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e ghlkey;
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izkDdFku

jk"Vah; f k{kk uhfr esa ;g Li"V i ls mYysf[kr gS] v
djukA f k{kk dks jk"V2h; vko ;drkvksa ds vuq:i cukukA
csgmji;ksx djukA f k{kk dk Lrj Ig/kkjuk rFkk f k{ikk esa f
nsukA bUgha vk/kkjHkwr rRoksa dks /;ku eas j[krs gq, f
gsrq ikB~;3e rS;kj djus dh dksf k k dh gS ftls gj izkar *
ns k esa viuh Hkkoh ih<+h ds fy, vkSj muds ykHk ds fy
ldrs gSa vkS]) mudks ,d gh izdkj dh f k{kk nsdj mudk vk
vius ns k] vius jkT; ds izfr ,d IdkjkRed Iksp mRiUu dj f
ldrs gSaA bUgha ckrksa dks /;ku esa j[krs gq, ,u-lh-bZ
'kklu] Ldwy f k{kk foHkkx ds fu.kZ;kuqlkj vizSy 2017 Is
X;kjgoha gsrq ykxw fd;k x;k gSA

fofo/krk esa ,drk bl ns k dh ijEijk jgh gSA bl ijEijk c
ds Lrj dks mBkus ds fy, rFkk vU; ns kkas ds IkFk fodkl d
jkT; esa veé;;ujr mPprj ek/;fed f k{kk ds xg.koUkkiw.kZ 1
lk{kjrk foHkkx] ekuo lalk/ku fodkl ea=ky; rFkk Hkkjr ljdk
dks ,d gh jk"V2h; Lrj ij ikB~;de Lohd r djus o ,u-lh-bZ-
esa ykxw djus ds fy, dgk tkrk jgk gSA mYys[kuh; gS fd :
izos k ijh{kk dk gksuk blh ckr dk ifjpk;d gSA Hkfo"; esa
lkspk tk Idrk gSA iqu p d{kk 12 oha ds ckn gksus okyh
vk;kstu lh-ch-,I-bZ- }kjk fd;k tkrk gS rFkk Ih-ch-,I-bzZ-
,u-lh-bZ-vkj-Vh- dh fdrkcksa Is gh iz u iwNs tkrs gSaA
ijh{kkvksa ds fy, i<+kbZ gsrq Hkh ,d tSlh |lkexzh dk gk:

bl u, ikB~;8e ds vkyksd esa ,u-lh-bZ-vkj-Vh-] ubz
foKku ,0a okf.kT; fo"k;d ikB~;igLrdsa] ftls NUKkhlIx<+ i
vkoj.k i’"B dh fMtkbfuax dj eqfnzr fd;k x;k gS] dks NUkh



esa Lohdkj fd;k x;k gSA d{kk X;kjgoha esa v/;;ujr Nk=k
dh ;s igLrdsa Nxkhlx<+ jkT; dh orZeku ,0a Hkkoh ih<+
,u-lh-bZ-vkj-Vh- ds funs kd rFkk izdk ku foHkkx ds izfr ¢
ds fy, ,u-lh-bZ-vkj-Vh-] ubZ fnYyh }kjk I"ftr ikB~;iqLrdks
ekxZ funsZ ku nsdjigLrd dh xq.koUkk fodkl o Iq/kkj gsr
fd;k gSA

gesa vk kk gh ugha] iw.kZ fo okl gS fd ;g igLrd] Kkt
Lrj dh o' f) esa Igk;d fl) gksxh] ;|fi lao/kZu ,0a ifj"dj.k c
ds fy, lafpr jgrh gSa] fQj Hkh izdk ku ,o0a egnz.k esa fuj
lei.kZ ds IkFk jkT; 'kSf{kd vuqgla/kku vkSj izf k{k.k ifj"k
f k{kdksa ,0a f k{ikkfonksa dh fVIlif.k;ksa rFkk cs kdher
NUKkhIx<+ jkT; dks ns k ds f k{kk txr esa mPpre yC/kiz
lgk;d fl) gkseldsMk=&Nk=kvksa dh mTToy Hkfo"; dh 'kqkF

Lkapkyd
jKT;€'kSf{kd vugla/kku vkSj izfek{k.k ifj"kn~
N,khix<+] jk;igj



UTeauEeh faeht@ |fafd

stemer. famm aii it wemewr wfafa

THAL AREAH, . .., T AMAEE HeX BR SFGAI ug sfgeifhiaad. (IUCCA),
Mo . g AfEree . qol

& AAEEHR

W.oF . JhwR, feoel favafarmes. et

HE gHdYh

jeriexery

gh
THEA. . 4.9 wELsm A, . g
3% fog. dfoew. SLita .. T emd.. 78 feoet
T, M, JieE. e, wEH LR A, 7 e
g, et deaw. e gfa fasm foees. aema faer. foeed
Ao d. v, g, A.fE T LR A, TR, Ffew |
g wuR Tz, 957,27 geenfa e, =mveRmad. 52 Ko
o TS, e, WAL A, . W R ¢ faee
SR e, werEE g, i faum, ardr faem g, aeik. wAes
e g, dev. smafafa.. 98 feeh



Vi

T -

drdi. fie. g, Sivam.. TmH L R A, 7 face

fedt wurauTeRal

AR, feR. e @ gid G999, S e s foeie . SHue-dqd. 05 1
T %, T9Id. FHER. AW e A, . arre. me 1R

TH.H.5UEl. deE. Ues i gfaw faew faaed. sema faer. oo

WA HeRE, T8 1 fever (fasm shg-3). f¥en feuew. o= aea &9,
ool TR, 7 Toal

di.oh. faarl. @erge amged (A9L) . Sed faaed 9rea
YA AR 5. oeFerT. .U SH 320 hIels]. WAl SHUS-B1eRd. 3.9,

T3 UEWH, . THELE. AR, . T2 faeett



Vi

ATHR

T & Al ey & fou smafsa swedwen § am oF 9 frafatee sifr
e feaforal % A H URvg SR = FIE 8| 09T R, WSE,, S
T faamed, aFaqE, oy wew; faaas e, dear, fagd g9 Sf #es,
SR %, TE fewetl; Wue geRar, it faun, andE e g, TR, 9
Ut.ok.faarl, gerae argE (AW.) , Ferd faerers wneA; s won, Wierant fawm,
feeett favafammem; g0 @M, dFw, TEel vFa WS Fios aemE, (39.);
YO PN SH, o (MR ; ST, S E3T TS, HIEHT, SHUE-EeRE (TW.);
i, filen ee, (A3, sHue fonan s, el SHoe-dge (W) ; S
T, W3, TS, T, Oehd, 92 fReet; duA.geeE, Te-fien frye (faem
%), foen Fewem o qewE a9, oot g, feell; Slememt, distE.,
SaTe Farea famea gy, ool ; TOs, 1S3, Tes g % areafas fawes, '
TR, faeelt; TS FAR IET, B2, oA, ufwtr T, e TR, e
SR (39.); RN, 7w, Wi, 7 e

ufg TH.HLE AR, fEd TUE & gaaeiea gg it weeen § frmfafas
aifirl =1 sgged feowforal & fom snard 2: el ea, Fev (am.) e,
Tt feeel| Tt S, faarmeer, ivm fawm, g s, Tee . 2 9. .
S (WeREHR), WEEt (v fawm) | el favafaemey, feet

Ve & werate gedi & fer ufteg wiey unww, fasammeen € umuy,
LA FT W 21 THF T E g TV FEUR UF TowIS 29T FURT,
THALARA,, SuF FR, FHR LyF gyAT, SLimEum., T s, i
T, T.EE AR, JETE 3R YT {39 o edi 24 wifde SR S w2



viii

> L, =N

TRd <kl i
EALIC )

BH, 9Nd & @M, 9Rd 6l TF [WY0f UHE-Hu=
TUTSETE! G eehdaTedeh TURTT] 59H &
foru, e 3ok uE ATEh &
ISR, 3ol 3IR Teifaes =,
fomm, sifyeafa, favarg, g4
3R ST 61 T,
HfaaT SR ST Y |HaT

I U o forg,

GEICERC R
e 1 AT 3R [Tt Wehall
3R arEear] gfvsd w3 ol siegar
=g o ferg
qgHHTY TR 3T 3H WiGL™ I9T ¥ 319 air@
26 TEEX, 1949 % I UAEgWT 3@ WiGU™ &l
3tTitepe, srffratia 2T strafia @ 2
m HeieE) stfufEm, 1976 #1 9@ 2 7 (3.1.1977 H)
o ST T 3 T T et

. TfayH (FamiEe ) afufEm, 1976 F1 902 5 (3.1.1977 9) o= #5
TRt = F T S




fawa-w=it

Tl

1.1 H9fFeh

1.2 TH=a 3R 9 e
1.3 fioa wy==a

1.4 ufifi 3t syafifird go=aa
1.5 GAME Y=

1.6 ITHg=

1.7 =6 Gg=d

1.8 s ==

1.9 39 3R@

1.10 wq=adi R Giwan

111 =TT F TH

1.12 = 9=l o WiHeH 3R HarS W G saeiE e
day Ud e

2.1 ygfHe

2.2 TH=EEl &1 HEE TH

2.3 way

2.4 e

FreproTiada wer

3.1 AR

3.2 =m

3.3 fr=vifade wem

3.4 = HIUl o A1 3R FaX w1 HehviHdE wem
35 frerofgd gHwo

©~N O PR Rk P <

10
14
14
16
16
22
25

35
35
35
39
42

56
56
56
63
71
82



4.1 94
4.2 95
4.3 96
105
5.1 105
5.2 105
5.3 106
5.4 110
55 112
5.6 116
124
6.1 124
6.2 124
6.3
126
6.4 132
6.5 137
146
7.1 146
7.2 146
7.3 150
7.4 161
173
8.1 173
8.2 173
8.3 180
190

9.1 190



9.2
9.3
9.4
9.5
9.6
9.7

10.1
10.2
10.3
104
10.5

111
112
113
11.4
115
11.6

121
12.2
12.3
12.4
12.5

13.1
13.2
13.3
13.4
135

Xi

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



141
14.2
14.3
144
145
14.6

151
15.2
15.3
154
155
15.6

16.1
16.2
16.3
16.4

All
Al.2
A.l1.3
Al4
A.1l5

A2.1
A.2.2
A.2.3

Xii

339
339
342
347
353
357

367
369
369
369
382
393

404
405
409
416

435
435
437
439
442

444
444
455



= L

'mﬁrcr (Sets)'

**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 «ftreRT (Introduction)

T g H o o eRE W WHsRd ] UREGeu)
R 81 3TSehel 39 URehedl a1 WA TE 1 W Tt
yrEEt § B 2| W 1 YA HeY Ug e &l 9Rwifia
w3 o feru fopan s 21 s

Georg Cantor

Georg Cantor

sfwai e (18451918A.D)

1.2 AueEg 3T 39eT BT (Sets and their Representations)
ek Sited o B0 SgH aXqE o TUE &1 Wl i €. o9 9 &1 eel. sfaal w
g, fomehe m anfz) nforg & o w9 fafr=r duel. 1 == o €. SN, wiehd
el 1 9uE foqed w1 Wue. 19y wemns &1 G oA faviva:. vn frefaten
e W fa=m &iw:

() 10 ¥ =7 fauq yehd @AW, @9fd 1. 3. 5. 7.9

(i) wRa =1 At

(i) SIS guiHen % WR. AL a, i, 0, U,

(v) fafa= yswr & s,



2 TIftE

(v) T 210 & F19RT TUEEE, FA, 2, 3, 5 9 7.
(vi) HHE x2-5x+6=0,% T A, 2 991 3

72l 79 9% TEd € o6 Sudea ueier Seeeo § 9 awgatt & uw gl wuw
79 a1ed o 2 for forlt g o oy o w9 = oy fafvee w0 9 o wod @ fr 9w o
U Uod WOE o € ¥dl qEl € I9evE: e ge e ®9 9 %E ged € fw e
T, 9RE 1 AfEAl o We o A€ € 3hes faude T A 39 wue o fAfveawy @ 2

T A U8 q=ad o %9 IR 3¢ § © ¢ e v afvr o ferioey @
ﬁh_C{TT!ﬂHT%;

N : UTehd WA=l &1 HH=ad

Z : qUiishl &1 9g=a9

Q : uftig Hemed *1 wg=aa

R : o&afaess Hemet &1 g9=ad

Z* [ quiiehl &1 Tg=ad

Q*: ¥H ufiH Tensi &1 aead

R*: ¥F grdfgs GEnet &1 aq=d

7 favy gu==al o fou fuifa Suded udishl 1 99 89 39 Ts § fRaE
FId &)
T ¢, it waitus forera nforas o Fofg $6 1 A9EE UF i 9 @ SR
& foru fa=-fa= & " 1 o@: 97 U guitwiiE g @l 21

1. ‘og o uilifod GUe’ &1 8H Ush G9==d %ed 8| 98 W g fefeien
fagali ox M < B

(i) Tg=aa o o oeql, s@ga qo1 weE e g €l

(i) 99=9 =1 UEg: U guimren & @S el ¥ fEfqd s €.

S A,B,C, X, Y, Z anfe
(iii) T o STl & U aiETen o B el &N yeRkid w2, S a,
b, ¢, X, y, z 34

I 8, TY=I99 A S U% e@d #, dl 8 %ed & 1% 'a =g A § &1 S
‘Fege ¥ Hem B 9 ‘W ' ) gfad & & fau g gdie < (epsilon) ! w1 T
fopan < 21 =1 wW ‘ac A fawd 21 afE b, gg=ag A® g 49 2. d 79 ‘b
¢ A formad € ot 38 “hopema AW W 2 W €L

TH YhR AU Ul & W % GHeSd VE TEY H ac V fEHd b V. 7@



YR &A1 30 o HAYRT MUHES] = 3eP 15¢ P,
(i)
(i)

(i)

(2, 4,6} BRI T e 21 et TH=ag &1 TRt &9 ¥ WeRfd 9 % #9 3R

e 4 fiu

(@ @ 42 # famfeq & 9l @i Uehd @A w1 GHwEA
(1,2,2,6,7,14, 21,42} 2

(b) TS aofaren o |t TR 1 WA= {a, e i, 0, U} B

(c) forwm wrepa et &1 wy=aa £1,3,5,.. .} ?1 3id % fag, et den 9
eIt 2. T adend ¢ f6 39 fawm geme w1 g siae B

Az FIFS for T2t w9 § Segal %) geas 0 W 399 %Y %1 9eed T gldl €1 39
YR e W= & {1, 3,7, 21, 2, 6, 14, 42} HR i yefifd w2 @ €

I8 A TE Ao, fF weEa W w9 A foved v el seem
= T SEW TE foed €, el Tow see e ¥ o= e 81 See %
ferw w8 *SCHOOL’ ® waer @1arl 1 &9==@ { S, C, H, O, L} #I

(if)

Y.z

ey fmio wu o, frdt ay=aa % 9t semdl § uw watts o g @ S
=g W 9 o Rt srega § A g 1 Saevoiy 9= La, e, i, 0, U) R
wsft areet # uw wefs e @ fi s A uSie sege St aviHen #1 U
R 2 AR 39 T ST 1 d a9 2

=9 Y=gy & V ¥ fefid &9 gy 2 foaed © .

V = {x: x Sl guiHen w1 UH W 2
ww&maﬁsﬂ%mnﬁu&mmaﬁamﬁ%ﬁmmm X

{}
V X



X
A={x:Xx 3<x<10}
X X X,3 10
A
@,(b) (o) A,B,C
AB C
A={x:X }
B={y:y }
C={z:z }
X+x-2=0
x-1) (x+2)=0, x=1-2
{1, -2}
{x:x X2 < 40}
1,2,345 6 {1,2,3,4,5, 6}

A={1,409 1625, ...}

A
A={x:x }

A={x:x=n? n e N}
123456
2'2'4'5'6'7
=1 B0 e ¢ T U 0 uqeea o Uei® aade &l A9 SHek e § | %Y 2 UE
i for 3191 U Wpd WEm ® W 1 U UNY gie U UH U fus el Sl @
AR 6 G s & 21 2 Gueey e w9 H 39 59 YR ferad ®.

{x:x:niﬂ,n,wmﬂiwﬁ AR 1§ns6}



== 5

FATETUT SAE 3 WY WU U givfd Yok THeed & 18 IR gHeey Ao w9 ¥ aftfq
g | GEt faem sife:
() {PRI,N,CA, L} (8 {X:xUTH ©+ quiies & a1 18 1 WSl 2}

(i) {0} (b) { x:xUF quier 2 3l x2— 9 = 0}
(i) {1,2,3,6,9,18 () {x:XUH WUl & X x+1=1}
(v) {3,-3} (d) {x:x ¥ PRINCIPAL &I U& 37l @}

zot dfe (d) ¥, we= PRINCIPAL H 0 378 € 31T 21 318/ Palit | w1 gAwetd & 2,
3d: (1) ®1 Wl e (d) ¥ e 21 3 U (i) =1 9e e (o) ¥ e €, s
x+1=1Faed ¢ F x=0. a8 @ &, 1,2,3,6,9 3R 18 § o T&F 18 &
ST 2. SO (iil) =1 WE fae (a) 9 B 81 39 § -9 =03l x=3,-3 3R
TafeT (jv) %1 Wel e (b) @ e 2

gyaTaer 1.1

1. frefefeaa o H 9 qgesa €2 3o 39 & slitas aqreE)
() 1% ¥ YRY eF 9 99 & g uEE %1 9
(i) 9% % W gy Al ufaarenel SvEel w1 9TE)
(i) fova & wdd= URE Tocars #1 GUE|
(iv) STUHT Fe o Wl AAHI 1 HWUR
(V) 100 ¥ %4 G Wrpd HEAA 1 GIE)
(vi) =@ YmEs g fafad U= w1 9|
(vii) @t T9 gt =1 TR
(Vi) 9 F=AE W AN Gl YAl F1 W
(ix) fova & gag afus @aes SHal 1 e
2. WA @ifaw A={1,2 3, 4,5 6}, fad T ¥ Iuge Udie e AYal ¢ 9|
() 5..A (i) 8...A (i) 0...A
(iv) 4...A v) 2..A (vi) 10...A
3. fr=fafes ga==r =+ 7= ®9 9 fafau:
() A={x:xT# qui® ¢ T -3 <x<7}
(i) B={x:xH"&N 6 § %4 UF WFd G&T g}
(i) C={x:x3a %l =1 U wepd "en T fwa S 1 qTha § 2
(V) D={x:XUh 39q G&I & S H& 60 &I 9% 2}
(v) E=TRIGONOMETRY 1% & |l A&/l 1 Gq==
(vi) F=BETTERY® & T4 1e/ &1 gu=ad



6 TIUE

4. frAfafes g & a9y fmin &9 § o9 $ife:
() (36,912} (i) {2481632% (i) {5, 25, 125, 625}
(iv) {2,4,6,..1} (v) {14,9,...100}

5. frefafed a9=a=i & |4t sEgal (9sEl) Fi geias Hifau:

() A={x:xu% fouq wrerd qem 8}
(i) B={x:xTF Ul 2. —%<x<§}
(i) C={x:xTF qurich &,x2 <4}
(iv) D={x:x LOYAL &% &1 U% 31&/ T}
(v) E={x:xad & us w@ we g, fagd 31 7 7 @ 8
(vi) F=Ix:x 3l auiuen &1 Uk =eE €, S kH UEe o7 2 |

6. a3 Tt wy ° faflgd @i < S gy=aa i w9 aftfq g=aal #1 oe
e wifse:
() {1,236} (@) {X: XUk 19T T & 3N 6 HT e 2
i) {23} (b) {x:xT= 10 ° %U UF {90 Upd T €}
(i) {MATHEICS} (C) {X:XUs Wehd W& & 3N 6 i Wk 2)
(iv) {1,3,5,7,9 d) {x:XxMATHEMATICSYI=X &1 Ush 37eR 2} |

1.3 fia 9u==a (The Empty Set)
Tead A ={ x: xfomdl e #) %en X1 W Sregua U famnedi 2}

TH IW A W S H HE X W Fegea Rt w1 fH & 39l e 9
T Hehd €1 o7: Gg=ag A o eEEdl i e Wi 2l

3| A9 fow gg=9g B W fo=m sifsu:

B={x:xaaq" § wen X du1 XL Al ¥ sreagana faenef 8}

20 °@d ® o us foenefl us w19 A swene X qun XI | S1emEe el s gl
21 o1d: TH=ag B H &1E o s/ue @ 2

aftarer 1 v g o uw o stege w5 i €, fam guse @ v aqeea
FEA 21 30 IRW % HIUR B U o wHead € 5« {6 A T R g==a 7
21 T wo==m 1 i ¢l )

0] A={x:1<x<2X }. A



@i B={x:x*-2=0 x }. B
X¥-2=0, X
(i) C={x:x } C
(iv D={x:x=4,x }. D
X2=4, X
14 (Finiteand Infinite Sets)
A={1,23 4,5}, B={a b cd e g}
Cc={ }
A 5 B C
C
S
n(S) n(S)
S
N
A,B
C n(A)=5,n(B) =5 n(C) =

n w w

(i) S, x2-16=0 S
(iii) G, G

{}
{}

= fag e €
SeTewnd, {1, 2, 3. . .} Wehd SeAet 1 g9==d €, {1, 3,5, 7, .. .} fawn wewd



g8 ™
T W e ® R {...-3,-2,-1,0,1,2 3,.. .} quiiel @1 wHeeE €1 A |l
=g uifa 2
| = oot | wsft srfifim wgee @1 avi TeeT w0 ° 7@ o S ge 81 3EeE
o ot arfas Hemel & gyead %1 9uid 30 w9 § 981 fHar o wehdl ¢ i
TH GHeEg o gFal &1 g favy Ued (ufawe) 7@l e 2
SEET0T 6 waaEt f6 frefafed guseal o @9 ofifhg € iR @ emfifi| @
() {x:xeNB3R (x-1) (x-2) =0}
() {x:xeNG3R x=4
(i) {x:xe N3R 2x-1=0}
(V) {x:xe N3 xTH 9= TeAl 8}
(v) {x:xe N3 xfowm g
zel () 9ed W9==d ={1,2}. ¥: g Ui 2

(i) wed "o ={2}. ¥q: ¥€ uRfia 2
(i) Ye9 G9=Ed = ¢. I4: g URHA 2
(v) feon gan a=aa avft st densl &1 g § 3R s 9T gers
1 e A §: 3d: oW e ST 2
(v) i favm wrehd wead ad €. 3d: eW wWead STafifid 2
1.5 ¥uE "H==d (Equal Sets)
< fou 0 wg=aAl A @R B, W, 9% A %1 USie agd B &1 i Joud 2 991 B &

U Fagd A %1 i Fewd F, 9 gHesd A R B, Y9N ®edd 21 Sedd g
=l § deAd: 99H Egd 8 2
a2 9 gH=ag A R B 99M #Ea™ ©, df€ 399 dwdd: 9uF EuE 8l
31 g fored 2 A= B, 3799 U=ad 3100 HEad & 3R eH foed & A#B.
e 7N frAfafed Saewl ® faur #1:
() WM oS fiF A={1,2 3,4} IRB={(3, 1,4, 2.4 A=B.
(i) WH iU fF A, 6 T 1 9T FE&AS a9 P30 & AYSY UGSl o
e Bl T € T wueed A 3 PUAE ¥, i dhae 2.3 X S E
G 30 % A9 TUEES € 3N 6 9 FY o €



9

| Tt | afe forelt e & v 1 U @ e sl F wREn e g, @
= SEedl el €1 IETE o for wyead A={1,2,3} 3R B={2,2,1,3, 3} WA
€, Fifer A% Ui 3ead BY ¢ 3R z0e faeim wf 9e €1 55 SRl g9 v fed
U= &1 90 i TG IHeh EFal %1 GErd T8 S e

SETETUT 7 UHM SH=IEl o 9 Bifeu. A UE 1 g 2. 3N HRU Hf aqesu:
A={0}, B ={x:x> 153 x<5},
C={x:x-5=01% D ={x:x?= 25},

E={x: x T x2—2x—15= 0 Tk ¥ Ui HA &}.

7o F8l 0 e AR 0®9==a B, C, D 3T E, & @ forelt & off =¥ 2. a1a: A= B,
A=C,A=D,A=+E.

Fifr B = ¢ fohd 3R 1 gu=aa o 72 21

dAd: B C,B=D de B # E.

C={5} Wd -5 ¢ D, gqfeU C = D

7el #aifr E={5},C=E,D =455} 3 E={5}, 3@:D = E.

T YHR GHF G99 &1 g7 sheed C Ul E 2

s 8 fFrafafad aoeaa 30 § 9§ 91 9 9 €2 o SO & lifae sy
(i) X, 9% “ALLOY” o 31&Ri &1 G9=a4 qe B, ¥k “LOYAL” & 31a/ &1
o=
() A= {n:neZdM <4} 3 B={x:xe R x2—3x + 2= 0}.

7@ () =@ X=L{A,L,L,0,Y},B={L,0,Y,A, L}.3M: X 3T BUAH U=
£ FTF e TH=a9 % Eadl H1 TREN § 9= agadl 98 ¢ o7
X={A,L,0Y}=B

(i) A={-2,-1,0,1,2}, B={1, 2} FifF 0c AR 0 ¢ B, zafcit A3k B
A T 2

1. frefafas & @ #H o figd gg==1 % IeEm 27
() 2§ s AT yeRd gEne &1 aqee|
(i) T\ AT FEme w1 g
(i) {X: XU Wiehd TN B, x <5 3 WeF & WA x> 7}
(v) {y:y =i «f < g9 @i &1 Swafs fag @)
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1.6

T

frfefias wgel & o &9 ufifiyd 3R ®iA fifig 22
() o9 & TEHl HT1 TH=A|

@i {123 ..}

(i) {1.2,3,...99, 100}

(iv) 100 ¥ 5 ¥ YUl 1 TH=A|

(V) 99 ¥ BT A9 YUliehl 1 TH==A

frAferiaa Tl § ¥ yeis o foru saen 5 s H 9fifid € @it s i €7
(i) X-3187 o GHIR @It +1 T

(ii) TSI SofaTen o eRl w1 Tl

(i) = HEmsd w1 gg=aa S 5 % U 2

(iv) 9t W @A 9l I %1 WA

(v) T fag (00) @ 8 R IH It g6l 1 G|

frfafied § aqemse fos A=B 2 1w 76 2:

() A={ab,cd} B={dcba}

(i) A={4,812 16} B={8,4,16,18}

(i) A={24,6,8 10} B={ x:X%H ¥4 9uffer € 3R x< 10}

(iv) A={x:xH&N 10 &1 Uk 0 &}, B={ 10, 15, 20, 25, 30, ...}

= frefafaa ww=ag o gue 82 %I |fEq sqE

(i) A={23}, B = {x:xUHHI x2+ 5x+ 6= 0FH TF B &}

(i) A={x:x¥= ‘FOLLOW’ %1 U& 3R 2}
B={y:y¥e ‘WOLF’ & Us% er &)

99 feu Bu gu==al § 9 99H 99=adl &1 999 i

A={24,812}, B={1,2,34}, C={4,81214, D={3,1,4 2},
E={-1 1}, F={0,a}, G={1,-1}, H={0,1}
SUAH=Ed (Subsets)

9 feu wg=aal W faanr Hifvu:
X = aruer foemer o wet faenfal =1 ag==a
Y = skt e & weft fawnfei w5 e
70 2wd € fF Y &1 udi® sraga, X &1 ot Uk s9ud 2. eH Fed ¢ % Y, X #

T ITH=IE © X &1 Ueh SU9H=ag & Udishl § X < Y c,
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AcB aceA, aeB. =
A cB, acA=>acB
“A,B
a, A a B A B
AzB
A B,
A B B A
B A BcA. A B
Ac B Bc Ao A=B, o (two way
implications) “iff’
Ac A ¢
¢
0] Q, R
QcR
(i) A, B,
B,A B
c A.
(iii) A={1,3,5 3 B={x:x
} AcB BcA, A=B
(iv) A={aei, o0 U} B={abrcd. AB
B A
A B AcB AxB, A,B
B,A
A={1,2,3},B={12 3 4}
A Tehel HH%ed Hed €1 31:

{a}wmwéi
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AT 9 Hid foe el W faEr sifa:
0,A={1,3}, B={1,59, C={135709}.
Y AH=Ed I o o9 Hel Udleh < aT ¢ Wil
@0 ¢...B () A...B (i) A...C (v) B...C

#zel () ¢ c B, s ¢ IdH Gg=Ig H1 SUGH=IT a2
(i) AgB#ITH 3cA3R 3¢ B
(i) AcC®iifs 1,23 AT 1,3 C
(v) B c C#ifs B %1 4% /@99 C § +f 2

FETETr 10 A it A={a ei o u},B={a h c d}. ¥ A, BFH TF ITEI==I
22 &l (F)| F A, B H 30 o= 27 TEl (F?)

