1 2[22 3j+z1
2+1 ’ 2+1 ' 2+1
Xp+Xy+Xy Y+ Yty 4 +2+23
il 3 3 3

fagati (4, 8, 10) 3 (6, 10, -8) =i fHeIH =l @ @, YZ-aa gN
5 31U o fagem eiar 2, S9 a sifew)

M ST YZ-aa 65 P(x, y, 2) T, A (4, 8, 10) 3R B (6, 10, —8) ! e aren
W@ @s &l k1o v s 21 d fag Pop e
4+6k 8+10k 10—8k
(k+1’ k+1 " k+1 j
i P, YZ-70 W feora 8 gwfore swent x-Frienes o= 2
4+6k_

k+1

2
a k=——
3

AT YZ-d6 AB ! 2:3 o Ul ¥ @@ faisd s 2

fagati (-2, 3,5) 3R (1, -4, 6) * o= 9§ == W@ @S & FEE (1) 23
T 3id: (i) 2:3 ¥ aera: famfsa & o fog & fasns 3@ s

fean e ® T fag P(3, 2, -4), Q(5, 4, -6) 3R R(9, 8, -10) W@ 2| =&
I T ity fSed Q, PR &1 fawifea shar 21

fagati (-2, 4, 7) 3R (3, -5, 8) @I oM ol W@ @, YZ-aa g0 5|
U § fa9e =i ], 9 3 i)

faarsA ¥ 1 TN e fg@re R fug A2, -3, 4), B(-1, 2, 1) @x

c[o,%,zj i ¥
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P(4,2, -6) 3R Q(10, -16, 6) o e =reit Y@r @s PQ &l &9 -
FHE ae TogsT oF fRene T hifel
fafasr 3ergvor
Ttz fop fog A (1,2, 3), B (=1,-2,-1),C(2,3,2) I D 4,7,6) Th
Fuier =g o Y ¥ W TE e a2

Ig < ok foIq fh ABCD Ueh SHIGK =qSl €, 86 |wg@ soisti i §aH feam
1 AT Tl

AB = \/(—1—1)2+(—2—2)2+(—1—3)2 = J4+16+16=6
BC = /(2+1)>+(3+2)°+2+1)> = 912519 = 43
CD = \J(4-2)HT-3)’+6-2)" = J4+16+16 =6
DA = \[(1-4)+(2-7)+(3-6)> =9+25+9 = /43
ik AB = CD 31 BC = AD, EfeTlq ABCD Ush FH[ =q4sl 2|

319 9% fag %9 & fau fF ABCD a1 7t 2, =0 fe@rm € for g9 fasel AC
3R BD 99 & ®, %9 UM © :

AC = \J2-1)’+(3-2+2-3) =T+1+1=/3
BD = \/(4+1)>+(7+2)*+(6+1)> =25+ 81+ 49=,155 .
T AC#BD | 31d: ABCD T 39d 7l 2

| | feeRol AC 9o BD W WHiGHIfd F3 €, % U1 1 WA s o
ABCD %! 99/ =q¥s fag fhar <1 @k 21

fiig P o1 W=a 1 GHIHOT TG HITSY S 39 YohR =il € o STt
fagati A(3, 4, -5) & B(-2, 1, 4) 9 g0 99 2

g 55 P(x, y,z) 39 YR € T PA=PB

d: \/(x— 3+ (y-4)*+ (z+5)* = \/(x—i— 22+ (y-1D*+ (z-4)*

70 (x=3 +(y=-4)"+(z+5)" = (x+2)° +(y-1)>+(z—-4)
Bl 10X+ 6y — 187 — 29 = 0.
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Tk I ABC &1 hsah (1, 1, 1) 21 9% A 3IR B o fdunies shwr:
(3,-5,7) 9 (-1, 7, -6) 21 fag C o e Fm@ wifew
HA Coh 18T (x, v, 7) B IR shseh G & fdsnan (1, 1, 1) fu 2

x+3-1

BRI

I, IMx=1

ad: Co e (1, 1, 2) 2

Fuier =S & @ 9 A(3, -1, 2) B(1,2, -4) 9 C(-1, 1,2) &1 =9 iy
D = Teene® T il
T Igsl ABC & 3fwi @F ffeenes &a9: A0, 0, 6) B(0, 4, 0) e
C(6, 0, 0) T TS &1 Afezmet w1 Ao @ B
I 199 PQR w1 shseh Hot faig 2 @R 9 P(24, 2, 6), Q(-4, 36 -10) 3iR
R(8, 14, 2¢) & @ a, b 3R ¢ 1 TH T HITY
y-318 W 39 fog o fReme @ wifsw SRt f§g P(3, -2, 5) § 30
507 T
P(2, -3, 4) 3R Q(8, 0, 10) =i fieM =it Y@Es W feem ws fog R &1
x-Fidere 4 21 fog R o fadenes 3@ shife)

( M WifSe R, PQ &1 k : 1 9 fawifeg wear 21 fag R & fdens

8k+2 -3 10k+4 )
k+1 k+1"~ k+1

afg fog A 3R B %591 (3, 4, 5) @@ (-1, 3, -7) &1 = fag P gr ffda
e W Hetud THIT Fa SIS, S8 PA2+ PB2= k? W@l k 3R 2|
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Tferdta sanfhfa oF A9eRifvek S FHeens e § e T TwReR deeq
@ B B

ferienl & g, @ qo it e @ 5= e 9@ XY -aa, YZ-aa 9
ZX - Fed 2l

9 Teener a0 Sfafer 1 e 9 | died @ S 3Tei9 hed R
e senfafa & fanch foig pop Frdemsrl =61 W wh e (x, y,2) & &9
¥ form@n ST &1 TRl x, YZ-TA §, y, ZX T ¥ 9 z, XY T § g0 2

() x-31& W fell fag o fdenes (x, 0, 0) B

(i) y-3181 W Tt fog =& Fdsmies (0, y, 0) R

(i) z-3187 W fepel faig o fdemes (0,0, 2) B

31 fagat P(x,y,z) @ Q (x,, y,, z,) &Eﬂ_dwaﬁ?ﬁ%:

PQ o, x)° (3, ¥ (@ )

ﬁl%lgﬁP(xlylzl) BRI Q(xz,yz,zz)ﬁﬁﬁﬁa]ﬁ%@'@@ﬁm:n
U o d: R a: fawia # At fag R & fdwie el

(mx2 +nx, my,-+ny, mz,+nz ] (mx2 —nx, my,—ny, mz,—nz ] 5

m-+n m+n m-++n m-—-—n m-—n m-—n
3 fagetl P(x, v, z) 3R Qx, v, z,) F @M o @1 @€ PQ %
Hez-fog o Fdeme ®:
(lerxz Y+ Zl+sz

2 7 2 72
ww e e ol % FEE (x, v, 2), (4. v, 2) SR (v, 2) B
s o TRuH o
(x1+x2+x3 VtY,tY; Zl+Z2+x3j

3 ' 3 T3

1637 3 © Sgeifteh ST o Seh Rene' Descartes (1596—1650A.D.) J qel
SfAfa &% &9 H Sca@d g Tona, W HeaTfashieh Piarre Fermat
(1601—1665 A.D.) 3R La Hire (1640—1718 A.D.) 7 it 39 &3 & = fepan|
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Tl 51 @l o i o Sifadia sfefa & w6 ¥ gwe €, W e foeEn
&l 2 Descartes @i o faRer § fag o el o faua o SHaR off
R 3o 39 foskfaa =&l foram

1715 % ¥ J. Bernoulli (1667—1748 A.D.) 3 Leibnitz ! fo@ 93 ¥ A
feenen aall 1 U= Seoifad € 59 80 & w3 Y @ R

TEYTH 9 1700 3o H %d UcheHl ohl qEd fohW @ Antoinne Parent
(1666—1716 A.D.) % =@ ® dciftieh S| sA1fHa o fawa o fagqa faam=m 2l

L. Euler, (1707—1783 A.D.) 7 ¥ 1748 ¥ YehI¥d 391 q&ieh ‘SAIHLT BT
9=’ o W @ & GRRE % 59 dAeAM H Fifode fewne safafa o
YA Ud HhAdG v Sd TRl

IIEl ARl o HEA oh 1% @i SATHIG ] i o (e M § fawr
forar =, fS9e 9eiy YA Einstein o 9UeEs o fagid § H-99F
STTHAT (Space-Time Continuum) H §&=e 2




srezra LR

T 31T 3TacheTs

(Limits and Derivatives)

s With the Calculus as a key, Mathematics can be successfully applied to the
explanation of the course of Nature - WHITEHEAD *%*

13.1 yferT (Introduction)

IE 1A HEH F1 TF GfFh1 21 oM T I g8 I
& e wera: wia o fageti & ufed™ o word o 99 | g
Al IREd w1 eI foha1 S 81 Yeed §H STashersl ol
(arferR &9 9 aRwIfd foru fomr) Fesga i (Intuitive
idea) T & AT &F HHT BT Fest g <7 SR g
o SISO 1 S AT Hl| THeh A% TH STAharsl i
TR S ok fog S ST SR SrEshers! o SISO o
FS AT KN TH FS ORI T Herl o ahars |l
Eiseadl
132 rasheil &l HEsHyd sie
(Intuitive Idea of Derivatives)
Giferer gAT 7 A oo B fof e wh wE/e =eer 9 iRl ¢ 9ehel o 4.9¢
Hiex it 79 e @ s fis g W ® 7 W 8 (s) Tehel ® A e ww (1)
o Tk B oh ®Y H s=4.9° 9 § T R

o= GRO 13.1 B Tk WS 922 § iRy U us fis o Sesl | fafy=
g (1) W W H @ gl (s) & T R

3 Aihgl W W91 =2 Uehg W i &1 o7 T T €1 389 2| TH WHE q%h
T o fAU 1 =2 Hehs W TATG BF o fafay Iueiae W HTE S 91 il Th
T R 3R M Y € R s =2 Wehg W AT & AR § B YRR U=

Sir Issac Newton
(1642-1727 A.D.)
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t=1 3R t=1,% " WA A 1=1 3IRs=1, Yhel TR 13.1
% o9 T I T g FI (1,—1,) | AF 3 W 9 B ” B
Bl or@: gug 2 Yehel § " o 0 0
] 4.9
_ t1:03ﬁ112 = 2% o9 aF i T8 gU Is 11.025
AT (1, ~ 1) 18 15.876
B 1.9 17.689
= Mﬂ.sﬁ/ﬁ 1.95 18.63225
(2-0)= 2 19.6
T 9ER, r=13R ;=27 = @A o 2.05 20.59225
10,6 4.9) %k 2.1 21.609
- ﬁ:mmﬂ/@r 2.2 23.716
a 2.5 30.625
T4 YR e o fus =1, 3IR (=2 o= & 3 44.1
e o 1 GRehe Sd 8l FrEfaiEd |l 13.2, 4 78.4
=1, Wehel 3R =2 Wehel & o WX Ufd Tehe
¥ mer & (v) @ R
HIOT 13.2
P 0 ] 1.5 1.8 1.9 1.95 1.99

1

% 9.8 14.7 17.15 | 18.62 19.11 19.355 19.551

T GRUN W BH SEcie wid € o Hied an oR-+ 9g @1 g1 SH-s " 1 =2
W T B el HHATARIe ] TR S W @ 8H SEd § TR 1= 2 W gH o 1 U
g 3TEs] e Y U T S I € h 1.99 Uehs 3R 2 Uehs o aiel o AT
T 7 W2 dl B9 Fohy e ® TR =2 Wehg W mIeR 97 19.55 WA § e ity
% 2l

39 Tond o) Frfataa sifqeer o o= 9 fofaa oo fiem 21r=2 d%s
¥ YRY 3 g fafae graiaue W w1 97 %1 ikeher shifse) gd i oifd 1 =2 9ehs
R =1, Hohe o o= WA AT (v)

2 s e, S dAE T A 0

t,—2
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_ LW H @ R - 2uksH @ Al
1, =2

_ Ul d @ W gl - 196
t,—2

frfafad TR 13.3, 1=2 Tehel iR 1, ¥ohe o o= HeR 9fd Tehe | Wed am
y e

HRUM13.3
4 3 2.5 22 2.1 2.05 2.01

2

v 294 | 245 |1 22.05] 20.58 | 20.09| 19.845 | 19.649

el ;B9 oA 4 € fop A 86 1=2, W YRY hid gY SRR THAIE! i old
S B BH ¢=2 W AT o1 Al o=l | e 2l

TR oh JIH TH=d ¥ BH9 =2 TR HMG M ol 9¢d HHA=al § 71
I T R € SR a9 men 2 f =29 fRfad Ud % S| we A =
sifeeherl o fgda S=a@ ¥ 1= 2 W 3id 81 d1al = SHaiaual | JE o 7 foha
2 3R 99 3men &1 2 foh =2 & e 9. |z s ve 7 W fays w9 9
T SR W HIeA o o A QA STIhH Teh HHH G R 9= =i g9 Hfvea
w9 9 frad frarrerd @ fF =2 W ffg %1 97 19.551 H/8 31 19.649 H/A & =
21 AR Y W TH HE Hhd B
foh t=2 W dehfam AT 19551 A s249¢7
H/A 3T 19.649 T/A, & g &l femmemaeaaaaaa B
S o et e T § o o @
o UfEde T R R AT T S
froqfea fopen, a8 fefafaa 21 *%r ------------- y
“fafay eror T gt H afiEdT T <X 1‘;’4 :
1 IFTHH A 2| W Hed © 6

T @ s =492 t=2W  f----- 0 == 1C,

SRt 19.551 3R 19.649 ok &= , y

. — 2 2 o >t
T2 o / 2 2+t 2+1, AUT-TA

M HM Wi UfRaAl @ T
faehey fafr amepfa 13.1 9 <oie w8 3MeRfd 13.1
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B 98 99 "Eg (1) #iR WM o R 9 fUe w1 g (5) # e ®1 Sh-S9
QU & ITIHA b, h, ..., F1 GH I BT AR S A T 99 & e A ok
AT B BT R A B © S

C,B, C,B, C;B,

AC,” AC, AC,
% ST % STIHA FN BN B, W& CB, =5, s, T A ¢ W foE wewEiawal
h,=AC, ¥ T8 & 7, TR Tl 13.1 6 a8 frehd freremn gifeea 2 f a7 o
FT TR T ok fog A W TRRET ok 2ot i 3R SER el 1 g veal H, 1=2
G W i 1 Al o7 ok s =4.92 % (=2 T gl o &1 % H9E 2l

S foeer 3w qed &1 R Treaw e e © 6 e g ) ufwmen @R
AAferesh T &Y Y GHSH 1 SMEvashdl 81 H HH i HeheydT W gifad gF o fag
@g’@?ﬁ (illustrations) =hT S W 2
Told flx) = X W faar wifsu sacdT wifse fo Y-S x I A =3
AAfuer Fre I 29§, Ax) 1 AF o 0T ST STURR Bl Sl 81 (3@ SRl 2.10
HAM 2) EH FEd B }jggf(x)zo
(TH £(x) ! W YR B, T x YA BT AR S Bl 2, TG Sl 2) fF(x) B H,
e x Y[ 1 AR UG Bl €, Rl UH GHE S S x = 0 T f(x) FT AE &H1 =6
% ®G W §E x —> a, f(x) — [, T [ O f(x) B HH HE e € SR

T T TER fo@ 9 }Ciggf(x)zl.

He g(x) =[x, x =0 R =R Y e dfSe i g(0) aRenfoa 72 21 x &
0 o 3rcafus fehe AHl & fAT g(x) & AM &1 9ieher F & fag eq <@d € &

g(x) T A 0 T IR SWE Ll 21 @y im o) =0.x 0% @ y=|x %

x—0 8

AeE ¥ I8 Heod ¥ T Tl B1 (ST SR 2.13 HAH 2)

x* -4

frfafed el W faear &I h(x) = 7
xTh 2 T AME Fere "Ml (TfeRd 2 T&Y) oF faq A(x) o H1F 1 9iehad

Xx#2.
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Q| 3T W ! @R HUsU fo 94t am
4 % fage 21 =T (el 13.2) o f&U wor
y=h(x) % @ R =GR w3 9 g9 e
T foern 2|

T 94 TR ¥ T U AA x =g R Hod
o S HM TRV I 7 AMeT 9 arad § 36 W
aneia et € fop x h8 ¢ 1 AR SR Bl 2
=M ST foh x o @& ¢ I AR SR A

e A AN W @ ¢ W FH 8 GHd € A a ¥
1firen Bl Wehd 21 S T 9 9§ & HEd
~ o1 wey et HE SR ¢ get w1 e yia g
21 B £ o <10 98t 1 W Ax) 1 g€ W ©

(0,4)

0,2)

/

/2,0) O 2,0)
v

Y!
TR 13.2

S Ax) o T W SR BT & S x, o % <8 R G Bl &1 S YR ¢ el ki

ATl $Heh TRId ok Ty, %o W fa=ur &ifee

f(x):{;, x<0

, x>0

AP 13.3 T TH Hor 1 @ I T B TS

Y
N

y=f(x)

0,2)

TR O0OW FHRAAx<0h faw f(x)oF 79 9 — (0,1

W Fei e & S fR 1 o wEE ® et 9 W f(x)
ang war =t e m f(0)=12) gt R 0 w £ 1 WA v
x> 0 % AU f(x) & 7F R fk s 2, 2 @ 1wiq o

% an¢ ey &t @ im (0 =2 ) g feorfa o and oim JMeRfa 13.3

¢ vy 1 G fg-fa € ok oT: T %% Wahd € TR 99 1 Y I R SRR
B € 9 f£(x) 1 G e 21 (9 & werd 0 W gRefia 21)

%‘?W%fm“gn; f(x), x=a = f(x) T 3T (expected) e ®, e x ok
I SR fehe A o fAU f(x) F UE &R R 39 E R o W f(x) B AN Y

HI T FHEd 2
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70 e # i lim (), x=a W f(x) 1 oife 7 2 e v ¥ o

3R ok e AHl o faT flx) o o9 {T 1 59 9 &l q W f£(x) &1 IC 987 1
i whed 2

g ¢ AR a1 ver w1 HEd ST 8 @ gH 39 SIS Wl x=a R fx)
T W FEd ¢ el 3w lim gy 9 fefm w2

qﬁ(ﬂﬁﬁ?ﬂﬁq&?ﬁquﬁ@?ﬁq@ww%%xzamﬂﬂ
1 Hi sferdia R

e flx)=x+ 10 9 fo=R ST 8H x =5 T Hed sl Ml
14 S AR SR, BH 5 oh 3Td ehe x o Al o faq f o AWM &1 JRehard &
5 ok I7cdd e aTE 31k &9 85 4.9, 4.95, 4.994, 4.995... T &1 &7 foigati W fx)
o HM T8 RoflEg 81 56 R, 5 o 3Tea R SR ¢ SR arafash §EAd 5.001,
5.01, 5.1 9 Bl & fagefl ® off o & 79 groft 13.4 ¥ Ry 2

R 13.4
x 49 | 495 499 | 4995 5.001 5.01 5.1
fix) | 149 | 1495 1499 | 14995 | 15.001 | 15.01 15.1

RO 13.4 9 &9 Fifid s € 6 Ax) 1 A9 14.995 | w81 3T 15.001 9@ B
2, T8 Heql i BY o x =4.995 3R 5.001 o &= P AGAE T wHfed 7 gl
TE Ul ST GehdTd € o 5 o W1E 3 T Wemstl & Il x = 5T f(x) 1 °H

15 2 s1efq lim f(x)=15
Tl YR, W& x, 5 o I 3R SR Tl €, £ 1 HH 15 B =T tfq
lim f(x)=15

x—>5"

3A: TE W9 ¢ T £ o ad uey i Wi IR S uel w1 W, QAL 15 o Ser
HECEEI
1ir§f(x)= lin;f(x):lingf(x):IS
Ml 15 oF e 8M o 9K § 98 T=hY %er oh e S SAehid 2.9(ii) 1= 2
H T 2, 1 S@ee fonfaa ot 31 21 56 3TepTd | §9 o4 <4 € T Sie-99 x, 5
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o A1 Al 36 AR AT GG AR ST B, Bad f(x)=x+ 10 H1 3@ &5 (5, 15) &
3N e Blal STl 81 89 2@d B TR x=5 W B 1 HE 15 oh SeR
T 2

e flx) = x° R TTAR HINT R8T 89 x = 1 T 39 Hod 1 9= Jd HH
T YATH il Geled Ffd 1 0@ 9&d §U &H x ok | o e Al o faq f(x) oF @M1
%! WROfieg A €1 39 WROn 13.5 | T e e

"R 13.5

X 0.9 0.99 0.999 1.001 1.01 1.1

fx) | 0.729 1 0.970299 | 0.997002999 | 1.003003001 | 1.030301 | 1.331

39 WRON § B e ot € TR v =1 W £ 1 |E 0.997002999 § #ifes SR
1.003003001 ¥ % B, T& shoudl i 8L Tk x = 0.999 3R 1.001. & &= $
YT ST Sifed 1 Bl € WAl qehSTd € foh x=1 o1 | | o &g 317 &1 e
W ek s 7 ererfq

lim f(x)=1

x—>1"

T YRR, W x, | % S AR LR FAT ], @ f R G | 1 A1TEC i
lim f(x)=1,

x—1"