FETETOT 11 WE eifeg A, B CAM wysma Fl Ak Ac B BcC, @ 1 I8
e 2 fF AcC? aft & qi us seEw €

el WA et fF A= {1}, B ={{1}, 2} 3R C={{1}, 2, 3} TI=GH el
AcBHifF A={1)d BcC T 2| Wg Az CHifH 1< A3 1¢C.

e wifst ff frdl Tr=ag =1 U 9ud SU 9=Id %1 3UGH=g 8] 8 "l Bl

1.6.1 FrEAfas® =Tl & q==d & IO
S foF e1=3 1.6 9 oI a1 ¢ T gueed R & 9gd ¥ Heeqol SuuH=ea €1 s
Y oFw % AW BY AH 2 W B

uhd Wl & g=ad N ={1,2,3,4,5,...}

TuTiehl ST TSI z={..,-3,-2,-1,0,1,2,3,.. .}

ufg g &1 guedd Q:{x:x=g,p,qe Zad q=0}. it =4
THR Ted 2
“Qmﬂﬂﬁﬁwaﬁxmwwméﬁﬁxwg,%w%‘.aﬁpaﬁ!

qUUIieh & 3R q 9= 7l €1’ Q o Iragai o 5 (5w —? g ot wefefa fran s Tk

%),?,3% (ﬁﬁﬁ%ﬁﬂﬂﬁﬁfﬁﬁmwmé)aﬂt—l—; anfe wftafera 2
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arafier gema =1 ayey, o T, 9 frefia & 8. 9 o/ arafas gens (qiey
e & Bewt) § et o9ar 2

#q: T={x: xe R3Mx ¢ Q} =R-Q 1ufq ae [+t arcdfas Hed s ufia
TR T % weeh § 2,5 3R afy wfwfem 2

T G=El % U HO WE GaY 39 YHH 8

NcZcQQcRTcR,NgT.

1.6.2 FaTeT R & 3SU@H==g & ®YT ¥ (Lnterval as subsets of R) AH #ifem fa&
a be RN a< b ad arafas ==l &1 GH=1 { y: a< y < b} T& faga 3@
Feelldl 2 3R diw (a, b) g Frefu gt 21 a3 bek ot from g4t fag 59 sfawe
T B € WY 2 3R b T Haud § @l e 2

g2 e foew o fag ff B9 €. ¥ad (99) aud Fedn @ IR wdiE
[a bl gm fefug g 21 a/@: [a bl=ix:a<x<h

W faue off & W e oy fag woeg o g w g T @

[ab)={x:a<x<b},a¥ b, a% Tk @el e &. faad asfafae 2 fFq b
uafed 2

(abl={x:a<x< b}a¥ b, % % el @ ¢. fad bufinferd & o
a 3Tqafsd 2l

T Tohdl gNI arAfas HEmst & Y=g o SUSH=IAl o 3eoid %Y hi UH
Serfeuen fafy fuerd 21 saewo & fag, aft A=(-3,5) 3R B=[-7,9], @ AcB.
T [ 0, 00) U ARl e oh GHeed i GUidl €, S (- oo, 0) 0
mﬁmmaﬁ%waﬁmé‘l (—m,m), -0 ¥ o g% foed @ 9
Gefea arfas e & ey %1 yefifa w5t 2)

arEfask W@ W R & SYH=IA o ®9 § dfoid I SAquenl sl ATkt 1.1
T Tyt T

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

O O @ @ & O O .

a b a b a b a b
3Mmerta 1.1

T2l &H IF 4 ¢ T uw e W srded onfm wnn # amw fag e 2
SareTone, W=y W= [x: X e R:-5<x< 7} & a0a (-5, 7] ®U § form w4
€ q1 A [-3,5) 1 Heed i ®9 ° {x: -3< x< 5} gNI for@ W F1 W
(b — a) &I 3FaUe (a b), [a, b], [a b) 9 (a, b] ¥ & et =1 ot &ard wed 2
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1.7 =ra 99==d (Power Set)

aqeag {1, 2} W faar &ifSu gqeea {1, 2} & 99 Iuaqe=al & faf@u) 9
T ® T ¢ Bl Tl w1 SUEgEed w4l €1 SHieu ¢, gyead {1, 2} #1 Uw
SUEY=ag 21 89 owd € fe {1} @ {2} off wg=ag {1, 2}ok Suug==aa 2 ed
72 ot 914 2 T el Uead WY %1 IugHeey el ¢ gHien £ 1, 2} oft wea
[1,2) &1 U Y= 2| 37d: UH=aa { 1,2) & ®o el &1 97 STau=ad ¢
s ¢, 4L 13,4 2Y 3 { 1,2}, 39 G4l SUqH=EE o uead %l g9y { 1,2}
=1 HTd AHwad Hed 8
afterer 5 HEea A% ITEHeAl & GUE H1 A 1 MW WHwed Fed €1 39 P(A)
4 frefug &34 2) P(A) 1 Y% @99 U GH=9 2idl 2|
3rd: 39 faawor . afs A={ 1,2}, @

P(A)={¢{1},{2},{12}}
g of e #ifeu & n[P(A)] =4=22

A n(A) =m,

n[ P(A)] =2
18 (Universal Set)
U
A, B,C,
z Q
R
1. c <

i) {2,34}...{1,23,45} @ {abc}...{brcd}
@) {x:x Xl oo {X:x

}



(iv)

v)

(vi)

(vii)

0]
(ii)
(ii)
(iv)
V)
(vi)

(0
(iv)
(vii)
(ix)

(0)

P(A)

Q)
(ii)

(0)

(0)

{x:x b {x:x
}
{x:x }ooo{xix
}
{x:x b {xix
}

{x:x boo o {xix }
{ab}z{bca}

{ae}c{x:x }
{1,23}c{135}
{a} < {abc}
{a} e{abc}

{ x:x } o {x:x
}
A={12{34},5}
{3,4cA (i) {3,4 €A (i) {{3,4}cA
leA v) 1cAV){1, 25 cA
{1,2,5} €A (viii) {1,2,3}c A
peA x) o< A xi) {¢}<=A
{a} (i) {a, b} (i) {123 (iv) ¢
A=¢?
{x:xeR,-4<x<6} (i) {x:xeR,-12<x<-10}
{x:xeR,0<x<T7} (iv) {x:xeR,3<x<4}

(- 3, 0) @) [6,12] i) (6,12] (V) [-23,5)

(i)

15
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0. L A=[1,3,5},B={2,4,6} ..C=10,2,4,6, 8} W&a & T = wg=a
A, B3R Co fau frefafad § @ =1 @1 (¥) Hefyes gu==a feu o1 ged 272
() {0,1,2, 34,56} i) ¢
(i) {0,1,23456,7,8910} (v) {123456,7,8

1.9 a9 a1m@ (Venn Diagrams)
=l o die afashie Wat w1 amEl gR e fF ST e @ 5 aw ema
Fed €1 99 3 &1 A S qeheref John Venn (1834 Fo— 1883 ) o W WL ¥l
T 21 T Nl W Sad 3R @8 o drad: 99 8 o Rl Wreifye 99ead & U
U A g 3N 39k SUHY=Al 1 U 99 g Wil #id 2

forddt 9 amiva § YAl o Sfeadl &1 3ok 99 gy=ad | forar S ® S
repfd 1.2 3R 1.3 9

3MeRfa 1.2 3MeRfa 1.3

FwTa 1 ARl 1.2, U ={1,2,3, ..., 10} T Wi T9eed € 3 A ={2,4,6,8,10}
IUH T ITGH=T €,
a2 SR 1.3, U =41,2,3, .., 10} UF Tdfe u=ad 2. foeh A ={2,4,6,8,10}
3R B = {4, 6) ITH=IT T 3R B CA.

U3 o @l 1 faedd YA ST Sa g0 S % WiiHe. garTs S 3w
W foEr w3
1.10 (Operations on Sets)
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1.10.1 (Union of sets) A B

A B A B
‘U’
AUB A
B’
12 A={2,4,6,8} B={6,810 12} AuUB
AuB ={246,8,10, 12}
AuB
13 A={aeiou} B={ai,u}.
AuUB=A.
AuB={aeiou}=A.
A B
A BcA, AuUB=A.
14 X={ } X1

e o ey ae e e e e Y 2L e} e XU
ferenfefal &1, i faemera =1 weare W 1 €. U gu=Ea 21 X UY S SIS 3 59
=9 &1 AR Hifau|
TR X UY=L, Tian, semer, 2fae, swie). g wen XU ek 37 famntde
=g ®, S W d faaed & emhl AW ¥ ¢ A1 A AW o © o e Wi 5 2
3q: B9 3 G=E % GMETeH HI GRET 59 YRR FT G o
Tt 6 € g=l A 3R B %1 Gier SH=Ig, 9% G © faed 9 9l sEge
SHAMAATESHB YT (I Hwal &1 Wi
FT BU S SF H ©) | YT &9 § 8H foed ©
ff AUB ={x:xcAax B} 2

T A=Al o QHEH & AR 1.4 ¥ T
T 99 @ 9 wefvia fEa s gk 2

aepfd 1.4 H SMEfekd 9 AU B Hl Yafeid _
Y@ B ameRfa 1.4
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T st GiehaT o o TUTYH:
() AuUB =BUA (%H fafma fram)
i) (AUB)UC=AU(BUO)

(wre=d fram)
(i) AUP=A (Feamsh f7am. ¢ Wiswan U 1 deds 999 ©)
(ivy, AUA =A (atem fem)
(v UUA =U (U =1 fom)

1.10.2 @ge=ra) &1 @afas (Intersection of sets) W= A 3R B &1 W3 34
Tl arEgal w1 wyEEd 7, W A S B <Al § S9AfTS 21 Ui ‘s WE Wi
& frefud & & fau fear s 21 9g=99 A 30 B &1 wats 34 9t segdi &1
=g &, W AR B §F1 # | ydlhreAs &9 § &9 fomd € fw

AnB={x: xeA?fiT.xeB}

TETETOT 15 IIE 12 F HH=EE A 3R B W foER #ifsu A A B 9@ #ifs

7o BH 3@ € 1% %had 6 AR § 71 U4 7999 © o A 3K B 21 § 3vwafts ¥ o:
AnB={68}

FETETT 16 3T 14 o gH=ET X Y W fa=r FifSul X A Y 76 sifau)

Ze1 B @A ¢ ohodl ‘i’ € Uw A UW oegd €. S aH 0 3Wafs ®1 e
X NY ={fai}

SEETUT 17 WA efifeg R A=1£1,2,234,56,7,8,9 10 3R B={ 23,5 7}
A N B d ®ifsT iR 39 yhR fe@ree 5 A A B =B.

FAEHEd € fF ANB={2357}=BEH M3 fF BCcAsIRANB=B

aftarer 7 w=a9 A 3R B &1 wafs 39 9 sgedl 1 wHead . S A 3R B <Al
H Byt w9 4. g fowd €
Ar\B:{x:XEAaﬁIXEB} U
e 1.5 # BrIifRa 9. A 3R B & wafre
=1 wefsla &ea 2 A
afg A 3R B UY & ayeea B ff AN B = ¢,
dl A 3R B $0Y3 TUTHY FEAd &1 SAE s
fau wH ofifse & A={2 4,6 8} T STt L5




B={1357}.d A3k B ardas gq=a 2.
it AR B o %I o g Iwafs T& 2
3G FH=IA 1 99 SR@ &N feiya fHar <
Tehdl €. S Aehfd 1.6 H Wi 2

Iy @ § A 3R B EgH 90w B

Tt ufeng & &9 o

i) AnB =BnA

i (AnB)nC=An(BNC)

@ 6nA=0,UnA
(iv) AnA=A

=A

(v) Am(B\uC) =(AnNB)U(ANC)

77 ~ fafia st & O W

== 19

010

JMMRTA 1.6

(w4 fafmg fam)
(TrE=d frem)

(¢ 3R U & Tm)|
(etew fram)
(faraor =1 5 fam)

A= W 99 el [SeRfa 1.7 (1)-(v)] &7 TH A1 i e | 2d Hahd 2

U

&y

7

(i)

(ANB)

U

)

©

(i)

ANn(BuC)

(iv)

(ANC)

(V) (AnB)u (ANC)

Figs. 1.7 (i) to(v)
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1102 @g==ral @7 277 (Difference of sets) Tqeadl A 3T B 1 et 34 35994
F ggea 2 W AW € fog B W 7E €. 5 5 A SR Bl sl ww A foran s
yeftarens &9 § 38 A-B foad ® 3R “ A 3@ B” Yed 2

SEETUT 18 WA Wifteu fF A={1,23,456},B={24,68} A-B 3R
B - A &ifsT |

7o T MW FW ¥, A-B={1,35) ®ifF aua 1,3 5ug=aa AW @
fohd B =& € @en B-A= {8}, #ife so@d 8. B # € foha A & =&l 21

79 %@ € 5 A-B=B-A

SETEToT 10 9H efifew 5 V={aeiou}d B={aiku}.d V-BaR
B -V @ hifsal

7o W, V-B={e 0}, Fi® 3579 e, 0 GH=H

vH g fig BA 78 @ 991 B-V = {k}, Fif® i
999 kT=ad BY € Wa V § 7 2l
g0 AlZ w4 E fF V-B=B-V U= ‘.’
ffor Tekad &1 WA %d U ¥H WeEdl o S
A-B

F1 g F 99 39 YR fom g @
A—B:{x:XEAaﬁI.xg B}

: 18
3 ag=Et A 3R B
A B U B-A
A-BAnB B-A '9
A-B
(ANB)
1.9
1.
i) X={13 5}, Y ={1,2,3}

(i) A=[aei,ou}, B={a b, c}
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@iy A={x:x }
B={x:x }

(iv) A={x:x 1<x<6}
B={x:x 6<x<10}

v) A={1,23},B=¢
A={ab},B={ab,c}. AcB?AuUB
A B AcB, AuUB ?
A={1,234,B={3,4,56},C={56,7,8} D={7809,10},

(i) AuB @M AucC @)y BucC (v) BuD
(v AuBuUC (vij AuBuUD (vil BuCuD

A={3,57,911},B={7,9,11,13},C={11,13,15} D={15,17};

i) AnB (i) BnC @[y AnCnD
(iv, AnC (v BnD V) An(BuUCQC
(i) AnD (viii) AN (Bu D) ixX) (AnB)n(BuUC)
x) (AuD)n(BuUC)

A={x:x }, B={x:x }
C={x:x } D={x:x },
i) AnB @i AnC @iy AnD
(iv) BnC (v) BnD vi) CnD
() {1,234 {x:x 4<x<6}

(i) {a ei,ou} {cdef}
@) {x:x } {x:x }

A={3,6,9,12, 15,18, 21}, B ={ 4, 8, 12, 16,20},
C={24,6,8,10,12 14,16},D={5,10, 15,20}
() A-B (i) A-C (i) A-D (iv) B-A
V) C-A (Vi) D-A i) B-C (i) B-D
(ix) C-B x) D-B (x) C-D (i) D-C
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10. X={ab,cd} Y={fDbd g},

(i) X-=-Y @M Y-X @iy XnmyY
11. R Q R-Q ?
12.
(i) {23,4,5} { 3,6}
(i) {aei,ou} {abcd}
@iy {2,6,10,14} {3,7,11,15}
(iv) {2,610} {3,711}
111 (Complement of a Set)
U AU
A={x:xe U
X } 2eU 2¢A,
3eU 3¢A, 7eU 7¢A
U A
{2,3,7},U A A’

L A=[23TV HUSR BN @A E A’ ={x:xe UM xe A} 2 359
frefafag ot o e 2

aframr 8 UH e fe Ut gt age=a 2 &30 A, U &1 U% Iuagead 2, d
A 1 93 Gg=99 Ush 39 3(EFal 1 UqeEd 2, 5 A o 999 T €1 Wik
®9H gH U WUe A % [ i Tdie A’ O fefud s €1 2h: A ={X:x e
UsiR x¢ A} B0 form 9%d 81 A=U-A

v e foh A Wk A= i, fashoyud:. e g9=ag U 9o 99=99 A
% 3 o B9 | @l S Hehal €l

saTEToT 20 WH ofifse f U ={1,2,3,4,5,6,7,8,9,10} 3R A={1,3,5,7,9 ¢
A' Fd HifSu)

T AlE %I T hael 2.4.6.8. 10 B Ush U4 agd B Wl A H T@l 2
aa: A'={ 2,4,6,810}.

FETET0T 21 WA oy, fob U ush Te foien faene & wen X1 ok O faenfyai =
e g § AR A, Fel X| F1 94 aSfFal & guead § a@f A’ i i)
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= FF A, Fe X| 1 9 iRl &1 gu=ad B, 37d: A/ TIRaAl HEl oF 949 aSh]
F1 99=99 2|

?qﬁA e gHeeg U 1 U IugHeSd ®, A 39 W A’ A
U =1 % Sug@e=d el gl

Uq: IUHe 3EEI0T 20 H.
A'={2468, 10}

3d: (A" ={XZX€U3$R'X¢A'}
={1,3,57.9 =A
Weh W= i URAT ¥ o ® T Wt weeem U o TRl swemeee A
& fau (A =A

319 frefafaa 3= 4§ 29 (A UB) @1 A B’ & & |

sETETr 22 WA efifse fF U={1,2 34,5 6}, A={2 3} 3R B={3 4,5
A" B, A’ NB',AU B[ it 2R i fag #ifse f (AUB) =A'N B

wol Tqadl A'={1,4,5,6},B'={ 1,26} 3F: A’ B ={1,6}

T: AUB ={ 23 4,5} 2 safaw (AUB) ={ 1,6}

(AUB)Y ={1,6}= A" "B

TH YN BH 2@d € o (AUB) =A' N B'. 7 g fean o1 gehar € o6 3w
SRt =9 Y Y T Bl © afE A 3R B wiesiiR g9==d U S I a SuuTsad
. (AUB)Y =A’'NB'. 38 %R (AN B) = A’ U B’ 37 aRoml = v § 39
YR FH W ¢

2] TEEEl oF WG 1 U 9% Wk YAl &1 Qe gl © adl <l

Tl o WSS 1 Tk Sk U THwadl
=1 "ftger g 21" 9! De Morgan H A
e #=d 2

I8 AW TS De Morgan & M W @l T 2
ot Tqeag A T A’ i 9 3@ &R fAefid
foran < gepan © S fo emeefa 1.10 o wefyfa 2
BAIfRT W TH=IT A & T A’ 1 g 2 eI 1,10
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ekl o RS TUTeH
19 (YA UA =U ((i)ANA =¢
2.DeMorgan =T 99 : (i) AUB) =A'"B' (i) (ANB=A"UB
3.9 frm ;o (A) =A
4.¢' FRUSF fram « ¢ = U 3R U =g
= fomi 1 gerTs a9 @l 2 R S g 2

1. wH effee fF U={1,2,3,4,5,6,7.8,9}.A ={1,2,3,4},B={2, 4,6,8} R
C={34,56} q fr=fafaa 5@ Hifa:
(A" (ii)B" (i) (AUC) (iv)(AUB) (V) (A) (vi)(B-C)

2. IfU={ab,cde°fg h}. @ F=fatas so==ai & W+ 7@ *Hifu:
() A={ab,c} (i) B={d e f g}
(i) C={a,c e qg} (v, D={f g, h a}

3. Uehd G oF THEEY &l Wi GH=ad Ad eu. fefafed aa=aal & 7w
ferfa:
(i) {x:xT% UIpd 99 TE&A &) (i) {x:xT% wrFd favm e 8
(i) {x: XT3 & TH o7 PO B} (V) { X XTH AT GE&Al B
(V) {x:x 3 3R 5 ¥ faufaq g arelt o gen

(vi) {x:xT% qoi o G @) (vii) {x:xT% o 51 T €
(viii) {x:x+5=8} (iX) {x:2x+5=9}
xX) {x:x>7} (xi) {x:XEN3ﬁ12x+1>1O}

4. afeU=1{1,2,3,4,5,6,7,8,9},A={2 4,68 3R B={ 2 3,5 7}.d gt

s

aifsu fa:

() (AUB)Y=A"NB (i (ANB)y=A"UB
5. frefafad & 9@ geish & fou swde a7 sma Eifeu:
@0 (AuB)y (i) A'nB (i) (AN BY (iv) A"UB

6. WM ity T faredt wwaer o feua @eft frqei o1 a=aa gt aye=g U 2
I ASH welt s 1 gueeg & 59 %0 9 w9 uh i 600 W e B Al
A’ 7?
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() AUA =. .. i) ¢ NA=...

(i) ANA =... (v) UnA=...
1l
° of fear smam)
() WM effsu fr A @ik B ufifim wo=aa € afe
ANB=¢,d
n(AuB)=n(A)+n(B) .. (1 a1

AuB%WWHﬁAﬁ%WBﬁ%W@ﬁ
q & €, #ifE A~ B =¢. 25 qRum (1) aekTel 9w gl 2l
(i) = w9 ¥ 4% A R B uRfid wH==a €. din(AUB)=n(A)+n(B)
-n(AnB) - (2
e HIfU, fF w9==a A-B, A N B @1 B - A 3HFH & 3R g1 whimed A UB
¢ (3mepfa 1.11)1 safer
n(AuB) =n(A-B)+n(A nB)+n(B-A)
=n(A-B)+ n(A nB)+n(B-A)+n(A nB)-n(A nB)
=n(A)+n(B)=n(A ~B), s uftoms (2) %1 FeAqd HLaT 2l
(i) w: A A, B iR Cufifim ww==a 2. Al
n(AuBuUC)=n(A)+n(B)+n(C)-n(A nB)-n(B nC)

-n(AnC)+n(AnB nC) .. (3)

ared | &9 <Ed € 6
n(AuBUC)=n(A)+n(BuC)-n[A n(BuUC)] [(2)sm]
=n(A)+n(B)+n(C)-n(B nC)-n[An(BULC)] [ (2)=ra]

FifF A N(BUC)=(A "nB)U(A nC), & 9« e € T
n[A Nn(BuUC)]=n(A nB)+n(A NnC)-n[(A NnB) n(A nCO)]
=n(AnB)+n(AnC)-n(AnBnCQC)
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gFa: n(AuBuC)=nA)+n(B)+n(C)-n(A nB)-n(B nC
-n(A nC)+n(A nB nC)
79 Yok UiomH (3) A Bam

SETETur 22 AR X SR Y S UH wHed € fF X U Y H 50 #eEd §. X H
28 FEEE T AR YH 32 997 &. @ X A Y ¥ forad oawa &7

wel fem & f6 n(X U Y) =50, n(X) =28

U
n(Y)=32,n(xNY)=?
T n(XuY)= n(X)+n(Y)=n(XNY)F ”
YA BRI B9 @ § R

NXNnY)=n(X)+n((Y)-n(XuwY)
=28+32-50=10
foreReua: #F ifst fF n(X N Y) =k 112
n(X-Y) = 28—k,n(Y-X)=32-k (3efd 1.12 & 99 @ &N)
g i@ 2 f6 50 =n(XuY)=n(X=-Y)+n(X N Y)+n(Y-X)
=(28-K +k+ (32-K)

(XAY)

IFd: k =10.
SETETUT 24 TS faEnerd 20 SeAms & i v A sifae! e #1 3 9§ 12 e
TRl 3 4 difdest 3R Tford 4 i T 21 fha steEae difden] Yerd &7

71} difee f& M P

n(MuUP)=20,n(M)=12 n(MNnP)=4
n(P)
n(MuP)=n(M)+n(P)-n (MnP),
20=12+n(P)-4
n(P)=12

25



27

XnY

nNX)=24,n(Y)=16,n(XuY)=35n(XNY)="?
nXuY)=nX)+n(Y)-n (XNY),
3B= 24+16-n(XNY)
nX NnY)=5

U L ..A
. - BH® &1 W U aret faenfeiat & au=eal 1 fefig &
21 39 &R n (U) =400, n (A) = 100, n (B) = 150 3t n (A N B) = 75.
@ n (A'AB) =n(AuUB)
=n(U)-n(AuB)
=nU)-n(A)-n(B)+n(AnB)
=400-100-150 + 75 =225
a1d: 225 faaneff 7 @ Y= &1 @i 7 dR w1 W 9 D
TETET0r 27 200 Al e = I g difeq ¥, 7 120 =afd wER C, 50 At
WA C,, 3R 30 =AfF WEA C, 3R C, T & ¥ yufad au €. @ W w1
Y& 1 SifeU S gHIEd BV @
() @A C, foha wrEA C, 4 .
(i) @A C, féa wWeA C § .
(i) WA C, #toEn W C,¥ yefad v £
= A St R U, = T § difed safea % g e w e s w

A, @A C, H ywifad =afel & aWead &I 9o B, WA C, ¥ WHifaq At o
= frefim #@ 2
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T8l W n (U)=200,n(A)=120,n(B)=50aa n(A~B)=30

() f&u gu o9 @ (3rerfd 1.13) & &9 <@ € f&%
A=(A-B)U(AnB).

3dd: n(A) = n(A-B)Y+n(AnB)

U
(FifH A-B) 3T A N B 37T )
I n(A-B)=n(A)-n(AnB)= Q

120-30 =90
1d: e C, fohg W@ C, ¥ & gwifaq =fama (ANB)
I H=A 90 2 3TMeRta 1.13
(i) @mwfa 1.13 9B = (B-A) U (AN B).
THfeT n(B) = n(B-A)+n(An B) (if A—Baur A- B siwae £1)
SRE] n(B-A) =n(B)-n(AnB
=50-30= 20

aa: WA C, fa Wrea C ¥ 78t waifaq sl &1 w@n 20 2
(i) TWAE C, el WEA C, ¥ ywifad safedl %1 wen sufd
n(AuB)=n(A)+n(B)-n(AnB)
= 120 + 50 — 30 = 140.

-
goAdel 1.6

1. gfe X @it Y& U8 guewd 2 f% n (X )=17, n(Y ) = 23 @0
n(XuY)=38d n(XANY) Fd hifag)

2. Ffe X R Y A iR Eg=a & o X OY H18. X W8 3R Y H 15 3599 &
A XY H frgd saga g’

3. 400 =afeeEi o wge |, 250 f&d 99 200 AUSH S Thd €1 e = &
qe S Gl 9 Wehd 27

4, At SER T AW ag==g e fr SH 21. T 9 32 3R SAT # 11 21974 &l
@ SUT ¥ frad sqaga &m?

5. AR X SR Y € R wH=EE E X W40, X UY " 60 X AY F 10 @7
g, d Y ° frad srerma Bfi?

6. 70 afeadl o GYE W, 37 HIH1, 52 9 THE I € AW Wedeh oAfad a4 H A
%0 W HH TH U9 GHS HLA 8. ° fhad sl HIwl 3R A S Hl gHE
F 77
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7. 65 sAfFEl o wuE o, 40 =Afe fmene, 3R 10 =afw freke qen 2fm Sl #i
g F 7, A fha safe A 29 &I THE 1 © T fehepe &l el TR

8. U ®UA W, 50 AfF %=, 20 safad w9 @R 10 wafd @ @R %= EE
21 grmet w1 siel Gehd &1 o saferd 39 <A 81 el § ° %6 9 9 U A
aid Gk 27

fafasr 3emETm

zaTETor 28 femEu f& wsg “ CATARACT ” & 9vf fa=mg o 31l &1 99=99 q20l
v “ TRACT” & auifa=ard o &l o 99=99 99 2l

Zol | difse fF X “CATARACT” & #1eri &1 "9==g €. i
X={CATARACT}={CA TR}

M St fF Y “ TRACT” & e &1 ¥9==d ©. di
Y={T,RA,C}

FATF X %1 Y 998 Y H ¢ a1 Y &1 aF @gd X § 2. o/ X =Y

SaTETr 29 g9=ad {-1,0,1} % 9 SUHE=Al ®1 9 BT

o 7 A={-1,0,1} 2| =T A H1 98 STHT= ToEd g o srawa @ 8 e
e § Bl A o U 399 arel sueend {-1}, {0}, {1}81 Adh T Heud ar
Tg=g {-1,0},{-1,1} {0, 1} €1 A & i 3/a9d oell SUeH==d A T €| T8 YR
A& Tl 3T o, {-1} {0} {1} {10} {1 1} {O,1} 7= {-1,0,1} 2l

FaTETor 30 fag iU fF AU B= A~B& arcsd & fF A=B

7o afe &g TEgg acA, @ acAuB. =& AUB=A N B, zafau
acANB. 3d:acB. THYFHN Ac B. 36 UHR I he B, d he AUB. &Hif®
AUB=ANBza@T,be ANB. 3 YR beA. 3d: Bc A 3qud A =B.

FEET0T 31 GH=Al A, B & fau fag wifse fo
P(ANB)=P(A)nP( B).

Zo1 H &t fF X e P(ANB). @ X = ANB. g8t X e P(A) @4 X e P(B), Toraeht

aqd g3l fF X e[P(A)nP(B)].- === = P(ANB)c[P(A)P(B)]
Ye[P(A)NnP(B)] YeP(A) YeP(B) YcA YcB.
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Yc A NB, Y eP(A NB), [P(A)NP(B)]
cP(ANnB), P(AnB)=P(A)nP(B).

A B

A T B

n(U)=12000,n(S)=720,n( T)=450
N(SUT) =n(S)+n(T)-n(SNT)
=720+450-n(SNT)=1170-n(SNT)

n(SuT) n(SNT) SuTcU,
n(SuT) <n(U)=1000 n(SuT)
1000 n(SNT) 170
A
B A B
u A
M B S

n(U) =500,n(M)=400,n(S) =200 n(SnM)=50.
n(SuM)=n(S)+n(M)-n(SnM) =200 + 400 - 50 =550
SuMcU n(SuM)<n(U).

F B C
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el n(F)=38,n(B)=15n(C)=20, n(FUBUC)=58 n(FRBNC)=3
nFuBuC)=n(F)+n(B)+n(C)-nFNnB)-n(FNC)-n(BNnC)
+ n(FNBn C),
n(FAhB)+n(FNnC)+n(BnC)=18

b

R ¢ 3 AN i FE €. fSe! sherel areeheare

qaen fopehe o foru gees fiell d 39 @l w1 we @ 1.14

fomel 1 @ @ell & folu gew fiFell 39 ¥R d=n(F~ BN C) =3 3R
atd+b+d+c+d=18

3d: a+b+c=9, Sifh 39 @M w1 gen €. okl G @el § ¥ < @el & fou
v el

ICICER LPEIC]

i S S
HEE 1 4V

1. fr=fafed aye=al § 9 ®F feas Sugg==a 2, gue fofg Sifsu:
A={X:XeR T X2-8x+12= 0 Ta< & ol g ordias
@t x}, B={2,4,6}, C=£{24,6,8,...},D={6}.

0. T Hifu foF Fratafe § 9 voE woA 9 7 9 96d ¢ 9 99§ a1 39
fag #ifsu ofz oo 2. us ser i)

() 3% xe AdaT AeB,d xe B
(i) 3R A cBAaamBeC,d AecC
(i) I AcBaamBcC,d AcC
(v) aft AgBaam Bz C,d@ Az C
(v) af€ xe Adam Az B,d xe B
(vi) 9T AcBAI x¢ B,dl x¢ A
3. WH ofifst A, B, 3R C AUB=AUC ANB=ANC
B=C.

() AcB i A-B=¢ (i) AUB=B (v) AnB=A
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AcB, C-BcC-A.

P(A)=P(B), A=B

A B
P(A)UP(B)=P(AUB)?

A B .
A=(An B) U(A-B)3RAU(B-A)= (AUB)

i) AU(AnNnB)=A M An(AuB)=A.
AnB=AnC B=C
A B X
ANX=BnNnX=¢ AuX=BuUX, A=B.
( A=An(AuUX),B=Bn(BuUX) )
A,B C AnB,BNnC ANnC
ANnB nC=¢.
H, T,
I H I H T
T
()
(i)
A, 26 B, 29 C
A B, 12 C A, 14 B
C



U = e sl st wen ffved 2id @ ufifid a9=aa weed @
=19 fifid UHeag Hea 2

< UgeIa A 3R B WA wedd ¢ afs 390 dead: HE Fagd 2l

U G A fRdl Tg=a B 1 SUUH=Eg FEed €, 9% A %1 Iois 3
B w1 9 s1@9d €l el = R o Iug=ad gd £

fortl wyeeg A1 9Id U= A % G IUUHeEl %1 WIE gl 2

< W= A S B &1 WiHe 39 9t eadl 1 gueed e € S A1 dl A
d e o1 B ¥ &)

< T A 3 B 1 T3 39 9t srg@dl &1 ggesg gl € S A 3 B
<Al ST ) 9 wueEa A 3 B @ 3. 5 A o1 B EE wH | @l
39 Wt srEwEl &1 wERd ®, Wt AW § fohd B | 7

ol <1 Tg=sg Adan B fom, (AUB) =A’ "B’ @21 (AN B) =A’ UB’
afg A 3R B U9 ufifa wg==4 & fF A~ B = ¢, dl.
n(AUB)=n(A)+n(B) 3R

e A NB = ¢,

n(AuB)=n(A)+n(B)-n(AnB)

UlaeTias TSS9y

SF Tford Georg Cantor (1845 % - 1918 % ) &t smyfter wq==a fagia &
SATRTY AR T SITETET WA S 2| Oy fagid W 39k v uH 1874 % |
1897 % & & o fohdl 99 ¥ YW1 § 0| 391 9q==a fagia #1 377m
3 THA T @ 9 a, SNX+a,SiN2x+a,Sin3x + ... % &9 &I Faprorfida o
FT T FL ® 9

1874 % § 1 Uk Y 99 A I wehivE fRar for anafas wemst =t

quiferl o W1e Uh-UH Hadl § T8 @ o GHdl 2) 1879% o saud ¥ a7
==l o faf= 7Tt w1 S el Sk 3 YN U YehIied B

33
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T

Cantor & ¥ &1 U 319 fa@@ nforgs Richard Dedekind (18313--
1016%) 9 WIHAE =N 9@ wewr fEan @fE Kronecker (1810-1893 ) A
3aRfa Tl i, SH YHR 9 o4 & fou 59 ywR uikfae gg=a91 %1 o=
Sl 3, ST ekl il Ush gEL SHA AR Gottlob Frege = IeTed! 1 THIf
W T fagid 1 ae e o fadl & w9 ¥ uegd fean 39 v 9% |yvi
e fagia A gy=adl o 9= & ARG &l Heud W TUf| 91 I8
foma et @ififaer Bertand Russell (1872 §-1970 %) & fa=i4 1002 % #
Tael o Telt g=eal o Uged & Al i wead U fauifad & 5
&t 21 39 YHR Russell #1 fawma fatieifaa fireft) Paul R Halmos ¥ 38 an
H 319 g&ae ‘Naive Set Theory’ # foran 2 5 ‘o =21 o wal =5 waifza 21

Tl faiifaaal & ufvmresy a==a fagi| &1 9ga AR
1908 - H Ernst Zermelo g1 er1f¥ra fan a1 1922 %= # Abraham Fraenkel
3 U @U yEE ot femn 1925 0 # John Von Neumann 3 frafidieton w1
AR ¥ &Y ¥ T a1 39k a1 1937 % § Paul Bernays™  H=arvsie:
srfEifaentor wega fam 37 srfampeial ° §er. Kurt Godel &1 1940 3 ¥ 319
AAITE § W& fean M0 39 gUR %1 Von Neumann-Bernays (VNB) 21ef]
Godel-Bernays (GB) &1 W= fgid #ed 21

T Ot HfaEal o drag, Cantor & =94 fagid &l adAH & o
o § wE fE S 81 ada W SASihe T o AU Heheudrd qen
aftomi 1 T aifae |9 g S 2

7
— 0 —






(Relations and Functions)

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

2.1 stfiart (Introduction)

it o SAfershTer o e srerte it afve o
sfi (Te=E A FHTEA # 9| wE B 9 H 21 e
e Sftam o, g9 dei %1 fafie w6 9 eEw e *
R H S €, S e 3R e, firen $iR O, e ein
ferenefl senfzy wforg o of &0 =gd 9 Waw fied € S
‘Senm e n 9 B e |, m,

A, B
GW.Leibnitz
(1646-1716 A.D.)
2.2 (Cartesian Product of Sets)
A, B,
A={ } B={b,c s}, s
b, c S c

(.0 9. .9( .b( ,g T Tew
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Principle of Mathematical

Induction
(a)
(b)
N
R N
S (Inductive set) 181 S
Xx+131S X 01, N, R
R N
1,2,3,.n,
n=3 1+2+3 n=4 1+2+3+4
n(not)

1+2+3+.1n=
2
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@) n=1,
(ii) n=Kk
n
(i)
n=4 P(4)
(i)
proposition
n=k

Induction hypothesis

1+3+5+7+..
n

P(n)

PK)
P()

1=2=1
4=2=1+3
9=3=1+3+5

P(1)
n=k+1,
Pk+1)

nox4

n=Kk
n=k+1
conditional
n=k+1
Induction step
assumption

16=4=1+3+5+7,

+ @€ 1) =r?,
n



Ph):1+3+5+7+ ..+ {R€1) =n
Pn n
P

1=7 P
Induction step
k, Pk+1)
P &)
PK:1+3+5+7+ ...+ REL =k
P k+1)
Pk+1):1+3+5+7+..+KEL +{2k+1) €1}
=ke+ (2k+ 1) [(1)
=(k+ 1y
P k+1)
n P(n)

n o3

12+ 22+ 32+ 42+.+ n2 :%(Zna-}.

P[)

n(not)(2n ay
6

1164)2 & @) 1528
n=1 P1): 1= . = =
k PK)
k(kd1)(2k ay
6

Pn): PP+ 22+ 3+ F+e+ 17 =

0%

12+ 22+ 32+42+.+ k2 —
Pk+1)
(12 +22 +3F +4 4+ +k? )+ K+ 1)2

_ k(kon(@k B, 40

: (@

97

PK

. (1)

. )

(1)
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_k(kd%)(2k dy @k 1fe
6

_ (k3Y(2K* FK &
6

_ (kod)(k a+ pe(k 1) 63
- 6

, Pk+1) PK

n 2">n.

Pn): 2°>n
n=1,2'>1. P(1)
k PK)
PK) : 2« >k
Pk+1) PK)

2. 2> 2k
2k*1>X=k+k>k+1
, Pk+1) PK
n P(n)

PO)

. ()
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1.1 .1
S B St FE— Q)

PK+ 1) PK)
(S | 1
1273 %4 %5 « ohk a
8d . 1 .1 1 80 .1
- xA—0+— 8+ .O0+—&+— u—é#—'
- . k kor) & spk @

K 1
=kot " (k axk B [(1) ]

_ k(kaR) a+  (K°8ek ay  otd)  &Ko0) Ok ad)
kot (k &  (kod)(k @ kotok @0 KoR0) Ok ad)1
PK+ 1) PK)
n a3l P(n)
n mEI 4
P()
Phy: €3
P(1): 2€3=4 4 P(M),n=1
k PK)
,PK) : 7€ 34
7E€F=4d,  daIN.
PK+ 1) PKk)

76Dg FK+D = TR+ D £ 7.3 4 7.3€ Fk+D
= 7(F€3) + (7T€3)3
= 7(4d) + (7 €3)3
= 7(4d) + 4.3 = 4(T + 3
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P{)

x> € 1.

P{)

7k+1) € Fk+1)

PK)

Pn)
Pn): (1 +X)"03% +nx), x>€1
n=1, Pq) (1+x) 63q1l +X)

PK: (1+x<dd +k9,x>€1
Pk+1) x> €1

(L+x)<*1=(1+x*(1+x

x> €1, (1+x) > 0.

(1 +X)403(1 +kx),

(1+xX) k1831 +k(1 +x)

(1 +x)f 183 (1 +x+ kx+ k).

X0 & kx2 & &@.

(1 +x+ kx+ k) 33(1 +x+ k¥,

(T +x)+T 31 +x+ kY
(1 +xkt 83 [1+ (1 +kX

noIN 27"+ 3.9€5,24

Ph)
Pnh):2.7m"+3.8€5,24

P{)
27+35€5=24 24
PK)

x> €1

(2 +x)" 831 +nx),

PK)

, Pk+1)
n

. (1)

- (2)

.. (3)



2.7+ 3.5€5=24, q dla
Pk+1) PK)

271 +3851€5=2% . "+35.5€5
=7[27F+3.5€5€35+5]+35.5€5
=7[24q€ 3.5+ 5]+ 15.5€5
=7x24€21.3+35+15.5€5
=7x24H€6.5+ 30
=7Tx29€6 (B€5)
=7 x24€6 (9) [(5€5),
=7%x24€ 250
=24 (™4 €p)
=24 xr,r =79 €p,

Pk+1) PK)
nadlN P(n)

n’ .
PP+ 2+ ... +1r? >§,n6IN

P(n)
n® -
CPM) 122+ 2+ 412 >§, ndlN

3
n=1 P(n) P(1) : 12 6>1E

PK
k3
PR 12+ 2+ . +K2 >?

Pk+1) PK)
2+2+3F+ ... +k+ (k+ 1P

= 0F 62> o+ 136) 6&6+ﬁ364l§ &% B [
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. ()

paIN

. @)

. ()
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1
=§[k3+3k2+6k+3]

1 1
—:—3[(k+1)3+3k+2]>§ (k+ 1y

Pk+ 1) PK) ndiN
Pn)

(abr = ab

P[)
P(n) : (ab» = ab".
n=1 P(n) (ab)t=albt.
PK)
(ab)k = ab* - (1)
Pk+1) PK)

(@b)r* = (ab) (ab)
(@ b") (ab) (1) ]

(@ . at) (b* . bY)

Pk+1) PK)

n ol

(3" 54)
=
5a6ndt) °

B+2B2+F+e+ ng:gSZ— E

1 1 1 g
10+—— 8+——— . 0+—6+—— — &=
(o) (@ & H+ @ 208 .om)0 1

1+3+3+ .. +3¢1=
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n(ndt)(n & (n

1.2.3 +2.3.4 +e+ n(n+l) (n+2) = 2

(2n81)3%* 53
4

ag(ndd) (n
1.2+ 2.3+ 3.4 +e+n (n+1) = 8( ;( 2]

1.3+23+3.3+ +n.3=

n(4n’86n a)

1.3 + 3.5 + 5.7 +o+ (2n€1) (1) = 2

12+22+32+ .+n.2"=(n€l) 21+ 2

Eé& 6}+ ..6+—16+1 —g'z
2 4 8 2" 2"

Ziai é}; LO+—a+ 1 r}\—

CTRC NI VI VU Y n5+3)
123 234 345 nro+1{ 02) 4 @ !

a(r" 64)
rod

B2 EE o P
PR

n(2nd4) (2n o1

a+ar+ar+e+ art =

12+ F +5 + o+ (2 n€lYP =

3
Lsel sl st M=
14 47 710 B6- 2B 5H) @ o
1ol st sr_aet 9=

35 57 790 C (@o+1)(m 68) 3@ &
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1
1+2+3+-+n<§(2n+1)2

nin+1)(n+5)
10€t+1
XTEYT, (x+y)
P2 EMEDY,
41" € 14
@n+7)<n+ 3y

o®
o®
P(n)
k PK)
Phythagoreans
Blaise Pascal
John Wallis
De Morgan

G. Peano

P k+1)

De Morgan



sreama JS)

qftmer =T oY feardar aieRto

(Complex Numbersand Quadratic Equations)

«*Mathematics is the Queen of Sciences and Arithmetic is the Queen of

Mathematics. - GAUSS <

5.1 wfier (Introduction)

foeett wanell § 209 UF 2R A = H1 UF =EE qHiEon
1 AN UF W FI AT SHE #1 eneEE e 2
T 2@ ¢ o GHie x2+ 1= 0 &1 $1E aafa® e Tl
T FF 2+1-0" 7 22— 199 o1 € 3R U
At @ F1 a1 U el © sufey aratas 9
TUTER W FER JUlTell oF B H 9gH #1 savasal ¢ famn
foF &0 TR0 2= — 1 1 &6 W T Ueh | Sd o, g
o7 GHIHW a2 + by + ¢~ 0 F B U HET 2, Tl
D=h - 4ac< 0%, Sife arafas gensi &1 gonet o A
H“ﬁqﬁ%' W.R.Hamilton
(1805-1865A.D.)

5.2 wftmsr =@ (Complex Numbers)

T Howd H ] Gohad | ¥ Frefud #1 9@ w02 = -19 B 81 sH aeed
t i, gfieto 2+ 1=0 & &% =4 2
a+ib % WY &1 Uk G Wl a RN b ardfas ged €. U 9finy e

uftafia et €1 ST & ferm. 2+i03, (- 1) + i3, 4“(;—3 oftyy e )
fing & z=a+ih & U, a aafas 9T FEA € qe1 Rez gR1 fefd
foran S 2 3R b St O HEeldl ¢ a9l lmz gr fefua ffar Sar 81 3em

% fau, aft z=2+i5, 9@ Rez=2 3R Imz=53 wfms Head z =a+iba z,=
c+id ¥9H BFf Ak a=c3Rb=d.
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sarETor 7 ofigy e z=1+i+3 & yd w9 ° fyefig Hifw)

1 HMl 1=rcos6, /3 =rsin®
THI TF HT T Foh SR SIS W EH UE ©

rz(cosze+sin26) =4

X PO
ofd r=+/4 =2 (¥faeef &7 . r >0)
; a AN
ggfeTa cosezi,sinezﬁ XE— >X
2 2
" T v
WW%:\TTI%GZE Y
3TTeRtd 5.7
zgfen equferd v &9 Z=2(Cosg+isin%j
gfinyg Sen e & oeRfa 5.7 § <9 T 2
-16 s
AT 8 WY G = &I ya ®9 § ®U@ARA wifs|
1+i/3
Y
: . -16 ~16  1-i/3 P(—4, 4{3)
=l & &5 ufimyg 9= NG _1+iJ§X1—iJ§ .
X 0 X
~16(1-i3) -16(1-iv3)
) 1—(i\/§~)2 1+3 v
3TTehfd 5.8

= -4(1-1V3)=-4+i4J3 (arfa 58)
RG] -4=rc0s0, 4,3 =rsno
<Al T o e SR Sed W EH I Bl @ 16+ 48= r°(cos’0 +sin’d)
o =9 e rn ®.r2=64, @fd r=8

1 J3 no2n
TgfEu =—— g = 0=nm-—=—
) cos 0 > sno 2 3 3



116 TIfUE

TOfeTu. Tavgs ey &Y = S(COSZ—JH Sinz—;)

[ woarerett 5.2 |
U | § 2 °% 9y gemsli o Ude %1 "9 SR Hivie 7 RIS
1. z=-1-1i13 2. z=-.[3 +i

994 3 9§ 8 d% Gy Teas § Y kil Yeg ®Y H ®Udd iU
3. 1-i 4. =1+ 5 =1-i

6. -3 7. 3 +i 8. i

5.6 fe=meta wteRtoT (Quadratic Equations)

T vee & feurdta i o an § SHeN ® AR g A% ardias e o
w=Ta ¥ 34 frafml o ea fre @ sl fafaeme > 0 21 o w9 Frefafaa fierda
il o aR § foEr #

a+ bx+ c= 0 f5Ed a, b, c adfds TIF € 3R az0

e efifSu fb b2 - 4ac< 0

20 9 € T 70 ufinyg gemel o ggeey § Hmuners ardfas geas o anige
fepe Thd €1 sufere swie Fftetor & Bl wfing geme & guead ¥ § Sifw

2 2
X:—bi\/b —4ac :—bJ_r\/4ac—b i it e ¥

2a 2a

TET W, H{H AN A A o foru, 3o B, for foredt meftemon o forem
e B2 39 g o, Frafafad wig ) sea@ (famn sqafa) o foean o 2 fm
‘efeforg & Hel wHE' % w9 § S S @

“U agUe UHHIU F1 FH U %Y U gl B 2
TH Y % HOREEY g6 rEfaiad AEwegul aRem W eed B
“h HG R UF GgIE THIEW § n 7 B Sl
FETETUT O X2+ 2=0 W &A iU
7ol - B8 R g @ +2=0
Bl xX==2

Fqgfd x= +/-2 = £/2i




gy gend &R fearda g
ZETET0T 10 X2+ X + 1= 0 &l B Hifsa|

5l 98l bP-dac=12-4x1x1=1-4=-3

Zofe. TU% Bl x = _1iJ__3=_1i\/§i 2
2x1 2

Jalwiur 11 \/§X2+X+\/§=O HB:FWEF'TI%IHI
Zol T8l GHIRT 1 fafaest 12 _4x5x+/5 =1- 20=—-19 %]
~1+4-19 -1+.19i

TgfeTT 2 = 2l
2.5 2.5
goATEet 5.3
fr=fefea el § 9 yds *i g Sifau;
1. X¥+3=0 2. 2%+x+1=0 3. X¥¥+3x+9=0
4. =X+x-2=0 5 X+3x+5=0 6. X¥=-x+2=0

7. J2x%+x++/2=0 8. J3x¥—/2x+3J3=0

9. X+ Xt = 0 10. X* 4+ +1=0

V2 J2

[aiay 3STETT

(3-21)(2+3i) .
IETELOT 12 1+ 2i) (2-1) 1 G Fd it

o (B-2)(2+3)  6+0i-4i+6 _12+45 4-3
@+2)(2-1) — 2-i+4i+2 = 4+3 4-3

BTl

_ 48-36i+20i+15 63-16i _ 63 16

16+9 25 25 25

(3-2i)(2+31) 63 16,
L+2))(2—-i) ™ 5t s B
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0 15 i) I
- 1+ 1+ 1+i 1-1+20 . .
T s X = =i=0+i
1-i 1-i 1+i 1+1
O=rcos0O, 1=rsno
=1 r=1
cos0=0, sno=1
, gl
2
L 1 n
1-i 2
= s s
M 5 arna- 1+1 2 2
1o oso - L orano
()
1 1 1
r—\/é,cosa—z, sno = \/E
—T
zgfeu 9 ==
4
1+i J2 4
a+ib
x+iy="7"p , 2+y=1
~ (a+ib)(a+ib)  a®-b®+2abi a2_b2+ Zabi
X*W=(@-ib)(a+ib) = a?+b? at+b?  alib?
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~ a’-b* 2ab .
X= Y= 2 aZap?

. . (aZ _ b2)2 4a2b2
X+ Y= (x+iy) (x—1y) = (a2+b?)? + (@ +0%)?

(a®+b?)?
T (@®+b%)? ~
0
3+2isind
1-2isin@
3+2isin®  (3+2isind) (1+2isind)
1-2isin® ~ (1- 2isinB) (1+ 2isin6)
3+6i sind +2i sind —4sin%0
- 1+4sin%0
_3-4dn’9 8 sind
T 1+4sin?0  1+4sin?0
8sinb o in16=0
1+4sn%9 Sno=
0 = nr,neZ
-1
Z=
m .. T
COS—+139Nn—
. i—1
T U R, z= 7
—+—1
2 2

_2-) 1-V3 2(i+v3-1443) g 31

T 1443 1-43 1+3 2 2
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\/—3—_1=rcose, \/—+1=rsine
2 2 2
(V31 (JB+1 _2((@) +1) -
2 2 )~ 2 = =2
-2
cosez\/_s—_l, sinez\/_?’—+1
2.2 2.2
gafera e=E+E:5—H
4 6 12
( 51 . . SHJ
2| cos—+isn—
12 12
3
i18+(1'j25
i
z, g
Re (z, z) = Rez, Rez, — Imz, Imz;
( 1 2 j(3—4iJ
1-4i 1+i 5+i
. a-ib 5 o a’+Db?
Y=\ eoid R R
. 1+_7'2 o 1+3
(i) (2-1) W 15
3x2—4x+§:0 x2—2x+§=0
3 2




8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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27x% —10x+1=0 9. 21x* - 28x+10=0
| |atz+l
Rz, =2-i,z,=1+1i, S T HE AE HIfT)
N2 2 12
g€ a+ib= (Xﬁ')  Tag wifae 6. a2+ b2 = (Ot )2
2x°+1 (2x2+1)
A z,=2-1,2,=-2+i, f1= &1 7 frefer
. 22, ) 1}
i) Rel —= i) Im| —
o e
1+ 2i ) .
iy He 3 1 AT 3TN hIvH HAd HIFSU|
A& (x—iy) (3+5i), -6 — 24 =1 Gt & qi Referss Gt x R y 7 wifew)
IS R
1—j 14j o1 TR S !