3q:, TE W9eA € T ard uey w1 S SR Sl ver o) || gHl | o aer gl

TH TR
lim £ (x) = lim f () =lim f (x) =1

T 1 o 90k BF Al I8 TRy wad o STed S TR 2,11, 1™ 2 H T
2, ! T@H a9t 31 21 59 oTepfa €0 A 30 € b S-SR x, 1% @
TE AR AT 96 AR U B, e flx) = x* 1 @ 65 (1, 1) I 3R ST el
ST 21

B9 T[: el i € TF x =1 W e & 91 ot | % SUe 2

T f(x) = 3x R fTER HINU ABY, x=2 W 3H e I WH Fd S HI
T | Ffatad arof 13.6 w: T S 2l
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RO 13.6
x 1.9 1.95 199 1.999] 2.001]| 201 2.1
f(x) 5.7 5.85 597 5997 6.003] 6.03 6.3

qeldd €H 3Tcih i € T x a1 a1 ord a1 ¢ 2 Y R SWER Bl ®, Ax)
FT HM 6 1 AR S ST g3 Wdld ela1 21 eH 39, 39 YR afqaifiad T Tehd
g fo
lin;f(x): lirgf(x):lin;f(x):6

3Mepfd 13.4 H YRIRId SHehT Tci@ 36 a2 i
EGI

el 97 B A 30 € R =2 W wad # A
X =2 HH % Hw 2l

3T e f{(x) = 3 T Ter=m =ifSTu) 33y &Y
x =29 3H! HIHl T4 A I YA HL| T8 FHad
TR e M % NRU §ad U & 7 (39 feafa
¥ 3) 9 i & Aufq 2 & erca Freke fgeti &
faq sHer WA 3 B o1a:
fim £ (x) = lim. f (x) = lim / () =3
fix) =3 @ BB § (0, 3) ¥ SH Al x-318 o FWHL W@ ® 3R
aTrepfa 2.9, @1ear 2 H <wilan T B1 TEE g off T ® R erdfie o 3 @ qema: 9

qeTd 9§ sTedlierd g 8 T ford arafas §@ o o fou ,lcifif(x):3

T flx) = o + x W FER i ew imf (<)@ we awd § o
x=1% e f(x) & o9 Gl 13.7 § GRofiag w4 B
| 13.7
X 09 099 |0.999 1.01 1.1 1.2

f(x) 1.71 | 1.9701 | 1.997001 2.0301 231 2.64
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Y FE qehEa i g 2 T Y
tim ()= lim f (x) =lim f (x) =2 4

STERTA 13.5 H S9C flx) =x2+x ok
IeiE o I e g fop S9-S x, 1 W
N SR B ®, 3@ (1, 2) i 3R
ST Bl el 2

Id: B9 qA: Y01 i © o X' €

lim £ vy =£(1)
a9, Tefafad 9 92 i g

g o WhR HAQ

limx® =1, limx=13 limx+1=2

x—1 x—>1 x—1
et lim x? + 1imx:1+1:2:11m[x2+x]_
x—=>1 x—1 x—l1
qon alirllx ilirll(er 1)=12=2= llm[x(er 1)] hm[ + x] _

T f(x) = sin x T foER FE) gERE im sin x  wf ¥ SRl o ead §
x>

A9 T ] TR, e g%fﬁwf(x)énﬁ(ﬁwn)ﬁaﬂﬂﬂa@mél
| 13.8

N T 01| Z-oo01 | Z+001| X401
2 2 2

f(x) 0.9950 0.9999 0.9999 0.9950

o0 T e o weRd § lim f (x )_xllm f(x )—g%f(X):l
2

2 2
THeh SAMNER, T8 A(x) = sinx o @ ¥ T €l @ S ek 3.8 3™ 3
¥ fen 21 3 feufa & off e <@d € 7 lim sinx=1.

T
x>
2
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He flx) = x + cos x W fa=R HIfsw) &n lim f (x) ST T =ed &
Tel B 0 & e fix) &% aM (Fepheam) wrviiag feu € (FRof 13.9).

HIOT 13.9
x ~0.1 ~0.01 ~0.001 0.001 0.01 0.1
f(x) 0.9850 | 0.98995 | 0.9989995 | 1.0009995| 1.00995 1.0950

Groft 13.9, 9 &89 e &Y whd ® T
lim f(x)= lim / (x) =lim f (x) =1
79 fofa & off &q oo @ B T lim £ (x) = £ (0) = 1.

e, 1 Y W SRR HU Fhd € TR

lim[x + cos x| = lim x + lim cos x qreqg & Tey 27
x—0 x—0 ’

x—0

x>0 o fau, wed f(x)=xl—2qt e &S & lim £ (x) T FT

=red £l

&, B STEcihd F ¢ T B o1 9id 9} o ardfae §ed 71 e
S BH f(x) ok | GRUSG L €, x Y ok oS SR AUER e 7, 1 hid e AL
21 7= BH 0 o The x o ¥FIcHe WMl o fIU Beld o | bl WROfiEg U © (39
oot § p fopell e quifer o1 Frefya s 2

= < T WRof 13.10 9, B9 <@d € o W6 x, 0 1 3R SRR Bl €, Ax) S8
AR g1 Blar Sl @1 el zwent e € TR, f) B we feell € wem 9 ot =g e
S Hehdl 21

RO 13.10
x 1 0.1 0.01 10
f(x) 1 100 10000 102"

T w9 W, T e wHd § lim f (x) =+
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&n feuofl o % € foF 30w W B 39 YR w1 dimel s = A i
& lim f(x), s e = €, et

x—2, x<0

f(x)=40 , x=0

x+2, x>0

e H WE FW 0 F e x T AT fx) BT WRON s T Yot k€ R ok
SRR M o fIu 85 x — 2 %1 | Tehler 1 STEvaehdl @ 31 x o YA JH
& AU x+ 2 ] 9 Feher ®1 sTavaeRd g 2

RO 13.11
x ~0.1 ~0.01 ~0.001 0.001 0.01 0.1
f(x) 21 ~2.01 ~2.001 2.001 2.01 2.1

RN 13.11 &1 99 9 yfafed 9, g0 FeT s € o %o &1 71 2 9%
HE T g 3N

lim f(x)=-2
GrRoft ot @fay O wiatted 9, 89 e o € 6
Her W W 2 9 9% @ 2 R 3: Y
lim, £ (x)=2 (0,2)§/
Womaﬁaﬁtwqaﬁﬁ@ﬂﬁaﬂﬁﬁﬂﬁ%, X' € >X
T HEd € T 0 W o i HH ke 2l 0
TH Wor Wl eiE Rt 13.6 9 T ® wEl, wH (0,-2)
oot w3 & fohx = 0 W Sed %1 7F gola: aftfia @
AR, arrd ®, 0 o S B, Wy x =0 T He &1 HH Y’
aftenfe off 72 2 MRl 13.6

@Wﬁnméwﬁ,w{g}ﬂx),aﬁwﬁ%w@

x+2 x=#1

@1

x=1



SR sTaehers

IO 13.12
X 0.9 0.99 0.999 1.001 1.01 |1.1
f(x) 29 2.99 2.999 3.001 3.01 (3.1

Y& 1 TE, | o The x o T 80 Ax) ok Tl i HRUleg S 21 1 9§ %A
x % fau flx)® o 9, 9 ydfia g € foF x= 1 R o %1 7E 3 8 =fey st

lim f(x):3

x—1"

T YRR, 1 U 52 x o fAU flx) S WA ¥ ARRE fx) HT WA 3 M1 =R,
s1efiq
lim f (x)=3
W 9 =Y AR < vel st S wurt € iR
3d:
lim f(x)= lin;f(x):lin}f(x):}

x—1"

SR 13.7 § e ] 3@ || & Rk § X
TR A w1 9@ <@ 81 @, g9 e 39 €
I ®Y W, Tk 5T 55 R B %1 9 iR gqen! Y’

G -9 81 Tehd & (9ot &1 <A e i) IMeRfa 13.7

SUgR SRIAl |, TH STEclhd &Y
I & T o gl 9, sgeesher, O SR OGN % Yo il § Sl d% 6

e e #iR gard guftarfia €)1 9 gam 72?1 arg o, 59 g fo squfa
& WO % B9 § o=l w9 39

M TN f 3R ¢ < e T8 TR lim () $iR lim g0 T 1 s
(IE]
(i) < worl & =AM B FE wen w WS F A @ €, e

lim [fix) + g (0] = lim fx) + lim g(x).
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(ii) < oMl oh A HT WH B w1 HEE w1 @ g €, sl
lim [flx) - g(0] = lim flx) - lim g(o).

(i) < ol o TUA I WE Werl w1 st % U e 2, deiq
lim [f) . g0 = lim fx). lim o)

(iv) & el & WIThe 1 SH Herl i SIS w1 qrThe g €, (STl 8 IR
g 7)), ateiq

() lim f (x)

_ X—=>a

li =
xl—IEal g(x) limg(x)

Tl w9 @ feefq (iii) #1 o fafire fufa & S g(x) Th U6 371 o ©
fer ferelt arafers "M 4 % faw g(x)= 4 &9 9 €

lim[ (1.f) (x) | =2lim £ (x)
STTCl 3 STI==al H, B9 Twd o7 oh 36 YHA ] Taf¥re YR o %adl d1 drmmst
o W W B H o WA TR St 2

Tk Wer f(x) 9EULE Wer wheddl €, A fx) I Hwed B A AR
f(x)=a0+alx+a2x2+...+anx”,5|%5f ag@ﬂﬁ%ﬂ@ﬁ%%fm‘ﬁmm
n&]%l@ansto

T M ¢ R limx =g, am@:

X—>a

. 2 . . . 2
limx* = hm(x.x) =limx.limx=a.a=a
X—>a X—>a X—a X—>a

n 9 SN ] A AV BHE! Fddl ¢ 1R

limx" =a"
X—>a

dqd, A AU f(x)=ay +ax+a,x* +..+a,x" Th TEIKE R 2l
(g, 01X, Ay X ...y, X" T ] T HeH S forard g, 39 U ¥

lim f(x)= lim[aO +ax+a,x’ +...+anx"]
x—>a xX—a
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. . . 2 .
= lima, +limag x + lima,x” +...+ lima, x"
Xx—>a xX—>a X—>a X—>a

— ay +a limx +a, limx* + ...+ a, lim x"
xX—>a xX—>a xX—>a

— 2 n
a, +aa+ta,a +..+ta,a

= f(a)
(gffea =t o e Swde o yoie =Ron o6 eiifaer wHg fon 21)

g(x)

T B f @W&ﬁawwéﬁﬂth,aﬁg@)aﬁt h(x) @
TR T TF h(x) £ 0. q

: g(x)_lme() g(a)
lim f () = i fz(x) “limh(x) fz(a)

T, A h(a) =0, %1 Fearfat € — (1) 519 g(a) £ 0 3R (i) 59 g(a) =0. 94 I
ey & 29 wed ® T o 1 sifae 2 21 @g w1 frafa o &n

g(0) = (x—a)'g, (x), ST&T k g(x) ® (x—a) ! TewH ¥@ 2l TW THR

h(x) = (x —a) 'h, (x) FF h(a)=0. 3, AR k> 1 & T €

lim g (x) lim (x - a)k 8 (x)
) = Tim i (x) ~ tim(x—a) i ()

X—a x—>a

}Ci_tg(x_a)(k—l) g (%) 0.g,(a) »

limh (x)  h(a)
Ak k<1, @ dmr gRefim T 2
e F i
@) £i2}[x3 —x* +1] (ii) }Cilg[x(erl)J

Giiy lim [1+x+x2 +...+x10] .
x—>—1
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arefiee weft G o SguE wor i @ €) o S e fage Wk
% A &1 g9 UM 2

@ MM _p+1]=1-1+1=1

Giy lim[ x(x+1)]=3(3+1)=3(4)=12

x—3

(iii) )}i_)r{ll|:1+x+x2 +...+x10] L () + (DR + o+ ()

=]l-1+1+..+1=1.

e T it
_ lim_ x*+1 .. hm_m
M 5| ¥¥100 e
TN B S A i o2
(iii) 2| ¥ —4x® + 4x W) 2| x* =5x+6
lim_ x=2 : }
(V) x—1 _x2 —x X =3x2+2x |

gt foamie T afdg wor €1 91a:, B9 e 9e fagell W T Gl & 9

Ww%lﬁ%%,#ww%,%ﬂm,aﬁw#%wz&wﬁww
2, & e % gu Bl w1 g T 2

2 2
. x+1 17 +1 2
) ¥ UM € lim = =
0 s>l x+100 14100 101

(i) 2 T T 1 HHF UK B W EH W %wwﬁ’mﬁ%\ a1a:

X —4x® +4x ’ X(X—z)z I x(x-2)

2 N2 e (xe2) T2
_2(2-2) o
242 4
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(ii) 2mwwmwﬁm,ws@%#wﬁqﬁ%}m:

. ¥4 ~lim (x + 2)(x — 2)

=2 3 _4x? +4x 7P X(X—z)z
(x+2)  2+2

4
— I = =—
> x(x-2) 2(2-2) 0

Sifer wftafoa & 2

(iv) 2mwwmwﬁm,ws@%#wﬁqﬁ% Ia:

. ox=2x7 I X (x-2)
JERA——— } 01 |
I Tsre6 2 (x1-2)(x_3)

2 2
TR SR C ML S
=2 (x=3) 2-3 -l '

(v) U8 B9 Wor i UREd e S| g ferad 2

x=2 1 x-2 1
[xz—x_x3—3x2+2x}: x(x-1) x(x2—3x+2)

x-2 1 }
B x(x—l) x(x—l)(x—Z)

_x2—4x+4—1}

B _x(x—l)(x—2)

x> —4x+3

- x(x—l)(x— 2)
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0 .
| T HEE H TF Y S W e awwmﬁ% 3:

lim x2—2_ 1 lim X2 —4x+3
ol 2 —x ¥ -3x7 +2x T aol x(x—l)(x—Z)

e
xol x(x—l)(x— 2)

lim x-=3 1-3
= eix(x-2) T 1(1-2) =2

&0 fouefl e B o swde o wa e o 29 ug (x— 1) ) e foen it .

T TREqul HH1 1§ 9 1, S foR ST aRomml § yged 2R, A9 TR uHa
o B9 H T& 2
et o quiies n o forg,

x'—a" n—1

lim =na

x>a xX—a
Sudw YA W G 3 Aok G € Wi p i UiEd wen € el
a ¥ 2
(x”—a”)ﬁ(x—a),@ﬂmaﬁm,@i@ﬁ%f%

X'—a'=(x—a) (@' +x?a+x3at+ ... +xa?+at)

xl’l_ n

TH b lim =lim (x!' + x2a+x3 @+ ..+ xat+arth)
x=>a xX—dad x—=a

=a""'taa?+. ..+ a? (a) +a

=a' +a '+ . +a"'+ a"! (n IR)

= na
HE 1A RISl
15
ox -1 Vi+x -1
1 .o .
(@) m 0 (ii) }Cl_r)% .
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. _xls—l xlo—l}
— lim :

=1 x—1 N x—1

) _xls -1 C X0 —1
lim +lim
-l x=1 -l x=1

15 (1) + 10(1)° (39 T9a W)

15+ 10_2
' 2

() y=1+x @ y—>1 8 x50, 74

oA+ x -1
lim =
x—0 X

lim Ayt

=1 y—1

1

1
5_15
lim 2
y=>l y—1

1
1 1
%(1)2 | (e feomol @) = 5
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MUk &Y 9, ol o aR § fefafag gen (w8 & w9 5 @8 T0) $9 S
Forl $1 dmet w1 uReed W § gayg @

S 21

M o §HE Wid a6l &1 St
A S f @R g U9 § o uftarn & wia o
[t x & AU f(x) < g( x) T ¢ & fow afg

lim f(x) #re lim g(x) 39 w1 sifEE g @

xX—=>a X—=>a

. . 0
lim gy < im o) 50 arepfa 13.8 % fa @

xX—=>a X—=>a

e e T

Y
A

¥ =fx)
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3TTeRfd 13.8
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M A £ g 3R 4 SRfeeh JHE Hed
w9 ¢ o oRaw & g widi ok wft x Y
F UL (x) < o( x) < h(x). FFE amafaw D

g o faw afk Mo g0 -=1  |y=

= lim pe, b lm o = s |

xX—>a

aepfa 13.9 9 fas @ s fopan T 2 y

Prermfd werl 9 dafva Fefafaa
Tl S W T g S
Suufe = wea @

e ———

3TTeRfa 13.9

sin x

O<|x|<§&]%|q COSX < <1 (¥

X

B9 S & o sin (—x) = — sin x 3 cos(— x) = cos x. 3Td: 0<x<g&1%|11
SEfteR #1 fog 9 % o 98 9w 2 B
ARfd 13.10, § TH TR 99 1 Sk O &1 &I AOC, c

x%%?ﬂwéaﬁio<x<g | {@r@E BA 3R CD, OA % wead AN

€| zHeh arfafierd AC w1 fireten T R A
AOAC &1 89%d < FAES OQAC &IFA < AOAB &1 &FFd

1 x 1 aTeRfa 13.10
aferf EOA.CD < %.n.(OA)z < EOA.AB ,

A CD<x.0A<AB. AOCD ¥
, CD . ,
sin x = O—A(ﬁﬁOC=OA)3ﬁI 31d: CD = OA sin x. 38 fafie

AB
OA
OA sin x < OA x < OA. tan x.
TR g OA YFIcHe 8, 89 I

sin x < x < tan x.

tan x = 3R sd: AB = OA tan x. 39 YL
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wﬁ0<x<§,sinxaﬂméaﬁtsﬂwsinx,@%'r%ﬂﬁ 9T 39 W, BH U ©

X 1
l<—< [T 1 FehH ®H W, T IW T
sinx CcoSx & ¢
cosx<smx<1€q1T|%Tf§‘§l
X
frfafea < Aeey! @ &
sin x 1—cosx
) L =1 iy 1 =0
(1 m P (i) m P
sin x

(i) (*) o @Rt (Inequality) o STTER el , el cos x 3T 3T Her

e M 1 8 S 7, % d= o e 2

zoer aAfaftaa i M cosx =1, 30 2@ B o v & (i) #t swofa Hefa
g gof 2l

X

(i) T g @ & fau, a0 Beviffy aean 1_cosx=zsm{§jw R

|- cosx 2sin’ [;j sin[;j
GG lim = lim = lim .sin (%j

x=>0 X x>0 X x—>0

o5
Sin 5
- 1im—.1imsin@j ~1.0=0

x—0

mﬁwﬁﬁquﬁmwwﬁwawwwm%%x%o%—w&

g@%wﬁy:%wwﬁmmwm%
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. sindx . tanx
HH A RIS (i) lim (i) lim

x—=0SIin 2x =0 x

sin4x . | sindx 2x
— lim — 2
4x sin2x

(i) lim

x=0 Sin2x x—=0

. | sin4dx sin2x
= 2.lim +
x>0 4x 2x

_ 2.1im [Sm‘“‘} lim [szq

4x->0| 4x 2x>0  2x

=211=20dx = 0,4x = 07T 2x — 0)

tan sin x sinx .. 1

X .
= lim
X x—=>0 x COS X x=>0  x x—=>0 Ccos X

TR 9 2 (i) lim

= lim .lim =11=1

T 9mr= e, faent dmet &1 0F fFeried T9a <aF O W &l STevaesdl

2, frafafea 2:

T o o lim (J;E;C; 1 A © 3N 89 THRI HF I 1 98d g1 I8

x—>a

B f(a) 3N g(a) s T 1 =1 A I 3= €, @ &1 @ © 5 K 7w 59 e
F YT K FHd ? W UG HATA B 1 wRO 7, fq @ Afg em
S =f (x) fy(x) Tor@ o= @ £ (a) = 0 3R £, (a) # 0 | T TR g(x) = g, (v)
g,(0).ferEd ¥ Sl g (a) =0 3R g,(a) 0. (x) 3R g(x) ¥ ¥ swAfT= PrEe (AR

g ©) @ Fe Y 2 ® eiR

ggg :;78 Sl gx) 20 T ®

GG
™ wag(x)  g(a)
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T 1 9 22 I frfafed Smeti & WF 9 e
) ) 22 )
limx+3 lim (x - —j limmr?
x—3 X1 7 r—>1
i dx+3 lim 040 +1 . (x+l)5—1
_— m-——

x=>4 x =2 x—> -1 x—1 x>0 X
! 3x2 —x-10 ; Xt —81 . ax+b
im———- hmz— lim
=2 x" -4 x>3 2x°—5x-3 x>0 cx+1