(x+iy)° = u+ iv, 7 zemE £ §+§=4(x2—y2)

B-a
Az o 3R B fr wimy Hed & 567 |B|=1, 7 [1-ap

&1 U S i

HHiHTO |1 [ = 2* o W= WUl Hell 1 YA S it
g (a+ib) (c+id) (e+if) (g+ih)=A +iB%
i wifen faF (a2 + b?) (P + ) (&2 + 12) (R + ?) = A2 + B2

1+i

uﬁ(:) =1 d m®1 =Iq9 Yuliss A 4 FHITSU|
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) ;;“ Tl

a+ib % UEY ®1 Us @1, FE1 a 3R b awafas @e €, Us aftuy d@en
Feadl 2. a iHY e & ardfas 90 SR b THE wiedie 9nl
FHEdrd ¢l

T z,=a+ib 3R z,=c+id. 7@

() z+z=(@+0+i(b+d

(i) z 2z, =(ac—bd)+i (ad + hc)

fFet v 9wy @ z=a+ib(a=0, b= 0) & foau. s wfimy e

a . -b 1
az+bz+'az+bz,w~s1i‘wcqa‘m%.sﬁ Emﬁmﬁﬁﬁzﬁmw%

a®> . -b
aﬁtzmmmﬁﬁﬁumm%ﬁ@ﬁ(aﬂb)(a2+b2+'a2+b2]
=1+i0=19rd g1 2
foret quier k oF fam, i%=1,i%*1=i j%+2=—1 i%*3=_j
aftgs T=n z=a+ib ®1 T 7 gR = fFa s & 8 Z =a-ib
ZRI <9I ST 2

aftag & 2= x+iy FT Y 91 (cosO +isin6), T. 5T r= X2+ y?

. X .
(z?ﬂ"-IT‘?W)aﬂ'{cose=?,sin6=7y(6,.zma-ﬁﬂ1ﬁﬂﬁﬁm%|)eaﬂ

uH, f5e@ & - n< 0 <, 2% W@ UM Hea €|
U n THaTel 9gU% THS0 % n T &9 2
U fEETdE W ax? + bx + ¢ =0, 8l a, b, c € R,a#0, b2 - 4ac <0,

& & x= _CTv4aCD V:::_bziéimmeﬁ‘%}'l

= r ol
e MR o S =
Uidelidan Yo H[AH

AT 3§90 9% 1 UEEHl o foF U 301 9 o Syl & arkafas e
ugfa # =1¢ aifiqe 721 2 uiq sWer1 94 Awdr a" Mahavica (850 )
I A1 ¢ o=l Teduam 39 SfeAE &1 Wwd: ea@ fEan “I=iA e



gy gend &R fearda g

fa “rfera @ wwe’ ° s@wEn fF s (ufn) ww gofed (ufin) w9 2, e
THe el T et €)' U g WAty Tfras Bhaskara F 1150 g ® STt
pfa ‘sremfora’ § off faen 2, “smu o @1 ¢ arfua 76 gl @ e
72 U a1 7ef 21" Cardan (1545 %) 7 X+y=10, Xy =40 &I & & o
IO IS W F femn s x=5+ /215 @y =5- /215 IHH &|
& ®q H 7id fran fod 3=iA e smmre fea f 3 et =19 (useless) 2
Albert Girard (@R 1625 %) ¥ =0 Genai & aige 1 Wien fFar 3 s
. 309 &9 SgUE Gl i fSiaHT =1d e, 3a4 0l U - | Te e
Euler ¥ T&99q /7 1 i Hohad Y& fahal @& W.R. Hamilton (@ 1830
%) A w5 TR g ST i qurRieE Cwetn wen’ & W
red gC Afimy Hea a+ib & arxfas gensi & wHa 9 (a, b) F w9 §
v TR

_Q‘Q —
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(Linear Inequalities)

«*Mathematics is the art of saying many things in many
different ways. — MAXWELL %

6.1 wfireRt (Introduction)
e wanall § 29 Us =€ 3N 31 =9 AR o THieIvl au SNfed UeAl F qHiel
¥ ufiafda ik e %o Hiw gok €)1 1 Ul uilges o Wed: 98 Uvd 32 €
“a1 wifeEek U9l & Hed Uk WHIHIU o ®Y H Ufafdd i Hua 87" IERvE:
aMuep! e o Wl foEnfiml &t 3= 106 9. ¥ wm 2, ausl war § fuckan
60 WS a1 i a1 < T wehdl €1 98] e uH s fue ® foE < () %)
> (W Ff®), ‘< (§ FH A arer) > (¥ 31w a1 auer) fag yged 8id 21 3% e
arafireTd (Lnequalities) Fed 2

T A 4, B9 TS A1 a1 =9 U &1 aw smihswe #1 eAEd Sl
srafheRtell @1 21eA fae . fora . Wiferent . SeansRt TEes (optimisation problems),

6.2 (Inequalities)

(i) 200 1
30 X 3HeF BRI @ MU =9

& Uohdl 1 G & e HIdl B, d 3Tk BN @ HI T YU 30 x TG B

Fiifer 3q =E@ & Yoea] o & @lET ¢ safen 98 200 T 1 T el &
TE T 9 (FF?) | 34

30x < 200 . (1)
oed: U () Wi T2 2. wifE s wEar (equality) @1 fae (=) T 2R
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(i) Y % U 120 ¥ ¥ foem a9 &9 ot 9 U9 wie wed 8 T e %
e 40 94 3R U9 1 Heg 20 ®99 21 39 frafa o afe temn g0 @il v ey i

AT X 91 U K1 W& y & d SHeh BRI =49 F1 T FHA TR (40x +20y) T
21 34 YR B9 U © T

A0x + 20y < 120 .. (2)
Fiife 3w fofy § @ 1 T wa oA sAfuway 120 @ 21 =H ST wUF (2)
& & | 2

40x + 20y < 120 .. (3)
3N 40x + 20y = 120 o (@)
FUA (3) WHIHIU 7S 2. Tk HUA (4) G 21 ITE FeH 99 (1), (2) a9
(3) srafien Fean 2

aftarer | U i, € ardtges GEnsl a1 & disd s § <, >, < A’
& oz & yam 9§ 99dt 2

3<5: 7> 53t WEie AT & I ¢ SaiE
X<5y>2;x > 3, y< 4T vfeder (=ieh) T@fHas o 3eew §)
2<G<7 (W URAE S, 3 A ae1d 7 ¥ BT 2),3< x<5 (W Ued £ x, 39 a1 =1
el ® 9 59 B ?) 3R 2 < y < 4 fg-awfiewr & e )
EfTRIeT o ®® 3 39 fEfaiEd €

ax+b<0 .. (5)
ax+b>0 ... (6)
ax+b<O0 - (7
ax+b>0 ... (8)
ax+ by<c .. (9
ax+ by>c ... (10)
ax+by<c .. (12)
ax+ by> c .. (12)
ax+ bx+c<0 . (13)
ax?+hx+c>0 (14)

F% (5), (6), (9), (10) 3w (14) Gy mafuewmd don waiF (7). (8),
(11), (12) 3R (13) r@fbed Feamd &1 9 a « 0% 9 ®H% (5) ¥ (8) %
%] ST Te =L T x & Iaw A ¢ AR A€ 2 « 09T b « 0T a1 FHF
(9) @ (12) % &1 Ty & =Y Ul x qe1 y o gk sraibes 8

FHE (13) 3N (14) ®1 aHwT e 461 21 aaa § 98 Th = U x &
feaTda srafuen €. 59 a= 0.
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T 3 § B had T WX 3R o WX R & aw rafiewE o
T H|

63 ek =T TOT o tfaek srafherell &1 sSiSiUa Bo 3T S9!
aerare Tt (Algebraic Solutionsof Linear | nequalitiesin OneVariable
and their Graphical Representation)

TN 6.2 & AGMHHT (1) AU 30x < 200 W fF=R #ifSu| wF <. foF 7l x 9=«
& Uohd] &1 W& &I Had Hdl 2l
TIEa: x U FONHEF YU Feral a1 T 8 Hhar 2
=9 TTfeT &1 ot 9 30x IR 3@ us 200 B

x =074 fore, sl w&r = 30 (0) = 0.< 200 (<& 9&), Sife @ 2

x =17 fore, s ge =30 (1) = 30 < 200 <@ UgY), Sifsh 9 B

x =23 foru, el 9ar =30 (2) = 60 < 200, & & @t 21

x = 3% fery, smaf 9er = 30 (3) = 90 < 200, 1 T wer 21

x =4 foru, =i ver = 30 (4) = 120 < 200, 5t T = B

x =5 feu, /i va1 = 30 (5) = 150 < 200, & o & 21

x= 6% fau, s/l va1 = 30 (6) = 180 < 200, &t F&F & 2

x=7% fau, e/ g4 = 20 (7) = 210 < 200, 5 fF 2@ 2

sy frefa o w0 U ? 6 Sude srafie w1 g weH W O x % AH
FgA0,1,2,3,4,5 37 6 21 x & 3 UA # A KU swEiiw # UF T FeH
a1 8. 3% oTaftent & BT Fed &l 3R TH=ad {0, 1,2, 3,4, 5, 6} FI & TH=
FEd 2

TH WT, U 1 AT o fopdl erafiynt &1 gat. =1 Ufdn &1 o 9F 2. S 39
o <hYq dq1dl &l

e Suge rEiivehT 1 g ‘WA @R 9o fafa’ (trial and error method) W W
foen 21 S atfus gfaursms & 21 wea: 9 fafu sfis @ @F arel qen
FHH-FN darem T B 2 7Y et & 7M. & o afuw A=l m wmee
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3>2 -3<-2
_8<-7  (8)(2)>(7(2),  16>14
30 x < 200,
(i) x
i) x
30 x< 200
30x 200
= = 2
30 5030
X < ?
0] X
X
x=123 456
{12345 6
i x

y=3,-2,-1,0,1,2,3,4,5,6
{..-3,-2,-1,0,1,2,3,4,5,6}
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2 5x 3< 3x+1

Q) x (i) x

5x-3<3x+1

#A¥al 5x-3+3<3x+1+3  (MEm 1)

Yl 5x< 3x +4

#AYal 5x-3x<3x+4-3x (MEm 1)

YA 2x<4

YA x < 2 (frmm 2)

() ¥4 x U yuis ¢ =9 fufa o fau wu s & ww

ww—4,-3,-2,-1,0,1

Id: A gued {.., 4. -3.-2.-1.0. 1}

(i) 4 x T% ardfas e 21 59 ol § st &1 gey < 29 = 21 SHH
a9 2 fop 2 O o g9 ardfg®s et dufie o gd &1 3d: e w1 g
U= (- 0, 2). B

T 1T o e Wihd G, UIiehl o andfas Wemall & aesEl W
faam ek 9 T 21 3 S % =i aftd 9 8. 89 39 A § Sratywiet &
Tl arkdfads @l o g=ad § & A S

TETETUT 3 BA hIfAU 4X + 3 < BX +7.

FIS 4x+3<6X+7
4X — 6X < 6X + 4 — 6X
—-2X<4 X>-2
(- )
5-2x
4 <—-5
3 6
- 5—2x£§_5
3 6
2(5-2x) < x-30
10 -4x<x-30
—b5x < -40,

X>8



Xe [8
7Xx+3<5x+9

— 7X+3<5x+9
2X<6 x<3

2(3x—-4)> (x-3)
6Xx-8>x-3
5K>5 or x>1

Xl
48

62+48+X o9
3
110+x>180 x>70

3TTeR{d 6.2

129

6.1

6.2

62
60
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70

8 10
40
X

X+2
x>10 - (1)
X+ (x+2)<40 - (2

2
2Xx+2 <40
X <19 .. (3)
(1) (€©)
10< x<19
X 10 19

(11, 13), (13, 15) (15, 17), (17, 19)

1 24x < 100
(i) x (i) x

2 12x >30
(i) x (i) x

3 5x 3 <7
(i) x T Ui (i) X U ardfas e g

4. FA WIfWT : 3x+8>2, ¥4
(i) xTF qUIish (i) X U% ardfas e 2l

frAfafad we= 5 9 16 9% awafas §&w x & fau za Hifau:

5. 4x+3<5x+7 6. 3x-7>5x-1

7. 3(x-1)<2(x-3) 8. 32-xX22(1-X

X X X X
9. x+§+§<11 10. §>E+1
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3(x-2) _5(2-%) 1(&4}1 =6
11. e <3 12. |5 —3( )
13. 2(2x+3)-10<6 (x-2) 14. 37-(3x+5)>9x-8 (x-3)

X _(5x=2) (7x-3) (2x-1) _(3x=2) (2-Xx)
7 5 16 T3y 5
994 17 9 20 dF k! TEHHISN &1 Bl G HITSU a1 I & @ W AeifEd
Hifem|
17. 3x=-2<2x+1 18. Bx—-3>3x-5

X_(5x=2) (7x-3)

19. 3(1-X)<2(x+4) 20, SE——

21 9 el 3 wehe when ° 70 3R 75 3k e fRU 1 9% =W e I hifSw
9 o el whe gdien H et 60 A w1 =AaH SHd WE ST Hoh|

22 fodl weHEd W UT A'UH & feu uw Afa 1 @i uie wdenedi (Y& 100
T W) § 90 37k A1 ik @ik 1 FAEa W w =) Ak gHd o wem =R
wdenet o Urieh 87, 92, 94 3R 95 B a1 9 AdH s 3d hife fad greet
e § U ek GAl SH UedsH H U A’ e

23 10 ® &1 HAN fauq gemnei & T 79 74 St foqes anmhe 11 9 iy
&l

24  HUNTE TH G o UH 979 i sifen. fS99 ° yoe 5 ° 92 €. 90 3
IR 23 ¥ HH &

05 U TS 1 ey o€ S Gad BE G &1 4 YA € 9 Higs 1 el g
Had 921 g1 ¥ 2 GHI HH B| AG0 I HT =FAH AT 30 HITAU i A
&1 R =Haq 61 T 2|

26 Uw =afw 91 T ofd 91 | ¥ i Aargdl e =Rl 21 g6l war gad siel
war ¥ 3 Ut ek SR A e g Sid @ w1 g €1 gl Bl |ie
1 Gorifaa ofargal @ €. aft U el TR Zwe ¥ w0 9 %9 5 Ut afi
e 22

[wene afE T B OIS T @arE x GH B, 99 (x+3) T IR 2x TH HEI: T
3T et el w1 weEdl €1 T8 YR X + (X + 3) + 2x < 91 @R
2x>(x+3) +5]
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"ty

64 =t =X TN o aw smafuemei @ sme@™ & (Graphical
Solution of L.inear Lnequalitiesin Two Variables)
Tee AN W T e @ R us = ufd & Wask arafive %1 e 1 fasha freao
2 it arafiet & gl &1 9l S0 %1 U o 6 21 37a eq < = e %1 faw
3TEMeRT oF 3TelE@d &1 9uH &

T WA § o6 U Y widta 99 o) Y o afafied < wnl § afed 21 vele
T 1 3Tef-aeT HEd &) Ueh Healdl el el &1 ari 21d-det o g se-qm § fasfsa
el € 3l Uk FeAa (non-vertical) @ U el i e 2iH-qel o S0 S1H-qel
Y fauifea w3t 21 3epfd 6.3 9 3ehld 6.4) 1

Y
Y T E°Ei)
X\ * aref-wet
. : 11
st Tmat Frerem
mil—aa ats,il—laa ard-aet
X' € >X
- 0O - X' € 0 / | > X
\ 4 v /v

\?f
3R 6.3 MR 6.4

FTd1g 9 § Uk g a1 9t Yer W feer @m A svf-qat | A 1) H feorg g hm o
&0 g w7 fom 9 U 9a | feer fag 1 et ax+ by <c@ ax+by>cd
1S Hay 27

AFWEI AR W ax+by=c, .. (1)
UF W ® SE a»0ad b 207
& FEl A FHE 8

(i) ax+by=c (i) ax+by>c (i) ax+by<c.
Tszg: feeafa (i) # (i) &1 wawe w ae w48 6w (xy) () 57 el @ w fem
& 3, faettoa
frafa (i) & veal 89 WF od € fF b>0 3R W@ ax+by=c, b>0, W wF fag P
(a,B)é’%%m’Fﬂ?aaw%bB:C.
o el 119 w12 fag Q (o, ) B (Rl 6.5)1
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319 3T 6.5 U &Y frekd e & fob

Y>B (F7)
by >bp
ao.+by>aa+ bp
ao+hy>c (=1?)

aM, Qo,y), TTHSHT ax + by > c il Fawe
Fl 2

ax+by=c I
ax+hby>c

ax+by=c P
(o, B) Qla, )
ax+by>c
ao +by>c
= ao + by>ao + bp
=>7>B ( b>0)
Qo v) I
I ax+by>c
ax+hby>c I
b<O
ax+by>c I
ax+by>c;b>0
b<O 1

ax+hby>c
(Solution region) (Shaded region)

(Solution region)

(a,b)
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(0,0
3 ax + by >c ax+by<c
ax+hy=c
4 ax +hy>c ax +by<c ax +hy=c
3N 6.2 X y
40x + 20y < 120 - (1)

I aegall =1 gen U wmores AR faerers e T 8 uwd 2, o g
T4 AT 1 26l x 991 y ! shee QUi W % B W 4 Tad gU H 2 36 ST
HEq x 99l y % WA o UH SI2 W H € Foeh W %ed (1) 9 2| anad |
UH T 1 A=Ed MHET (1) HT g o= (Solution set) M x = 0 TishY WRY
HW W E UW € TR (1) @5

Il 98 = 40X + 20y = 40 (0) + 20y = 20y.

3H YhR

20y <120y <6 - (2
3d: x =0%F W yF T 0.1.2.3.4.5.
6 WIS € Hehd 2

=g frafa & (1) & &1 (0,0). (0,1).(02).
(03).(04). (05) 3R (06) B

T YR Sd x=1. 2. 3 € al (1) & 34 &A
frfafaa 2
(1,0), (1,1),(1,2,(1,3),(L 4
(2,0),(2,1),(2,2,(2,0)
T Mepfd 6.6 4 fevaman T B
31" 89 x 991 v % Wid (domain) =t qof
et 9 fawaia s aafas §@n | 3TTeRfd 6.6
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(Graphical method) .. .. ... . ...y
1) & T G

40x + 20y = 120 .. (3)
W fgER F3d © 3R s9E e EiEd Bl
T TEF W T ¢ W FEE ad &1 a1
Ad-aa | o fawfom e @
a7HfIeRT (1) o1 2Teig died o fan, eq ad-qa-1
H uw fag (0,0) 9F od € 3k 7% wi=d € fF X
X 3R y & A A #1 Gaw FW@ & a1 T8
Y I 3T fF x =0,y =0 e & dqe w1 '
¥ @ TR w9 Fwd ¥ 5 owfiw w1 ame, 3Tehfd 6.7
aref-at | 2 (3Tepfa 6.7 H fegaran wn @) | =ik Y & it foe srafie (1) &1 Haw
FW E1 9: Ta Wt AR F1 UH 9N 2
70 WK feu T srafiyet w1 atenE . Y gfed 31d-qe | 21 waed: std-de 1l aTen
1 9 4L 2| 39 YRR WHET (1) %1 T sHeh 3o (Y@l ufed. d-ae 1) &
o fag 2

36 TH HD ITEN HT Werddl W & = URE o Wk s & gel
=1 fafy w2 %@ 2

FETETOT O 3X + 2y > 6 &I Aedd fafy (Graphicaly) @ & sifs)

=o TAYH T T 3 + 2y = 6 1 UG Wied W@ &% &9 H @iEd ¢ (376 6.8) |
TE W@l xy - 9 & A Ad-qa | q || o
fafsm =+t & 70 ww fag (S Y@ w fem
TE ®) W (0,0) =1 = FW ¢ S -
| o frord @ (2mepfa 6.8)1 37 = % € fk
7e fag & T e #I Gaw H@ @

e FE |
e U € T 3(0)+2(0)>6
DI 0>6,¥ WA 2

ard: Ad-aa |, feu gu emfiert &1 ga-a4
T ¥ Treq: @ W g wiE o . & W 3MMeR(d 6.8
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ARt 1 WA TEl w €1 S vkl o, e sH-ad ||, Y@ o fagat wi
BreHL. & TE SR H TA & 2

sareror 10 fefadia qa o stafasr 3x- 6> 0 =1 so@Es-fafy 9@ ga =ifsu
3X—6=0 1 i@ 2MeRfd 6.9 H fa=n

Y
T R 1‘ ’]‘
29 U fag (0. 0) &1 997 %[ & 3R 28 &

iRt § WA W E9 U ©
3(0)-6>0 3 -6>0 S for o7 2

79 YR < T AWHFT HT e-8F W@ x= 2
fel AR BrfRa 9 2|

FEAETUT 11y <2 i SerEd-faf 9 g st 31';75%6_9
y= 2 %1 Ae@ 6.10 H faan @ 2

Y
2 fre erd-aa | ® ww fag S9 (0.0
1 999 F ¢ SR & T st ¥ y= 0 WA 4 1
WEH UM § T 3T »=2
I A >
1x0<2 0< 2 Sifh T Bl 1 I

39 WHR W@l y = 2 o A9 1 & fo qa X' € Ol R R >X
fag (0. 0) feor 2. &t 7 erafiem #1 ga-a7 21

3q: Wy = 2 % A & gu fog (e T sirkic.10

& fag wfiufeq «df &) & % swfie &

T 2

JoATdel 6.2

frefafag s w1 semeq-fafy 9 fefadg 9@ o et sifau)

1. x+y<5 2. 2X+y=>6 3. 3X+4y<12
4. y+8>2x 5 X-y<£2 6. 2x-3y>6
7. =3x+2y>-6 8. 3y—-5x<30 9. y<=2

10. x>-3.
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[Hehl [Hehld chl fcd

fisel sram o en & =1 ufvral o Heew srafrws o1 sreea-fafu @ ga o di
T F| I BH HH ISEWN HI Heddl H & =R URE H1 i FwE w g w
&1 fafy T =3

frefafea emafiyw frm
X+y>5 - (1)
X-y<3 - (2
! e fafy @ & Hifs:

g it x + y=5 &1 e ekfa 6.11 ° ©ien T 2
Y

e °Ed © f er@fiet (1) &1 8. @1 x + y=5 o SU IMEifhd &3 21
frefyq 2ian ¢ foes T W o 9 fag o afinfea 2

31 Freenel W 9 THe 1 | eTerg EiEd € S fF (3TeRtd 6.11) H
T B qe ST (2) %1 e W@ x—y = 3% S0 Sk &3 5 FEfud e .
oy Y@ w ush fag off wfinfaa 2

Ty fesmifea &3 (double shaded region) St Swdad <M om@ifehad &= o
svafTs ®. 9l fau gu st frem (1) 9 (2) %1 =ifsd ga &9 2
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13

5X + 4y < 40 . (1)
X>2 .. (2
y>3 .. (3)
5x+4y =40, x=2 =3
1 5x+4y =40
2 X=2
3 y=3
6.12
Y
N N
NGl
9-\ "
8.-
T--
6..
5--
4+ -1:3
2..
I..
XSal zsagaaN o
W v
Y 3TMeRfd 6.12
X y
>0 y>0

14
8x + 3y <100 . (D
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x>0 - (2
y=>0 .. (3)
8x+ 3y =100
8x+3y<100
8x +3y =100 613

20 +

15 + ?:-

- X

ot
10 + 3
]
5-
X €—
31Teh(d 6.13
8x+ 3y <100, (Tripleshaded)
IET8I0T 15
X+2y<8 - (1)
2Xx+y<8 .. (2
x>0 .. (3)
y=0 .. (4
. . X+2y=8 .. 2x+y=8 .. . 1) BR(2) B

Ta el o faget wfed o ¥ A from & &) frefia #ww 2
HfeF x> 0,y> 0 1@: vom =gty ® frua wdfts gm@ifed 849 & ydw fag fTu ge
gt Frehm o &l & Frefud &l @ 3Tepfd (6.14) 1
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3.

5.

10.

11.

12.

13.

14.

15.

3TTeRfd 6.14

99 1 9 15 9% frafafaa srafas fam #1 seram fafa @ g@ #ifeu: graphicaly:
1.

X>23,y>2 2. X+2y<12, x21,y>2
2X+y>6,3x+4y< 12 4. Xx+y24, 2x-y<0
2X-y>1, x-2y<-1 6. X+y<6, x+y=>4
2X+ y>8, x+2y>10 8. Xx+y<9,y>x, x>0
Bx+4y<20, x>1,y>2

3x+4y <60,x+3y<30,x>0, y>0
2X+y>4, x+y<3, 2x-3y<6
X—2y<3,3x+4y >12, x>0,y>1
4x+3y <60,y>2x, x>3, X,y=0
3X+2y<150,x+4y <80, x<15, y>0,x>0

X+2y<10,x+y2>21,x-y<0,x>20,y>0



T
farfearer ElH LY

SETETOT 16 BA WifelW —8<5x—-3<7.
7o 70 frarfd o zOd. o gl smfasn 8 < 5x— 3

-8<5x-3<7
S5<Bbx<10 "WM-1<x<?2

5—3x<8
5 <

FETETOT 17 BA WIS -5 <

5-3x

da e fe -5 < >

<8
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5x-3<7

-10<5-3x<16 I -15<-3x<11

. 11
>X>— —
ZX2- 3

59 &n %ﬂgxssﬁmﬁ%ﬁ%@m%‘l

sareror 18 frefafeaa safaw-fem w1 ga wifsu:

X-7<5+X
11-5x<1
3R 3% TEew @ W efEd Hifau

arafivshT (1) § 89 W &3 €
3X-7<5+x
X<6
arafT (2) ¥ it 29 wa w3 2
11-5x<1
-5x<-10
X>2

- (1)
- (2

Ne)

. (4
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Ife Fe Y@ W (3) 991 (4) & eifEd #¢ 9 89 U9 © % x & 3Ivafrs 9F

2% AU A2 Y9 9 6 W VIS © S 3R 6.16 H TEd el W@ 2N Yeid| fau
T B

® >

< o

“~—tt e . . I O—tt>

1 01234567809
3R 6.16

31d: o fFM™ &1 7a aradfasd 9@ x. 2 o aUeR a1 2 § 921 3R 6 § Il B
79 Y 2< X< 6.

sateror 19 fedt W § 9% % 7 o U faeEd &1 aaeH 30° dfesad #R
35° Ufewaq & o9 & W@l 1 BRASES Y9 W d9HH &1 YR Fd &t afg
YiE ¥ wRAEEe T9H W ufiedd 93

=§(F—32)
2. S8 C 3R F&H9: 999 &1 379 Sfeqaq qo o9 BREeEe § e & 8
3 @ f% 30<C<35

c:g (F-32), W@+ T &9 I &.
£}
30< 3 (F-32)<35,

d 30<(F-32 2 35
- x -32)< — x
5 ( ) 5

54 < (F-32)<63
q 86 < F< 95,
=Y YR ar99E & AT 9RER 86° F W 95° F #I

TEETOT 20 U THHi % UrE 3 o 12% faerd o 600 ferex 1 wa wifsw fw
30% 7 aTel faerA & fhad forex sod fieme s @ifes aRomst fagor § ert =1
e 15% © At 934 18% d§ &Y @il



X

30%
= (x + 600)

143

30%x+12% 600>15%  (x+ 600)
30%x+12%  600<18%  (x+ 600)
30x 600) > — (x + 600
100 ( )> 100 X +600)
30x 600) < — (x + 600
100 ( )< 100 X+600)
30x + 7200> 15x + 9000
30x + 7200 < 18 + 10800
15¢x>1800  12x< 3600
x>120  x< 300,
120 < x < 300
30% 120 300
6
1 6
2<3x-4<5 6<—3(2x—4) <12
~3<4-X1g 15:3%°2 g
2 5
12<4-F <2 <& g
5 2
7 10
Bx+1>-24, 5x—1<24
2(x=1)<x+5 3(x+2)>2-x
X-7>2(X-6), 6-x>11-2X
5(2x—7) =3 (2x+3)<0, 2x+19 <6x+47.