1

3 _ 2
.z -1 . ax  +bx+c
lzlirll 1 hmz—,a+b+c¢0
L6 =>lex” +bx+a

1 N 1 ) )

—+— . sinax . sinax
lim X2 lim lim ——, a,b#0
i>2 x4D x>0 bx x=0 sinbx
lim sin(n_x) lim COS X lim cos2x—1
1 (- x) 10 T — X x>0 cosx—1
limM lim xsecx
x>0  phsinx x—0
. sinax+bx
lim ———,a,b,a+b#0,
x>0 gx +sinbx

i tan2x

lim (cosec x —cot x) P o
x—0 X—E

x<0

x>0
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x—>0
0, x=0

X x20
lim £ (x), g o, s £(x)=1 x|

lim f (x) , 5m ifom, S £ (x) =] x| -5

x—5

a+bx, x<lI

qﬂ?ﬂﬁl"if(x){% x=1

b—ax, x>1

R af lim £ (x) = £ (1) a 3R b e HuE HE 1 72

qH @Y a, ay, .., a AFT drEafas FE&ad 2 HIT UF wed
f(x)=(x-a)(x-ay)..(x—a,) ¥ FREI 2l }glal f(x) = 22

fodt a#a,a, .., an,$ for %CIEL} £ (x) =1 afishrer wifaTl

|x+1 x<0
afz f(x)=10,  x=0
|x—l x>0

@ o for e o fag g ) i sfam 22
f(x)-2

x2 -1

afs W fv), lim =7, % g Fu g, @ mf(x)® o g

EAlSI
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i quiel m 3t n % fag limf(x) siw lim f(x) G 1 sifem 2, Ak

mx*+n, x<0
f(x): nx+m, 0<x<1

nx3+m, x>1

&1 3T 13.2, W <@ ok € T fafay auaiauel w fie &7 feufq & St 36
1 T B w9a € T g w1 feufa aitafda &1 @ 21 5w & fafay eof @ ww
f3f¥era wreet (parameter) 1 ST 31X S® X ] 1A T 1 Ja e Forad sod
Rerd €1 @l 7, 31cud oAk &6 o fove B | arsdferss siter i es ferfaal et @
S Ut wfepan sraifad e 1 el el 81 SSWA: U <hl o W@-TEm
HE o A o U THT o 3Fe U1 W YT &1 TS S I8 Sl AT
T T foh 2T el oot o, fafay ¥9El W Tehe &1 e ST Tehe aili—eh!
1 39 qu1ed a7 & e Wi EvFhal Bl @ NHE SYUE &1 ke W ey
stregaeh 81 foxita GeaAl i forelt fomiv ek o aduH qod STt 369k qodl |
e st Afaeqamlt S sravas gt 21 T 3R U ores o frarfaat o we S
arefiee g1l & o Uk wreet ® g fohdl greret o At aftady o weRR gl 22 aitr
% Hid % e 65 W Her i el 39 fauE 1 e 329 R

UM A £ T qrdfass G BT & iR g9 GRYT & qid H T fag
a®l a R f T TThaS

limf(aJrh)—f(a)
h—>0 h
9 uftnfia € wvrd for 3@ dimn o1 aifeac 2l o W fx) 1 e £ (a) @ Frefia
T 2|
AR HINY 5 f7(a), a R x o Guel e 1 9iRemr sdam 2|

x =2 T flx)=3x k1 3Ehersl AT iU

o ¥ f,(z):mf(zmh)—f(z):hm3(2+h)—3(2)

h—0
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im 80 it lim3 =3
h—>0 h =0 h  h—0

3A: x =2 W oM 3x H STEHAS 3 2

x= —1 W ®eF flx) =222+ 3x — 5 F Aqharsl T1d Hiow| I8 Fff fag
Hifse f& £7(0)+3f7(-1)=0.
B TEe x =0 3 x =1 W f{x) 1 Fehersl Td HLd &1 89 Id €

F(=1+h)-f(-1)

£(-1) = lim

h—>0 h
21 #3(-1h) =5 | 2(-1) +3(-1) -5
= lim
h—0 h
.20 -h .
= lim == = lim (28 ~1)=2(0) - 1=-1

i (o) = tig CSO)

) nm[z(wl)z +3(0+h) =5 |- 2(0)" +3(0) -5 |

h—0 h

2h% +3h

= lim =lim(2h+3)=2(0)+3=3

weed: f(0)+3/'(-1)=0
=g frafa o M s f6 w63 W saseas &1 79 o< e § 9 9|
+0 & fafay el =1 guEsd v afinfaa @1 fFefafea ot we s @
x =0T sin x ] 3TheTSl A hiTeq|
HH ST fix)  =sinx
fO+h)-1(0) _
h

smh:1

- sin(0+ ) —sin(0) ~tim

h—>0 h =0 h

f(0)= lim

h—0



Esice e relie oo | 323

x=0 3N x=3 W HeH fix) =3 1 EHeIS A B

iR STerehersl el H URede @i WOl 8, FESeY ¥ I8 T § T = e
1 I f5g W 3Ther Y S ewl 3, SRd |, Fefarad aiehen 9 5ot fierm 2

£'(0)= i L QM=) g 373 0

h—>0 h =0 h h—0 h

I FR f'(3)=1imf(3+h)_f(3) 3.3

h—0 h

319 B T oy W e &
STeIeheTs] ohi SHITH SREAT W&
3 ¥ fla +h)
A ST y = fx) TF e
2 @R 9 ofifSiq 3" wer o
ard@ W P = (a, fla)) AT fla)
Q=(a+h, fla+ h) I W
fme fig €1 srpfa 13.11 @@

T AT BIEH S © TR 0
f(a+h)-f(a)
h

f'(a): lim

h—0
519 PQR, § 78 < ¥ foh o oy fooet ¥ en o @ 7, guedar 9
tan (QPR) o &sR € S fef Sfien PQ &1 @rer &1 Wi\ oiF &1 wiepan ®, 5 £, 0 1
3R TR g €, foig Q, P et SN e i @ 3R 'W Ui ¥ areifq
fim £ (@M= F(@) QR
h—>0 h QP PR
g TH e & qod B 1o a1 PQ, ok y =f(x) o fag P o el &l 3 3w
e Bl e f'(a)=tany .
T U Hor £ o U g9 Toieh g W Sraehorst 9 Y @ehd 21 9% Goish fag
W Ieehers] 1 ke @ A 98 Uk T3 Hor hi GRHId s @ N %er f @
RS HE ST & SNT=1eh ®Y ¥ B Th Hor oh Thers] &l Eeiad Y
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M ST B £ T et a9 B ©,
f(x+h)—f(x)
h

lim
h—0

Y uftwifia wor, SEl HEl Wi @ e ®, B x W £ 1 el gRwIa fma
S @ 3R f(x) ¥ Frefya foman S 21 s1aeherst sl 39 YA i sTaehetst sl WId
fagia ot =1 s 21

T TR f(x) = fim L)~ (3)

h—0 h

Td: f(x) T YA 1 Uid 9ET © W@l kel Sude S b sific 21 U

Bo oF STEeherSl o fafq= Hehad 21 wmi-w £(x) %(f(X)) b frefya fean

w%qﬁ:y#(x),aﬁa%%@ﬁz&ﬁamw%wﬁymﬂ@#wﬁaﬂw&
o &Y § SedifEd fma s € 39 D (F(x) ) § off Frefa e sm 21

df df
aqTE‘a m[dxj @ Q:ﬁ

THen MR x = ¢ W foF STFHAS hl %f(X)
frefia fepan S 21

flx) =10 x T 3TTHAS 1A Hi4|

mTE o= }lin(l)f(erhz—f(x) _ lim1o(x+hh)—1o(x)

h—0

_ 1im 2 _ 1im (10) =10
h—=0 h h—0

f(x) = x2 ] TS A It

i - md )

2 2
- 1im(x+h) (%) = lim (h+2x)=2x

h—0 h h—>0
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Th 3R dfas W&l g o |, 8TeR ®aH  flx) = a 1 3T&&has
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(i) < wo % AL P THAS I BAA o FEhers H1 I B

d d d
@) =e(x)]=—f@-—e)

(iii) T Fo o UM W SRSl MA@ 10 a9 (product rule) | &
TR

%[f(X) . g(X)]z%f(x)g(X)+f(X)~%g(X)

(iv) T el o 9NTHA @ STaeharsl Hfaied 9FTRa 99 (quotient rule)
9 fean T ® (ST #E & IR ?)
a ( f(x)]: P80~ £ g
dx\ g(x) (g(x))2
! SUdTT HHet 1 qod ®Y T W SIS Y W STER0 Hidl &1 8 3%
el fag =t 4T dmme 1 feafa &1 @ 78 799 Saara € & fawig yR o wet

o eTRerSl i iishfora oy S B WO o 3fay <1 sl st frefafaa &1 9 3 :
el W Wehal € Fored $eh greor o erar @ wer fierd 2

EIERSIIS Y u:f(x) ﬁ?vzg(x)?lﬁl

(uv)' = u'v+uy
T oMl oh UM h SFeeheld oh T Leibnitz M =1 M = SeeifEd g
21 56 YRR, TR e ©

14
u u'v-—uy'
il -
v v

&9, 3EU T9 FT AFG HoHl o STEsherl Hl ol U8 I@ WA ¢ B wer
f(x) = x 1 SAEFHAS T o | 2| TS & i

f 0= limf(x+h)_f(x) _ 1imx+h—x

h—>0 h h—>0 h

— liml=1
h—0
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T TEHT AR SYFER WHA &1 WA fix) = 10x=x +x + ... + x (10 T%)
(Sue WHF & (i) W) & ek & URehed H #id €

df (x)

a
dx dx

(x+...+x) (10 W)

—ix+ +ix 10 95
 dx U dx ( )

= 1+..+1 (10 9) = 10.
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T A 34 € T 38 Wi R 9 OE g % A @ ot wre fRen ST gk 2
&0 famd 7, f(x) = 10x = uv, ST&l u fored € ST 4 el S 9 10 Wb 3Te hed
v(x) = x. TET &H S € ToF u 1 STeehersl 0 o SUel @ WY & v(x) = x

Herhers | o SUe 21 TH YR OH oUW ¥, 89 U ©

f(x) = (IOx)' :(uv)' =u'v+uy'=0x+10.1=10

T SR W flx) = x> T STk T UM W fRAT ST Wehdl ¢ TF U €

j(x)=x2=x.x3ﬁ1 3d:
df d d

d
L L) = () ()

= lx+x1=2x

aAfuesr =aueh w9 9 B9 Frefafad w99 I €
el o quiieh n o fA fix) = x* 1 RS nx ! B

STaheTS] e 1 IRY ¥, ¥9 UM ©

vy SR =f(x)  (x+h) —x"
f(x)—hm =1im p )

h—0 h h—>0

fime W wedr ¥ TR (o hy = (MG )+ (10 ) h (1, ) SR

(x+h)—x"=hnx""'+. +h 1) TH FhR

dx h—>0 h h—>0 h
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forehoua: &1 TR 1 R AFEA 3R ToE g ¥ ot f wehR fag = e €
n=1 % fau 7€ ¥ 2 S T ves @@ s g 2

d,, d ne
() = —(xx)

_d
dx

=1.x"" +x.((n—l)x"72) (AT aRERea ©)

(x).(x"il) +x.%(x"l) (TvH )

— n-1 n—1

X Jr(n—l)x"*1 =nx
ST 9T xF qeft wdl & fau g ® srufq pwE o arafas gen @
qerdt 21 (AR B9 TR 'l fag & i)

3 Tr=fafed T9a | URY 31 S §Heh] ag9sd %ol oh

STTHeS Saard 2l

A WS fix) = g, x" +a, " +...+ax+a, ©h TEREE Fed T W& as
Tt oo HEA § R a » 0 79 STohers Wl W YR fian S 2

dfd—(x):nanx"1 Jr(rt—l)cz,H)c)“2 +ot 2a,x+a,
X
T U 1 SUUTT YHE 5 S YHT 6 % 9 (i) I WS WY W W 9 1S

Herd! 2l

6x1%0 — x55 + x o 3TIherS] ] URGET il
ST YEE h1 Wl STWEN Saar © f SUded o 1 Siaehe

600x% — 555 +1 T

x=1 W fx)=1+x+x2+x3+. +x° K1 3ehorsl FAd HIWC

STF YA 6 HT Wl SIYAN Sacldl @ SYYHd HoH k1 STohor

1+2x+3x2+. .. +50x% Bl x=1 W EH e &l 7 1 +2(1)+3(1)2 + ...+ 50(1)*

(50)(51)
2

—142+3+...+50= =1275 &I
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f(x)sz+1 EARCEEICE INICRCAIE L

?TE?WXZO&WW&WﬁW%IWﬁu2x+I3ﬁTV:x
TR WIS M 1 TENT i 21 S u = 1 3R v = | ZEfau

df_(x):i(x_ﬂj:i(zj Cuv—w’ U(x)=(x+D)1 1
dx dx\ x dx\ v

sin x o 3TFHeTS &l YRehed ahifed|
HH ST f(x) = sin x, @

_df(x) = lim f (x i h) -/ (x) =lim
dx >0 h >0

2 2 2
1% X X

sin(x+h) —sin(x)

[2x+hj . [hj
2cos Sin
= 2 2) (sin A—sin B & §3 &1 TN FHh)

h—>0 h

sin —
limcos| x +— |.lim 2 =cosx.1=cosx
= h>0 2 )0 h .

2

tan x o 3TEehclS o1 URehad hifg|
"M SN f(x) = tan x, 99
df (x) _ limf(x+h)_f(x) i tan(x + /) — tan(x)

dx h=0 h h—0 h

_ liml{ sin(x+h) B sinx}

>0 h| cos(x+h) cosx

. sin(x+h)cos x —cos(x +h)sin x
_ lim
T 0 hcos(x+h)cosx

sin(x+h—x)

= lim (sin (A + B) % §3 I FAT Hh)

10 hcos(x + h)cos x
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lim S i !

h>0 R >0 cos(x+h)cosx

1

COS2 X

fx) = sin? x T 3RS 1 IR HiTeC)

=1. —sec’x

T THHT I W HH o A Leibnitz TOH 3 H1 T47 Hd 2

g _d
dx  dx
= (sin x)’ sin x + sin x (sin x)’
= (cos x) sin x + sin x (cos x)

= 2sin x cos x = sin 2x.

(sin x sin x)

x=10T x2— 2 1 THS A Hirad|

x =100 T 99x T 3TEhaTsl A hiTelq|

x=1 x T ATHheS T HIad|

v fagia ¥ frafafaa werl & ashas Jd Sifed:

) x*-27 (i) (x—1)(x-2)
L . x+1
(i) v) ——
100 99 x2
T f(x)=——+——+.. 4+ +x+I]
100 99 2

o faq fiag =ifse f& £/(1)=100£'(0).
TRel SR Fdfash @& a o T ¥ +ax" ' +a’x" 2 +.. . +a" 'x+a" FH
SIS 1d il
=t et a 3R b, o fog,

X—d

x—>b

@) (x—a)(x-b) (i) (ax®+b) (i)
o STIhels Td hifadl
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St s o % w1 st T S

X—da

frafafaa & stases @ Sifaa:

() 2x —% (i) (52" +3x-1)(x-1)
(i) x> (5+3%) (iv) x*(3-6x7)
v x*(3-4x7) (vi) —=- v
x+1 3x-1

oA fagid @ cos x 1 TS A hifg]|
frafafea wanl o Aamas Jd sl

(1) sinxcosx (i) secx (111) 5secx+4cosx
(iv) cosec x (v) 3cotx+5cosecx
(Vi) Ssinx—6cosx+7 (vil) 2tanx—7secx

wor fAgid ¥ f 1 3Tahost T1d hIWT STl f 39 R USd &:

. 2x+3 § 1
0 r0="- (i) fO9=x+

(i) &9 ST fom wer x =2 W R 72 21 wifer, g9 U €

2(x+h)+3_2x+3
f'(x):hmf(x—i_h)_f(X):lim x+h-2 x—2

h—0 h h—0 h

(2x+2h+3)(x—-2)—(2x+3)(x+h—-2)
" 0 h(x—2)(x+h—2)

i (2x+3)(x=2)+2h(x—2)—(2x+3)(x—-2) - h(2x+3)
e h(x=2)(x+h-2)

_ lim 7 _ 7

~ 0 (x=2) (x+h-2)  (x-2)
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T o T fF x=2 W wer 1 off aftafia 1= 2
(i) x=0T Hor IRufE & 21 e, &9 T €

1 1
x+h+ —| x+—
e )

F(x) = }limf(XJrh)_f(x):lim
-0 h h—>0 h
=liml[h+ L1
h—=0 h x+h x|
Ctim e T i
h—>0 f x(x+h)_ h—0 h x(x+h)

1
_ lim|1- —1-—
_hl—I}(q[ x(x+h)} X2

T o7 T R x=0R ®em f aRefim & R

v fagid 9 ®e f(x) H1 STaHas A IS ST f(x)

(1) sinx + cos x (1) xsinx

()& T, f(x) = f(x+hlz_f(x)

sin(x+h)+cos(x+h)—sinx—cosx

= lim
h—0 h
I sinx cosh+cosx sinh +cosxcosh—sinx sin/ —sin x — cosx
= lim

h—>0 h

sinh(cos.x —sin x)+sinx(cosh—1)+cosx(cosi—1)

h—0 h
. si . .. (cosh—1 h—1
= im 2 h (cosx —sin x) + limsin xQ +limcos xm
=0 | h—0 h—0

= oS x —SIn x
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(i) f'(x) _ limf(X-i-h)—f(x) :lim(x—i-h)sin(x—i—h)—xsinx
h=>0 h h—0 h
. (x+h)(sinx cosh+sinh cosx)— xsinx

lim
h—>0 h

xsinx(cosh - 1) + xcosxsinh + h(sinxcosh +sinh cosx)

= lim
h—0 h

. xsin x(cosh—l) . sin
= lim +1im,,_,, xcosx
h—0

+1im (sin xcos /2 + sin ~cos x)
h—0

=xcosx+sinx

(i) f(x) = sin 2x (ii) g(x) = cot x
oh 3TeehelSl sl URahard shifeiq)

(i) BreRTOTHTT 3 sin 2x = 2 sin x cos x T TTEH] HIFTT| TH THR

4 _ i(2 sinxcosx)= 2i(sin XC0S X)
dx dx dx

= 2[(sin x)' cosx +sin x(cos x)' J

= 2[(005 x) coSX + sinx(—sin x)] = 2(cos2 x—sin? x)

(i) TR &, g(x) = cotx:(;?;;C TH RS 3 H1 TN $H HeH W HT, ST&T HEl
dg d d (COSXJ (cos x)'(sin x)—(cos x)(sin x)’
78 T el dx dx( ») dx\ sinx (sin x)*

_ (—sin x)(sin x)—(cos x)(cos x)

(sin x)2

. 2 2

sin” x+cos” x ’

= -———— ———=—cosec’x
sin” x
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1
Taeheud: sa&! M < T cotx:t
an x

T WA T € T tan x 1 SRS sec? x B S BHH SN 17 W 3@ ® SN WY
Bl TR FAT 1 TS 0 Bl 2

d—g:i(cotx):i( ! j
dx dx dx \ tanx

, UfieRTerd foran ST Sehdl 21 981 B9 39 923

~ (1)’ (tan x)—(1)(tan x)’

(tan x)*

~ (0)(tan x)—(sec x)?

(tan x)*
—sec’ x 5
= 5= —Cosec”x
tan” x
5
.. X —Cosx . X+cCosx
) —— (i) ————
sin x tan x

T SAFThels] A hifd|

5
(i) T T h(x):xs_iTCZ’C”.aﬁaoﬁ F o7 wRafe ¥, T W wen W
qThe 12 &1 9= |

(x° —cosx)'sinx — (x° — cos x) (sin x)’

h(x) = (sin x)*

(5x* +sinx)sin x — (x° —cos x)cos x

sin? x

—x>cosx+5x*sinx+1

(sinx)?

(i) &0 HeR ot e w1 WA R SR R A aE e S

tan x



h'(x) =

Esice e relie oo | 335

(x4 cosx)'tan x — (x + cos x) (tan x)’

(tan x)*

(1—sin x) tan x — (x + cos x)sec’ x

(tan x)*

ver fagia 9 T=fafea v =1 Aawas F@ wifeu:

(i) —x (i) (—x)

(iii) sin (x + 1)

(iv) cos (x — g)

At werl o STaemerst 1 HItY (T8 998 S 6 4, b, ¢, d, p, g, r 3R
sﬁﬁﬂﬂ?ﬁﬂ?ﬁ%ﬁ?mﬂ% nW%I):

(x +a)

ax+b
cx+d

ax+b
pr +gx+r

4x-2

sin (x + a)
sinx +cosx
sinx —cosx

a+bsinx
c+dcosx

(x2 + l)cos X

-
(px + q) (;”j

1+l
X

b
X

pxl+gx+r
ax+b

(ax+b)"
cosec x cot x

secx—1

secx+1

sin(x + a)
cosx

(ax2 +sin x)(p + g cos x)

(ax + b)(cx + a,’)2

ax® +bx+c

a

b
—4——2+COSX
X X

(ax+Db)" (ex+d)"

COS X

1+sinx
sin” x

x*(5sin x - 3cos x)
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2 T
4x+5sinx X cos[j
(x—i—cosx) (x—tanx) m : 4
sin x
X X
. (x+secx) (x—tanx) S

o w1 UG I S Uk g % W1 @R o feager w fad war €, fag
T Hei oh S0 el st W (Left handed limit) ! aRefa sar 2154
YR FT U&T s HAT (Right handed limit) |

T fog W wer 1 G ad get iR <1 e o1 dmiel ° g s9atts 7
€ Ifg o Huw 2|

Ifg ferdlt fog o o1 ger iR < ger ) DO Hardt | 2 @ T@ FHer S

g T 39 f6g W e &1 w1 i 7@ 2l
Teh arEdiaeh |1 g 3R T $eld £ o T 1M fo) 3R £ () S 27 o

xX—>a

& Wehd (arEad o, U g 8 SR gE e
werl f3iR ¢ % fa frefafea @rg B9 €

lim [ £ (x)+g(x)]=lim £ (x)%lim g(x)

}Cigal[f(xlg(x)]:}jg f(x)-)lcigi g(x)
1im{f(x)}=}‘i$f@

g(x) | limg(x)
frefefead o ae dad 2|

X —da -1
=na"

X—>a

lim
X—>a X—d

sin x
=1

lim

x=0 X
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liml—cosx:0

x—0 X

a9 T f bl 3dchaels

7@)=fim DT D ety e

Y g W eTerehars], sferehersl Her

F=TD iy JEEN T 5 coame a4

dx h—>0 h

(wtv)=u+v

(wv) =u'v+u'

[Ej =”'V_ZW Ferd weft wRefoa €

1% 1%

frfefed g aHs sTahe €

d n n—1
—(X )=nx
dx( )

d .