68° F 7 F
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12

13

14

*

8% 2% (dilute)

4% 6%
8% 640 2%
45% 1125
25% 30%
Q)
I MA 100
= X
Q CA 1
MA CA 12
[e) 80<1Q<140
<,>< 2>
X (Values)
x<a( x>a
a a

X< a. X2 a, .

a T Wk B2 HIell 99 oL a ¥ 918 (A1 TE) 3R H &1 Wi Hi T8l
el T 24 2

4fE <1 =] 1 Tk TR o o8 < 91 > & al {ar W froq fag, smfien
% & o qitfed 2id € SR Safier &1 seie. g9a g Frefyd med we
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Tl & &g (A=) 71 9 (W) B 2 S 39 &F 1 HE off fag swfiyn
1 Gge Hdl 2

¢ i < wHf w uF @i & fog <o > @ @ W@ w frem fag, swafas
& 7ol 1 witnfed 781 21d § 31T safie &1 ofeng, Toal g0 HEd gHeEr
Tl & @€ () 1 T (FW) B 2 S IW &4 w1 &2 o fa. swfiyn
= TR H 2

o e & Hem &1 gd 93, 98 39afs &9 ¢ o e o gt & T
afHeRIal 1 Gaw &L 2

\/
— G —






srezma 4

ST A G

(Permutations and Combinations)

*»*Every body of discovery is mathematical in form because there is no
other guidance we can have — DARWIN<*

71 (Introduction)

Jacob Bernoulli
(1654-1705A.D.)

&1 ¥ wig g7 fafy g&m ool @i iy g, wifs gaa
w1 W@ 9E1 B Wehdl §1 TH A U, BH R@ UHI Hifewk TUH qeheies HiE
o=@ 7w, 3 o7&l & wAl * goEs R fam &, 59 ue &1 W < Tkl aga: A
T, TS o FI9 AU IR HHAS HE ok (qA-T97 qlsml w1 g fuifa
& W IUANTT B €1 e w0 §, BN 39 fagid W faEr w0, S 6 o qenein)

% s % fou smtas difes 8

7.2 TOTT @At e fawta (Fundamental Principle of Counting)
agu, gw frefafad wren w fem w3 @ew &% 9" P, P, P,dH Yo qar S, S, @
w2

Y% UG U o e Ye e s ok faren fam-fae SiE () @2 uw e



94 & feru 3 afier €, i = o fau
3 Yz 39T 2| TH YER UH wHE &
T4 2 WE § TR o1 "l 71 Ue &
Yo 99 o U sHS o 99q o 2
faehey dua &1 om: Y qen %t & el
& 999 HI G X 2=6 T 39 9% F
aeRfa 7.1 o T feman wan 2

3ME FH TH YHR &I TH TG
e W faenr &
yIeq oF U9 2 9%, 3 @ o fesd qen
2 gt &Y Siqel #| 98 3 a%gel w fEg
YRR U o o Ghdl @ (Y% H ° TH
o FL) |

U9 AN H@Ed 147

U o 1 2 Fae qhel § A S Fhal 21 Uk o o g1 S o a8, U @GN
& fesd &l g o 3 fot ol €1 39 YRR 9% 3R @H o fesd & Sigl &1 gen
2x3=6%2 T U U® W o o0, Uk U &1 Sidel &1 994 % 2 fa= daliek 2
3d: YIETH BRI $7 oGSl & Tpel of S o ohel 6x 2= 12 = afer # Ak ww
@l 1 B, B, 9 @M & fesdl & T, T,, T, de & Ul &1 a@rael 1 W, W, 7™
<. 4 o7 el A= i eeRfd T we R 1w € (e 7.2)1

12 §HIEAT



148 TIfoE

A IUYF YRR I guEnst &1 efafad fogia & gam g we faan s
2, o TroTr ot ey famta dYEr shae o famtd Fed © R foue s
9 YFR T,

“Ifg U H2AT m n
mxn
m n
p
mxnxp ”

0)
(ii)
0)
(ii)
(iii)

SEEU 1l ROSE,

Hininin

R, O, S E
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4x3x2x1=24

= ]

Y W W WHAT 8| 3T VSR BT AHE WA =4 x 4 x 4 x 4 = 256,

sareru 2 fa=-fa= T o fu g 4 el 9, fvas fa=-fas goha 30 fohT 1 @b
g, afc U Hohd & U, U I & A9, 2 HEl FI TEvawd uSdl 87

o1 ScqIfed Gehdl @i | 2 e Tl w1 fa=1-fa=1 T & 4 ==l 9 ST

T & alieh] H T&N & Ul 21 HW o fiad TE & 4 "wel 4 o frdl e g
4 faf= qliehl § w0 S Gehdl 21 39 @18, 1< o figd T &1 99 3 Zel o 9
T 5N 3 fafq= aliel @ 9 S g @1 31 TUH fasTd g Hokdl i e1eie e
=4x3=12

TETETUIRSAH 1, 2, 3, 4. 5 W foha 2 F WH GEAU a9 GHA ©. A 3Pl H
a1 S Hehdr 87

wel et ® a9 o aick. 2 o T | || 1 Seiw i R @ ww %

A 1 WA o SUel €| T8l ST T &l W oF o oheiel 2 faseq €: 3
2 A 4, 3R T 2 qhHT @ foHa S ehar 81 TH UYE <€ T H 5 HE H o
fordl U g1 W S Hehdl @ (TR 3Tl B QR i S Wehdl )| 37 SHeh S
fasreq 21 saua o fagid BRI & e arelt ww dEmst #1 asfe gem = 2 x 5,
#9fa 1081

FaTETUl 491 i fafa= 22 Iuaed , i 34 fafa= Hehdl &1 9@ Hd &ifee fie
w9 G &Y T ASl il Uk H¥d <€ W HAed Ush ol H o 19 T@hY 3= {ohal
S Hehell 27

FAUH GRAAM A2 A3 A4 AT 5 HeS Y FAA ST bl B S EH 2,3, 4 A S
el | a9 ael Gohdl &1 GHd SIS i 3eN- 316l AT S 3R fR 59 gee
i g 2
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2 el B 994 d9Te] Hehdl &1 HEAT. 5 3UAe wel ¥ 2 fo ol £l
IAUR T &1 G&A & aUeR 2| TE a9 o SR TUHT G@ = 5x 4= 202

U YR 3 HSl BN §94 9Tl Hehdl o1 T, 5 wel ¥ 3 o vt

1 ITUT T H G & aUa ¢ S9HT & 5x 4x 3=60%|
T YHR 4 HEl e Hohdl B @@ =5x4x 3x 2=120

3 5 Zel el Hehdl &l T =5x4x3x2x1=120
3d: Hehdl &1 W &1 = 20 + 60 + 120 + 120 = 320.

1. %k 1.2.3.4 3NS5 9 fohadl 3 A9 GEAT o4 o1 Fehal 8. A
(i) 2l &1 gAUgra w1 Al B 2
(i) 27 ® TAUEfd H1 Al T B8 ?

2. H 1,2,3,4,5, 6 Y farddl 3 %19 99 G&AW S S Gehdl €. A Y] 1
TREf #1 S1 TEA E 2

3. SIS quinren % YU 10 &R W faad 4 3187 % SIS AT S GHA €. A fHd
i 18R HI TR F21 1 o1 Gkl 82

4. 0 W 9 TF ok H H AN FIEH hAT 5 FR SN F9 FAT I FFA B
Aafs U Fa 67 W URY B § SR FE 3% UH aR 9 AfuE @ oA 22

5. sk Toaen 9 a1 e Sl € 3R uftom #fed e fae s 21 aftomr 5 gy
e & 32

6. far=-fa=r o & 5 %2 fau gy 21 379 fopas fafi=r deha aT =1 wad €. af
Uid Gohd T 2 HEl. Uk o A9 TEl. % YA i AEvashdl gedl 82

7.3 whHE=d (Permutations)

firoel sg=e o IS | §, B9 ard 1 9&l o fafg= fa=ml, 99 ROSE, REOS,
..., ST, Y e H@A & U A 21 39 gel W v fard g § fae 21 gm
Vil o el o feres 1 %H TEequl € 3 § gk T, 4 fafae s o 9
Tqg ° Gt &1 WY ST S99 T, e HEad # 316 A 84 v NUMBER,
o el W 9 3 e, refyel a1 srefe e sl w1 g fuifa S €. sEte
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31eT st gAUghd i 3TgAfd 7€l &, a 86 NUM, NMU,MUN.NUB, .. genfe. fammat
T U 1 AEYTHA 21 T8 W BH 6 fafg w1a § 9 U 999 5 3 e/ H) A
T ol HHAA 1 MUAI H E B TH YHR o VRl 1 FAHE H@M =6x5x 4=
120 (o Tagra & wan gr) £

AfE 27eR] ST FAUETT 1 AT eldl. 9 Wk hi AU & 6 % 6 % 6= 216 BT

afterm 1 wHea us fifved w0 § 9 faamm 2. foast & 2 ot ¥ ¥ e o
T o I G 1 AR S9E T 2

= fau Su-s1geRe W 86 39 99 & Auif| &3 S9! ravasha 39 R &
T o I o4 o fau gEdl 2

7.3.1 ®HA=d. S AT a0 (9=1-f9=7 & (Permutations when all the objects are
distinct)

e 1 nfafe= aegetl & 9 us 999 o r aEge & SR AT MU wHEAT i G
&1 T P Y fwfud ed . 56l 0<r <nden fREl off wHem W awas w1 gt
1 eFEfd T E. P =n(n-1)(n-2)...(n-r+1)

«r & wr S

naEgl W WA o qliehl H1 T % el B1 UEel T n aliehl 9 9O S Hehdl 2
T 9C GEU WM (n-1) dlel ¥ WU W1 Thdl &l SHH WA drEd T
[n—Z)Hﬁﬁ@WGﬂm% ,,,,,,,,, R raﬁ'wm(n—(r—l)]aﬁﬁ@wmm
21 a@: r e Tl & ST WA % adehl # wem = n(n-1) (n-2) . ..
(n=@-MMNITNn(n-1NM-2)...(n=-r+1)

"p % for, 77 U aifeet e € SR B UF U9 Hohad w1 siavashal ¢ foe
el § 39 ik o [9%dR ol W2/ W Heh| Foitsh n! (Fs/d n

n!
7.3.2 (Factorial notation) n! n
1x2x3x.,..x(n=1)xn n!
‘n 1x2x3%x4... x(n-1)xn
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1x2=2!
Ix2x3=3!
1x2x3x4=4!
or=1
51=5x41=5x4x3!1=5x4%x3x2
=5x4x3x2x1!
n
n! =n( - 1)!
=nin-1D(n - 2! [afRkn>2]

nn-1®n -2 (n- 23! [afEn> 3|

IETEL0T @5 (i)7! (i) 71-5
EL| () 5'=1%x2x3x4x5=120
(i) 71=1x2x3x4x5x6x7=5040
(i) 71 — 51'=5040 — 120 =4920
7 - 12!

71 Tx6x5
BA ) E = 5] =7x6=42
120 12x11x(101) B
W @oy@) T @ogk(z) "°xHE%e
n!
SHELU 'ﬁG:Tﬁ, n=5r=2

5!
21(5-2)1 ( n=35r=2)

5! 5 4x5
21(5-2)! 7 21x3 2

10



1,1 _x
e g o 10 X

1,1 x
8 9x8 10x9x8!
1 X 10 x
1+ == -~ _
x =100
1.
(i 8! (i) 41-3!1
8l
2. 31+41=717? 3. T
1 1 x
SR TR TR B
n!
o (n=r)v
@) n=6r=2 (i) n=9,r=5.
733 "P

( Derivation of the formula for "P )

"P=n(n-1)(n-2)... (n-r+1)
(n-r)(n-r-1)...3x2x1,

"p _ n(n-1) (n-2)..(n-r+1)(n-r)(n-r-1)..3x2x1
r (n—r)(n-r-1)..3x2x1 =

(n—r)t’

153
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r (n—r)! 0<r<n
nF)r
|
r=n ”Pnzlzn'
o
P =1
n! n!
"P=1= T oo .. (1)
r=0
!
"P = " o<r<n
(n—r)!
THA 2 n r
nl’
- T

*1 T9 93 o YA BN WA # & B
ST | W Ul i i Wem =P, = 41 = 24 59 Tgha 1 eufa TEl g Ak
YAl i AT 1. ° YISl i1 AW HEN 44 = 256 B
6!

:5:
Ax5x6=120, 78 3@ 99 § @t wgfa &1 ermia 7e €1 afe wwaty w1 st
2. IR # s ' 6% = 216 B

12 SAfaal & U HEE W UH HAeAe AR U IUeAel o =944 % qden @i
&, 9% el [ Us Af Ud 9 afue 98 W e ® Ghdl §. SRl

NUMBER Y& & i § § 3 e arel 94fd wieal &1 e = °R,
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!
1—3 =11x12 =132.

12P2:
7.3.4 mEwE. W& 4t agu fa=-f=7 78T & (Permutationswhen all the objects
arenot distinct ohjects) HH wifeu fo 86 91e2 ROOT & 398 oF qafa-=ard o il
1 TEN T FE #1028 T §, geft SR fa=-fam 7€ 21 2wl 207 S v v
% e ¥1 89 ¥ 9 O sreed w9 § fa=-fa= W od & S 0, 3RO, o1
T ¥ 4 fafe= s1eri o ¥ us 9w ° 9ol $T o a9 Tl el sl G 41 7
o FwH9d § 9 U w799 RO,0,T W faur #ifSw) s9e 9. 787 W 21 %53
ROO,T@NRO,0 T W ¥ i fif gum ww=a g afk O, aen O, %1 fu=i-fu=t e
HA T Bl fd afs O, 9 O, <Al e W O Bld| HAqus. HH=A! i s gen

4

_Z _3x4=12
21
Tg 91d & A" T R T e
W@aol’oz WG{GOPOszﬁ

f=-fir= € O%F ¥uM
RO,0,T
RO,O,T > ROOT
TO,0,R|
TO,0R| > TOOR
RO,T O,]
RO,T O, | > ROTO
TORO, |
TO,RO, > TORO
RTO,0,]
RTO,0, | > RTOO
TRO,0, |
TRO,0, | s TROO
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©10:RT| OORT
0,0, TR| N
O,RO,T | oROT
O,RO,T | >
O, TO,R]| 0TOR
0, TO R >
O,RTO,] ORTO
O,RTO, | >
OLTRO, OTRO
0, TRO, | >
0, O,TR] 6oTR
0, O, TR| >

3T 379 B0 ¥k INSTITUTE S 318 o YATG=I o qiieh] ohi H&AT 1 Hi
T I § 9 eR €. 9 | 1 9R den T i aR a7 2

ST ®Y Y. B0 o UMW el i foA-fae o o € S 1,1, T, T, T
o faf= @1eri & 9 vk THE § el &I o ¥ 99 FHFA BT T 91 7| TH ¥ UH
FU9d 9 & | NT, S, T,UET, R faar ®ifsw af 1,1, 799 78 & 3R T,
T, T, Tk 59 A & @ |, |, 2! ah & qen T, T, T, 3! 7l 9 fa=am fawan
S weRal €1 A |, |, WA B ae T, T, T, H9H 8. @ 2! x 3! Hed T &l 39

Wq@mﬁfﬂ?mﬁaﬁwﬁw%%wﬁmﬁﬁﬁqﬁaaﬂmm (fam

IqUfH) oFe HT e Bl
T 3 TS % HHEA B @A, SEl p ol HE YHR &1 SR 99 4w

i n!
ﬁ%za.
T 39 HaY T Ue Afud SAUE T © S A" Sl @
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4 . ! ! . o
THE 4 nes o HAEdl B qe ﬁ%.m p, TEU TH FHR F, p,
. 2-.-. k-

U W YHER H , ..., p, TET kal TER H SR 99 (AR wE ) fafrm gwn

FaTE701 O ALLAHABAD Y18 & 318/ © &9 ofel shH=dl o1 9@ 1 Shifsu|

o1 TR W9 AR F, o A, 4 9R ST €. 2 9% L A1 € a1 v fafa= yeR ok
21 sfqus fo=aml #1 svfie gem

_ 9" 5x6x7x8x9
a2 2
SEEIUI10 1 ¥ 9 |k o ekl w1 YA ek fohadl 4 3hg @AW §A1E o Hehdl
2. afe ofs] #1 gAwEra 1w @ 87

Tol T8 W K H1 U TEequl €, IS0 o feru 1234 Fe 1324 & fa=-fa= geamd
#1 37: 4-THTT GEmel 1 WEA 9 fafa= ofH § ¥ UF UT § 4 HH] HI IR I
A HHEA B A % G Tl TH YRR 4-F&E Gems & e gem

9 o
:9p4:(9 4)'=a=9x8x7x6=3024.

FETET01 11 100 W 1000 & = feod frat gt &, 9= 3% 0. 1.2.3.4.5 9
T S Gehdl . A 3] o UAUEfd H1 AT e 2

ZE 100 W 1000 & 9 ud U&® 9@ UF 3 3EE 9@ 7 UNH B0 6 & o
U UH GHT T 3 3R F R 99 916l HHEAl BT WA Bl A FW &l T8 G
5P

3

= 7560

5P,

5 aﬁﬁﬁwwﬁﬂﬂﬁaﬁ%aﬁaﬁﬁﬁwﬁfaﬁa@maﬂé%%
e P, 7| ¥d: A ge :6P3—5P2=§_%
=4x5x6 - 4x5=100
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SETET0U1 12 n'ehl HM F1d hifal. 39 YR &

: "R _5
() "R =42"P,, n>4 (i) +1p T3.n>4
A
= () femn 2
"B, =42 "R,
aq nn-1)(n-2)(n-3)(n-4)=42n(n-1) (n-2)

FifH n>4 g8fae n(n-1) (n-2) =0
31aud. IH1 9ell Hin(n-1) (n—2), ¥ 90 A W
(n=3)(n-4)=42

P -7 -30=0
n?-10n+3n-30=0
(n-10)(n+3)=0

n-10=0 I n+3=0

n=10 A n=-3

Fifeh n O G T € Gehdl € 3Fd: n=10

8 8 8 o o

(i) fen 2 fo5 n_lpé =g
TH Heh 3n(h-1) (nN-2)(n-3=5(n-1)(n-2)(n-3) (n—4)
Rl 3n=5(n-4) [#FfENM-1)(N-2)("-3)=0,n>4]

Eil n=10
SEEU1 13 9@ Hite r, A 5P = 6P .

7o T8l W
5 R =6,
4 5
5 -6
kL X(4—r)! X(5—r+1)!
3 6x5
a (4-r)! (5-r+1)(5-r)(5-r -1)!

Rl 6-rNb-r)=6
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r2 - 1lr+24=0
r2—8r-3r+24=0
r-8(r-3=0
r=8 orr=3.
r=8,3.

g s oo o

SaE701 14 DAUGHTER 918 o 31eR | 8 31eR aTel fa=ardi sl T 91d shifen. afg

() T9 T UF qY Tl (i) TE @R UH WY &l El
7@ () DAUGHTERYE ¥ 8 fafid=l a1em 2, i § 3 w7, s1oifd A, Uden E
Fiifew |eft TR *1 U WY @A 2 WA 70 5w 999 & fou S9! gffed w9 9
U o5 (AUE) W ofd 2| 98 37ohell a%q 319 § a2t (21eri) o " fires 6 s
21 St &1 T 21 6 o H 9 U 9Ha § O &1 oied a9 aTel seedl wi S
&1 T B g8 Y@ °P, = 61 71 T9H ¥ YT HH9F o 96 g5 19 @i A, U,
EW O ol %1 U 999 H oia 3! %599 990 21 Iqud O g § wHeE #
et @ =61 x 31 = 4320,

(i) o &% 39 FH=E ®1 GEN 9 S 2, f At = v w19 2 A
T UEel 8 He U § UH UHF U 9} FI WY o a9 arel faeard s 9vd 9@
T S BA, St 81 1 R 50 Hew 9 e We Wl o Ush WY ©H orell HEedl &
&A1 T g
3 A9 & 81-61x31=61(7x8 — 6)

=2x6!(28-3)
=50x6!=50x 720 = 36000

TEETUI 15 4 o, 3 Uell 991 2 B fewhl ) uw ufed o foad yeR 9 smafid
o 1 Hal €. A T B W H) e § wiE W T e 2
7ot fewml Y ool W@ 4+ 3+2=0%1 57 9 fewaml A ¥ 4 foh & YR &1 (D).
3 fewh T@t ywR &1 (diefl) dun 2 ek ot yar &1 (28) 2

ol
413 2!
=a12701 16 INDEPENDENCE s & 318/ 9 944 a1l fa=aral i §&1 d shifeu|
= fa=mal o 9 frad fa=mai o,
(i) = PY YRY Bd &7

Y YR fetahl ol =Hafted & &1 & =1260.
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(i) @t @R wiE uH WY wd &7

(iii) TR Fedt ft Tk Gy T wd €2

(v) v |9 URH B € @R S #fq PY B € 2
7o FE W 12 AR 2. fad o NdfiH R, E9R aR D, 3 9 37dl & 3R 99 a1e
¥ gt fa=-fa= 2

12

34 2

() TAP®H Fad a1d T W feer &2 2 € 3R fb 9w 11 er o foema
1 TUH G B AU PH YR BH ol Wel i e geA

I
= 1 =138600
324 :

=1663200

sqferu fa=mal st ssfie 9= =

(i) wed v W 5 W €. S fF 4 9 ER @91 | 9 | @ ;ifE R e wea
T WY @A . THAU $HH] S U o U Uk Tohell 9% [EEEEI]
THE o €1 98 Hohell g% WY 7 Sk o Qe et ohel 8 a%u el Wil

8l

%1 57 § awqed fo 3 aR N R, 9o R aR D # o fomme # gen 5,

21 290 ¥ s foarg o 94 § @R E, E, E, Equ | % fo=arai 1 ge
8 5
%%|w%uwﬁmmﬁwﬁﬁwﬁﬁﬂw=3!2!X1=16800
(iii) fommal &1 e HWem
= fa=mai #1 e e (fomn fordt ufaayr &) - fa=mai =1 gen. foqd
gsft @R TF Y ©d ©
=1663200-16800 = 1646400
(v) B9I1ae Pl & frl W frer w6t 2d ® (et fR W e pand f W),
9 YHR TR I 10 &R 99 WA o

) . 10
a1q: fa=mgi =1 asﬂqm:mzlzesoo
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1.
2.
3.
4,
5.
6. "Pi"P,=1:9 n
7.0 (i) °P=2°P , ([i)°P="°P .
8. EQUATION
?
9. MONDAY
@) (i)
(iii) ?
10. MISSISSIPPI I
?
11. PERMUTATIONS
@i) P S
(i)
(iii) P S
74 (Combinations)
X, Y, Z
X Y Y X
?

XY,YZ ZX
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(i) a b

a+b
8.1)

8.2

8.2

Blaise Pascal

a+b
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(2x+3y)50
1 5 10 10 5 1
(i), (i), (iii),
(2x+3y)° = (29° + 5(29* (3y) + 10()° (3y)* +10 ()* (3y)* + S(2)(3y)* + (3y)°
=326 + 240y + 720¢y? + 1080y + 81ky* + 2435,

(2x+3y)*, 12
12
n _n
C 9o rnen! 0&;r 8:n n "C,0%0=C,
8.3
(pattern)



176
7C:0 7C1 7C2 7(:3 7C:4 7C:5 7C6 7C7
@), (i) (i),
(atb)’ = 7C,a’ + 'Ca’h + "C,ah? + "C,a¥h? + 7Ca%h* + 'Ca2h® + 'Calf + 'C b’
n

(@+b=rCa +"Ca'b + "C,a?b*> + ...+"C_.ab* +"Ch"

P(n)
PN : @+ br="Ca +"Ca*'b + "Ca** + ..+"C_ab* +"Chb"
n=1
P1):a+b=Ca +'Cht=a+b
P (1)
P k), k
(atb)< =Cas + *Ca“'b + *C,a?? + ...+ *C b* .. (1)
Pk+1)

(atb)et = KIC @t + k1C akp + WIC @R + ...+ <1IC, bk

(a+b)* = (a+h) (a+h)*
= (a+b) (‘C@* + “C.alb + KCa®%+... +C_abt+ *Cp) [(1) ]
=Cat +\Cab + 'Ca? +.+C ab“ + Calr +Cab
+C M’ + Ca+ ... +C_abr +*C bt [ ]
=kCa“t + (C+C)ab + (C+C)a'h*+ ...
+(*C+C, ) ab + Chb*t  ( )
= WIC @l + WIC akb + WIC, a2 + ...+ KIC abk + KIC bk

(k+lC0: 1’ kCr + kCr-1: k+1Cr ka =1= k+1Ck+1 )
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PK) P (k+1)
n P(n)
(x+2p
(x+2)° =Cx° + °C x5.2 +°Cx*22 + C 3.2 +°Cx2.2' + SCx.2° + °C .20
=x5 + 12¢ +60¢x* + 160¢+240¢ + 19X + 64
, (X+2)° =6 + 126 +60x* + 160¢+240¢% + 19X + 64.

"Cah? + "Caribt + . +"Ca®ly + . #C e, b= 1 =g
n
%&Ck ana-kbk

kog

(adh" FaC, a b

koe

nCr
(atb)" (n+1)
a n
(n€1) b
n
(atb)n, a b n+ 0 =n,
(n€1)+1=n O+n=n
a b n

a=x b= €y,

x€y)" =[x+ (&))"
— nCOXn + nClxn—1(€y) + nCZXn€2(€y)2 + nC3Xn€3(€y)3 + ... +nCn (€y)n
="Cx" € "C x™ly + "C x"42 € "Cx*3y* + ... + (€E1) "C_y"
(x€y)" ="Cx" €"C x*ly + "Cx*y? + .. + (€1) "C_y"

(X€2y)> =°Cx° € °C x*(2y) + °Cx® (2y%)
€5C¢ (2y)° + °C, X(2y)* € °C(2y)°
=x® €10¢% + 40¢y? € 80¢y® + 8ky* € 335
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(a=1 b=x,
(LX) ="C (1" + "C(1)*'x + "C,(1)*>%* + ... +"C X"
="C, +"Cx+"Cx* +"Cx+ ... +"C x"
(1+x)"="C, + "Cx + "Cx* + "Cx3 + ... +"C X"
x=1,
2n="C,+"C +"C, + .. +"C .
(i) a=1 b=€x,
(LEX)"="C,€"Cx +"Cx* € ... + (EL) "Cx"
Xx=1,
0="C,€"C, +"C, € ... + (E1)"C,

X 00

3. 3 ° 3% &’ 5% ° o& "’
64; >=4C 24+4C 2\3 +4C 2\2 >+4C 2 >4 4C
88 O% £ LA ICLA g + 1L gy ¢ 1G0 gg ¢ G gy
3 9 27 81
=X +4x . —+6X . F+AX 3+
X X X X
108, 81
=X+ 120 +54¢+ — -0+
(98
98
98 100 €2
(98F = (100 € 2j

5C, (100¥ € 5C, (100).2 +5C, (10022€ °C, (100} (2)*
+5C, (100) (2} €5C, (2

*8+5+100°16 € 32
10040008000 € 1000800032
9039207968

10000000000 € 5 « 10W0000 « 2 + 10 » 1000000 « 4 € 10 «10000
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(1.01y990% 10,000

1.01

(1.01)OOOOOO= (1 + 0.01)000000
= 100000((: + lOOOOO(C (0 01) +
0 A

=1+ 1000000 x 0.01 +
=1 + 10000 +

> 10000
(1.01)90%00 > 10000

6'€5n

a b q r a=bq+r
a b q r
6"€5n
6'€5n = 2%+1 K

(lL+ar=rC,+"Ca+"Ca’+..+"Ca

a=>s,

(L+5p="C,+"C5+"C5* + ... +"C5"

6y =1+ + 2"C,+5"C,+..+8

6"€ 5= 1+5 ("C,+"C5 + ... + 5?)

6"€,m=1+25(C,+5"C, + ... + 5?9

6"€51=25%+1 k="C,+5."C, + ..+ 5%

6"€ 5n
5.
5
(1€20° ag%% : (2x € 3y
o1’ dee 1 °
o+ 0+ ¢
8 7% ¢ 0% ¢
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(96) (102p

(101y (99F
(1.1)1°0% 1000.

(a+b)* € (a€b)’ 0{'3 3+/20)e 03 € v20)
(x+1F + (xELY (V2 +1F + (/2 €1y
OIEMEY, n
6nér nCr 5"
ro
(a+b) "Ca" "C,a"b
nczan€2b2
(r+1) "Ca*h (a+ b (r+1)
(General term) T., T, ="Cactt
(a+b)"
0] n (Even) (n+1) n
da0t a+
il &2
g
38 L,
(x+2)° oy ot g vFkkZ#n gSA

(i) ;fn nfo"ke la[;kodd)gS riks-1)le la[;k gSA blfy,] izlkj 0sQ nks ee; in

6&61 ok'

gc, g rFkgga%i 3t Og gksaxsAaud 0sQ izlkj esa e'%éa%ij

ok€

ok€

VFkkZr~~p Ok SyFkKkZr~ ik€pok€ in gSA
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2

8. 1 ¢ o ganod a+™
3. 32?64; g(-,tgk& 810 gS] 0sQ izlkj esa gerify— gVFkafPi)o"ﬁ’l gS]

D;ksatdle la[;k gSA

g #C 0 3%5 i=7C_ (vpj) Jkik ik tkrk gSA
(
X (Independent Term) (Constant termydgykrk gSA
;fn (2+a)*° 0sQ f}in izlkj dk I=kgok€ vkSj v, f kjgok€ inddkieglis rks
Kkr dhft,A
(x+y)rosQ f}in izlkj esa)<in gS¥, = "Cx*ey
|I=kgosa in 0sQ fJ1 =17, ;k r=16
b|fy’ -|-17 = T16+! = soc16 (2)50€1e alé
= 50(:16 234 a16.
blh izdkj T,,=%C,2% a¥’
gesaKkrgSfd T.,=T,
b|fy'] 50(:16 (2)34 alé = 50(:17 (2)33 al’

50 34
a’  *C,.2
K o =

50 -
_ _Sc, 2 500 AT 33 .
K a=Tec = 1g3a° 5o 271
f[kkb, fd1+9 0sQ izlkj esa eti?== 2D 0«1 ¢S] tgieed
/uiw.kk,d gSA '

ok€
D:ksafd,d le la[;k gS] blfy, (1+x) dk ee; in %éf— 34 VEKKZ(n+1 )€
in gSA
o . @t
blizdkj] es;in T, =>C (1 (x)r = *Cx= "%
2n(2n89) (n 82) ..4321
- n
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_1234.(2032 (208D (2n) ,
- nin!

[1.3.5...(2n€1)][2.4.6...(2N)]
- n'n! X

[1.35...2n89)]2"[1.2.3..n] ,
- ninl X

[1.3.5...(22n 8 )]n!
- ninl

2" x"

_ 1.35...(2n849)
n!
(x+2y)° 0sQ izlkpesak xq.kkad Kkr dhft,A
eku yhft, (x+2y)° 0sQ izlkjega(r+1)# esa vkrk gSA
VvC T, =9 X*r(2y) =°9C 2" . x°¢" .y
T ., TFkkey® esavkSj 0sQ ?kitkadiak djus ij gesa izkir gkssk gS]

ol
bify,] xy? dk xq.kkadc, 22 = %-23 = 9%'27.23 = 672.

2" x"

(x+a)" 0sQ f}in izlkj 0sQ nwiljs] rhljs vkSj pkSFks in ...e'k% 240] 720 vkSj 1080
gSaArFkk Kkr dhft,A

gesa Kkr gS fd nwijk-rz40

jjarq T,="Cx"®. a

blfy, "C X"t a= 240 .. (1)
blhizdkj "Cx*2a® =720 .. (2)
VKS;j "Cx"a® = 1080 .. (3)

(2) dks1) Is Hkkx djus ij gesa izklr gksrk gS]
"C,x"?a? 5720 (nd)! a.e

"Cx™a 240 ' (nd2)! X
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. a5 6
k % “n o) .. (4)
(3) dk$2), Is Hkkx djus ij]

a, 9

X 2(nd2) - (9)

6 . 9
@0 ()81 151 % 52 K n=5

3
ve (1)1s] 5xa= 240 vkSj) Is] %6—5
bu lehdj.kksa dks gy djusds gekSj= 3izkir djrs gSaA

;fn (1+a)" 0sQ izlkj esa rhu ...ekxr inksa 0sQ xq.kkad 1% 7% 42 0sQ vuqikr es
n dk eku Kkr dhft,A
eku yhft, (1 +a)" 0sQ izlkjesa P& o<tFkkr + 1°%in] rhu ...ekxr in gSaA
(r € 194 C a2 gS rFkk bldk xadkkg®A blh izd#fkk + 1)°¥hksa 0sQ xqg.kkad
...e'’k86 ., 0 "C. gSaA D;ksafd xq.kkgictks @k &% 42 gS blfy, gesa izkir gksrk gS]

" 1
% 517 VFkkZre& +9=0 (1)

. 7
VKS;j e O, VFKkBEH +1=0 - (2)

lehdj.k (1) o (2) dks gy djus ij gesa 55izkir gksrk gSA

[ 87

ot
T

xq.kkad Kkr dhft,%
(x + 3¢ esa dk (a € D)2 esat’ dk
fuEufyflkr 0sQ izlkj esa O;kid in fyf[k,%
(€ y)° (REYX2 x 310
(x € 2y)2 0sQ izlkj esa pkSFkk in Kkr dhft,A

18

§§< 6% 3 05Q izIkj esa 130k€ in Kkr dhft.A
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fuEufyf[kr izlkjksa esa ee; in Kkr dhft,%

x® 36 d% o
Ft 5% 9
(1+amn0sQ izlkj esa flT dhft,ddrFkk 0sQ xqg.kkad cjkcj gSaA
fn (x+ 1y 0sQ izlkj @gaL Y€ rovkSir + 1°fhksa 0sQ xq.kkadksa esa 1 %
vugikr gkshrkskk dk eku Kkr dhft,A
flt dhft, fd (1 +x* 0sQ izlkjesi& xq.kk@ad] )z 0sQ izlkpxesaQ xq.kkad
dk ngxuk gksrk gSA
mdk /JukReeeku Kkr dhft, ftlosQ fy(1 +x™ 0sQ izlkj>éstk xq.kkad 6 gksA

6

%gfxz 6 0sQ izlkjelsal ora=k in Kkr dhft,A
(
. 6& 2 6660
=0
ge ikrs gSafd , = gg 3 —g%
c 0@ *5 1 Beel ¢
g5 gt O o) Sty
o (3% ixa
- (31) °C, o
xIs Lora=k in 0sQ fy,] indés@kkrkad O (gksuk pifglA 3 =0;kr=4

(3)668

bl izdkj5°n xIs Lora=k gSA blfy, vHkh'(¢1in 604(2)W5-1—2

3% 5 dk

fn (1 +a)"0sQ izlkjesa rFkk 0sQ xq.kkad lekarj Js.kh esa gksa rks flt

dhft, fd m€n(4r + 1) + 462 =0

ge tkurs gSafd-a)" 0sQ izlkesaypk€ inCa gSA blizdkj ;g ns[kk tk Idrk
gS fdr, (r + 1)°%h esa vkrk gSA vkSj bldkcxgERaudfyae:, a rFkle* 0sQ xq.kkad
e'k9e ,."C. rFkkc ., gSaA ijarg ;s xg.kkad lekarj Js.kh esa gSaA blfy,
"C.+"C, =20C
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nl nl nl

-k ' o+ ' 020" '

' (rod!(no+ op! (rodp!(nod+ od)! ri(no+)!

_ 1 . 1

K (rod!(nd+ o) (no+) (nd+ od)! '(r o) (r)(r 6! (n o+ o4)!
1

20-
r(rdd!'(nd+)(no+ od)!

1 8é 1 1 ¢
A o+ >
(rdd)! (n & B SWEr)(h -1+ ¢ 1) &) &

02 & 1
(rod)! (n & BH[r(n€r)]

_ 1 L1 5= 2
K (nd+ o) (nov) 'r(r ot) r(no¥)

r(r 34)otno+)(no+ o) 5= 2

(no1)(no+ oHr(rod) r(nod+)
rr+)+Q€r)(n€r+1)=2(+1)n€r +1)
rrP+r+r€nr+n€nr+r2€r=2nr€r2+r+n€r+1)
PEMNr€n+42€2=0

nPE€n(@r+1)+42€2=0
fn[kkb, fd1+x* 0sQ izlkj esa e*; in dk x@Lkkgtd]osQ izlkj esa nksuksa
es; inksa 0sQ xq.kkadksa 0sQ ;ksx 0sQ cjkcj gksrk gSA

D;ksa#d ,d le la[;k gS blfy, (1+x)>0sQ izlkj esa 0sQoy ,d ee; in gS tks fd

XXX =

ok€

gg ot vFkkZi+4) n gSA
VC (n+1)°4n >C x gS ftldk xqg.kkaz gSA
blh izdkj] (2n€1) ,d fo"ke la[;k gS blfy(1 + x> 0sQ izlkj 0sQ nks ee; in

51 &% ok€ 51 &% ok€
3?127 vksgz?T ot VFKKAMSAKS]n + 1) °in gSA
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bu inksa 0sQ xq.kKetL, . KEE'C gSaA
bl izdkj =C + >4C=2C [D;ksafd +"C ="C]
;gh vHkh"V gSA
flinizes; dk mi;ksx djrs gq, xq.KU@Y* (2 €a)s esadk xqg.kkad Kkr
dhft,A
Icls igys ge xq.kuiQy 0sQ izR;sd esa f}in izes; xq.ku[kaM iz;ksx dj izlkj.k djrs gSaA k
izdkj
(1+23)* = “C+'C, (2a) + *C, (2a)* + “C, (2a)*+ “C, (2a)*

= 1+4 (22)+6 (422 + 4 (&°) + 16"

= 1+8at+24a*+3 223+ 16a*
VKS]  (2€a)°="°C, (2°€°C, (2) (a) + °C,(2)* (a)2€ °C, (2)* (a)°

+°C, (2) (@)*€°C; (@)°

=32 € 8@ + 8 € 40%+10a'€ &°
blizdkj (1+2a)* (2€a)°

= (1+8a + 2422 + 322° + 16") (32€8@& + 8(r% € 40 + 1(a* € &)
gesa laiw.kZ xq.kk djus rFkk IHkh inksa 0sQ fy[kus dh vko';drk ugha gSA ge osQoy ogf
g8aesat vkrk gSA drae = a* rks ;g fd;k tk Idrk gSA ftu inksavlsla gS] os gSa%

1.108* + (8a) (€40°) + (242?) (80a2) + (322°) (€8(w) + (16%) (32) = € 438&*

vr% xq.kuiQwyedlaxq.kkad3sgSA

(x+a)" 0sQ izlkj esa vétfrisKkr dhft,A

(x+a)"0sQ izlkjesa)in gSaA inksa dk voyksdu djrs gq, ge dg Idrs gSa fd var
esa igyk in izlkj dk vafre in gSawFkR&En~(n+ 1) € (1€1)gSA var Is nwljk in]
izIkj dkn®™fn n=(n+ 1) € (2 € 1)gSA var Is rhljk in] izlkj @&1’<in gS vkSj
nE€l = +1) € (3 € 1) blh izdkj] var Is°*n] izlkj dk [(n+1) € ¢ € 1) VFKkZr~~
(n€r + 2PN gksxkA

VKSj izlkj dioer+20Kn nC_ xer gt gSA

n€r+1

6 1 18(
5 o i
ggx +23— = 2 x>00sQ izlkjeaLora=k in Kkr dhft,A
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izlkj dk O;kid in

r= o 8 G

4 ] w2
=18c x3 —— =18c — x 3
[i or

2" x3

D;ksafd geshora=k in Kkr djuk gS vFkkZr<ughangsa
bify, 186-2

09 :kr=9

.1
vr% vHKh"V#a, > gSA

3m

%geé— § x 80, tgkén,d izko Qr la[;k gS] 0sQ izlkj esa igys rhu inksa 0sQ

X2

xg.kkadksa dk ;ksx 5599 B8Ry lkj B&a dhft,A
%éaeéx—?’z gosQ izIkj 0sQ igys rhu inksaros@&kekiSp "C, gSaA
bify, fn, X, izfrca/ 0sQ vuqtkj, €3mC + 9mC = 559.

om (ma4
Kk 1€3m+ m(;n )

0559 blls gesa= 12 (m,d izko Qr la[;kigr gksrk gSA

de3 '
VC Tr+1 - 12(:r X128 g§7 (;: 12(:r (€3) - xl2es

D;ksafd geseyk in pkfg,Avr%12€3 =3;k r = 3.
bl izdkj] vHKh"V s 2C, (€37 x*  VFkkZE5940x gSA

;fn (1+x)%* 0sQ izlk] @88 ¥kS(2re1)sihksa 0sQ xq.kkad kku gksa
dhft,A

(1+)* 0sQ izlkj @e*tFkkare1)ysinksmxg|. kkae'kHC . vkSj‘C, .,
D;ksafd os leku gSa] blfy,
34C €6 = 34C2r€2

;g rHkh laHko gS tcfdgle =2 € 2 ;k r€6 = 34 € (2 € 2)gksA

gSaA
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[bl rF; dk iz;ksx djosQ fd @="C, gks nks p ;K r = n€p]
blfy,] gesa= € 4;k r = 14izklr ggvk ijarzko Qr la[;k g$ vk3jaHko ugha gSA
VvIi%r =14

;fn (a+b)r0sQ izlkj esa izFke rhu in ...e'k% 729] 7290 rFkk, 38375 gksa rks
n Kkr dhft,A
;fn (3 +ax)° 0sQ izlkjeskklke 0sQ xg.kkad lekuagksakik&kr dhft,A
flin izes; dk mi;ksx djrs gq, xqkudy(1€x)” es& dk xq.kkad Kkr dhft,A
;fn avkSp fHkUu&fHkUu iw.kk,d gksa] rksdt ahfikfcd xg.ku[kaM
(a€b)gS] tcfdn ,d /u iw.kk,d gSA

[ a" = (@ €b + b)" fy[kdj izlkj dhft,A

0{35+/20) &{/3 $20) dk eku Kkr dhft,A
E%Z 5+/a? a5) %? & 16}dk eku Kkr dhft,A

(0.99¥ 0sQ izlkj 0sQ igys rhu inksa dk iz;ksx djrs gq, bldk fudVre eku Kkr dhft,A

1" o . . . .
:fn g? 6% ¢0sQ izlkj esa vkjaHk Is 50sa vkS;j var Is 5qgaiimki& vugikr
(
rke Kkr dhft,A

4

%?% &X ¢ x8w0dk flin izes; }kjk izlkj Kkr dhft,A
C

(3x2 € 2ax + 322 dK f}in izes; Is izlkj Kkr dhft,A

A®,d f}in dk fdlh Hkh /u iw.klkgdsQ fy, izlkj f}in izes; }kjk fd;k tkrk gSA
bl izes; 0sQ vuqlkj
(@+ b ="Ca" +"Ca*b + "Ca*h? + ..+"C__ab* + "C b"

d®izlkj 0sQ inksa 0sQ xg.kkadksa dk O;ofLFkr ...e ikLdy f=kHkqt dgykrk gSA
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,e'k% k=1, 2, 3€ n,j[kus ij] ge ikrs gSa
e 14=4(1P+6(Lp+4(1) + 1
e 24= 42+ 6(2p+ 4(2) + 1
40 34=4(3P+6(3¢+4(3)+1

(ne1)*e(ne2)*=4Nn¢*2)3+6(N°*2)2+4(n-2)+1
nNfe(nel)*=4ne<1)3+6(ne*1)2+4n-1)+1
(n+1fen*=dn+6nP+4n+1

nksuksa i{kksa dks tksM+us ij] ge ikrs gSa
(N+ 1P e14=4(B+ 2+ F+..+) + 6(P+ 2+ F + ...+’ +
41+2+3+..4)+n

5434 ® 08 o+8An )

k 04 k a= k 1=

(i) rFkd) Is] ge tkurs gSa

2o . NO(510 <2 00 a8)gn B
§§ = — rFkklkgé_ 3 -

bu ekuksa pdsa j[kus ij] ge ikrs gSa
185 o awd R 46*6n(n642(2n 3, @ By

2
k 64
or AS=n*+4n+ 067 +dnen(@2r+3n+1)e2n(n+1)*n

=n*+ 2m+ n?

=n¥n + 1%
vr% S = n* (n&4)° é-a[](nai)é]

! 4 4
Js.khi+ 11 + 19 + 29 + 4160s@nksa dk ;ksxiQy Kkr dhft,A
vkb, fy[ksa

S=5+11+19+29+..a +a

vFkok S = 5+11+19 +..& _ +a +a
?kVkus ij ge ikrs gSa
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0=5+[6+8+10+ 12 +.n(~ 1) inkb&ra,_

VEkok a = 56+(n 04)[12 S(n D 2§
=5+(Nel)(n+4)=n?+3n+1

bl izdkj S = 6ék 0= 8&2 8k 1p+ @é 3 a@é
1

n koE k B= k 16=

_ n(nd3)(2n 8, 3n(n B+, _n(nd2)(n &)
B 6 -2 B 3 '

ml Js.kh asi@ksa dk ;ksx Kkr dhft, ftidik€ im (n + 3) gSA
fn;k x;k gS
a=n(n+3)=r+3n
bl izdkjninksa dk ;ksxiQy
s = O&0=04 8 §

koE k o= k 16=

_ n(nét) (2n d}aLSn (n 1 a_n(nfﬁi)(n &)
- 6 2 3 '

izZu 1ls 7rd 1zR;sd Js.kmda dk ;ksx Kkr dhft,A

1x2+2x3+3x4+4x%x5+... 1x2x3+2x3x4+3x4x5+ .,
1 1 1
O+ A+
3xP+5xZ2+7x3+ ... 152 288 381
R+6&+7+...+20 3x8+6x11+9x14+ ...

L2+ (2+2)+(L2+2+3F) + ...
iz’'ug Is10rd izR;sd Js.khhask3a dk ;ksx Kkr dhft, fildbk€ in fn;k gS%

n (n+1) (n+4). n2+ 2
(2n « 1
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;fn fdlh lekarj Js.kh dlok&Jok€pkE€ ridk€ in xg.kksTkj Js.kh esa gSa] rks
fn[kkb, fdp « g), (g - 1), (-s) Hkh xqg.kksTkj Js.kh esa gksxsaA

,gk€ a =a+(p-1)d .. (1)
aq=a+(q 1) d .. (2)
a=a+(-)d .. (3)
a =a+(sel)d .. (4)

fnk x;k gS fd, a, a rFki xg.kksTkj Js.kh esa gSaA bify,
8 -
B 85508 40T hca)) £)
a, a a04a podg
bihizdkj & = %8808 £05 pycay €(6)
8, & 8034 qoF

vroo(s) riEke) Is

qo+ _ rds . . . -
004 - qo1 VFkkZr~q, q « r rFkke s Xq.kkstkj Js.kh esa gSaA

fna, b, oxq.kkstkj Js.kh esagSagFaiiantt,  x,y, dekar]
Js.kh esa gSaA
ekuk fchx = b = ct»= k. gSa rks

a=k, b= KrFkk=k. €(1)
D;ksafd, cxq.kkstkj Js.kh esa gSa
b? =ac €(2)
(1) rFkg) 0sQ mi;ksx Is ge ikrs gSa
k2y = kx+z

blls gesa feyrkySs x + z.
vr%x, yrFkklekarj Js.kh esa gSaA

;fn a, b, ¢, drFkifofHkUu okLrfod la[;k,€ bl izdkj gSa fd
(@ + 2 +c?)p? + 2(ab+ bec+ chp + (02+ 2 + P) 80 rks n'kkZhg,fol crFkl xq.kkstkj
Js.kh esa gSaA
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fn;k gSa
(@+b*+c?)p?e2(ab+bc+chp + 0P+ 2+ ) 6D .. (1)
jarq ck;k€ i{k
= (a%p? » 2abp+b?) + (%2 » 2bcprc?) + (C2p? » 2cdp + ),
blls gesa feyrk gS

(ape b)?> + (bpe c)* + (cp+ d)* %0 .- (2)
D;ksafkl rfoda[;kvkestxkdie; ksx...ksgS] blfy (1) rFkie) Is] ge ikrs gSa
Oapabl) adbpacl) sdpadd) 59
vFkokp « b =0,bp+c=0,cpe d=0Dblls gesa feyrk gS
Eézc é'lé o3
a b c

vr%a, b, c rFkikxq.kkstkj Js.kh esa gSaA
;fn p,a,rxg.kkstkj Js.kh esa gSa rpkk+lendf.kksa vkSj

dx + 2ex+f=0,d mHK;fu"B ewy j[krs gksa] rks%‘,lgkirb,lﬂarj Js.kh esa gSaA
lehdj.k px + 2gx+r = 00sQ ewy fuEufyflkr gSa%

(392 af4 &
2p

D;ksafd ,q, rxq.kkstkj Js.kh esa cﬁSajr,be/kaES'épﬂ ijarq@ lehd).k
p
dx + 2ex+f = 0dk Hkh ewyy&$a\)

bify,
o8y “ 94 @d g
d Pe a%# ,
o
K oq@ « 2eqp+fp2 =0 . (1)
(1) dksgtls Hkkx nsus ij gf=kkr dk mi;ksx djus Is] ge ikrs gSa
dp28 500 g 258 ol
p q pr T q opr

f
- lekarj Js.kh esa gSaA

y de
VvI7o p’q'
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9

n'kkZb, fd fdlh lekarj Js.kimesfbsa rfkk njosa inksa dkgksxin dk
ngxquk gSA

:fn fdlh lekarj Js.kh dh rhu la[;kvksazigRsikk mudk xqskag3) rks
la[;k,€ Kkr dhft,A

ekuk fd fdlh lekarj Js.kin,@s@FkRninksa dk ;ksxiQy 8 k§sFk& gS

rks fn[kkb, 8] = 3(S *S))

200rFkko00sQ ef; vkus okyh mu IHkh la[;kvksa dk ;ksxiQyr kkr dhft, tks
foHkkftr gksaA

1ls 100rd vkus okys mu IHkh iw.kkedksa dk ;ksxiQy Kkr=dbft, tks
foHkkftr gksaA

nks vadksa dh mu IHkh la[;kvksa dk ;ksxiQy Kkisdioftjkftudjss ij
'ks"kiQgksA

IHKk , y 8IN 0sQ f¥f,(x +y) =f (x). f (y) dks larq"V djrk gaikslk iQyu gS

fd £ (1) = 3,02 BF () 3220 rks dk eku Kkr dhft, A

x 04

xq.kkstkj Js.kh 0sQ oqQhbmBEmttks kxke in rFkk IkoZ vuqikrEék%

2 gSaA vafre in rFkk inksa dh la[;k Kkr dhft,A

fdlh xg.kkstkj Js.kh dk 1z5%a nhljs ,0a ik€posa irdsgkdkkkseq.kksTkj Js.kh

dk IkoZ vugikr Kkr dhft,A

fdlh xq.kkstkj Js.kh 0sQ rhu selgaAdKnkeg e Is bu la[;kvksa gga Is

21?kVK,€ rks gesa ,d lekarj Js.kh izkIr gksrh gSA la[;k,€ Kkr dhft,A

fdlh xg.kkstkj Js.kh osQ inksa dh la[;k le gSA ;fn mlosQ IHkh inksa dk ;ksxiQy] fo"ke

Ij j[ks inksa 0sQ ;ksX8QguikgS] rks IkoZ vugikr Kkr dhft,A

,d lekarj Js.kh 0sQ izFke pkj inksazdlg &axr@lye pkj inksa dkzksxiQy

gSA ;fn bldk izFkeigS] rks inksa dh la[;k Kkr dhft,A

" adbx , boex 6_06dx

M 25bx “bacx “codx

esagSaA

fdlh xg.kkstkj Js.kirdsa dk ;ksriidk xg.kuiQyrRRkkosQ O;qR,eksa dk ;ksx

gks rks fl,, dhft, fd”R" = S

fdlh lekarj Js.kh dék&pk&kE in ,e'k% b, cgSa] rks fl, dhft,
(Qer)at(Fep)o+(e-q)c=0

(x 8'0), gks rks fn[kkh, bdcrFkikxg.kkstkj Js.kh
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fn a%%eé% g’—i gg c %goé lekarj Js.kh esa gSa] rks fl, dhft, fd
a, b, clekarj Js.kh esa gSaA

;fna, b, c, Xq.kksTkj Js.kh esa gSa] rksifh sfd) ! 5€), (c" 54")
xq.kkstkj Js.kh esa gSaA

;fn x2« 3x+p = 00sQ ewlkikgSa sEklex +q = 0,0sQ ewlykk gSa] tgk€

a, b, ¢, dxg.kkstkj Js.kh 0sQ :i esa gSaAdfk, ghflg fab) = 17:15

nks /ukRed kaksaFkikosQ chp lekarj ekf; rFkk xq.kkstkj ekf:ndk vuqikr

gSA kkZb; B aknt - iF QJdfn +/n (]