—(SIn X)=COS X
dx( )

d .
—(cosx)=—sinx
e

T o Sfaer e o STEUY o ¥ 1 e ¥q & AW WHE ©
Issac Newton (1642 — 1727) 3IX G.W. Leibnitz (1646 — 1717). e wrdmal |
T A TN Yk el 1 STuY fRANl Her o SANTHA o WIS gHeh SN
faepTd Bq o TfoTas 2 AR foRan 9ReE Hehed T 1 §&d 99 weH Tfvmas!
A.L.Cauchy, J.L.Lagrange 3R Karl Weier strass =l W 21 Cauchy = e @l
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SR o1 fSren] 31el 89 =9ehd: UIgd q&ish! ¥ TR %Y goh &1 Cauchy A
D'Almbert =1 HHI Heheu™l o6 FANT o FRI STerhorst i GRS a1 HH

IRY ¥ YRY #d g =0k fau Sinaﬁ@mé@wmﬁ:qwaﬁ

a

Ay fr+i)—f(x)
Ax [

“function derive’e " = &

1900 & U8 =& Giel Sl o1 foh shotd &1 UGl Sgd shisH €, Hie Her
Ferstl st UgT W e off| AR S 1900 H §eiE | John Perry TS 311 7 39
=R o1 F=R 1 IR e o e &1 g fafemi it amond e € @R
el TR R ot 9@ S Fehel =1 F.L. Griffin ¥ e o 31799 1 god od ok
IE W YRY Hieh gcd Y fhanl 39 A @ siga gAdgel % em

311 7 ohelel T g 31 3= Tl Si9 Aifcrent, T o, stefemes,
Siiefe o o w1 ST Heeyo! 2|

, fomn @i i 0,% fow dw ow e F faw
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T faeem

(Mathematical Reasoning)

s*There are few things which we know which are not capable of
mathematical reasoning and when these can not, it is a sign that our
knowledge of them is very small and confused and where a mathematical
reasoning can be had, it is as great a folly to make use of another,
as to grope for a thing in the dark when you have a candle stick

standing by you. - ARTHENBOT <%

14.1 W(Introduction)

W e | ' g faaed o defa g difdw
UROT R == w371 6 T 7 R g, ol Heentear
¥, 1 = 1 yeiaEl 9, faesstaa gan 81 s o faa=m
FHH o 0 7 Y I TSqd WSS S 2| T Sl
TH 07 1 el 3Tt dXE WA Y Wehdl €, SHeh faa=H
el W Pt el 1 39 e i ok faefEd famar wme?
T2l W &9 fae=m =1 uferan &1 ==t fowie 9 @ o o
ged # | g 9o § faeen 9 YRR % e e-
ST (3T faerer qen frmaareres (frmfTa)
Taerarm| nifordta SHA (Mathematical Induction) & FaH
¥ g AT foere whi =l Ted R gk €1 W 1A
H B9 P8 qaqd e foeed o ==l

142 <Y (Statements)

Tttt foreem k1 Hifcier gopTe T U w1 Hehed 2

0 frefafEd < ool | RY S|

George Boole
(1815-1864 A.D.)

“T72003 T 9RT H TG TH Higer of1”
“ferdll greft @1 YR Tk GT & 9R 4 3Hfee gar 217
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3 Il i Tgd € B0 g o of wehd € R vem A e (3tEed) qen
T R WE () 71 3@ G ¥ i wifq 2 21 o F o9 gl i wer
FEd 2|

ook fauda f=fafEad am | faar sifea:
“glgard, geul 4 sifye gigar gdt 17
F ANl o foaR § 98 a9 U 81 ehdl @ W $9 I THH A 8 Hehd
g1 39 9 % aR ¥ BW I el e Wehd o Tg Wed A1 A 2| THR! ard @
o I8 a gad® 2
TH YR o o UM § e % w9 § @i el 2l
‘T I TAIIHR e FEamd ¢ A 98 A1 A 9T B el S 81 W
AT (H SR 3Eed) | B 3 W i BH HUA h1 Sooid HUT R qredd “TirargER
Wi ” weA | gl
TOTa o e o SN B E WhR ok 3Teh oo fHeld €1 9 Sl 59
TR :

3l &7 3 FUaR 9R|
3l o7 GEs #1 ATET T BT Bl
et ey GEI] fave 9@ g 2
T U YU < 9 T § SR A9 oo 3T Bl 39 Sl o o) o whig off
Herear 721 1 3@ A () HeA 2
R 37 e UY o7 1 SSRL] WY Wehd © S STeT 217 frAfafEd s 1
foar =ifsa:
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el 79 I8 GHfved T8l % Tehd [ oo e § 1Y FH 2, 59 a9 eH T
d@ A8 fe ox 3R y F Bl Sqewnd, x=1,y=-3% fauTe s & aw
x=1,y=0% fau 98 T B\ 1a: 98 99 Tk %A T2 7| fong Fefofea s
FHU B
Yol Wiehd WEMR x 3N y 1 A% 09 iU €, U HeH 2l
19 Fafafea e w fa=m wifsa:
37787, TRl g3
R (¥2arsT) @ifeal
39 Bl o1 & 87
w1 A FHed €2 7, Fifer wgen ot (faameius) a9 €, 90 &
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21 O T o =R (erffyem) wme e S e, Yo YTl ga ", e
T T ? T% zEfae oo ' 9@ o @ v el wmm w w1t @ W@ R
IR, R
‘el gwar &1’
T FoT TET Bl
Ig I fohell geeafianr o faq @ 9 8 R o= <A o faw o 72 g
Ig 919 39 I o fae off o) et @ foE weam s wE e e w5 6 e
fopar T Bl SR QW At o forg oft o = (@) et o v T e e,
S ‘el el enfR) e T gen R ae
&€ TG # TH EIaw &
HYHR 781 § 7gd X 2l
Fe e 2
Tl T T O W R Sifew:
TF TEH (A1) 5 40 137 7 2
FT 3T 3 Th H¥F 21?2 A Hifwe 7 78] w Sfeafaa a9qg “ aifafy=a
(=) " 2 e 12 7§ @ 1S Uk g e T ® TR T8 o1 g (e 1 e
fep o) ereed et @ :ifen W wER W Al ) wem 31 9§ eife e 8l wehdl 2
ITq: TE I Tk U 2| SEe I qen foh Wk o A Al U 8 a1 3 @ fhg
T A B HWeh Uk e & 2l
UH=IE: 0 HeFl i B 3N p, g, ... 9 Frefa (Fiw) =@ €
S o fau, weuq “orr ged TH gldt 87 1 '9 p g <30 &1 W 91 o
frefafed ger 9 off ol 2
p : 31 59 T gt 2

Sty fom o Frefafed oo %o 21 31 SW i SR Higd fafEu)
() 8,6 9 ®HA 2
(i) T W= T Uit §=ed e gl
(i) T T a2l
(iv) O TF g 2
(v) fomn asa & aul & g
(vi) @& 9 == forat T 22

(i) o€ oo SHA € it § Ak Bl € 6 Wl 3 Tg TH HUA 2
(i) I =T o Weg e © it G0 f wy=aa € W T ofifia e e €
Id: TE TH HUA 2
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(i) =& o=Teh &9 ¥ gHIfora € for g wh a1 ? IR gHfey 7 o | R
Id: TE TH HUA 2
(iv) a8 o safrTs B wriffen fr ifvra & w4 B S9ek forq e shiges &1 wehal
2 fong o1 o foau O =it < Tk B1 @ehT atedf g3 % Iw 9 @
T 7€l 21 31d: UE Uk HUA Tl 2
(v) IE i B9 ¥ YT Wiepfaes aeq ® fh oni 2F 9 ved "R 9 2
TEfL 98 Weg §cd B 3 98 Th %A 2
(vi) T& Tk yeA 2, o o ‘mel’ off ot 21 om: T Uw e i 2
ISR ST I <Y B foh <@ et g9 forell o1 Bl e wed € df g1 T ol
TIAMT =R fF TH A UET oh ST w1 T9eT 9% ‘A Ifrk mewut 2

frefafed amrl & 9 % 1 HeA 82 309 S o Tau SRl W adesy)
() Tk 9EH § 35 T B 2

(i) 7o Tk wwied fowg 21

(i) 5 3T 7 1 AR 10 9 Al 2

(iv) TRdr @ &1 o & w9 H9en g el

(v) fordt =qeds 1 qoid seR (SAF) @ar &1 el 2l

(vi) T 999 I IW W)

(vii) -1 3R 8 &I UF®A 8 T

(vili) Torelt et o et @fa: N 1 Ak 180° Bl €

(ix) 3T T qoHr i 2

(x) W arfaes SEd 9y St g B

Rl o i UH SR ST S oM Y §1 ST ok fa Rl o aqesu)

319 B9 Y8 0 el § T RUT S w1 Oty W fTER w9 1854 ° T S
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et oA AT TRRAT 39
e w1 TNeE wed 2l
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3Eeh] foer FrefafEad yer 9 foran st wehar 2
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e S § BT S (YA SAfeR) STHA AT sierar 217 W faEr

39 IR W1 TRRA U B Ao (SR § BT RIS ST 9T e dierdl 21 SEeh] 98
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2 for ‘o o wH 9 w9 U sl UH R S SEA W AT e Bl
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frafafea suAl &1 fFoam fafew)
() Tord e o 1 ool 1 e wuH el 2
(i) /7 U uiET "emn 2

() € %Y I8 aqaal ¢ o gt rEl | gl foreRoll &1 oferd SHE g 2l
] a9 I8 geTl foh K BH ShlE STA o df $Heh QM| TRl hi @aTs
TAM BT 59 e w1 FoeE, “ag et @ T fedl ema & <l Tl
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‘7z agfefd R B 7 T ueE wem 3
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HiETeht (Statistics)

*“Statistics may be rightly called the science of averages and their

estimates” —A.L.BOWLEY & A.L. BODDINGTON ¢*

15.1 offuerT (Introduction)
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cul 30-40 40-50 50-60 60-70 70-80 80-90 90-100
IRARA 3 7 12 15 8 3 2
feu U gl W FrfaiEd wroft 15.9 a9 2
HIO 15.9
i aReral | weE-fag | fx | (-x )| f(x-X )’
(f) (x)
30-40 3 35 105 729 2187
40-50 7 45 315 289 2023
50-60 12 55 660 49 588
60-70 15 65 975 9 135
70-80 8 75 600 169 1352
80-90 3 85 255 529 1587
90-100 2 95 190 1089 2178
50 3100 10050
1 2 3100
a7 WA (X) = Zl:f = 50
1 < 5
TR (62) = EZJZ(X,- - X)

1
= —x10050 =201
50 0

A HEw TomeE o= 201 = 14.18
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frafafea sifest & fau ames fa=em @ s
X, 3 8 13 18 23

l

f 7 101 15| 10 6

T sl 9 Frefafad |roft 15.10 s 2
|ROR 15.10
x| f | fx | x| fx?
3 71 21 9 63
8| 10| 80| 64| 640
13 | 15| 195 | 169 | 2535
18 | 10 | 180 | 324 | 3240
23 6 | 138 | 529 | 3174
48 | 614 9652

S A (3) s

o= %\/NZf}xiz _(Zfixi)z

:-fg J48x9652 — (614)

_ L 263296 376996
48

1
= —x293.77 =6.12
48 6

gHiei, AR o= 6 = 6.12

F-FH Th GRARA 9T o YO x el
fafi ot o WeAme x % WM 9gd 9 T A MR qe1 TRl A HA Biod @
S € e feen THT ofal 81 U SRl sed, e ovi-siate w9E 8, o fag ug
fererer faftr g0 59 Wishan &1 TRl SFRN S ekl 2l
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mﬁﬁq%ﬁwmww%aﬁtwmﬁﬂﬁﬁ%w%ﬁamw%

(F&T hort s €)1 7 o R U famem @ T =y 2l

—A
DI y,-=x‘ A x,=A+ hy,
D fx
g9 W4 ® TR f=f=1N

(1) ¥ x®! (2) ¥ W@ | g5 9 gl ¢

D f(A+hy)
T = sl
N
1 “ n 1 n n
:E(ZfiA-i-thiyij:E[AZfi +h2fiyij
Jivi . 1
:A.EHL‘ZI: [mZﬁ:Nj
N N =t
3T: X=A+hy

o, TR x F GE, Oy =§Zfz~(xi %)’
i=1
| & _
_ ﬁlzlfi(AWyi—A—hy)z [(1) R (3) 5]
:§Zﬁﬁm—@2
i=1

n

n _
= EZJ’,' O =3 =p = Y, %1 TET
i=l1

(D)

. (2)

- (3)

. (@)
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(3) 3R (4), 9 &5 9w e @ T

2
h n n
o= E\/NZﬁyf —[Zf,-y,-] . (5)
i=1 i=1
BT IV 11 & 3iferel ® §F (5) o S9N 51 oy fafyr & wrea, woror 9 Ak
foae T w1
Trafafea 5o o fau g, woor 9 qes fa=eq a9 s
ot 30-40 |40-50{ 50-60| 60-70| 70-80| 80-9090-100

ARERAT 3 7 12 15 8 3 2

UM o hicdd HIET A = 6521 F&l h=10
feu U stiepsl W FreAfafa wrofl 15.11 9 g 2

IO 15.11
. . x. — 65
Cul aRERd | HeE-fag | y= = T y2 £, £y}
fi g
30-40 3 35 -3 9 -9 27
40-50 7 45 -2 4 — 14 28
50-60 12 55 ~1 1 12 12
60-70 15 65 0 0 0 0
70-80 8 75 1 1 8
80-90 3 85 2 4 6 12
90-100 2 95 3 9 6 18
N=50 —15 105
_ A 15
sqfeTy x = A + x h =65 - — x 10 = 62
50 50

2
R o2 = % {NZﬁyf - (= )2}
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(1

0)*

(50)

1
25

[50x105—(—15)2J

[5250 — 225]=201

SRAME TFe[d o = 201 = 14.18

T 1 W5 d% o sl o foT WA 9 TEOT I HifeT)
6,7,10,12,13,4,8, 12

T n Wehd HWEATY

T o6 999 10 o=
x, |6 [10 141 18] 241 28 [30
fil2 |4 71 12 8| 4| 3
x| 92 [ 93| 97 ]98] 102 104 {109
fil 3 2 3 2 6 3 3
oy fafy g/ wied 9 AFe fo=eq Fa i)
x| 60 61| 62| 63| 64| 65| 66| 67| 68
Ll 2 1] 12129 25|12 10| 4f 5

Y99 7 9 8 H U U IRERar seq o fau " 9 yEor [ shife)

Eul 0-301 30-60]60-90 | 90-120 1 120-1501 150-180 | 180-210
ARERAT 2 3 5 10 3 5 2
o 0-10 10-20 20-30 30-40 40-50
ARERAT 5 8 15 16 6
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ore fafy g1 wred, gy 9 AHek fa=er Fd sifaal

FaE | 70-75| 75-80|80-85 | 85-90[90-95 |95-100 | 100-105[105-110| 110-115
(@ )
gedl B 3 4 7 7 15 9 6 6 3
&

s e # oA MU gNl o e (et 7)) e fee e R
= 33-36 | 37-40 | 41-44 | 45-48 49-52
Eulsic 15 17 21 22 25

Il o SATHl hl A faae o HIEA S [ i)

[ T8l SAhg! ! Tad S Wl O Bl 32.5-36.5, 36.5-40.5, 40.5-44.5, 44.5 - 48.5,
48.5-52.5° 3 RT3 =7 |

T 3™ & U9 UM § gEA WUl 1 9 AGl o oR H Ugl 21 HIeA § A
foraem #1921 ThTE Bt ¢ fod sfiens fRu U B B 5w =W < fafe= sehreEl @
Sl 1 G STl B Ol Shelel YehlUIA hi WG] w1 TUMT € WA el gl ® SAfug
Tl A9 T STl Bl & S TR O @ad 81l TR W wWdd, e #1 A9
fa=rur Utk (coefficient of variation) %&d g 3R C.V. 31 Twfd &

fereror qunier w1 Frefafaa R o aitwfia +d 2

C.V.=2x100, ¥20
X

Tl 6 3R X HH: A(hSl o T foreer qen wed F)

T} e o fo=wer &1 qor o AT 9 e @ w1 foe=Re e A
21 A U o forerur Tunis Al @l i @At fawrer =@ e ot e sed
&1 w7 foetor s oIl @ #1 O ° A W (consistent) FeEd

HH W X, AU o 9ecd S o HWEd qU W
fomrert € 8iR X, @M o, W e & WA IR WHE faaer 2
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GE| C.V. (98T ) = ;—:XIOO

3R C.V. (35 si2) = ;—leoo

feo 2 X =X, = x (A )

Tqfey C.V, (Teell Sie) = %XIOO ()
3R C.V. (T80 §) = %xlOO (2

(1) 3R (2) ¥ 98 T g foF IH C.V. 1 qo 6, 3o, o STER R & 1 <1 Fehell
2| 37: BW e Wehd B foh WHM WA ol SEers § 9 tfuss " fame (a0
TEROT) el @l whi ik gt shel S 21 WY € B g faeer (A 9ERT)
At @ HT IS HI T4 AfH G el S 2

Fen. FrAfafEa 8@
T HREHI ATl BH wH=EAl &1 WEA R Sk odd A Ky Y 2
A B
FHHANE! i & 5000 6000
#frd mfesh S 2500 % 2500 %
AT o deA 1 TEI 81 100

AT 9a-1 § Tohd HREM A 51961 B H o1fies oo 22

HREM AH ol o 9T 1 TR (6,%) = 81
THAT, @M AH =l o S 1 HHH o= (6,) =9
Y € @M BH daHl o s TE (6,%) = 100
3HAY, HREM B ofdHl o 97 1 " o= (6,) = 10
SFiifen, Bl HREM § iEd (H1e9) dad 99 € $eid 2500 ® B, TEiAY o8 HHw
forae arel ®REM | sifye faaua a1 fa=9ed gl o1d: ®REM B H SAfR T aa-l
¥ arferen foreror 21
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T A T =T TR 60 A1 70 AR Sk A faee s 21 3R
16 €1 STk AIE T 7?2
fm & C.V. (%l de) = 60, o, =21
C.V. (580 50 = 70, &, = 16
T o x 3R x, HA: e 9 g ded % WA €, 9|
O

C.V. (T8l ) = )_C—lx 100

1

LS Gle 602_2—1 x100 AT X :%XIOO = 35

X

o)

R C.V. (381 ) = = x100
2
DI 7o=_1—6 x 10041 X, = 16 100=22.85
X, 70
37 X, =35 3R x,=22.85
el 11 oh Tk e | BEI i SdE a9 YR o fou Fefafad aiemed
fopy e &
3 IR
req 162.6 99t 52.36 fer.
T 127.69 941 23.1361 form.2

M TH HE Thd & 16 G- W S H qor § At fomr 22
fareron =t g o forg ed famror Toret &t Mo T 2

fean € Al § YEO = 127.69 WP

SIS A F1 HEE faae = (/127 69¢m = 11.3 9

T a0 H e = 23.1361 TR

g ORI 1 A fa9em =03 1361 o, = 4.81 TR
. . A faaeH

3E, SarEdl i fo=or o = ——— x 100

HIEY
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11.3
= x100=6.95

162.6

. . 481
3R IR} 1 fe=roT oTeh = g < 100=9.18

TEqA A T TR0 Tl Segdl o faeRl U 9 98l 2
THAT B9 T Wohd © T 9 § Al s even st faero 2

frefefag sileel 9 sasy 6 AB Y § fra ¥ afus faeawe 2

3k 10-20 | 20-30f 30-40[ 40-50 50-60] 60-70| 70-80

g A 9 17 32 33 40 10 9

e B 10 20 30 25 43 15 7

IR X 3R Y ok e U T ool o SRy % R & qeal o sifue frerar @2
X1 35] 541 521 53 56 581 521 50 51 49
Y | 108 [ 107 | 105 [ 105 | 106 | 107 | 104 [ 103 | 104 | 101

T HREM h1 S BH A B, o wHANE ) U qifges oa7 o fagemor =
Frefafea gy 2

TH A %H B
AT Y STl HHAIAl i HEA 586 648
HIfHek FdAl 1 HIEA 5253% 5253%
Al o A I FERI] 100 121
(i) AR BH Y HH @ ®H 10 wH=El i 9a7 o w9 F stferen ufd

It 72
(i) ST Sl § forg w0 A WB, W sifier foeruy 29
M AGN T T H Bl T Fead Hu o e T fRw g €

e MeiwiEen [ 0 [1 |2 [3 | 4
T 1 He 1 o9 |7 |s | 3
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A9 B, g0 @ T T W ST U el w1 H7ied 2 i 39 SR Wl 1 HEe
fome 1.25 om form 39 =1 S1fues 97 (consistent ) THHAT STHT =flgW?

T SR SRl i darg x (S H) 3R WK y (U ®) ek I 3R S o A
= few €

Zx =212 Zx = 902.8 Zy =261 Zy, 1457.6
F@émwﬁfwﬁﬁwﬁw%

20 &I 1 TER 5 21 A Yeeh WeruT whi 2 | TN A e @l ure
eIl 1 TERUT 1A shifea|

T AT T Y& x, x, ., x,, SR ¥ SR WA 2 fRE T ® wER = 5 iR
n=20. 89 Wd & T

1 20 ) 1 20 5
2 — = 5:_ L=
BRI — ;(xl X)", arerq 20 ;(x, x)

a Z(x -3’ =100 (D)
ﬁmﬁwﬁzﬁwmm ar ufomt garer y

L
I 20 20
W y:_zyl = 2xz = 2_Z'xz
n g 2075 i-1
_ 1 _
?ﬂﬂﬁ y=2X or )_c=§

x #R ¥ % "7F (1) ¥ yfeeenfod & W ey wa 2

20 1 1 2 20 —
Z[Eyi—gyj ~100, sefq 3 (3, —5)° =400
i=1

i=1

T T S T = o x 400202 x5
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=TT | W e ¥ R AR Wi Saron &, § O R ST, 1 G S g
1 YELOT, Jel YEROT 1 k2 AT B Sl 2

U= YU ST HIST 4.4 © A1 ST TEAOT 8.24 7| AfE ofiF Y=or 1, 2 qu
6 T, dl 3= T Y&IUl [ it
T 99 &) Y0 x qel y B
THiaT, @ 1,2, 6,x, y 2l

[+2+6+x+y

31, oed § =4.4= 5
a 22=9+x+y
THfaq x+y=13 (D)

1< _
Y & g :8.24:;Z(xi_x)2

i=1

sefiq 824 :% [(3.4)2 +(24) +(1.6)" + 37+ y? —2x 4.4 (x + y)+2><(4.4)2J

R 41.20=11.56 +5.76 +2.56 + x> + > —8.8 x 13 + 38.72
ESIGLy P +y?: =97 .. (2)
ifer (1) 9, 8% e gl @

X +y +2xy=169 .. (3)
(2) 3R (3), W &H Wt g @

2xy =172 v (4

Q)" ¥ (4), _’H R,
X+y — 2xy=97-72 AU (x —y)? =25
Ell X—y=+45 R
e (1) 3 (5) W, e 9 ga &
x=9,y=49d x-y=5
Bl x=4, y=9 3d xX—y=-5
3: 99 < YeIOT 4 1 9 B

I TS UeIo X, X, ...,xnﬁ ‘a’, ¥ TGET WY, el o Ueh s Al
¥R |l 7, d femmn R yeror softafda @
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HH o YT x, x, ... T WA X T, A SR TR

) 1T & _
o, =;Z(Xi—)€)2§mﬁmw%|
I YA YO § ¢ gl WY df 9 Weyur s
y,=x ta (D

M AT U Yerort 1 @TeT y € e

n n

DI y= X+a . (2

1 -, I -
g = 20T = Y (e Foa) (1) iR @) s @)
i=1 i=1

= —Z(x X)= 0]

Td: T Y&I0 hT FEROT 9 T S A Ueyui w1 em

I AT fo el & Rt T o ok YaT ® S U §e S
YA IR T YE] SOREfid @l 2|

ek formneft 4 100 Y=ol =1 Wiem 40 SR "R e 5.1 9 R, sefn
I Tl § YR 40 S TIE W 50 o forn o1 WEl "ied SR HiHeh foreer o 27

fean €, Jeron &1 W@l (n) = 100

Ted HIg (x ) =40,

Teld HHeh fa=ed (o) =5.1
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N
g9 SIMd ¢ T x:_zxi

nio
100 100
e 1002 A 2%=4000
U T&IUT 1 Terd AT = 4000
3 YeIUTl hT F&! AT = TTead AT —50 +40
= 4000 — 50 + 40 = 3990
e AT 3990
TqfaT e = = =399
el 100 100
] & (e Y
oY & e foaaT o = \/; fo— ?(in]
i=1 i=1
1 & _
e
n g
1
st 50— |—xmem Y’ -0y
100 =
ol 2601—L x TIeTd Zn:xz 1600
' 100 =
EeSirgley Ted Y x? =100 (26.01 +1600) = 162601
. @Y = e le — (50)+ (40)?
i=1
= 162601 — 2500 + 1600 = 161701
TUfaT |El AHe fo=aem

= \/M _ (ggg[]:n%z{f

n



HIEEhT 401

161701 ,
= - (39.9)
100

= J1617.01-159201 = /25 =5

313 YeTUT <1 TWIEA Q1 YEROT HA9T: 9 3N 9.25 B1 4% T8 o ©: Y& 6, 7, 10,
12, 12 3R 13 €, d@ 99 3 Ye10 1 hifer

I YeIU ST WL ql YERUT SHHS: § Al 16 21 ARG 3 W uiE Yequl 2, 4, 10,
12, 14 2 dF 919 3 Yeo7 A ifeg)

T: WU BT WIS qU1 W foreer shAgl: § 991 4 B1 AE Yeieh Yetul &l diF 9
TN R &= S @ IR Yerun o1 Wiem 9 "e fa9ed Fd it

7fE n geron X, Xy, ..., X, <01 HIEA X A1 O] 6 g i fag wifs o geor ax,,
ax,, ax, ..., ax, 1 HIeT S GEOT ShHYl: ax A azcz(a¢0)%l

ST YeTuT w1 HIe qel Hieh TerEer sHel: 10 91 2 € SiE S W IrE T
o Jequr 8 et 21 1 o 9 wesh o1 W€l WA qe W foreer T it afg
(i) e Y& gel e S

(i) 39 12 9 9= = Sy

Ueh el o TEIE Bl g dle Tl i, Hifae s 9 e e o ureren)

] I 9 O (g9ed A9 K TR

CLp] wfora ifaes =
ey 4 32 40.9
qHe oo™ 12 15 20

fopm faoa o w=@ atfues fomer @ o fray wa@ &n fomer 22

100 Yol =1 WIeA SR A former el 20 3R 3 € 9% | 9% 9 ™ e
T eu1 21, 21 q901 18 TTad | AT T Y&Tol i g1 a1 S @ |1sd o Hieh
fererer™ S =hifsTu)
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YertUis eht WY 3ffshgl o forew o1 foenor &6t w91 9feR, =gels fomem,
e feoreer o W foeer yehivi &t A\ )

YRE = AfLehad Hod - =[Adq qed

TaiieRa ksl ot red faaem

M.D. (%) :M, M.D. (M):Z‘(x;\}_M)‘

SRl ¥ =HIe SR M = HifeaehT
afiera 3tTehgl ot WIed Teaeres

M.D. (x) :w’ M.D. (M) = Zfl‘(;\? _M)‘

D 3 LT S [ e

3T ISRl ST SRl WEUT 997 W Taae

2 1 _7) _ L ~x)

R D W ICEE S L ST

Had SRRl §ieT T YER0T 997 WHeh Taeet

o= Th =B o= (NE (T n)
TEUT 3i HTeR faeree J1d O R oy fata

4 2 h
ol = 2 [NZfiyl.z—(Zfiyi) }’ GE\/sziyiz _(Zfiyﬂ)

iy, - A
=

,SRIN=Y"f,

foreruT TUITe C.V. = = x100, T 0.
X

THM |1 9Tt st | Siel U faaed arel @ e @ d a1 &H
fereror aelt Bt 1
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TifEAeh! 1 3596 fer 9% “status’ ¥ 31 § Toraert 21¢f wsh Tifaen T4 &Il
21 39 A ol € fop Wiflereh! W W S A 21 9 ad 3050 €9,
H A o qeell SHUMT i TE offl 9RA | S @ 2000 99 Yee W sfihe
Ueh {3 T w1 B Yomed ot faeivd: =se A (324-300 £9,) o 69 &
H ifeca (T 300 £9.)% i ¥ S SR gog ok ke TRIAT HT i
TUITeA! k1 Soord THell 1 3TeheR o YTEeRTel | fohT T3 YeIHieh FEeon sl auid
AIARSTA g forfiad q&aeh 3MEA-37head o o = 2

wed o oA John Graunt (1620-1675) ! S¥eh gRI S 3R G !
WifET! o 1E &% HRU S S 3R G WRSh! HT Sk A Sl B
Jacob Bernoulli (1654-1705) = 1713 ¥ YeRIf¥1d 319 &% Ars Conjectandi ®
<t Hemst o fEm w foan 2

Tiferert 1 Hgifas fawm Toedl st o SF Gal 3R G4 s &
T9gIa oF IR oF WY T3 a1 36eh A1t foshre S’ Wil T 319 Francis
Galton (1822-1921) = Sfial Wif&Aeh! (Biometry) o &3 ¥ Wifedeh! fafimf o
IYANT k1 A1 GIRA Rl Karl Pearson (1857-1936) o hie o 948191 ( Chi
square test) T 34S W WA WANTIIC o1 TTYAT o W1¢] WIS 31eqT
o faem ¥ aga AeH & 2

Sir Ronald a. Fisher (1890-1962) 5= ¥ W&kl &1 Sk AT Sl
2, 7 TH fafa= &5 S eraitient, Sta-witerest, fen, v et o e




TEI

*0

Tee i HES H gEH Wiigehdl @i Heheudl i fafa—
uRfeerfaal =) Affy=rad 1 719 o &9 4 a1 21 g6 T

W&WW@WWW%@W%&%

1 . )
Esn‘dﬁ off| 9’1 Pt Helferd 9RO (outcomes)1, 2,3, |

4,5 3R 6 ¢ (! W& ©: 8) 1 e ' T ¥9 §&T 9
BT’ ok 3TRe R 2, 4, 6 (1eiq & wed) §1 =
&9 § fopdl e 1 Wfehal 91 & ok faQ g9 w21 o Kolmogorove
st TRoTH %) W %1 e R % e ¥ aw (1903-1987 A.D.)
SFIIA T B T WHRT o 9 H5Id i WIihehar sl ures fagia (Classical
theory of probability) el STl 21

el Toll W SHH WIfehal shi YU 3R Henford Siiehgl o SMHR T A e H
2l T YTfaeRar T WiRETha gRERIUT (Statistical approach) Fgd 2

T <l foagial ® s TR wed € seEwE: 3 gl S s9 Ak
AN W A e S ek € foe Henfaa wRomm bt W uRfHa et 1 g
fagia o g0 st wurfaa aRomdl =) @9 gu9rer A €1 SR ity o aRomi 6 ww
HHTeT el Sl & S &Y I a9 S w1 i RO A € fh wh R o ufed
TH T e g W wifas R S vl o, 79 9% O € TR weft aftomt o wfea
B H WHEAT (W) TEH 21 e BHA Wifdehdr o1 qRwifia & & fog ww
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WIiehdl a1 W9 WreA GO 1 SUA feRan @1 @ difthes gfte W e uftwmn & R
ofee w9 & g A.N.Kolomogrove q T 3 Wifaehar fagia 1 faem feam
I8 1933 H Feh1i¥rd 319 &Ik ' YTrehdl sh1 3THR’ (Foundation of Probability) i
YT ehal ! AT oh Tl 8 w&d: YA qed (AfYE) Haifia fea sa stem
H g9 WIfaehdl o 3t gfteahlvr, TS99 WifdeRar &1 AR 3fteehivl (Axiomatic
approach of probability) H&d €, 1 AT HUT| T LB ] THSH & L P
qa IR Rl ST STESIeh % S fom Igfezeh Td&l (Random experiment), PIGEN
guftz (Sample space), 12T (events) MK 3T Teh 9 § 3T 3T o161 IR
H ST i

3frer Siem ® 89 U %S fharsheny ot € foeh 9o wee Tk € Bid @ W' S
fRa AR T S S| 37T & o, foRdt iU e f51qs o Il 1 HE 7 S
gy ot en v ®9 9 %e wehd 2 T SIon %1 =@ 180° 8

T TH YN o i g YR fhaehed o 2 e wum o o Sram
T ot 9RO oo Wk | ! Bidl 21 SR oh T Sa Uk ek W SoTel Sl ©
al 7 (head) 31 Wehel € o1 92 (tail) 311 Tehal & ifeh gd I fHfyea 7&f & Teha
& o arferen Romy g <Al H | o B2 56 WehR o G0l i Argeseh TUerul el
ST ®1 3Tq: Ueh 907 R Agfese qeror el =l € Ak 7e fefafaa < wiaes

() 39k W 9 Afus durfaa gfiom &l

(i) w&or & gl BF W 9gal YRUE SaE €996 7 8l

S IS R R UTET ) SR w1 T Agese € A1 TEI?

T A | U AGIessh TR0 i Sheel YUeI0T gl T € W e [ S
=R 9 feran T 2

fordt agf=es
wiero o ot guifaa sl =1 afoma wed 2
e Ul ek o gEo] I fomr ) Al g ue o Sudl %ot W sifRd faga
! He ¥ wg wEd € a1 39 qhe & Ui 1, 2, 3, 4, 5 91 6 &1 9 gt
== (1,2, 3,4, 5, 6} 39 wer 1 yiacel ufie sgam 2
31q: et agfoss Weul o g4l garfad Rl 1 T=ad 39 I h
ufaast wufte weam 21 wiaeyl @afte & Hohd S gR e fran S 21
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wfaset wafe %1 s agd u Uiyl foig seom 21 g usi o, agfma
weqor 1 S afom off iyt faig weam 2
3T FB I[N T fo=m F
< fHerenl (Th 1 % o1 991 SUX 2 T 1) 1 Tk aR ISTA T 71 syl
[tz e kifs)

Tyeed: fader 3w ot ¥ favm € fF 'W ST tmen fawee @R qwy faenr
Gaiferd Y Tehd € i < faeenl & @ fopelt o fom (H) o1 92 (T) 9he & Teohdl
2, THfae Hyg g frefafaa 8 e €

3Hl faespl W o = (H,H) = HH

Teel fader W o iR TR | 92 = (H,T) = HT

e fader W 92 @R TR R fod = (T,H)=TH

Al faehl W92 = (T,T) =TT

F1auE, U gu 9dem o1 gfaesl dHfe

S = {HH, HT, TH, TT}2I

TeeT % WROMH H @91 T % iAd I 21 Wea & e s 7 §
feorg arg-form  (comma) ! BIS T T B

el & Sie (R W e T 1 R g e T # R) H s AR
Thehd o qleruT w1 giassl gafe @ wifsl yfagst wmfie o etamal +r wem o
1d hiferq|

M AT o el 0 o 98 W1 SR o T W 2 Yehe Bial 21 B9 3 iy
1 Hia W (1, 2) g0 Fefya #d € g ¥R, 4K 9 78 W 3 R o W
5 Yehe BT €, @l 3@ YROMH 1 (3, 5) g it e 2

=9 B9 Y Yodeh U0 i b T (x, ), SN Fefia fman S wehar € <@l
x el T % I W ARy A U W Y B aiedl WeA €1 3fdud, wiieyl wufte
Frefated 2:

S = {(x, y): x el U W Yehe FEAT 3Ry A TH W Yehe HEAT 7 )

79 giaeel WHME & FeTel i W& 6 x 6 =36 ¥ 3R yiagel " 9 wew €

{(1,1),(1,2), (1,3), (1,4), (1,5), (1,6), (2,1), (2,2), (2,3), (2.4), (2,5), (2,6),
(3.1),(3,2),(3.3), (3.4, (3.5), (3,6), (4,1), (4,2), (4.3), (4,4), (4.5), (4.6),
(5,1, (5.2), (5,3), (5.:4), (5,5), (5.6), (6,1, (6,2), (6,3), (6.4), (6.5), (6,6)}
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frefefEd g qeu o e Suger Giaesl §Afte 1 Scei@ whifsg
(i) Toh SIcih 1 & W Tk | T, Tk 2 § 9 Uh 5 % o (99 2| a8 {0 o
T T & A% Tk o fader Femer 2
(i) Tw =Af frdl = TSR W Tw a4 | EF aIel gHeAsT sl HEA
feraar 2

() 7H ST 1 & w1 AR Q ¥, 2 ¥ &1 faeht H¥ de1 5 & 1 f9aeh R ¥
frefa 2 21 W g Sa o Fekten T ugen faeenr dF faeerl o 9 w1 @t
faerRhT Q, H o R €l Wehell 21 Tt feeh Q o |md T&) &R ekt 7 feent H
R B Wehdl 2| 371a: < Toeeh feher &1 9Romd QH =1 QR & Hehal 21 6 Y, H
o G gH R FeRren T faeeRt Q A R E Wkl B g@fae, 9Rom HQ @ HR
& ekl 21 3fdd: R o G U o) FeRren A fasekt Ha1 Q @1 ekl 21 g@ferg
gfoma RH =1 RQ 2|
aa: yfaeel wEfte S={QH, QR, HQ, HR, RH, RQ}?|
iy fordl = TSMN R gEleAed o 9@ 0 (fordl geledt &6 7 81 W) a1 1 A1
2, HE oF o quieh € Hehal 2|

31a: 39 qherul o forq wfaeel @mfie S=140,1,2,...} ®:

T e ST Sl 21 At 39 W a9 yehe @1 A1 7W U oo, foew
3 et W 4 whE TR €, § ¥ G g Fepre 21 AfE fieer W U2 yehe Bl € ol e
T Ul Thehd B TH GO o Giagy HHRE k1 g9 whifeq

T TSI & el il B B, B,, B, 3 WHE A w1 W, W, W, W, ¥ Frefra
#2139 e w1 giaeel g

S= { HB, HB, HB,, HW , HW,, HW , HW , T1, T2, T3, T4, T5, T6}%|
7&l HB, &1 31 T o foeer W faw € ok Wi B, freprell € €1 HW, #1 31ef 2 T
foeer T fad 2 3R fia W frebmett 1€ 21 3ot woR T, 1 a1 B foF faedh W W @ik
TE W HE | YR g el

Tk U qhe0 R foar sifve fSad w fageh &1 aR-ar a9 & Ssied

Td € S ah SH W o9 Wehe 7 € SU SHen! Wiagyl SEite w1 guiq i)

4 The0 | o yoy 3Se@ A1 f5dia 3 a1 i 39 s §o° TR |
Ff yene 81 Tkl 2l
a1q:, difsa giaest @afie S = (H, TH, TTH, TTTH, TTTTH,...} @I
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fr=fafea v 1 9 7, 5 g § fAfde gieor o1 gfaest aufie 3@ sifsw

& ek &1 49 91 Ssel T 2

Teh Ul § 9R SRl T 2

T TR AR SR S8l T 2

U TR 9Tl TN © SR U Ol ekl T R

T THeRRT SO T € 3N hael SE 9 ¥, N9 fHeer W AN Yk gl € U

TG ekl ST 2

XY 2 TSk 3N 2 TSihdl & a9 YW § | wge 3R 3 agfhal €1 39

e 1 eyl wHte Fd iy fSe veel Uk e g S @ R s o=

<1 ST 2

Teh TH AT {7 o1, Weh Hihe U1 o1 31K Teh 3179 UIE Aiel 11 1 U 9l § @

g1 T U AgEsA A T SR SH Rl T ®, I T U1 3R TEeh S oh

Heleh T 9| HE& ) o e ?1 ufaeyt wufie @ i e

Tk JOeI0 | 2 =4 dol IRa § | Y&dsh H ASch- g hdl ol W&l i foran

ST 2

() =€ goR) & 39 o1 &1 S | B o S o hE o o= g e A1 ageh]
2 1 wiaeel wafe =

G TR R e o S e T AT S 5 e
1 BRAT?

T fesd ® | @@ 3R TH S 3 Tk g @ E 2R AR SWR (in

succession) e wfcreenfua fery amgesan feredl St 21 36 wdiero w1 wiaest

qHfte Fd hifs)

T q0Eu § Uk fHer Wl SuTen Sl § SR e 36 W o yehe B ® d 39

T Il Wl 2| A7 U8l IR S W Y W gl € i U UIEl el Sl

21 ufiest wHfte T ity

T AT for ooell o T @ 9 3 Tod Agwsdl (el S €1 Yolsh dod

e S @ 3R 39 @E (D) A1 Sieh (N) | efiend shid &1 56 adiero) 1 giaest

Atz Fd shifs)

e THeRRT SwTen Sl 21 At gftoms fad 2 9 Uk g enl S 21 9 9 9

Teh §H G e Bidl © al U 1 T el Sl 2| 56 THe07 sl Hideel wefte

1 it
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IS 1 97 gf=dl W @AW 1, 2, 3 3R 4 -3 fo@ ¢ 71 39 gty
%! T fosd H @ ¢ well-4ifa e w1 21t =t fosd § 9 <) ufeal wh
& o] T fo wfaeenfaa feu Febremn 21w W 1 yfage wwfe 9@
i)

Tk e § ek T ekl ST € SN AR U R U S 99 ® ol Wb e
T §R SSTel S 21 A 9 ) e ged favdg 2, df ek 1 91 9] Seen
2| wfoeyl wmfe fafawy

T THeRT I9TE TN A% 39 W 92 Yohe BT € f U fes W @ fod 2 @
HAR 3 el e @l 2, Tk e Tehre g1 afE faees W e yehe gn ® @ TR
U theRT ST €1 SH TR sl wideel wefte ffey)

Teh T ] S-SR e qoh theh] Sl @ 516 deh SH T 6 Gehe 7 B S| 36 qieoy
=1 yiagel Tufte o1 272

B Ao qUeIul SIX SHek Yiaeyl GHfe o aR # ugr B fme wdermr w1 ufesd
Fufte S§ qdier § Gafua wefi gee o forg wiefen w=ea (Universal set) BT 2
T foeeh &l T 9R 3VTeH o qaeu W foar sifew) defiq yfagst swfe

S = {HH, HT, TH, TT} ®|
1|, /M offse T war) e o9 gl | 2 S demd: w Tud e BF %
ITIRA B T 0 I € T 59 e o 8 ok kel S o 1add shad HT 3K TH
2| TE T Fe@E Uk w==d E = {HT, TH} &Fd 2]
&1 WA € for wq==d E ufaeel wmfie S o1 soage=a 21 36 YR g9 U € f%
fafq=r seTietl @ik S & Syeq==al ¥ Frefafad daa 2:

HSHT Sl U ‘S’ =Rl WA SUHH==
W ! Hen qed: 4 A={TT}

o B HEN 9 W w1 B = {HT, TH, TT}
ol @Y we Afvsad 1§ C = {HT, TH, TT}

T So@ o fag =2 @ D= { HT, TT}

ol & WEn AT 3 2 S = {HH, HT, TH, TT}
ol 1 den & o At @ ¢.