111
.fna, b, clekarj Js.kh eésa,@%q.kksTkj Js.kh %s%gésmkﬁiqu.kh esa

gSa] rks fl,, dhft, fa c, exq.kkstkj Js.kh esa gSaA
fuEufyflkr Jsf.k;ksaks&dk ;ksx Kkr dhft,A
0] 5+ 554555 + €
(ii) .6 +. 66 +. 666+€
Js.kh diook€ in Kkr dhft, %
2x4+4x6+6x8+..rinksard
Js.ldx 7 +13 +21 +31 +€osinksa dk ;ksx Kkr dhft,A
ns, s, s,.e'’k% izFkazko Qr la[;kvksa dk ;ksx] muosQ oxkse dk ;ksx rFkk ?kuksa
;ksx gS rks fl, dhft, fAS’=s, (1 + &5)).
fuEufyflkr Jsf.k;ksanks&rd ;ksx Kkr dhft,a%
1 188 18 B+
dl 2 82 & .0+n o ay 53 E
1702 62 & .5+n’d+n a) ot
dksbz fdlku ,d igjkus V3z@aefdisa [kjhnrk g&m@gudn Hkgxrku djrk
gS vkSj 'ks"k jlgtodidh okf'kZd fdLr 0osQ vfrfiDr ml fku ij ftldk Hkgxrku u

fd;k x;k gks2%okf'kZd C;kt Hkh nsrk gSA fdlku dks VS1DVj dh oqQy fdruh dher
nsuh iMs+xh\

n'kkZb, f




vug,e rFkk Js.kh 215

'ke'kkn vyl22000#i;s esa ,d LdwVj [kihnrkg®adg udn nsrk gS rFkk 'ks"k

jkf'k dk=ooo#i;sa okf'kzd fd'r 0sQ vfrfiDr ml /u ij ftldk Hkgxrku u fd;k x;k
gks0%okf'kZd C;kt Hkh nsrk gSA mis LdwVj 0sQ fy, oqQy fdruh jkf'k pgdkuh iM+
,d O;fDr vius pkj fe=kksa dks i=k fy[krk gSA og izR;sd dks mldh udy djosQ pkj nwljs
O;fDr;ksa dks Hkstus dk funsZ'k nsrk gS] rFkk muls ;g Hkh djus dks dgrk gSa fd iz
izkIr djus okyk O;fDr bl “ak’'[kyk dks tkjh j[ksA ;g dYiuk djosQ fd "ak’[kyk u VwVs |
8 osa i=kksa 0sQ lewg Hksts tkus rd fdruk Mkd [kpZ gksxk tcfb,d i=k dk Mkd [kpZ
iSIs gSA

,d vkneh us ,d cSad@sa#i;s 5% okf'kZd Ik/kj.k C;kt ij tek fd;kA tc Is

jde cSad esa tek dh xbZsoksd 0"kZ esa mlosQ [kkrsa esa fdrab jde gks xbZ] rFkk
0"kksZa ckn ogqQy fdruh jde gks xbZ] Kkr dhft,A

,d fuekZrk ?kksf'kr djrk gS fd midh e'khu filsiesiié; gS] gj 02k%

dh nj Is midk voewY;u gksslo'yGAckn e'khu dk vugekfur ewY; Kkr dhft,A

fdlh dk;Z dks ogQN fnuksa esa iwjkcdpesZpgih fyxk, x,A nwljg fnu

deZpkfj;ksa us dke NksM+ fa ki 8)petipkij; ksa us dke NksM+ fn;k rFkk blizdkj
vU;Avc dk;Z iw.kZ daieeséd yxrs gSa] rks fnuksa dh la[;k Kkr dhft,] ftuesa

dk;Z iw.kZ fd;k x;kA

A®vug,e Is gekjk rkRi;Z gS] %ofdlh fu;e 0sQ vuqlkj ,d ifiHkkf"kr (fuf'pr) ,e esa
la[;kvksa dh O;0LFkkSA iqu% ge ,d vug,e dks ,d iQyu 0sQ :i esa ifiHkkf"kr dj
ldrs gSa] ftldk izkar izko Qr la[;kvksa dk legPp; gks vFkok midk milegPp;

{1, 2,3, ...k} 0sQ izdkj dk gksA os vuq,e] ftuesa inksa dh la[;k Ihfer gksrh gS]
%oifjifer vug,eS dgykrs gSaA ;fn dksbZ vug,e ififer ugha gS rks mis vifjfer
vug,e dgrs gSaA

o®ekuyhfta, a, a, ....dvug,egSaaks a, + a,+...0sQ :iesa O;Dr fd;k
x;k ;ksx Js.kh dgykrk gS ftl Js.kh 0sQ inksa dh la[;k Ihfer gksrh gS mls ifjfer Js.kh
dgrs gSaA

O®fdlh vuqg,e esa in leku fu;rkad Is yxkrkj c<+rs ;k ?kVrs gSa] lekarj Js.kh gksrh gSaA
fu;rkad dks lekarj Js.kh dk IkoZ varj dgrs gSaA IkekU;r% ge lekarj Js.kh dk izFke
in a,lkoZ vatrFkk vafre is iznf'kZr djrs gSaA lekarj Js.kimdk O;kid
nok€ im =a+ (n+1) dgSA
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lekarj Js.khrosRsa dk ;8IMEuUfyflkr lw=k }kjk izklr gksrk gS%
S,= 288+ 0+ B) BHa(+1 8

O®dksbZ nks lad iekdsdk lekar] ekfa, izb gksrk gS vFkkZra; Aug,e

b lekarj Js.khP.)esa gSA
A@fdlh vug,e dks xqg.kkstkj3®klgrk gSa] ;fn dksbZ in] vius fiNys in s ,d
vpj vugikr esa c<+rk gSA bl vpj xg.kkad dks IkoZ vuqikr dgrs gSaA Ikfkkj.kr% ge
xq.kkstkj Js.kh 0sQ efKekitkdKs/ugigikaosQfrd djrs gSaA xq.kkstkj Js.kh
dk O:kid in ;knok€ i = ar"** gksrk gSA
aé(” . 1(

aQle r”a
xq.kkstkj Js.kh rmfmké.z\Fd!:ie:I;sxT K ?(—r fnral

gksrk gSA
A®dksbZ nks /ukRedldf g€k xq.kksTkj.¢kih;9S VFkkZr~-avame

xq.kkstkj Js.kh esa gSaA

b ckr 0sQ izek.k feyrs g8@otdkZ iwoZ cschyksfu;k osQ fuokfl;ksa dks lekarj rFkk
xq.kkstkjvuq,eksa dokikiusfBkAA.D.)osQ vuqlkj lekarj rFkk xg.kkstkj vug,eksa

dh tkudkjh izkjafHkd ;wukuh (xzhd) ys[kdksa dks FkhA Hkkjhe xf.krkksa esa Is vk;Zt
A.D.) us igyh ckj izko Qr la[;kvksa 0sQ oxkse rFkk ?kuksa dk ;ksx viuh izfl, igLrd
"vk;ZHkVh;e~* tkageklkxesa fy[kh xbZ Fkh] esa frok& mspkigaiti]

lekarj vug,e osiQksa 0sQ ;ksx dk Iw=k Hkh fn;kA vU; egku Hk{geh; xf.krK cz«xqlr

A.D.), egkolips0 A.D.)rFkk Hkkiadj4-1185 A.D.)us la[;kvksa 0sQ oxksZa ,0a ?kuksa

0sQ ;ksx ij fopkj fd;kA ,d nwljs fof'k"V izdkj dk vug,e ftldk xf.kr esa egtoiw.kZ
xq.k/ezZ g%itksacci sequencdgykrk gS] dk vkfo"dkj bVyh 0sQ egku xf.krK

Leonardo Fibonacc(1170+1250 A.D.)us fd;KA I|=kgoha 'krkCnh esa Jsf.k;ksa dk
oxhzZdj.k fof'k"V :ils gqekAbZ- esaes Gregorys vifjfer vug,e 0sQ lanHkZ

esa vifjfer Js.kh 'kCn dk mi;ksx fd;kA chtxf.krh; rFkk leqPp; fl,karksa 0sQ leqgfpr
fodkl osQ mijkar gh vug,e rFkk Jsf.k;ksa Is lacaf/r tkudkjh vPNs <+ax Is izLrgr gks ldh/
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‘ (Straight Lines) '

s 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 wfeRt (Introduction)

T Al ydadl wae o fafodt feyne wnfufe @
ufifed € 9% T Yo g8 s sl wdhfR o
GASA 21 SSEIE o WA 9 SAfHia # FHEE S

Rene Descartes
La Gemoetry
(Anaytica
Geometry)
(basics)
XY- (61 - 4) (31 _
0)
(6! - 4) X-

René Descartes
(1596 -1650A.D.)
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e frmfafad weauel g5 &1t s faan 2
L P(x, Y,) ¥R Q(x, y,) fazsti & = =t <
PQ=\/(X2—X1)2+(y2—y1)2 %l
serewnd. (6, - 4) 3R (3, 0) fagai & =fta %1 &

J3-6)+ (0+4)?=/ 9+16 =5TFE &I
1 (x,y,) 3 (x,, y,) faeet i faem ot e # mond siafamfaa s am

e B i (”‘Xﬁnxl myz”‘ylj £

m+n  m+n

seewny. 39 faT o fadwis w1 AL - 3) @R B (=3, 9) w1 fieH @

1(-3)+31
=—— =0
1+3 o

t@rEe #i 1 31 efafaufem s 2. safau x
C19+3(-3) .
- 1+3 = 0%l

1. faviw &9 ® afz m=n, @ (x, y,) W (x,, y,) e @ faam o s 5

ey fig & Fews (—Xl“;xz ,—ylzsz 2l

AN CRANCHA R (x,, y,) TS & o Bt &1 e

%‘ Xl(yz_y3)+X2(y3_y1)+X3(y1_ yz)‘ i 5 2
serewond . ww favs foes o (4, 4), (3,-2) 3R (-3, 16) €,

TEH ATE = %|4(—2—16)+3(16—4)+(—3)(4+ 2)|=@= 27 =t TTE 21

famuft afe g ABC &1 &% 919 2. dl dF fae A, B 3R C & @1 W g
2 sufq 9 @@ (collinear) €l

79 o2 |, gq fdenes snfafa o eteae &) ey s Stes - @
o TUIYHT o SATH 2 Fad Hd @il SHS! Terdl o aid gu ot @, st &1 U
HATYTF Hhedd & 3R TuR ek Sed o v ¥ ded Jud ud swEnh & 9
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wftafera 21 98l Tea sevd Y %1 deiord freae @ fges fow @ (dope)

el 3T ATYIF ¢

10.2 @ =t @1 (Slope of aline)

el @ o UF W1 x-A%, F WY q HIU T ¢, S WER GWF e 21 FI01 0

(A ) S 1@ |, x-3187 1 EHHE &9 o6
1oy S €, 3 |, 1 et (Inclination of the
linel) el €1 Tqeaan 0° < 0 <180° (3ehfd
10.2)!

T <Ed € o x-31e GO et
ZehTa 0° Bl 2 Uk Fed Tl (y-18] o THid
a0 y-3187 T HUTE) 1 FehE 90°

Y
A

afterer 1 afk o fedht Y@ | w1 TEE §. @
tan O 1 1@ | F1 2T FEd ¢

o8 W fowment g 00° €. IHeh! el uiwitie
& B U T H] & H m W e Hd 21 3
YR m=tan 0, 0 = 90° g @I = Fehell & Toh
X y

10.2.1

10.2

(Slope of a line when

coordinates of any two points on the line are given)

Y
non- Tt I/’

vertical [ 0 Q(x;, ,)

P(X,, ¥,) Q(X, Y,)
Xl * XZ’ X- P (—’Cn.}’]) 9 M

|

97

X QR RQ PM 3 6 u

103 @) (i) Z0 R X

10.3 ()
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=971 LS9 0 =10  37ehfd 10.3 (i), § ZMPQ = 6
zofe @ | %1 @@ =m=tan 0 . (1)

MQ_¥,-v

; . tanf=
wq 99 AMPQ H. tan MP X x

(2

mﬁmﬂWWQ@ﬁWﬁ%%wh%iﬁ

2
9N L SE 0 FAHE I B
3mehfd 10.3 (i) H, ZMPQ = 180° - 0.
gafew, 0 = 180° — ZMPQ.
3E. W | H e =m=tan 0
= tan ( 180° - ZMPQ)
=—tan ZMPQ
_MQ_ Yo% Yo-¥
MP  %=% ~ %-X%
Fod: qEl e ® fag (x,,y,) R )
,Y,) ¥ ST areft @ &l g | | e Y
(% ¥,) ol & \>x

m= Y2~ % aTmeRta 10. 3 (ii)
X=X

10.2.2 @ I@rell & WHIAY 3N WY & g1 % wigas (Conditions for
parallelism and perpendicularity of lines) A @ifse fo Fedaw e Il3ﬁ'{ Izﬂ-ﬁ
@, s U Frdene @ § ¥ e m am m,FIAE y

AfS o oo g waw: o sRpF Afe | e A
|, Wi @O (SRR 10.4) 0 Sk b WA N

&) N

377 o =B, 3R tan o = tan B

Ffe m, = m,, Sid I @TE TR |

focima: afe < T || iR |, % e e @

a1 m =m,

GE! tan o = tan B ITTeRta 10. 4

Tyl (tangent) e o ToTHH ¥ (0° 3R 180° % wH), o = B
37: @ g 2
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od: A T | R0, i e € A e Y
el AfE 9 BT M B N
afe Y@ | 3 | e e & (smehfa 10.5). 7@ b y
B =o+90°

T,  tan = tan (a + 90%)

/ o p
1 >X
=—cota=—% Lo N
10.5
ofid .
#H = Bl =-1
m m, m,

focima: afe m m, = -1, &4 tanatan p=- 1.
dd. tan o =-cot f =tan (B +90°) A tan (B — 90°)
AU, o 3K B &1 R 90° B
;. @ | #R |, e o |
a7d: T HeAw @ | 3R | WO e il € 9 3R had afe 3T e TR
FUHE chd 2l

Hqgfd  m= —%m mm=-1

ameu., frefafead see w faem +i:
FEETOT 1 3A @Al % @ A hifa i
@ (3,-2) 3t (-1, 4) fagati 9 g =t €,
() (3,-2) 3tk (7, -2) farzati | gex =t &,
(© (3.-2)%R (3,9
(d) X= °
@ B.-2) (14
moA-(2_6_ 3

-1-3 -4 2
(b) (3,-2) 3 (7,-2)
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(©) (3,-2) 3 (3,4)

(d) o = 60°

m,=tana; Vij m,=tana, / 0 /
ge tir g fd tc n J [, ijLij
1frPNn djrh g rc o nk “ii'idHe[k d
o] ;Xe curh g & ,1 g fd degh k
IyXu di.lk dk ;kx 180° gh elu yhft, fd jlkvk Lvij L, 00 chp Byku di.ke vij ¢
g (violfr 10-6)A rc

10.6

0=a,-a Vij a,a, #90°

B tana, —tana m,—m, .
hlfy,, tan6 =t -—o) = 2 L_—_ D;kd 1 0
fy,, tan an (o, - o) l+tana,tana,  1+mm, ( +mm,0)

vij $=180°-0

bl idij tan ¢ =tan (180°-0)=—tan 6 = 1r:_12n1r:}12.

D;kfd 1+ mm, =0
vc] nk fLRr;k mRilu ghrh gh

;i /u Red g] rc tan6 Zuited gixk vij tan ¢ Y2.lRed gixk fEldi

m, —
1+ mm,
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VL g 0 Uzudk.k gxk vij o vizd di.k gixit

i 1/2 iked g] rc tan 6 Y2.MRed gixk vij tan ¢ eluiRed gixk

1+mm,
feldk vF g o vi/Zd dk.k ¢Uud OkxKA
bl Idj]mijZ<y0 j[ vij L, o) cip dk U;u di.k (etuk fd 6)
bl 1dlj g
m, —
tan 6 = ‘ +mlm2 , tgh 1+mm, =0 - (D

vi/d di.k (eluk fd ¢) ¢ =180°-0 00 1;kx 1 ikir fd;k €tk Idrk gh

;fn nk jkvk of chp dk dik = gvkj ,d j[ik dh <y %grknljhj[kk
dh <ty Kir dift,A
ge tiur g fd m, vij m, <ty okyh nk j[ikvk of chp U;udk.k 6 bl idij g fd

m-m
1+mm,

tanf =

(1)

1 |
;o m1=5,n12:mvkj 0=7
vc (1) e bu eluk dk j[lu j

1 1
no| M m->
1+-m 1+§m
1 1
m-_ m- -
llirgrg 1 0 T o

blfy,] m=3;k m=-=
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_ 1 1
-3 L:m=§
.

&= 0 \Z 8 \_;; X

10.7

ri nhjh j[k dh <ty 3;k —%gA violfr 10-7 e nk mlkj ok dkj.k Li'V fd;k
(-2, 6) VK] (4, 8) fenvk dk feyku okyh K] (8, 12) Vij (x, 24) fenvik dk

feylu okyh j[ik 1j yc gA xdk elu Kir dhft,A

8-6
(-2,6) Vij (4, 8)fenvk I thu okyh j[k dh <ty M =7 (_2)=
_24-12 12
(8,12) Vij (x, 24) fenvk 1 tiu okyt j[ d 8~ %8

D;kfd nkuk j[K, yc g bIfy,,m m,=-1,fell Wir girk g

}x 12 _ Tk x=4,

3 x-8 Y
10.2.4 1
(Callinearity of three points) ge thur C
g fd nk Rekrj j[kvi o) <ty letu gk

gh ;fn Telu <ky oly J[ . ,d g
fcn 1 gdj thrh g] vio’;d z1 |
o Likrh (coincident) gkrh gh vrk fn B

X;k oA

AB T @TeT = BC &hT @Tet

XY-ry e A,BVvij Crhu fcn g] rc o
,d J[ 1) gix VFkr rhuk fen Bj[k gkx A
(violfr 10-8) ;f vij oy ;fn AB /]
dh <ty =BC dh <kyA 10.8

=]

>X
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3ETEY ru fcn P (h, K, Q (x, y) Vij R(x,y,) ,d j[k ij gA fn[kb,
(h - Xl) (y2 - yl) = (k - y]_) (Xz - X]_)
D;kid fcn PQwvij RIj[k 0] ge ikr g

yl_k YooY
PQdh <ty = QR dh <ty VFkr x—h _ %—x
wk—m:n—m
Thex X%

;Hh—XHn—m)=W—wH@—X)
violfr 10.9,e ,d jf[kd xfr dk le; vij njh di y[lfp= fn;k gh Te; vij
njf dh fLFfr ] t¢c T=0,D=2Vij
tcT=3,D=8vidr dh xb g <ty dh
IdYiuk dk i;kx djol xfr di fu;e Kir
dife, vFkr nji] le; 1j fdl 1di

VvifJr g\ ‘Eé | 3,8)
elu yife, fd j[ik 1j dib fen
(T,D)g tgk T le; ij Dnjh fuzfir gA
bIfy,] fcn (0, 2), (3, 8) vij (T, D) Ij [k (0,2) -
oA bl idij o] w4 () > X
8-2_D=8 . 5(r_3-30D-9 TR 10.9
3-0 T-3°
kD= ( +1), th fd VHI'V Ic/ gh

dirh; ry e ,d prit [ifp, feld “i% (- 4,5), (0,7), (5,-5) Vij (-4,-2)
gh bhdk {i=kiQy Hh Kkr dift, A

2aHth o) leckg f=Hkt dk viZkj y-v{k o) vufn’k bl idkj g fd viZlj di eé;
fcn ey fen i1j gh f=HE of k' Kir dhft,A

P(x,y,) Vil Q(x,y,) 0 cip dh njh Kir dift, tc : (i) PQ, y-v{k o} leirj

o] i) PQ, x-v{t o letrj gh
x-v{k 1j ,d fcn Kir dift, € (7,6) Vij (3, 4) fenvk I lelu njh 1j gA
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J[k dh <ty Kkr dift, ey fcn vij P(0,-4) rik B (8, 0) fenvk di feyiu oky
J1 L [M o eé; fcn I tirh gh

1oFkxkj I 1e; ol i;kx feuk in[kyib, fd fcn (4,4), (3,5) vij (-1,-1) ,d ledk.k
fAHt Q ’kh"k A

mh j[k dk letdj.k Kir dift, t y&v{ di Zu fn’lk 1 olekolk ekik x;k 30" dk
di.k cukrh g

xdk og elu Kir dift, ftlo] fy, fcn (x, - 1), (2,1) Vi (4,5) Ij[k gA

njih 1= dk 1;kx fd, fcuk in[kytb, fd fcn (-2,-1),(4,0),(3,3) Vij (-3,2) ,d
lelrj erkt o "K'k gA

x-V{l v 3 -1 vij (4, 2)fcnv dk feyiu okyn j[ik o0 chp dk dk.k Kkr dift, A
dj[ ynlj J [ dh <ty dk nxuk gA ; fn nkuk o Qchponk.kdhLi’kT;k

(tangent) 5 rk vk dh <ty Kir dift,A
d i G, y) ViJ (K9 | Bt gh st G i <ty mg i i,
k—y,=m(h-x).

b
;i riu fen (h, 0), (a, b) Vij (0,K) ,d j[ik 1j g rk n[kb, fd F+E:1'

tul[;k vij o% o] fukufyf[kr y[Wfp=k ij fopkj dift, (violfr 10.10)A
JIkAB dh <ty Kir dift, vij blo] 1;kx I crib, fd 0" 2010 e tull [ ;k fdru
gkx\ v

/

-

102 ¢

w
: B
97 ¢

(1995, 97)

(1985, 92)

& . & & &5 & ‘;x

0 1985 1990 1995 2000 2005 2010
ad 3TMeRfd 10.10
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ge tiur g fd fdlh ry e fLFr ,d j[ik e fenvk dh B[k vur ghrh gh j[K vij fenwk
d chp dk ,d Ic/ ge futufyf[kr lel;k dk gy dju e lgk;d ghrk gh

ge ol dg Idr g fd fn;k x;k fon fd b nh gb j[ ij fLRr g\ bldk mlj ;g
gk Idri g fd ge fenvk of J[i 1 giu dk fuf’pr 1frc/ Kir gid dYiuk dift, fd XY-
ry e P(x,y) ,d LoPN fcn g L o) letdj.k gr ge fcn P o fy, ,d , 1 dFu ;k
ifrc/ dh jpuk djuk pkgr g t ofoy ml n’kk e IR; gkrk g tc fcn P [ L 1j fLFr
of] wU;Fik v IR; girk gA fuLlng ;9 dFu ,d , Bk chexf.krh; Dehdj.k g] fele x rFik

uk g Itefyr gir gh

vc] ge foffu ifrc/k o) vrxr j[i dh lendj.k ij fopky djxA

;in,d {ifrt
fcn dh difV ;k rk ak —ag
k

Dk Loxevil 1oanjh ij g e j[k o) iR:d
skrk y=asky=-agh fpE di p;u

[Violfr 10.11 (a4 blfy,] j[ L dk Rehdj.k sk r

Y
Y L N L
N y=a A A
< r >L
x==b| b
LR >
a (”{)“} =5
X'€ 3) A >X X'€ ) >X
10.11
Jk dh fLFdr 15 fulg djrk gfd JI y-v{k o) Aij sk utp gh bl idl] x-v{k I

bnji ij fLFr ,d Acol/j j[k dk lebdj.k ;k rk x=b; kx:—bg[v offr 10.11(b)]A
v{lk ol Ierj Vij (-2,3) 1 tiu okyh j[lwvk o) Tendj.k Kir dhft,A

violfr 10.12e j[lkwvk dh fLRfr;k n’ib xb gA x-v{k o] lekrj j[ of 1R;d fcn of
y-fun’ikd 3 g] blfy, x-v{k o) lekrj wij (=2,3) 1 tlu okyh j[k dk lehdj.k






































































































y? = dax, a=2
(2,0)
x=€2 ( 11.19)
4da=4x2=8
(2,0) Xx=€2
(2,0)x- X-
y=4dax y?*=€4ax
Xx=€2 (2,0) , y? = dax
y2=4(2)x =8

(0,0) 0,2) y-
y- X = day
X2 = 4(2), X2 =8y

y_
(2,€3)
y_
X¥=4day x2=€ 4y,
X2 =€ 4y
(2,€3),
1
22 =€ & (£3), a =3

X2 = 6-4%3% Y, =€ 4
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11.19
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1. y2=1X 2. X¥=6y 3. y¥?P=€&

4. X=€16 5. y?2 =1 6. R=€Y
7. (6,0), Xx=€6 8. (0,€3), y=3
9. (0,0, (3,0 10. (0,0), (£2,0)
11. (0,0), (2,3) X-
12. (0,0), (5,2) y-
11.5 (Ellipse)
11.20)

11.20

Major axis

11.21 11.22



2a
2c
11.29

11.5.1
( 11.23)

P
FP+EP=FO + OP + P
( FP =FO + OP)

=c+a+a€c=2a

Q
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Minor axis

2b

11.23

F.Q + FQ = b? &+
P Q

2,/b? 8€® = 23,

az=p*+c?,

11.5.2
cc=a’€b? a
c 0 a

(i) c=0,
a¢=pb? a=b,

11.24)

5+ b? € = 2.b? €

a=,/b* &+c?
c=.a’ 6-b2.