S == 9 T e ? o yiaeel wufie & e Susg==a & 9 U we
et B 3l fondlt = o Wa wioey! WAl @ U e Bl €| sen W o U
Tl o) TEfaiEd YR | qReifa R S 2
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yhagel wEite S o1 i ST =T U TS ®el Sl 2|
Th ITE ] HehA o
Thefo R foaR sifs 9 ifee o s ‘9 W 4 9 B W@l Yo g @ E
Q Frefta foran S 21 AfE O W orad § ¢ 17 yehe Bl © Al 89 e §ehd © 16 Tl
E ufea g #1 onqa: afg gftomm 2 21 3 € df &9 *ed & 6 s E ufea & 21
a1a: Tl whiero o gfaest wefte S &1 e E sfed g #el St € 9 9hem &
TRom 03 TR € T 0 e E. 9 9Rum o @ € fF © ¢ E; &0 #ed €
w1 E ufeq 7€ & 2

TR Bl Seh TSFa] o ATUR W fafa—

gl H erfiepd feman ST el 21
i == ¢ 3R

glaeel wufte S off weet w1 e i €| arEd ® ¢ 1 STEEd T S S 3rerfq gof
yfeel wufie 1 fHfyea w2 wed 2

T= 99EH o foU STsu ur $hehd o T W fomER i) 39 Tl 1 yides
wafe S={1,2,3,4,5.6} 2|

M AT E 521 98 TR Yehe W& 7 1 OIS ' hi TRETa shiar &1 o a1
T Eoh W Sueead @ dehd ©2

YA Te0] 1 1S i RO TS E o YideH ol W el shid @ i
yfdeel gHfte 1 % ot e@ad s E o1 ufed eF 1 ffvaa 72w € e 7y
FE Thd T T ohael R A== €t W12 E & 97 9= 31 @ = §, §9 5%
Thd € fF U8 & S Bels W 7 1 U Yehe BT ST R

TH GHR S E= ¢ Uh SE9e S 2

ST 319 BH Weh 31 o1 F Uil W Wi §@ a1 al 9 € o1 fove’ W famn
| TEd F={1,2,3,4,5,6,} =S.

storfq weft aftomm se F o wifed g w1 ffyea e €1 e: F=S w ffyea
T 2|

I fopdt o2 E Y ohae U @ fasst fog &, af e
E %! WI A1 URAYeR 92T H8d ¢ UH qdieqor foees wiaesl wmfte foed n gerem
1aFe B, § n Wl el T gt 2
321 o fo, ueh foaert & 1 3Tl aret geror 1 fagst wmfe
S={HH, HT, TH, TT} 2|
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E = {HH}, E={HT}, E;= { TH} $IR E~{TT}.

afs freht e § w9 fus yfaee fog e

g, d sS4 st e wed 21 S & T uw faaes w1 I swel & qdeor
freferfaa serd fay s €

E: qe7d: T fod gehe =

F: =Jan U o wehe g

G: fireram Tt o9 Yehe &M, sl
T "SI o W S o SUHeRd [etatEd 8

E={HTT,THT,TTH}

F={HTT,THT, TTH, HHT, HTH, THH, HHH}

G= {TTT, THT, HTT, TTH}

STw yoe SyEg=ad H Uw ° aifues ufaeel fag @ suiew ww e fuy
g £

qeeal o ™ H A Q1 Al
S =4l o WA o fafa= alwhl & a1 § 9gl o AL ¥ (union),
a3 (intersection), 3Ta (difference), ¥H=ad &1 Tk (Complement of a set),
TS oF 9K | THS o1l S YohR H SIS ol WA I=ad HehaHl o |59l I9anT
SN Y Hehd £
T ST A,B,C T8 TN ¥ Tolg T ¢ fowen! wfaeel wmfie S 2
Yk Bl ASh WU Tk &1 Al A’ B!
2 S o2 A ) QTeh U Hed €1 A’ i U ‘Al o a1 S 2
IR & forw ‘ue faeer w1 A S’ o adern wi ol sHeR gfaest aufe
S = {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT} 2
HqH ST A={HTH, HHT, THH & ‘@hae TF G2 1 Gehe 81’ i <9ial 2
9Rom HTT & &F W e A sfea 72 g8 81 fohq 89 e wehd & f&F s ‘Al
Hfed g% 21 39 YR, Yo 9o ok fau it A ® 7T € 79 wed © R CA-TE ufea
€ 21 TH WhR WA A% U Qe se ‘A e
A’= {HHH, HTT, THT, TTH, TTT}
T A={w:0c S3INw ¢ A}=S—A®I
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T HifST o < Sg=aEl A 3R B w1 fHer
AU B gr Frefa fman st @ foed o we some aimfaa e € s @ al AH €
B# & =1 <1 # €

S G A @R B fordt gfaest gafic @ wefa < s = o ‘A U B e
AT B Al i FRfua e 21 ¥ ‘A U B’ S ‘A 41 B’ ot el S el
WY MM AT B’=AUB ={0: e AT o € B}

T W € fF Q1 ugeEl w1 wdfTs
A BTE G4 g1 ¢ fow 3 31e@d Bl © S A 3R B 3l § 3wafTs g T steiq
S A @R B 39 # B 2

IfE ‘A 3R B’ WA B df WH=I" A N B ¥ ‘A 3R B’ &1 sar 2l
SHW,AmB={OJ:0)eA3ﬁT o e B}

IITEAT o T, Ueh 9T i §1 9K Sehl o GeT0 § 0 oo 921 A veel %
¥ W& 6 Uhe Tt &' 3R WA B ‘] Rl W Yhe G &l AN FAAH 11 gl
2! ) oo S Bl ad

A={(6,1),(6.2},(6,3),(6:4),(6.5), (6,6)} FX B= {(5,6),(6,5), (6,6)}

T ANB={(6.5), (6:6)}
e HIY o == A N B = {(6,5), (6,6)}, T ‘Teeit Teh W 6 Fehe Bl & 3N
Tl Thepl W Yhe FEASA 1 AT FAAH 11 Tl &' Rl I HT S

& WA € o A— BT @i sraeEt
1 T Bl B Sl AW d € feh BH Y 21 gEiag, weeE 'A - B SR A
forg Bl & o R a1 T BH WG € fF A-B=ANB’

Teh U Yok o G001 W TaaR HifSu) e ‘T 3199 98 W g1
® AY 3R e ‘U T Wem ww e’ i B 9 fretya T wn @) fefatea
TeTet (i) A A B (i) A 3R B (iii) A fq B 7& (iv) ‘A-T&\’ &1 fefd & o
= fafau)

Te S={1,2,3,4,5,6}, A= {2,3,5} 3IRB = {1,3,5}

TcIEd:

() ‘AFIMB’=AUB= {1,2,3,5}

(i) ‘AIRB =ANB={3,5}

(i) ‘Afhg BT’ = A-B= {2}

(iv) ‘AT =A"= {146}
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Il %eRe o eI Rl

witeel wAfte S={1,2,3,4, 5,6} 21 4 ST S A ‘U faum g@n %1 e e’
R TN B ‘U WH W& 1 Yhe BHI' Wl oK hid 2

T AT A, T2 B I 1aafeld Y W € qe1 39! faed off 9o 31 @
vl W, UH hiE aftony 7€ @ S S A 3R B % Uh WY sfed g o e s
€ Tl

A=1{1,3,5) 3IRB=1{2,4,6}
TN A B = ¢ AU A IR B ST qg=d

SThd: 3 T A 3R B UTER 3T0es UG el Sl &, A e o fom
T 1 wfed ST SH o wfed e i svafeld #ar € Stufq F wh e ufed & @
Ferd! €1 59 91 W W= A 3B I e 2

T: Ueh U ] Thehd o Giero] B WAl A ‘U faum G yehe g1 SR Sl
B'4 ¥ BRI ¥&A Yehe M1 W fa=R Hifsm)

woger: A= {1,3,5} 3 B={1,2,3}
W 3cATAMAA T 3¢ B
AU A 3R B e1ger 7&f 81 31 A 3IR B e ergarsit g &l 2|

e yaes! gufte 1 W HeA Heg WER uEs el Bl

Th U I Hhd o Te0] W foER

HIfY) 89 9 & S={1,2,3,4,5,6}.
arzu f=fafEa et =t R =i

A: ‘4 9 BIE & Yhe BT,

B: 2 9 &€l forg 5 § B W& Yhe AP

C: C:*4 W 9E1 &M Yhe e
a9 A={1,2,3},B={3,4) 3C=156).89 2@ ¢ T

AUBUC= {123} U {34} U {56} =S.
Tet seEH A, B $iX C %1 -9 et wed ¥ = 9 9 A ELE,, ..., E, e
yfest wmfte S p EeAd B 3K Al

E,VE, VE;..0UE, =UE, =S

@ E,E, .., E & 39 7ead wed 8 g v H, 9 ELE,, ..., E, fiRw
HEAM! B A% T & HH W T W HH W HW Th S 9T € sied el



414 TITOIG
TEeh iRt afe wefti#j o felq E,NE, = ¢ 37IT: A E N E;=¢, i #j $19iq
E 3R B, TR sest €, #iR ;Eizs 2, @ e E, E,, ..., E, UTET 3Tuast

.99 wed Feard 2

ST 37 P IFEON T for=m |

T U ek WA ® 3T IrEl O 9T Wt w1 A forn S 21 SRy e

30 39 T 9 Hatug frefated seaet W faar &1

A: U 91 §9 HEw @)

B: “Iw 91T 3 @l TN ®|

C: ‘9 41T 4 9 %Y 27|

D: ‘Y A 11 W SR )
o el H W B W I TR eS| 87

whaest w\fe S={(x,y): x,y=1,2,3,4,5, 6§ 36 3f=a 2
@ A={(1,1),(1,3),(1,5),(2,2),(2,4), (2,6),3,1),(3,3), (3,5), (4,2), (4, 4),
(4,6), (5, 1), (5, 3),(5,5), (6, 2), (6,4), (6, 6)}
B=1{(1,2),(2,1),(1,5),(5,1),3,3),(2,4), (4,2), (3, 6), (6, 3),(4,5), (5, 4),

(6, 6)}
C={(1,1),(2, 1),(1,2)} 3D = {(6, 6)}
=4 9T T 7

ANB={(1,5),(2,4),3,3),42),5,1),(6,6) #0
THAT, A 3R B WER oSt T8l 2l
T IFR ANC#0, AnD=0,BAC#¢, X BAD =0,
T YHR TH (A, C), (A, D), (B, C), (B, D) WER 3{uasii & 21
I T C D # ¢ TWAT, C XD RER 9esA T 2

T Taeeh i 49 9R S T g FEfaiEd seAe W e st
A:‘ﬁ%mﬁm%’,
B: ‘Hq: T fod Uehe Bl @ 31k
C: ‘%8 9 %7 I o yohe 8 2
1 Tg TER Tes] SR 319 seet s aeg 29

gfomg =1 gfaeyl "afe
S = {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}
AR A= {TTT}, B = {HTT, THT, TTH}<en C = {HHT, HTH, THH, HHH}
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3@ AuBuUC={TTT, HTT, THT, TTH, HHT, HTH, THH, HHH} = S
=T, A, B 3R C F9:99 sed 2

I TAN B=¢,AN C=03RBN C=¢

ST, e T % SEN S © el 3 TER eS| g

3a: A, B 3R C e eiversit o 99 semstl w1 ag==d ah 2

T 9T SR ST 21 T St Ted E U W SE 4 9’ § i e Fue
W G e @iar’ 81 # E SR F e Ses 87
Tk 9 ekl S 21 FrefafEa s gl st

() A:9&H 7 9 &H 2l (i) B: ®&M 7 9@ =L 2
(i) C: W& 3 1 0N 2| (iv) D: &I 4 9§ %Y |
(v) E:4 9 o< ¥9 §eq 2 (vi) F: @& 3 9 %9 &l 2l

AUB,ANB,BUC,ENF,DNE A-C,D— E,ENnF, F H 3@ =ifsu
T THe0 H U o Tk SIS Wi thehd © 31T 39 T Yehe WEAAl i fered B
fr=fafaa seet &1 9uiH Hifau:
A: U HEmSt w1 9 8 9 SAfen 2
B: SFI 9l W HEA 2 Yehe Bl B
C: Yohe HEemel &1 A %7 9 w9 7 7 3R 3 & N 2
T SR o HIA-hM ¥ I TE a2
A Toern] 1 Tk o) I S 21 AW AT o e di fe fe@mn A
T, 7 ‘< fod 3R sk w2 @A i B9, e (A 92 fG@ 1’ i C @i s
'Teol Toees W o @’ 1 D9 Fefua fvan man 21 9aee & w9 9 %
T (i) TR Aerst 27 (i) W ® 2 (iii) A € 2
T feeh T 9R 3B S 21 v Sty
(i) @ Y S WER et §
(i) T T S IR SAgers K 9 2
(i) & A S R e e 2
(iv) @ T S wREeR et € fhg e e )
(v) o s S ReR ergestt @ fhq fsi @ R
T U Sek S §1 FEATN A, B 3R C FefafEd ger 9 2
A: U UM W EH GE&A 9IS g
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B: U8l 9 W fauy H& wrw g
C: 99l W 9 H&msh 1 A < 5 Al

fr=fafEa sest &1 9 Hife:
i A’ (i) B-7T&l (i) AAB
(iv) AR B (v) Afeg C e (vij BarC
(vii) B 3RC (vii) ANB A C

SR U9 6 w1 SfE St frEfaiad o we 91 STHeT TR (A9 ST S HR
o) :

(i) A 3B TWER sTes 2

(i) A 3B TER ues R 3 €

(i) A=B

(iv) A 3R C &R e 2l

(v) A 3B TER Fues 2

(vi) A, B’,C 9 gerst 3 3 g )

U AE o YBal A=eal H THA Aess Tev, Yiaesl WHfe qem 3 uden |
Feifa et W TR fea 21 e et 3fe Siem o el se o ufeq e &
e o fou o1k IIeal T SYANT a1 Wifdehar fagra R s o ufeq g @
T e W1 HHEHT i Tk WY 3 1 §AE 2

et wenedl # god forell Wiervr o o wfaa aRomdl =t 9@ 9@ gF W,
fopelt =21 1 Wi T w w1 9 ot % SR A ver 2l

fepdll ST ot Wikl T e o1 U iR fafer st gfieeion 21 5@ adien
¥ wifeekard iR s & foag sifgifaar =n femt w1 afofa (depict) fran i 2

M o for forel agfess wlierr @1 yfgeyl wufie S 21 wiftshar P s e
T e © TSTeRt gia S w1 o S €, 3K Ui Saud [0,1] € s Fefatad
ARl 1 dqe i B

(i) fordl =1eT E, o faQ, P(E)>0

() P(S)=1

(i) @ E 3R F e e g2 € a P(E U F) = P(E) + P(F).
arfamfed (i) § 98 Eia g € T P(0)=0.38 fag & & fq ed F=¢ o &
3R 3@d & fF E 3R ¢ WEeR srvest s €, safay sifieia (iii) © 89 I © T




BIRET 417

P(EU¢)=P (E)+P (¢)dPE)=PE)+P () i P¢)= 0
WFﬂﬁQ%ml,mz,...,mnWWﬁES$WﬁUﬂ'ﬂr%a%
S={o, 0, ...,mn}%l
wiftrehar 1 ARyl aftaren 9 gg frend o @ fw
(i) 9% o € S& W 0 < P(0) <1
(i) P(w)+P(®)+..+P(®)=1
(i) frel oM o, & T P(A)= ZP(0), 0, € A

= S fF The S=a9 (o) 1 BT T hed © IR Hepa
=1 gfawn o T &9 P({o}) ® P(o) faed g

ITE & T Wk Toerh & IooH & TG § gH Yl gRumy H IR T o

waméﬁﬁﬁﬂwm%

1 1
i P(H) = - #AX P(T) = 5 . (D

ez e Feior ST wiisisl 1 W s & ereid yoieh we 7 d I |
T T SR T W aE ®
1 1

C: P(H) +P(T) =+ =1

THfT 39 90 | B9 e Ghd © 1R
Hﬁwﬁ?ﬁn:% SR T # Wi =§.

WWP(H)=i3ﬁ'{P(T)=%@|ﬁ%I (2
1 78 Tl el o gfasel o1 dge s 82
ﬁ,wwﬁHﬁwﬁw=iaﬁtTﬁwﬁw=gél

&1 UM 2 fom <Al wifdshar feftor (1) @R (2), H @R T =1 wifsesast & fag
a9 2

arad B A gRomEf H den T ) Wifgshast & fau 9@ 09 p a9
(1 —p) Fifid & Wehd B, S&feh 0<p <1 3R PAH) +P(T)=p+(1— p)=1
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Tz WPt i W s sfes % e 5w F § e 5
%E Wehd © o Trel Tiieror o qfomal oF Wi Wifdehal faaeor eme (A1 98 el
HAfer Sfem &8I 6 aFd) SRR © fRa ST e 2

T 39 F I7EWN T @R 1

A WS T giaeel §9ie S = {0, o, ...,mé}%l frafafas 4 9 v
oy & fAu - § g fafor 9y 82
omm o o 0 o

1 2 3 4 O)S 0)6
i1 1 1 1 1
@ 5 5 5 & 6 6
® 1 0 0 0 0 0
r 2 1 1 1 1
© 35 3 3 3 7 73
g L L1103
@ % 2 5 s & 2
() 01 02 03 04 05 06

(a) IR (i): TRIF WA p () TAEF T X TH G B 2
Ticee (ii): WieRarstl &1 4

I 1 1 1 1 1
=—F+—F+—+—+—+—=1
6 6

6 6 6 6

TEfe 78 ifehar feior 9w 2

(b) WfdE™ (i): TF @A p(@) A T 0 7 A1 2
gicee (ii): TTfeshaietl &1 A =1+0+0+0+0+0=1
zafeT g Taieor gy 2l

(c) Wi (i): & WRTHAY p (o) R p(o,) FoTEE | gElan T@ frafor 9u
&l 2

(d) wﬁp(mé)zgﬂ,s@rma%uﬁwﬁaﬁméaﬁ%

(¢) HITH IrHeRarst &1 AT =0.1+0.2+03+0.4+0.5+0.6=2.1 2 €T , 78
witreRar it au @ 2
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W AR g Tt weml o 9

A w1 Tdierr 3% st (FfeXfEd) @R wwE (FRege) # offed & o forw fmen
T T e R TE qde w1 ufaeel wefie S @1 W e & woaed &H
0,1,2 93 @0s Fa¥ e Tehdl 2l

9 ¥AM & Ha yfagef wmfe

S= {BBB, BBG, BGB, GBB, BGG, GBG, GGB, GGG} 2|

el B Uh w1 @UE wed Hl 3R G Uk o= A1 qfXfEd woAd Hl Wehe
Fl 2

qM ofifery, for aftomdt & forg frefafea wivssand feifa = 7 8

yfasst fd:  BBB BBG BGB GBB BGG GBG GGB GGG

1 1 1 1 1 1 1 1
AEE 5 0§ s 8 8 8 8 8
M ofifST o2 ‘qedd: TH Iege weam &1 ke’ SA ¥ g Al (=gAan |
Afeqe Haw &1 e’ ® B ® Yhe H T
ww=d: A= {BGG, GBG, GGB} 3R B = {BBG, BGB, GBB, BBB}

39 P(A) = XP(w,),Vo,cA

L1103
- P(BGG) + P(GBG) + P(GGB) = S+ 2+ =2
R P(B) = TP().V @ <B

= P(BBG) + P(BGB) + P(GBB) + P(BBB) = g+ +o+o=0=2

3N Uk 3 Y4107 ‘ueh fqaer &1 § 9R S=teH’ W fomn
3 Y80 1 whagsl wwfe S = {HH, HT, TH, TT} 21
T eifee T fafir= gfoml o fau fefafes wifawat feifa = w2
1 1 2 9
P(HH) = 7. P(HT) = =, P(TH) = =, P(TT) =
Tyl =g Wifdehar ety sttt sifirm o gfasel i S o 21 31y
319 ¥9 121 E 'l Sl § U o gl 9o @' w1 wifdehar i il
pr E = {HH, TT}

e gl @, € E% foq P(E) = $P(w), = P(HH) + P(TT) = %+%:§



420  TIfUTG
¥ F: ‘aea: & fom’ o fow, g9 9 & F = {HH}

3R P(F) = P(HH) = i

TH eifee for W wiemor o1 iasst wwfte
S={o,0, .., mn}%
7 & o qeft oRomg w9 wurer €, s1iq 9 W 521 o wfed e 1 Hre 9ue
2
a1 Tl @ e ST faU, P(w)=p, 5 0<p<1

Fifh Zn:P(a)i)=131T%IE ptp+t. . +tpmIAN) =1
1

a anIHTpZZ

M wifee for wiaesl @ufte S &1 ®iE Tk =2 E, 39 ¥R € T n(S) =n 3R
n(E)Zm.q&WWWﬁW%ﬁ%WﬁHW%%
E o STehel TR0l 6l §e
~ o Heferd uRomdi e

P(E)=%

3EW 319 &H
AT ‘A A1 B’, S WiFHAl 3¢ P (A U B) I 1

M @ifsY, A= {HHT, HTH, THH! 3R B = {HTH, THH, HHH}, ‘W& fHees &1 o
STl & qerur i q1 T B

TN A U B = {HHT, HTH, THH, HHH}

S| P (A U B) = P(HHT) + P(HTH) + P(THH) + P(HHH)

s |t gftomy a9 darer @ @

1 1.1 1 4 1
PAVB =288 "8 8 2

o0 | W

Y & P(A) = P(HHT) + P(HTH) + P(THH) =

3
R P(B) = P(HTH) + P(THH) + P(HHH) = ¢
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W

6

ESIKI P(A) + P(B) = §+§=§

I8 W< § % P(A U B) #P(A) + P(B)

fagetl HTH 8fR THH, A 921 B & 3933 3/@@d €1 P(A) + P(B) & e |
HTH 3R THH, (3191q AN B o 31@99) &1 Wif¥ehdl = & o) Gisfaa v w2
3d: P(A UB) &I T1@ & & fau 88 A N B % ufassl fagett =+t wifaemareti =t
P(A)+P(B)H ¥ =T B
#1eiq P(A UB)= P(A)+P(B)-XP(»,), Voo, c AnB

= P(A)+ P(B)—P(A UB)

31@: P(AUB) = P(A)+P(B)—P(AB)

Hqehd: 475 A 3R B forndl wderor &1 i a1 seAd € ad frel w2 w1 Wit
1 G % FTEN eH 9 B 2 T

P(AUB)=Xp(0;), Vo, e AUB.

Fiifh AUB=(A-B)U(ANB)U(B-A), 3HAT
P(A UB)= [ZP(0,)Vo, € (A-B)|+[ZP(0,)Vo, € ANB]+ [ P(w;)Va@ € B-A]
(TR A-B, A" B 3 B — A TG 3{esT 2 (D
e &l P(A) + P(B) =2 p(0;) Vo, € A]+[Z p(e;) Vo, €B]

= [ZP(0;)Vo, € (A-B) U(A N B)] + [ZP(0;)Vo, € (B-A) U (A N B)]

= [ZP(0,)Vo, € (A-B)|+[ZP(0,)Vo, € (A NB)|+ [ZP(0;)Vo, € (B-A)]

+ [ZP(,)Vo, € (ANB)]

= P(AUB) +[ZP(0,)Vo, e AnB]  [(1) % WA 4]

= P(AuUB)+P(AnB).
31@: P(A UB)=P(A)+P(B) —P(A nB).

TH G H1 denfoush yHTol Frefofad geR @ off e S wenar 21
AUB=AUB-A) &l A 3B - A W 3vas 2|

MM B=(ANB)U(B-A) e ANBS3RB-A TR TSl gl
WieRdl &1 AT (iii) g, 9 W g € T

P(A UB)=P(A)+P(B-A) .. (2)
A PB)=P(ANB)+P(B-A) .. (3)
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(2) 9 (3) LM RN,
P (A UB)-PB)=PA)-P (A NB)
B P(AuU B)=P(A)+P (B)—P (A NB)
IYYeR AR o1 -3IRE (3T 16.1) 1 3TEcRA hieh HI : T fhar S
kel

S
A B

aTmeRfa 16.1
IfE A R B 16T qU== e 1efiq A A WER Tqerst w8 @ (AN B)=0
I, P (A " B) =P (0) =0
3T; RO TIast geei A 8iX B, & fou, 89 W &
P(AUB)=P (A)+P (B), Sl T wifaerar =1 1t (iii) & 21

1 9 10 & 3Afha
qUTieh] STel &9 U1 o S H © Ueh U RIer oh GO&U Fi Al A= {2,4,6,8) W
TR wifew) T wiaesl s\ S={1,2,3,...,10} 2l
g |t aRomr 1,2, 3....,10 i 99 WHEA 9M o A Yodeh IROMH i WTiaehdl
1
B@"ﬁl
EIC| P(A) = P(2) + P(4) + P(6) + P(8)
1 1 1 1 4 2
101010 10 10 5
e B " AR =A"={1,3,5,7,9, 10}
3q P(A”) =P(1) + P(3) + P(5) + P(7) + P(9) + P(10)
6 3

0 5

—_

2
=1-==1-P(A
s (A)

D | W

TWYFR  P(A') =
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I A T IR f YA R A T A TWER ST9eST SR 19 e 2

aa: ANA =03IRAUA =S

&l P(A U A') = P(S)

SEl P(A) + P(A)) =1, Al (i) 3R (iii) & W= g
1 P(A’) = P(A &) = 1 — P(A)

STEY 99 I IR der 9eun oF fau s 30N g yel W faar &,
& o TR 39 7 el T Bl
AT ok 52 e k1 T oAl-Aifd 6 T T § ¥ T g e m

el U 9 &1 Wi 9| hifee Afg
(i) U €2 B (i) o geRRT TEY R
(i) oI A 7 1 2 (el St W gmn ),
(iv) Tl €2 1 & 2 (v) I el 37 T R R

S 52 O T Hell-ifa el v gt § Wk v ehren s @ o e gions )
e 52 R
(i) o oNfS sree fehten TN uw €2 T @, 1 A 9 <9 T 2l
AN A H S S e 13 2
1

T, PA) = 5 =

52 4

UIq, Tk 3¢ 1 I TehIer &1 WIiehdl =i

(i) WM ST foF s ‘ fekTen T4 Ie SoRRT 27 W1 B § <9Il 2
THferT  fehTe AT Ue TR TR @' W B/ W gwiian e

P(B’) =1 PB—l—i—l—i_E
o B =1-PB=1"5 =1 3713
(i) HM ST S ¢ R T U e W7 2 I C W SR R
THAT qg==a C § 3fedl i H&A =26

26 _1

33[% P(C=5—2—2

TH YR I T k1 U1 FHepte &t Wifdendr =%

(iv) B s9ds (i) ® A1 @ foR we e T uwn €2 w1 2 A9 Swid
TaferT w121 ‘ fepten a1 oo €2 T A ?' H A A CA-TE | swia
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EiC | P(A-T&l)=1—- P(A) = 1—%:%
(v) E ‘TehTen T IR STl 0 T e @7 I O A C-EY § switan S Henel 21
1

@9 g9 9 € R P(C-TE=1- P(C) = 1—%:5

wm,wwwwqgﬁﬁmﬁqw=%

T 9 4 9 forn € o0 9 4 o O &1, 3 A O @t SR 2 e @
! 2 feter 3R W@ A9 ° wwey € 99 ¥ o uh fer agmsan el S 2
WEfehal T shife foh Fepmelt T8 fewh (i) o 0 &1 ® (i) et 1 &1 2 (iii) el
I 2 (iv) Al T T T 2, (v) e T T R A A TR B

fetah i ool W& 9 B zEfey Hug Rl w1 $a W@ 9 gl
T AT SeAs A, B C %! 36 YR 9§ gRwifa femen @ 2
A: Treprelt ¢ fewm o @ ®1 7
B: el T fewm di 1 #T 2
C: frepret T fewm Hia 1 w1 7
(i) @A T w1 fewnl & F&A =4 Adqqn (A) = 4

Ad: P(A)Zg
(i) drt T hl fewRl & W& =2, AU 1 (B) =2

2

ESIKI P(B) =73

(iiiy e ¥ ST el & W& =3, JAA n(C) =3
301

ESIKI PO =573

(iv) eqa w2 ‘fewn Al @ w1 @ 2 'C-EY @ 2 'W W ? T
P(C-E) =1 - P(C)

BRI P(C-EY) = 1—§=§

(v) ¥ ‘@@ T & fewm @ e W w fewn @ wgea A U C | afula fean
S Rl 2
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FH, A 3 C TER 3TUEs HeA¢ 2, THiw

PAATC)= P (AU C)=P(A)+P(C)=g+§:g
3 femnfalel stfer AT enfem W wlen o wawe gyl tfier o when o Sl
B 1 WIfeRar 0.05 @ 3T i o wlen o S<ivl 8 w1 Wifdehdr 0.10 1 SH
wen § IOl B w1 WifFehdr 0.02 81 Wi T SIS TR
(a) ATt @R enfer S wden o Sl 72 € ura|
(b) 3 A W T W HH TH wlen | ol 7L g
(c) 3 § 9 haa Uk Ue H IO g

M SAIST E e Fereie @it adien Seiiol s o’ SR ¢ anfymn wden sl @
T’ HE: g9
ELIGI P(E) = 0.05, P(F) = 0.10 3f P(E N F) = 0.02.
GE
(a) T ST we st T2 €' # E A W S9iar S gehdr 21
Fiifeh  E’®e ‘E-T8I°, 3o * sifver qden 3ol 781 sRam’ qen Fue ‘-8, 31eiiq
s wdten il T eyl qwid #)
et g E'NF =(EUF) (-9uH fam gm)
S| P(E U F)=P(E)+P(F)- P(ENF)
3l P(EUTF)=0.05+0.10— 0.02=0.13
ESIGLy P(E'"F)=P(EUF) ' =1- PEUF)=1- 0.13=0.87
(b) PG H ¥ ®H ¥ HA TH A0 TE BM)

=1 - PR 3 1)
=1-0.02=0.98

(c) = ‘T B W haal Tk Sl e’ frefatEd se & aeey 2
‘arfrer SOl B IR enfym <ol Y '

o erfre ol R g etk enfern s<iof @

arefiq ENF @M E N FSRl ENF 3R E' A F R I9asl 2|

TafeT, P (JH | ¥ hael U 301 &)
=PENF A E'NF)
=PENF)+PE nF)=P(E)-PENF)+PF)-PENF)
=0.05-0.02+0.10-0.02=0.11
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W 9 7 forl & wye ¥ 9 < At wt s afufa w1 Ted s
21 Wik == © f wfsd wfifd o (a) F1E B9 9 82 (b) TF T8 & 2 (c) aFT €
Ty 7
TE H SAfRAl 1 el WA =2 +2=4.37 9 AR H | Al 4C, ek W
< ST Hehdl 2|
(a) Wiafg & g geu 7 8 &1 a1 @ o winfg o < forar €1 < foa § 9 <Al &
T o 2C, = 17 2
LG, Ix2axl 1
W P(aﬁgw:‘ﬁ)_4cz_ 4><3 _6
(b) wfafa &t T T F1 ol @ % oud we S R 2R ¥ ° s ey g
o 2C, Ter ¢ a1 9 for § 9w g & off 2C, ek ¥ I el 6w e
FH % 2C, x2C, Tk T
G xC_2x2 2
A P(TF T8 =4 — ~ 5 373

(c) = & I 2C, TR | A S Tkl B

‘c, 1

I
d: P(RI Iev) ic, *c, 6

wiieel #HE S = {0, 0, 0, 0, 0, O, 0} ROHE & 0y e 9 9
S @ wiigear frafor gy & 2:

R\ o, o, o, o, o, o, ©,

(a) 0.1 0.01 0.05 0.03 0.01 0.2 0.6
1 1 1

b 1 1 1 1 1 1 1
® 3 7 7 7 7 7 7
() 0l 02 03 04 5 06 07
@ -01 02 03 04 -02 01 03
5

ro2 3 4 5 6 DB
© %W W W @ 4 1 1
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U TRl S O I9TC ST €1 % W R Uk U UK 1 Wil 27
Tk U Ykl a1 @1 Fefafaa sere ot wifheRar [ it

() TF A9 G& YR T

(i) 3 a1 3 W TS & Yhe I

(i) 1 a0 1 ¥ BE T2 Fhe BT

(iv) o: 9 S §& Yhe BH

(v) B: 9 B G YH AT

qTe I T o 52 Ul W W U U AgesA e T R

(a) SFree! wfeE F o fig 2

(b) T =h1 ERH 1 SoRT B i WIehal 1 872

(c) WITehal T SHIfST o o= (i) SoRRT © (i) STel 407 1 2

U SR (unbiased) ToeepT fSoer b aof W | 3R SO @01 W 6 @Afha @
AT Ueh SR IT <Al hl STl Sl 81 Wifdehal 1 hifeq foh yehe Heme
1 AN (1) 321 (if) 12 21

TR R ¥ 9K IR0 9 B fedt €1 9k wfhf o A agesa ww uRug
T T T @ A U G & g WM w1 fha Heare 22

Tk IR fHeeh i =R SR I S § SR Uk Al Yol fod W Tk ®
ST € S Yedeh 92 W 1.50% BNl &1 39 Wiy o yaget g 9 9 wifse
o 319 =R Sorell ® fea fafa= ol g o "ehd €1 Wy € 3 ulveE o
U Y% i WigeRal ot A Sife?

@ faeer T 9R S W 8 Frefatea w1 wiekar 9 s

(i) o o gehe B (i) 2 =9 Wehe T

(i) = 2 fodd yepe B (iv) eIfasan 2 fod e g
(v) W off o e T e (vi) 3 92 e B

(vii) T&IA: 2 U2 Yk BT (viii) HFE ot T2 T Fhe B

(ix) AT 2 9 Yhe BT

q&WaﬁAﬁW%%aﬁm‘A-ﬁ’ﬁwﬁwaﬁﬁml

35 ' ASSASSINATION' ¥ Ueh 31eR Agesdl T1 a1 21 WifFehal J1d shifse foh
[T T 3ER (1) Tk TR (vowel) 2 (ii) Th =4S (consonant) Bl
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T

T @A H U Al 1 W 20 7% i gems ¥ 9 ©: -y e agss
T ® R AR A T B gend $4 u: genst 9 vd w2, 9= ened
afifa 4 gdfuifa = w@n 2, @ 9% =afe 7m S s 1 el & @d ¥ M
Sfa w1 WIfeRdr s R? [Sehd: WEAE o WId & 1 A Hewqul el 2]
i shifeTy fom Fret wifsshard P(A) @R P(B) et @4 (consistently) wfieia
(i) P(A)=0.5, P(B)=0.7, P(ANB)=0.6

(i) P(A)=0.5, P(B) =04, P(AUB) = 0.8

Ffafeaa Aol ¥ @l TuH vRka:

P(A) P(B) PANB)  PAUB)
: 1 1 1
M 3 5 15
Gi) 035 L 025 0.6
(iii) 0.5 035 L 0.7

P(A)=§ 3R P(B)zé,ﬁmwél Ife A 3R B e uEs weAl ©, ql
P(A 9 B), W@ ki

af€ B #IRF WQW%%P(E)zi,P(F)zéﬁ'{ P(Eﬁ'{F)=%,?ﬁ

@ ST () P(EAF) (i) P(E-TEl 3R F--&h)|

¥ E 3R F 38 YR & T P(E -8l $IRF-7l) = 0.25, Sy & E 3R F ReR
e € A1 AL ?

T2 A 3R B39 WK € T P(A) = 0.42, P(B) = 0.48 3IX P(A 3R B) =0.16.
RIRCAIELS

(i) P(A-7E) (i) P(B-T&l) (iii) P(A 31 B)

e UISET i Heql X1k 40% feraneff wfora ugd ® 31X 30% Sia fomi 9ad 2
el o 10% faaneft wforg @ik e fomm <Al ved €)1 A wen o1 we fomneff
el A1 A1 ®, °1 Wifehdl T it o = i = S famm gear g
T YAy e ol & GUeu (Tests)eh SMHR W Sviag fman Sar 1 fme
Jrgesa g T famel ) vee wheor ¥ sl g w1 yEfEar 0.8 7 oI W
wderor o Siol @ w1 Wifekar 0.7 B1 <Al H W % W H Teh wdeir Sl s
%1 WfFeRdr 0.95 21 S Therl i S0l L 1 WiikeRdr o 22
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e feremeff ok sifam qdien o ST iR fedt ST fawat i s<iof & 6t Wik
0.5 % SR S # W i off T il 7 & 1 wifgenar 0.1 21 9 U =1
TReT 0] BT T WA 0.75 BT @ &t ol oI 370l i i WIiehal
22

Tk el o6 60 To=nféal § 9 30 7 W, €. § (NCC), 32 7 T €. TE. (NSS)
3R 24 9 <A 1 g B Afk s @ wen fermnefl agEwAn T T @ A Wik
RISECAISEED

() Terenefl 3 LEE. o1 TLUETE @ T R

(i) foeneff 5 7 @ T, R A @ TR & T R

(i) foremefl & wiwawE &1 T 2 g wAEHL w1 A T R

Al o &1 A =R IR A, B, C 3D &1 AEsA HH H AR HI|
wifterar € for seH
(i) A I B Y 9 H1?
(i) A 9ET BUUEH 3R B& CH Ygdd 17
(i) Al oW Ygd 3N BT W I H I HI?
(iv) AR A A T TBA A TE TIM W AGT H1?
(v) A IE1 B @ UHIH YA HI?

diF1 g1 =R WEW A, B, C, 3R D &1 a6 o faf=1 &7 & G& 4! 31uiq 24 2|
TEAY 1 (S)=24 wEifer T 1 wiagst wHite o srael & Hem 24 21 A |l ufomm
9 H9re " U Sl 39 9he9 s ulaesl wufte
S = {ABCD, ABDC, ACBD, ACDB, ADBC, ADCB
BACD, BADC, BDAC, BDCA, BCAD, BCDA
CABD, CADB, CBDA, CBAD, CDAB, CDBA

DABC, DACB, DBCA, DBAC, DCAB, DCBA} ®
() F fST T2 ‘& AT 90 B 9 9ed i @, 6l E 9 g9 2
ELIGI E = {ABCD, CABD, DABC, ABDC, CADB, DACB
ACBD, ACDB, ADBC, CDAB, DCAB, ADCB}

a1
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(i) OH ST T S T AT AT BE Y 3 Bl A1 CH 9gd &1’ &l F
9 guiia 2

Ril F = {ABCD, DABC, ABDC, ADBC}
n(F) 4 1
P F = ==
T () n(S) 24 6

franféml =1 gomg € S @ T (i), (iv) 9 (v) B 9ifEesd @ 9a i
S 9T S 52 O i TG W 7 O k1 Uk WUE S S @ 59§
1 Wifrshel 1 shife for 0w (i) TR areeme wnfirer € (i) dead: 3 SIeE € (i) =0am
3 9E9TE 2
HHEl 1 Pl HWE "M = 2C,
(i) 4 SEeIEl WiEd Wl I WM =4C, x C, (I 3 W AT 48 w9 H W
S )
o, x®e, 1
2C, 7735

(i) 3 SIREE 3N 4 =1 T T Wl B WA =*C,x*C,

3T P (W # 4R ¥I_YE) =

‘ox®e, 9
>, 1547

THfaq P (q29d: 3 WIE9IE) =
(i) P(TaH 3 FIEIR)
= P(q%Ad: 3 WIRYME) + P(4 IRIR)

9 1 _ 4
1547 ' 7735 7735

It A, B, C fordlt argfesesr v o @a 9 e & at fag wifey
P(AUBuUC)=P(A)+P(B)+P(C)-P(AnB)-P(AnC)

~P(BNC)+P(AnBNC)

=T E=Bu Cdd
PAuUuBuUC)=P(AUE)

=P(A)+P(E)-P(ANE) (1)
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S| P(E) =P(B U C)
= P(B)+P(C)-P(BnC) - (2)
g & ANE=An(BUC) = (AnB)U(ANC)[F==[El & ¥ W FEHS &
feraeor faw 5]
T: P(AnE) =P(AnB)+P(ANC) - P[(AnB)n(ANC)]
=P(AnB)+P(AnC) - P[AnBNC] (3
(2) &R (3) ® (1) ¥ 7 FH W
P[AUBUC]= P(A)+P(B)+P(C)-P(BNC)-
PAANB)-P(ANC)-P(ANnB N C)

@ﬁﬁ?ﬁg(relayrace)ﬁﬁ?{ﬁA,B,C,DE}ﬁTEe{ T T
(a) A, B3R Ch HAY: T8, T 9 GH0 T 99 &1 41 wifashdr 272
(b) A, B3R Coh gl o T (frell ot &H) W @A &1 o1 Wifdshar 8?2
(A ofifse fom @t @ifam w9 wm w9 21)

e &9 Tgd O Il o fou sifam ol o gl gefte w fomm =t iy e

5!
et 5p3,i.e.,m:5x4x3=6omﬁg%ﬁﬂmﬁwﬁqw %%

(a) A,BIRCHHY: oM, T 9 fW W W wd &1 39 fau wh & oifm &a
2 @1 ABC

ad: P(A, B 3R CW:HW,@HWWW@%)Z%

(b) A,B 3R CUed i T W 1 38 T A, B 3R C o foaw 31 adier €1 gafay
TH T o @d 3! Ufasel fag gl

#Fd: P (A, B3R C Tedd 99 M W & ) :%:izi

s fosd W 10 @M@, 20 el 7 30 &6 it wh g fesd W 5 et =
FepTel! St 21 wifereRer R ® foR
() @ Tfeat A €2 (i) 9 ¥ FHT TH et e 2



432

T

A ok 52 To 1 T TSl TWE Wl T T ¥ 4 I el S €| 39 A
1 yifgehar € o fehrel Tq wwl o 3 €2 SR wh g Wl UNl 22

T U1 oF | FoAh] H W YAE W g ‘1 3fRd §, 91 Forehl | Ui W g
‘2" Fiferd B 3R U woish W e ‘3" @fRd €1 AR Ul Tk W) SRl S B,
a Fr=fafaa s Sife:
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P(A T B) =P (A) + P(B) - P (A 3 B)

FHqead: P (A UB)=P (A)+P (B)-P (A ~ B)
IfE A 3R B R et €, @ P (AT B)=P(A) + P(B)
fordt T A & foag
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4. (1 — ) 2=14+2x+32+4° + ...
1

[1-%}2@1%@1:@%@,@ lxl<?2



a9 437

T I FW E
(o RAGEA
(4L By
=1+£+£+...
4 32

SR 9 %, 9N 93 W, F ALHH a, a, a,, ... a PN HEAW T,

a .
A~ = ReR) S k=1,2,3,.. ., n-1. TR, AR T q, = a, 7H, @&

ay

R $HHH a, ar, ar’, . . ., ar' % TOIR 9&T 1 HHH ®Y Hel Sl 21 Iged, B
IRIHT 9O @ +ar+ar’ + ...+, a1 AN U HE o A w1 9 A, ST
Frerfatan g3 A T o 3

Sn:a(l—r”).
1-r
%Wﬁ,%ﬂwwQlﬂﬂa+ar+ar2+...+ar"’1+...ﬁq)l"T‘5lT‘HW
H1 G AT 3R E HT SIELON ok WY qHE
2 4

A et R 1, 3 5,...ﬁ§‘£§ﬂﬁﬂ?é@°f%l

&

2.
BH] a=1,r:§,€'ﬁfw%

s,,l@n{l[gﬂ 0




438 TroTd

2y :
N, SH - S n A WH Sl Sl 2| [Ej % FEER | LT Hi
2 n
[Ej 0.6667 0.1316872428 0.01734152992 0.00030072866

2

%ﬂwﬁ%ﬁ%%é@—é@nwmmw%é@—é@&

j?ﬁ&ﬁw

T S 21 TR 9o W, g9 whed € TR S p T 6 3Td Sl 2l Sl €, @jw

HH $cd B gl S 1 g I o o n—>oo,[§j — 0 gfomTeEy g9 JEd

 for oref| el o =AM S =3 Wi B € i 3 TR S a, ar, ar, ..., % ToQ,
IfE @rd I 1 HEAHE g1 1 9 %A ®, a9

S :a(l—r”) _a _ar"

n

1-r I-r 1-r

g ffa d, 0 9 n—>o FF |ri<l 3K 1‘” 50

r

a

gafere Sy > as noeo.

SdteRTeReh A 9T, @d U Soft e e 4@, S g i feen s 21 5|
THR, T W e € S=£
SRR o g



aFa g 439

i 1 1 1 1 12
i) l-Z+-5-73
2 2% 2 1_[_1} L3
2 2
frfafed TR 9@t o 31d Ual e AN, A hifd:
S5 S
4716 64"
. -5 1
&l a—TaﬁIrz—mealrkl.
S
. i_i__l
Wwwﬁw:Hl 5
4 4

T8 &9 A", Leonhard Euler 1707 — 1783 , 1748 H #1941 sheid 918" & H
& ¢ 1 TEAITe e f59 YR 1 g & 31e98q § SUAnt § SE YR ¢ o o
egeE | IuE 2

gemst &1 fefatad sHa 9 @ wl e

I+—+—+—+—+.. .. (D)

(D < T ol 1 A, wEm e g e fepa S 2
3R T H& ¢ °h HH ] had il

iR AT (1)1 Tk U8 &R & ST SEehT AN o oFTeHeh 81 freferiaa
T A okl edifeT

LR S S S
3141 50 @
1 1 1 1

3?]( ?4—?4-?4-....4- 21171 +... (3)



440 I

11 11 . 11
= - = — < —
g R T TR E MR A, <
11 11 . o1
= - = — < —
12 TR 57Ty T EH W A E, <o
11 11 . 11
- - = — < —
51 o0 T o7 g T EH W R E <
TEfe, SHgiadr g, 89 %e Hahd © T
1
n!<2,,,1,?7|3[n>2

B9 Ui @ € T (2) &1 Y@® TS, (3) 1 YIE GG UE ° % ©

< 1+l+i + L+L+L+...+ 17 + ... - 9)
o2t \22 22 2 2"

(5) 1 oF 9, S0 (1) 1 U 2, THAY e < 3 3 A & e>2 37d: 2<e<3
X F U& § SEEiRT 9t w1 Frefaied w9 § uidva forar s weRar 2



oFd GO 441

2 3 n
N x° X
e =l+—+—+—+.+—+
121 3 n!
X1 BT ATCl S0 o ®Y H, 2+ &1 o s T x2 31 T[0Tk A1q hiTelT)
TR Sl H
x x x X
e =l+—+—+—
I 2! 3

X I W 2x + 3 W@ BU, BY Wiw Bl @

sas _y, (2043) (2x+3)
1! 2!

e

+...

. (2x+3)" _ (3+20)"

=Y 9T 2
n! n!

592 YP9 g1 ST TR ©9 UK TRl ST 9ehdl ©

1 n n n— n n— n
5[3 03 (20) 4" 3 (2x) 4 (20)' |,
nC23n7222
— 2|
WWI’Q“GIT’]C Juft § 2R A R s

0 n n-2n2 o0

pI=EARC P Sl Gty S

n=2 n!

TET 12! Hd

AU o2 F IR o, 2 H U 260 7
Tameaa 243 = ¢3 . o>



442 TroTd

2 3
e’ 1422, 20 29
= 1! 2! 3!

322 3
T TER 2 F TR F 2w oum ¢ 572 3
> 1 WM, Ueh SIMMeTE T a9 qUiifehd ek A1A whifsul
X o U W, TREMRT S0 1 G W B W, e W g e

2
x xX xX "

X
= l+—+—+—+. . +—+..
o2t 3! n!

x=2,T@eftR,€'ﬁf‘5lT‘?T@'dT%,

2 2% 20 2t 2 2°
= l4+—4—+—+—+—+—+...
o2t 3t 41 5! 6!

> Ue W U& 1AM > 7.355
T, BY U I €,

2 22 22 %) 2 22 23
< | t—t—F+—+—|+—|l+—+F+5+..
I 2! 31 41) 5 6 6° 6

2
4 1 (1 41 1
Bl IS L T+ — — 2
:7+15(1+3+[3j +...}: 15 1 :7+§:7'4'

39 RN 2 1 HF 7.355 3 7.4 o &= gidl 81 TEIT, ¢ h HH, Th <3Hed
T %k quIifeRd ek 7.4 WIS €l B

T 3 Hewqul Suft ot goft € Sifes a9t o ' ¥ ?1 €9 fefafad



TFd G 443

o o1 Suf < 9 ¥ SR TR ST T IS GRI HHed:
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[ =275 W 3R geqH = 385 W & forg,

qfe =3.371-3.36=0.011,%

i1 fop wga Bidt @ @R eyl wiier fhan s 21t oR oW en eyl 1 wier 9
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0
(1),
(1)
(iit)
1

@)
(iv)

(iv), (v), (vi), (vii) 3T (viii) Tg== €|

e (e (e e e (ie
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1) {x:xeR-3<x<0} @ {x:x e R,6<x<12}
() {x:x e R,6<x<12} (v) {x R:=23<x<5}
(iii)

1 XuY={1,2,3,5} i) AuB={abceiou}
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i) {1,2,3,4,5,6,7,8,9,10} (vii) {3,4,5,6,7,8,9,10}
i) XAY={1,3} G) AnB={a} Gi) {3} (V)0 (V)0
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@M {ac} ) {f g} (i) {b,d }
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(1) {5,6,7,8,9} @) {1,3,5,7,9} @) {7,8,9}
av) {5,7,9} v) {1,2,3,4} (vi) {1,3,4,5,6,7,9}
1) {def g h} ) {a,b,c,h} ) {b,d,f, h}

() {b,c,de)
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() {x:x T foaom wepd §&O 2}

(i) {x:x U U9 Ypd GEA T }

(i) {x:x € N3RxTEA 3 & N T g}

(iv) {x:x T oF 959 &I ¢ Ax=1]

(v) {x:xe N@RxTH o qufeh € S 3 9 9odd i & a1 S 5 9 99 =7 7}
(vi) {x:xeNﬁ'{xWTﬁﬁﬂ@Tﬁ%}

(vii) {x:xe N@RxTH gl o7 wea 7@l 2}

(vii) {x:xe N3lRx=3} (ix) {x:xe N3Rx=2}
(x) {x:xe Nx<7} (xi) {x:xe Na?r{x>%}
A gt HHarg s # gg=E R

i U i) A (i) o iv) o

2 5 50 42

30 19 25,35 60

Ac B, AcC, BcC, DcA, DcB, DcC

() @A (i) A (i) A (iv) & (v) A

(vi) 4

G| TH A Whd B h, A={1,2},B={1,3},C={2,3}
325 125 () 52 (i) 30 11

x=23Ry=1 AxBY 3EFal %1 g@A9 2
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(1) TEH
P x Q= {(m, n) (m, m) (n, n), (n, m)}
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(i) oA

AXA={-1-1), 11,1, -1, D}

AXAXA={(-1,-1,-1),(-1,-1, 1), (-1, L, 1), (-1, 1, 1), (1, -1, -1), (1, -1, 1),
(1, 1,-1),(1, 1, 1)}

A={a, b}, B={x,y}

AxB={(1,3),(1,4),(2,3), (2,4}

A x B3k 24 = 16 SUHY=EA &

A={xy,z} ARB = {1,2}

A={-1,0,1},

Ax A 99 3576 (-1, -1), (-1, 1), (0, —1), (0, 0), (1, -1), (1, 0), (1, 1)@

R={(1,3),(2,6),(3,9), 4, 12)}

R =1 9id = {1, 2, 3, 4}

R T 9 = {3, 6,9, 12}

R &1 ®8 Wld={1,2, .., 14}

R={(1,6),(2,7),(3,8)}

R 1 9ld={1,2, 3}

R <hT IR = {6, 7, 8}

R={(1,4),(1,6),(2,9),(3,4),(3,6),(5,4),(5,6)}
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(i) R={(5,3), (6,4),(7,5)}. R Fid= {5, 6,7}, R 9R&L= {3, 4, 5}
@O R={(,1),(12), (1 3), (1, 4),(1,6),(24),(206), (2 2), (4,4, (6, 0),
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(i) R 9 ={1,2,3,4,6}
(i) R<T 9RER = {1,2,3, 4,6}

R 9d={0,1,2,3,4,5,} R ={(2,8), (3,27), (5, 125), (7, 343)}
R 1 9R&X= {5, 6, 7,8, 9, 10}
A9 BH Haul i 9@ =26 R Ud=2Z

R&l 9 =7

() @, 9a ={2,5,8, 11,14, 17}, 9 ={1}
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G
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—

y 412 :
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faeim: afE xS 4 ¥ 959 8, @1 x Th 99 §ed 2

TqfE el ARl firer 7€ @, sueh favasHigar et @

4% ohel 1 IS U HE qF TRE o1 Tl € a1 shel o Ug o A ol
I ferelt =Iqyfst ok forehol woh TR w1 g ed €, o o8 T THWR
=g 2|

IfE 29 el § A US U €, o Y [Eah o G 99 WA H o B
YfdeHTHS

faam

YfdeHTHS

faam

S| YR W Sfar g9 w1 & = fre faege Wt 21

TN T TF TS 5] fag fohar <1 wavar 21 U &t e <1 =
TE € T TR 2

| g Egd o FHIHWI H g = b, T ST 1 I8 Jd o1 AHIHOT & Sl
g (yorer fafu)|

| STHH®RT o FEm gl

S| FIR 11 Th 99 T& 2, qHiae /)] s 2

T UH! eFIT erdash GEA x 1 e § TR x—1 A 8l
T U faoelt 1 sifide © S @l 98T 2

T UH STdfers W x h A 8 TR T A x> 1R T x< 1
el U At HeA x 1 e T8 e R 0<x< 1.

HOF TH YR o for@n S wehar € <Ak U o7 Qo AT §, @ 1 qen
% SAfAeR SHeRT HIE 3T AT Rl el

YfdeHTHS

I Wk o qUlieh ok | AT W ok Al = etk off €, 9 quiies
AT A TE 2
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Tora

(i) UST FH 30 YRR off forar ST @1 ® : AR G A yu d A1 A wyg @2
WS g
e :
afg & gug a¢ R 7 wmar €, @ & § ¢m 2
EIRCEIREES
af% # ¥ 9 W A W €, a &7 o om A 2
(i) faery:
IfE 3M9eh! = ol €, a1 =l WA 2
EIRCEIREES
e Aqeh] AW e el €, dl aed T @
() I TR W @ AFE 2, al w76 2l
(i) i€ oot et €, @ A | sreke S g 2
Gii) A% a9 e ook 1 Tar o3d €, oY S ¥ yoeT Y Gehd &
() @9 Iefifasy Ed ® A @i ke afg geRt 79 g 21
(i) 3T A-T€ T B AR 3R shae 9k a9 w9 ek fafd 9 ¥ &
&
(i) T =gys wOE FE T AR R Shew A 97 T e g
“HR" @ g A HUA: 25 WEA 5 SN 8 1 O 2
g TG 2
“qr Y ggE THY HeF : 25 W& 5 A1 8 I N
Ig T 2l
YeEE! 14.4 1 U¥T §EAT | @T

3 8.4 233 7

6.32 16 3.23 5.1
157.92 11.28 10.34 7.35
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n+l n*-1
9,9.25 —, 16.5,74.25 19,43 .4
2 12
100,29.09 64,1.69 107,2276 27,132
93,105.52,10.27 555,435
B Y (i)B, (i)B
A R
4,8 6,8 24,12
(i) 10.1, 1.99 (i) 10.2, 1.98
AR THEA WS qel =Aad o 20,3.036

{HHH, HHT, HTH, THH, TTH, HTT, THT, TTT}

{(x,v):x,y=1,273,45,6}

a{(1,1),(1,2),(1,3), ..., (1,6),(2,1),(2,2), ..., (2,6), ..., (6, 1), (6, 2), ..., (6,6)}
(HHHH, HHHT, HHTH, HTHH, THHH, HHTT, HTHT, HTTH, THHT, THTH,
TTHH, HTTT, THTT, TTHT, TTTH, TTTT}

(H1, H2, H3, H4, H5, H6, T1, T2, T3, T4, TS, T6}

(H1, H2, H3, H4, HS, H6, T}

{XB, XB, XG, XG, YB,, YG, YG, YG}

{R1,R2,R3, R4, RS, R6, W1, W2, W3, W4, W5, W6, B1, B2, B3, B4, B5, B6}
(1) {BB, BG, GB, GG} (ii) {0, 1,2}

{RW, WR, WW}

[HH, HT, T1, T2, T3, T4, TS, T6}

{DDD, DDN, DND, NDD, DNN, NDN, NND, NNN}

(T, H1, H3, HS, H21, H22, H23, H24, H25, H26, H4 1, H42, H43, H44, H45, H46,
H61, H62, H63, H64, H6S, H66}

{(1,2),(1,3),(1,4), (2,1),(2,3),(2,4),(3,1), (3,2), (3,4), (4,1), (4,2), (4,3)}

{1HH, 1HT, 1TH, 1TT, 2H, 2T, 3HH, 3HT, 3TH, 3TT, 4H, 4T, SHH, 5HT, 5TH,
STT, 6H, 6T}
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Tora

(TR, TR, TB,, TB,, TB, H1, H2, H3, H4, H5, H6}
{67 (176)7 (276)7 (376)7 (476)7 (576)7 (17176)7 (17276)7 ) (17576)7 (27176) (27276)7 )
(27576)7 M) (57176)7 (57276)7 i }

No.

1 {1,2,3,4,5,6} (i) ¢ (i) {3,6} (av) {1,2,3} (v) {6}

(vi) {3,4,5,6},AuB={1,2,3,4,5,6}, AnB=¢, BUC={3,6}, ENF={6},
DnE = 0o,

A-C={1,245,D-E={123}, EAF =0, F' = {1,2}
A=1{(3,6),(4,5),(5,4),(6,3),(4,6),(5,5),(6,4), (5,6), (6,5),(6,6) }
B={(1,2),(2,2),(3,2),(4,2),(5,2),(6,2),(2,1),(2,3),(2,4),(2,5), (2,6)}
C={(3,6),(6,3),(5,4),(4,5),(6,6)}

A 3B, B 3R C W& (eS| &

(i) A3RB;A3RC;B3RC; C 3D (i) A JRC (iii) B D
() “AaH QI 92 g g, 3R <=gFan < foaq o g
(i) “ehIE 92 U A S, “qLAA: Th U I €T 3R A < 9 9T A
(i) “arfrman < foad W e, iR “qema: § fo o g
(iv) “TeAd: Th I W BHP S “qead: J 9 W gAr
(v) “demd: U Tom Wie e stk <qema: 3 fom wiw eiMr ik cqema: e e
ISl B

S Y97 % IR § 3 T o 8 TRl ©

A= {2, 1),(2.2),(2.3),(2,4), (2,5), (2,6), (4,1), (4,2), (4,3), (4.4), (4.5), (4,6),
(6,1),(6,2),(6,3), (6,4),(6,5), (6,6)
B = {(1, 1), (1,2), (1,3), (1,4), (1,5), (1,6), 3.1), 3,2), 3.3), (3.4), (3,5), (3,6),
(5.1),(5.2),(5,3), 5.4, (5,5), (5,6)}
C= {1, 1,(1,2),(1,3),(1,4),(2,1).(2,2),(2.3), 3,1),3,2), (4. 1)}
0 A"={(1,1),(1,2),(1,3),(1,4),(1,5),(1,6),3,1),(3,2), (3,3), (3:4), (3.5), (3,6),
(5,1),(5,2),(5,3),(5,4),(5,5),(5,6)} =B
(i) B'={(2,1),(2,2),(2,3),(2,4),(2,5),(2,6),(4,1),(4,2),(43), (4,4),(4.5), (4,0),
(6,1),(6,2),(6,3),(6,4),(6,5),(6,6)} =A
@) AUB={(1,1),(1,2),(1,3),(1,4),(1,5),(1,6), (3,1), (3,2), (3,3), (3,4), (3,5),
(3,6), (5,1), (5,2), (5,3), (5,4), (5,5), (5,6), (2,1), (2,2), (2.,3), (2,5),
(2,6), (4,1), (4,2), (4.3), (4.4), (4.5), (4,6), (6,1), (6,2), (6,3), (6,4),
(6,5),(6,6)} =S
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(v) ANB=0
(v) A-C={(24),(2,5),(2,6),(42),(4.3),(4,4),(4,5), (4,6), (6,1), (6,2),(6,3),
(6,4),(6,5), (6,6)}

(vi) BUC={(1,1),(1,2), (1,3), (1,4), (1,5), (1,6), (2,1), (2,2), (2,3), (3,1), (3,2),
(3,3), 3:4), (3,5), 3,6), (4,1), (5,1), (5,2), (5,3), (5:4), (5,5), (5,6)}
(vii) BN C={(1,1),(1,2),(1,3),(1,4),(3,1),(3,2)}
(vii) ANB NC ={(2,4),(2,5),(2,6),(4,2), (4,3), (4,4), (4,5), (4,6), (6,1), (6,2),
(6,3), (6,4), (6,5),(6,6)}
() &, (i) ¥, (i) T, (iv) A, (v) T, (vi) IHA

@7 ()& (o) TE (d) T (o) T 3

L2 1 5 1 N
() 5 (ii) 3 (iii) S (iv) 0 (v) S (a) 52 (b) 2 (c) (1) 3 (11)5
N | 3

(I)E’ (H)E 3

400® &9, 1.50® @49, 1.00% B, 3.50% B, 6.00% B

1 1 3
P (4.00 & Sfia) =1 PASOE SitaT) =7 P (1.00% &R =<

1 1
P (3.50 & BIE) 24,P(6.OO’<<\_ B11) =Tc

L3 T 1 3 1 7
(1) g, (11)5,(111)5,(1V)§, (V)g,(VI)g,(Vll)g,(Vlll)g,(lX)g

9 L6 T 1
— 1)—, (1)— —
11 ()13 ( )13 38760

(i) &Y, iR P(AB), P(A) 3R P(B), ¥ Il a1 SHek oUeR BT =118 (ii) &
(i)%, (i1) 0.5, (i) 0.15 <

(1) g (i1) % No (1)0.58, (1) 0.52, (iii) 0.74,
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Tora

0.6 0.55

19 11 .02
(1)5 (11) 30 (111) s

20 30 13 13

C C C,.°C

() o (i) 1=~ —
1 .1 .5 999
— - = a) ——
(1) > (i1) > (iii) - (a) 7000

(SSH N)

17 16
(a)g (b)g

(1)0.88 (ii)0.12 (i) 0.19 (iv)0.34

33 .3 1
)— ()= —
()83 ()8 5040

(b)

0.65

9990
G,

10000 C

2

v |

(©)

9990 C
10

10000 C
10