(Special cases of an ellipse)

11.24
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c=a, b=0.
F1F2 11.25
11.25)
C
e ed=
a
c ae
X- y-
11.26
Y
A
(0,a)
Y
/\(O,b) (0,6‘)"
' . A/\B N '& N
X \(_a,o)w o Te>X X< o) 0,0) ~
A4 (0’_b) q ,(0 ,—C)
x2 y2
R 0,-0)
y
(a) 2 2
(b) iz + lz =1
11.26 b~ a
11.26 (a) X-
F1 F2 F1F2 (@)
O F X- O F X-
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0] X- y- F

(€c 0) F, (c, 0)
11.27)
P&, y)
P 2a
PF, + PF,=2a (@)

J(x8€)? 842 d+/(x8C)2 BH° = 2

J(x5€)? 347 = € [(x50) o4y°

11.27

(x+ )P +y? =42 € 4a \[(x B€)® BHy° BHX BE)’ B’

(x 8c)? 3 d=a a—; X

e =1 - (2)

P&y 0<c<a
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PR = J(x39)*

\/ (x8€)? B+?

a§6x§
a2 '

B8 5-
:\/(X(’ﬁ-e) o8 oé}ffﬂ ( B=2€ed

2

PF, - ad— X
c c
PE + PE = ad¥x &€= x 2m - (3)
1 2 a a
2 2
LA
a b
PKX,y)
X2 2
x < O 7!
P&Y)
X2 y2
— 0=l 8- @£l X2 dEa?, € a £x dfa.
a b
x=€a X=a
y=£€Db y=b
X2 y2
11.26 (b) 0 8
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BA__|

11.26

1

€xy), &) (Ex &)
2.

yZ
11.55 (Latus rectum)

)
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AF,=FB.

a7
a
2 2
X 54 &
259
25 9
2 2
2o a
a b
a=5 b=3
cods/a® € 5€9 4
(€40) (40 (€5, 0)
(5,0) a= b=
4 2
4 ﬁa_@
5 a b
Ox? + 4y?>= 36
2 2
X s &
4 9
2 2
y x -
9 4 Y
X2 y2
2o 8 b=
c=Ja? e = J9E€45</5



(0,5) (0,€/5),

a=
(843, 0)
X_
a
c=a €D 25 = 169 &7
2 2
RN
169 144
(0,05)
y.
20
= o=— a8
a 2
c2=az€m?
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a or 7! F@
247 247
26:_ b2 =
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X s g
o247 0847 X2+ 152 = 247
87 515
2 2 2 2 2 2
X—6-th i} X—6-lyh a: X_64y_ a:
36 16 4 25 16 9
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X 5+ a4 X 5 a X sy -1
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b
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AF,= BF,
BF, € BF,= BA+AF€BF,=BA=2a

11.6.1 (Eccentricity)
c
8 e=—
a
c 8%,
ae
11.6.2 (Standard equation of Hyperbola)
X- y-
11.31(a) X-
11.31
F F, F,F, O O
O F X- O F X-

X- y- F (€c,0) F (c,0)
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c c
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PF,€ PE = 2a. a—€b—64
(0,0) X-
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11.29,
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Y ¢ X =1 1002 € 44x2 =275
oW 96258 y =l
8 35 43¢
(0,5%2)
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2
=2 586, = 1m
a
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Yy X
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2 e 53 X el 52 2 € 42 = 36
16 9 9 27 %
4. 16X € 92 =576 5y2 € O = 36 49y? € 16¢ = 784.
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11.34

, o3 3687100
(6) :%gg&) : a= 1 =300
AB. — B 2
' 100 * 700’
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- 100
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AB, OX 89
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O[PBR , cosdg g

OPRA |, sindg %
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Euclid

Euclid
. Apollonius *The Coni¢

Rene Descartg4596-1650 A.D.)

(Cartesian) La Geometry
Peirre
de Farmat (1601-1665 Fermates
Ad Locus Planos et So LIDOS Isagogentroduction to Plane and Solid
Loci, Descartes
Isaac Barrow
Polar bipolar
Leibnitz abcissa ordinate Coordinate
L.Hospital
Clairaut
Cramer

(YEa?+ (bEX)?=r
Monge (1781 )

y €yo¢ a (x € xg¢
aad¢1=0
S.F. Lacroix (1765-1843 )
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66@6@61
1an8a 9985 pade
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Ffadis =fafa = uie=

(Introduction to Three Dimensional Geometry)

«*Mathematics is both the queen and the hand-maiden of
all sciences€ E.T. BELL %*

121 wfiart (Introduction)
% fou 28 39 90 § 9 WER wa v yiaesid st 9

(coordinate)

Leonhard Euler
(1707-1783 A.D.)

diaed gfEl # Frefa &0 o o 39 dens 1 srevawa ad 8, S fag & @
e o darl | gfEl, qon 59w % Wyl W SE %l e Hd! 21w HI wER
o9 <raRi au 39 AT %1 EY 9 WeR Yaesikd w6 9 a9 £ 3 WER yiaesiid
T arel gell 9 ofd gREl il oA e arelt diF e s9 fag o die fderne el
= e FEvTa FEal 21 39 YR SHafie (spaced fid uw fag o oA frders
2 €1 39 a1 W B faferia sfafte H sfafa o) Heisd Hereaael w1 ST |
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12.1
fg@ | TR Vi | v | v
X + + + +
+ + + +
z + + + +
1 123 ® 245 @
F oY F 205

2 9§ 37Ty S wifee fomd fag (-3 1 2) 3R (-3 1 2) fioq 2

o mRUl 121 9. fdT (-3, 1. 2) T ey ¥ qen fag (-3, 1. -2) B3 =W |
feorg 2

[wroararett 12.1]

1. ww fag xeze W feom 81 soen v-Fdere qen 2-fdens @ €2
2. w fag XZ 9« H €1 38k v-TAdee & 9R ° oI 1 e Hehd €2
3. 39 el o AW waEt. fo frefofaa fag fem @)
(1.2.3).(4. 2.3).(4. 2. 5),(4,2, 5),(4,2,5),(4,2,5(3, 1,6) 2, 4, 7)
4. faa e 1 ufd S
() x-318 3 y-314 A U WY e H UH dd S99 E. SH qod B

Fed
(i) XY-da1 o s fag o e ®Y & B
(i) Freers ao siafter 1 iy ¥ fated w3 2

124 <t fa=ait o sfrer st =3 (Distance between Two Points)
fafardia frderier frema o T <1 fagel & o9 &1 <t 1 215997 % 9% 21 30 3@
T A9 eRE &1 fowr ffad fem & foau w@ 2

" ST, GEIv e OX, OY ae OZ & dma &1 fag P(x, y,, z) @@

Q (x, Y, 2) T
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P Q fagsti @ fdwne el = z
THie 9 Wi, 9o g9 tm wEe
foerer @ forgert fasof PQ & (2f@m
3MeRfd 12.4)

FifF SPAQ UF THAHKIV 7
s@:0PAQ H.

PP = PA + AQP 1)

T: Fifeh SBNQ = T HTHI. Sy
afetO'ANQ H.

AQ=AN2+ NQ? .. (2)

M FREIH I e . fF x 12.4

PQ = PR+ AN? + NQ?
w9, PA=zy, V,AN=X, X 3NQ=z z
WU PQ=(x, X\+0, V) +@ 2zY
o PQ= /(x,0%)204y,0y;)°862,02,)°
78 3 fazsl P, v, 7) 31 Q(X, v, ) & ™ #1 = PQ

X,=Y,=2,=0, P, 0
0Q= x,’0y,%02, |
o Q (%, ¥, 2)
3 P1 34 Q 412

.
i

PQ P(1,3,4) Q(4,1,2
PQ= /(8431)264158)°54234)
- [2551654
= V45 = 35

4 P(2,35),Q0(,23 R(7,0, 1)

PQ= |/(152)%6%253)23¢355)? 3=/96164 33/14
QR= |[(76)264052)2043103)° 5=/3604 016 6=/56 52114
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PR = /(7 32)%64053)°8¢0155)? 6=/8160 586 52/126 6:3/14
PQ + QR = PR
PQ R

A(3,6,9),B(10,20,30) C (25, 41,5)

AB2=(10 3)2+ (20 6)°+ (30 9)
= 49 + 196 + 441 = 686
BC?= (25 10)2+ ( 41 20)2+ (5 30)
= 225 + 3721 + 625 = 4571
CA2=(3 25)2+(6+41}+ (9 5)?
= 484 + 2209 + 16 = 2709
CA? + AB? 31BC2
3BBC

A B 345 13 7
P PA2 + PR = 22,

P Y, 2
PA2 =(x 3)2+(y 4)2+(z 5)?
PB? =(x+1¢+(y 3)2+ (z+ 77
PA? + PB = ¢
(x 3)2+(y 4%+ 52+ K+1p+(y 32+ (@z+7p=2%
2+ A2+ 22 4Ax 14y +4z= 22 109.

0 (2,3,5 (4,3,1) @M (3,72 (24, 1)
@) (1,3, 4 (1, 3,4) ) (2, 1,3) (2,1,3)
235 123 70 1
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0= moh SR X maoh
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_2(3) 8{39)(1) 2(4) 3{93)(82)
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5 P.4,2, 6) 3R Q.10, 16, 6) % feM amel W@ @E PQ® |y f-wifm
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(Limits and Derivatives)

**With the Calculus as a key, Mathematics can be successfully applied to the
explanation of the course of Nature - WHITEHEAD ¢

13.1 wft@ar (Introduction)
T AT HEH FI Uk qiHFT ¢ FHeld 0 F g€ I

Intuitive
idea

FW AT FHU| B9 FD G99 qHE el o Tadhals o
T h| Sir Issac Newton
— o (1642-1727A.D.)
(Intuitivel dea of Derivatives)
ifeer wai 4 sguifea fan 2 for fue uw @i w2em ° v + geei § 4.0
et gt 71 s 7 stufa s grn e o @ %1 7 <@ (9) Wehel H WY MU W (1)
F U Fod & ®U W s=4.02W & T 2

W TR0 13,1 | U WS 92H 9 i T v U o gekel o fafu=
T (1) W W # a7 # g (s) & T B

oA affeel § wHAt =2 Yekhe W YT %1 a7 91d w4 & 3999 21 TH WEE 9%
T o fau t = 2 Uehe W oA B 9 fafay amaiquen W ae 9 9| 1 O
3 € SR AR FW € TF 39U t=2UHE W A &% AR H FD YHR U=
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t=t,  t=t, t=t, t=t, 13.1
(tZ_tl) t S
0 0
1 4.9
_ 4=0WVij t,=20)chp r; dixbnjl 15 11,005
lesirjly (-t 18 15,876
(19.6-0) el 1.9 17.689
="~ —9geh/l 1.95 18.63225
(2-0)1 2 19.6
bIh idkj] t=1wvlj t=20] clp ele; ox 2.05 20.59225
UL I 2 | wns
- (2-1)1 ' ' '
( 25 30.625
bIh idij fofo/ o] fy, t=t, vij t=20] chp ge 3 441
ele; ox dk ifjdyu djr g futufyf[kr Bij.h 13-2] 4 78.4
t=t, lolM vij t=2 lolMk o) chp ehvj ifr loQM
e ele; ox (v) nrh gh
13.2
t, 0 1 15 18 1.9 1.95 1.99
v 9.8 147 | 1715 | 1862 | 1911 | 19355 | 19551

bl L.k 1 ge voykdu djr g fd elé; ox /hj&/hj c< jok gh tl&tl t=2
ij lellr giu oty le;krjhykdk y2AUkj cukr tir g ge n[ir g fd t=2ij ge ox dk ,d
cgr VPNk ci/ dj 1kr gh vl djr g fd 1-99 TolM wkj 2 TolM of cip o)N viR;kkr
AVuk u AV rk ge fu'd'k fudkyr g fd t=21oM ij elé; ox 19.55ehil 1 FikMk vi/

d gA

bl fu'd dk futufyf[ir vitkdyuk o) IePp; I fdfpr cy feyrk ght=2 1o(M
I iljH djr g, fofo/ Ne;krjkyk ij ele; ox dk ifjdyu dift,A 1o dh Hifr t=2 To)M

vij t=t, loM o} chp el; ox (v)

_ 2 loMwij t, TolM o) chp r; dh njh
- t,—2
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_t,loMe r; dinjh — 20oMe r; di njh
t, -2

_ t, loMke r; dh njh — 19.6
t, -2
futufyfLkr Hij.Ih 13.3,t=2 FoQMk vij t, loM o] cfp efVj ifr 1oM e ele; ox
v nrh g

"R 13.3
, | 4 3 25 | 22 | 21| 205 2.01
v | 2904 | 245 |2205| 2058 | 20.09| 19.845 | 19.649

t

;ok iuk ge &;lu nr g fd ;fnge t=2, 1 Wkjtk djr g, yAlj Le;lrjkyk di yr
tr g rk ge t=21j ox dk vi/d VvPNk ci/ girk g

vitdyuk o) iFle 1ePp; e geu t=21j lellr g oty c<r le;lrjkyk e elg;
ox Kir fd;k g vij rc vi’lk di g fd t=21 fdfpr 1o dN VviR;k’kr AVuk u %VA
vitdyuk o] f}ri; 1ePp; e t=21j vr gu oty AVr le;krjkyk e ele; ox Kir fd;k
g vij rc vl di g fd t=2 o fdfpr cin dN viR;kf’kr %Vuk u %AVA fo’l¥s z1 1
Hikfrdh; wiZkj ij ele; ox of ; ntuk vu@e ,d letu Ihek 11 igpu pkfg, ge fuf’pr
o1 1 fu'd' fudkyr g fd t=21j fiM dk ox 19.551 ehil vij 19.649 efil o] chp
gh rdundh i 1 ge dg Idr g
fd t=21) rikdifyd ox 19.551
enl- vij 19.649 ehil- o) chp gA
thk fd Hyh 1dkj Kir g fd ox njf
o ifjoru dh nj gh vrk geu t
fu"tkinr - fd;k] og fukufyf[r
fifofo/ {k.k 1j njh e ifjoru dh nj
dk vuetu yxk;k gh ge dgr g fd
njh iQyu s=49t2dk t=21j
vodyt 19.551 vij 19.6490( chp |
e gh,

bl Ihek db ifg;k di ,d
fodYi fof/ violfr 13.1e n’lib xb 131

>t

- - P2, =
| J y 241, HAT-3TY
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oA ;g cir le; (t) vij pWiu o) fk[lj 1 fiM dh njh (s) dk wviy[k gh tl&tl
.. hy,h,...di Ihek*l; di vij vxlj girt g ol gh elé; oxk of
VX|j gku dh ogh Ihek girh g t

o) vuikrk o) vu@e dh gt g] togk CB,=s -s,09 nji g t& fiM le;krjkyk
h,=AC,e r; djrk g] bR;knA violfr 13.11 ;g fu'd" fudyuk Huf’pr g fd ;g cin
dh vu@e od o) fcn A i Li’kj[ik of <ty dh wij vxlj girh gA nlj ’iink e] t=2
le; 1j fiM dk riRdifyd ox o@ s=4.9t20] t=21j Li’lh o) <ky ol lelu gh

mi;Dr foopu bl rF; di vij Li'Vr;k fufn'v djrk g fd ge Ihek di 1f@;k vij
viZd Li'V 1 1 le>u dh vio”;drk gh ge Ihek dn 1dYiuk 1 ifjfpr giu of fy,
OIN n"Vkrk (illustrations) dk ve;;u djr gh
Ilyu f(x) =x21j foplj dhftA voykdu dife, fd €l&tl xdk *W; of
vf/d fudV elu nr g] f(x) dk efu Hh odh vij vxlj ghrk thrk gh (n[k violfr 2-10
; 2)ge dgrg lim £ (x) = 0
(bI f(x) dh Ihek *IU; g] tc x’U' dh vij wxlj girk g] 1<k tirk g) f(x) dh Ihel]
te x’W; dh v kj vxlj girk g] dk , 1 ek o, tl x=01j f(x) dk efu ghuk plfg,A
O;kid -1 1 tc x—>af(x)—>IrCId iyu f(x)dh 1 dgk thrk g vij

bl bl idij fy[k tiri g lim f (x)=1,

1lyu g(x) = x|, x ¢0 1j fopkj dift,A é;ku nift, fd g(0) ifjHiftr ugh gA x of
0 o) WR;f/d fudV efuk o) fy, g(x) o] etu dk ifjdyu dju ol fy, ge n[ir g fd

g(x) dk etu 0 dh wvij vxlj djrk gh blfy I|m 1 g(x)=0.x 200 fy, y=1x 0
viy[k I ;g Bgtrk T Li"V ghrk gA (n[k wiolfr 2-13 ve;k; 2)
X2 — 4

,X# 2.

futufyf[ir iQyu ij foplj dift,% h(x)=
x0) 2 o) WR;f/d fudV efuk (yfdu 2 ugh) ol fy, h(x) o} elu dk ifjdyu
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dift,A vii Lo; dk Lohdlj djkb, fd IHnh elu

4 o] fudV gh ;ok (violfr 13-2) e fn, iQyu /
y=h(x) o) vky[k ij foplj dju I bldk fdfpr (0,4)
cy feyrk gh
bu IHb n"Vkrk 1 ,d fn, elux=alj ifyu
0] tk elu xg.k dj u pkfg, o oiLro e bl 1ij (0.2)
vk/kfjr ugh g fd xoll a dh kj vxlj ghrk gA
e;ku nife, fd x o B[ ;k vij vxlj ghu
oQ fy, sk ricib vij sknkb wvij g] VRkr xol x € .
fudV IHh elu sk rkal de gk Idr g ;kal 720 O ; (2.0)
vf/d ok Idr gAbII Lok kkfod i I nk Dhek, ;
k, ik d ij nk, |{ ek 1fjr girh
gA Qyu f o) nk, |{ f(x)d 0g elu g SR 132

th f(x) o] elu I vinf’ kr gk kg tc x, a0l nb wvij vxlj girk gA blh 1dkj cf, 1{k d
Iheld blo) n"Vkr of fy,] 1Qyu 1j fopkj dift,

Y
1 x<O0 N
f(x):{ = fi
2, x>0 AT Jx)
violfr 13.3e bl ilyu dk viy[k n’k; 'kg ;0
Li'vgfd 0 ij f dkelu x<o0o0] fy, f(x) o} efu 1 —1(0,1)
1j fubkj djrk g thfd 1 o) lelu g VvFikr *iU; ij f(x)oQ N -
(i di Thek im TOO=1g4 blh il 0 i f dlf elu v ‘
x>00fyf(x)o elu ij fuHg djrk g] 2 g vFikr 0 Y
Q nk, |{ Ik lim 1 (X)=2 g bl fLRifr e cf, vij 13.3
, 1{k d fHkUu&fHkUu g Vij vrh ge dg Idr g fd tc x W5 dh vl vxlj
gkr grc f(x)d ek viLriogiu gh (Hky oh 10yu 0 ij ifjHifhr gh)

ge dgr g fd lim f(x), x=aij f(x) dk vif{ir (expected) elu g] ftlu x of

cih vhi fudV eluk of fy, f(x) dk elu fn, gA bl elu dk a 1j f(x) dh ck, ast
@t "= dgr gh



Ihek vij vodyt 303

ge dgr g fd lim (), x=a ij f(x)dkvif{ir elu g ftle xof aof nib
vij o) fudV elu fy f(x) o) elu fn, gh bl elu dkaij f(x) dh nk, ifk dh

Ihek dgr gA

;fnonk, b, 1{kd Likrh gk ri ge bl mH;fu'B elu dk x=a1lj f(x)
dh i dgr g ij bl lim f(x) I fu-fir djr g

;i onk, L, 1{kd Fikeh ugh gk rk ;g dgk tirk g fd x=aij f(x)

dh lhe kvarRoghu oA

Ilyu f(x)=x+2101]j fopkj dift,A ge x=51j ilyu dh Ihek
Kkr djuk pigxA vib,] ge 5 o) VR;r fudV x o] eluk ol fy, f o} efu dk ifjdyu djA
5 0] VR;r fudV ctb vij olN fcn 4-9] 4-95] 4-994] 4-995-- bR;kin gA bu fenvi 1 f(x)
o) elu unp Bkj.tcYs gh blh idij] 5 ol VR;r fudV wij nib wij ofLrfod B[ ;k, 5-001]
5-01] 5-1 Hih gA bu fenvk i1j Hb 1Qyu o) efu Bkj.kh 13-4 e fn, gA

"R 13.4
X 49 | 495| 499 | 4995 5.001 5.01 5.1

f(x) 149 | 1495 1499 | 14995 | 15.001 [ 15.01 151

1ij.1h13.4 1 ge fuxfer djr g fd f(x) dk efu 14-995 T cMk wij 15-001 I Nivk
0] ;o dYiuk djr g, fd x=4.995vlj 5-001 o) chp oN ViR;kkr AVuk AVr u gid
;g dYiuk djuk rollxr g fd 5 o) cib vij dh I[;kvk o fy, x=51j f(x) dk elu

15 g VFir lim f(x)=15
bl idkj] tc x] 5 o) nkb vij vxlj girk g] f dk elu 15 giuk plfg, VFkr
lim f (x)=15

x—5"

rh ;g IHK0; g fd f of ck, i{k dh Bhek vij nk, 1{k di Ihel] nkuk 15 of cjicj
gh bl 1dlj
li_)rgf(X)ZJL@f(X):Liﬂf(X)ZlS
Ihek 15 of cjkcj gku ol ckj e ;g fu'd 1Qyu ol vky[k t violfr 2-9(ii) veé;k
e fn;k g] dk n[kdj fdfpr cy nrk gA bl wiolfr e ge e,ku nr g fd tl&tl x] 5
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o) sk rknib wij sk clb wvij vxdj o] 1dyu f(x) =x+10 dk viy[k fcn (5] 15) dh
vij vxlj girk tirk gh ge n[kr g fd x=5 1j H iQyu dk elu 15 o} cjicj
ghrk gA

1lyu f(x) = 3 1j fopkj dift,A vib, ge x=1 1j bl iQyu dh Ihek Kir dju
dk ikl djA ioorh fLRfr dh rjg c<r g, ge xo( 1 o] fudV eluk of fy, f(x)o{ e
dk Ikj.lcY djr gh bl Bij.kh 13-5 e fnsk x;k gh

135

X 0.9 0.99 0.999 1.001 101 11

f(x) | 0.729| 0.970299 | 0.997002999 [ 1.003003001 [ 1.030301 [ 1.331

bl Lij.k I ge fuxeu djr g fd x=11j f dk elu 0.997002999 I vi/d vij
1.003003001 I de g] ;g dYiuk djr g, fd x=0.999 vij 1.001. 0] chp o(N
VIR; ke AVuk %Vr u gkt ;g eluuk rollxr g fd x=1 dk elu 1 o) cib vkj di T ;kvk
1j fudy djrk g vFikr

lim f(x)=1,

blh 1dlj] €tc x] 1 o) nkb wvij vxlj grk g] rk f dk elu 1 ghuk pifg, VFkr
1':? f< >=1-

vri] ;g IHO0; g fd ¢k, 1{k d b, i{kd nkuk 1 o) cjkcy grA

bl 1dij

lim £ (x)=lim f (x)=lim f (x ):1'
X—1 x—1 x—1
Ihek 1 of cjicj glu dk ;g fu"d'k ilyu o) viy [k th violfr 2.11, ve;k; 2e fn'k
g] dk n[kdj fdfpr cy nrk gh bl wviolfr e ge e;ku nr g fd €h&tlh x| 1 o) ;k r
nib wkj sk ckb vij wxdj o] 10yu f(x) = x3dk vy [k fen (1] 1) dh vij VX|j gkrk
thrk gh
ge iuk voykdu djr g fd x=11j ilyu dk elu Hh 1 of cjicj gh

1Ilyu f(x) = 3x 1j foplj dift,A vib,] x=21j bl 1lyu dn Ihek Kir dju d¥
;0 djA fukufyf[kr Bkj.k 13.6 Lork Li"V djrh gh
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13.6
X 19 195 | 199 1999 2001 201 21
f(x) 5.7 58 | 597| 5997 6003 603 | 63

1oor ge voykdu djr g fd x;k rk ck, ;knk, 2 dh vij vxlj girk g] f(x)
dk etu 6 dh vij vxlj grk gvk irir girk gA ge bl] bl idkj vitkyf[kr dj Idr
g fd

lim f(x)=lim f(x)=limf(x)=6

X—2" x—2" X—2

violfr 13-4 e inf’kr bldk viy[k bl rF; dk
Cy nrk gA

;ok iub ge e;tu nr g fdx=21j ilyu dk elu
x=21j Ihek o) Dikrh gA

vpj iQyuf(x)=3ij foplj dift,A vib, ge
x=21j bldh ek Kir dju dk i;kl djA ;g iQyu
vpj ilyu giu d dij.k los ,d g elu (bl fLRfr
e 3) tlr djrk g vFkr 2 of VR;r fudV fcnvi of
fy, bldk etu 3 gh vrk

Iimf(x):XIerzlf(x):Ler;f(x):3

X—2

134

f(x) = 3dk viy[k gj giyr e (0] 3) I thu okyh x-v{k o] lekrj j[ik g Vi
violfr 2.9, ve;k; 2e n’lk;k x;k gh bl ;g Hib Li"V g fd vHI"V Thek 3 g rF;rh ;g

Ljyri 1 voyifdr girk g fd fdlh oiLrfod I[;k aof fy, limf(x)=3
iyu f(x) =+ xij foplj dift,h ge imf(X)Kir djur pigr gt ge
x=100 fudV f(x) o efu Iij.h 13.7 e Dj.lc¥ djr gh
137
X 09 |09 | 099 1.01 1.1 1.2

f(x) | 171 | 19701 | 1.997001| 20301 | 231 264
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bll ;g rojlxr fuxfer girk g fd
lim f(x):xli_gl f(x):lxiinlf(x):z_

X—1

violfr 13-5 e n’lk, f(x) = x2+x 0 3
viy[k I ;g Li'v g fd tl&tl x, 1 db S . y=f»
wvij vxlj girk g] viy[k (1] 2) dh vij '
vxlj ghrk thrk g M

vri ge 1ub i{i.k djr g fd X' € == AT >X

im £09=f(1) M
vc] futufyf[kr riu rf;k dk wii 135

Lo; dk Londij dj,
limx? =1, Iin1x=1vkj limx+1=2

x—1 X
rc limx? + Iimx=1+1=2=lim[x2+x]

X—1 X—1 Xx—1

. - _ _ _ . _ . 2
Ik limx. Ilm(x+1)_1.2_2_IX|_rH[x(x+1)]_le_rg[x +x]_

X—1 X—1

zw=ia 6 iQyu f(x) =sinx ij foplj dift,A geljh limsin x e #p g tok di.k jiM;u e
x—>5

ekik x;k gA ;0] geu % o fudV f(x) o] ekuk (fudVre) dk Hkj.khcYs fd;k gA

13.8

. T o1 Zooor| Z4001| L4011
2 2 2

f(x) 09950 | 09999 | 09999 | 0.9950

lim f = lim f =lim f =1
I ge fuxeu dj Idr g fd | (9= 1M F(Y) o ()
2

2

blol vfrfjDr] ;g f(x)=sinxol vky[k I 1"V girk g tk violfr 3.8 veé;k; 3
e fn;k gA bl fLFfr e Hh ge n[kr g fd lim sinx=1.

X—>—
2
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10yu f(x) =x+cosx1j fopk dift,A ge Iimf(x) Kir djuk pigr gh

;0k geu 0 o) fudV f(x) o) elu (fudvre) Hlij.thcY fd, gh (Ikj.ih 13.9).
| 13.9
X -01 | -001 | -0.001 0.01 0.1
f(x) | 0.9850 | 0.98995 | 0.9989995 | 1.0009995| 1.00995 | 1.0950

1ij.kh13.9, 1 ge fuxeu dj Idr g fd

x—0"

lim f(x):)!i_)r(r)l f (X):Ixig(])f (x)=1

bl fLFfr e Hh ge 1{k.k djr g fd limf (x) = (0) = 1.

vc] Dk i

x—0

i Lo; di Loidij djt 1dr g fd

Ilm[x+cosx]—I|mx+I|mcosxok|_r0 e IR; g2

x>0 0] fy,] iQyu f(x)=% ij foplj dift,A ge limf (x) Kir djut

pigr gh

;0i] ge voykdu djr g fd 1 Qyu dk kr IHh ZuRed ofLrfod 1[;k,
wvij vxlj girk g] di d

tc ge f(x) ol elu
gA uhp ge 0 of fudV x0{ Zuiked eluk oQ fy,
lj.lh e nfdlh Zu

utp nh xb Bkj.Ih

1.l djr g] x

i.kd dk fuzfir djri gh
13-10 1] ge n[ir g fd tc x, 0 dh v

clb v

ilyu of elut di 1j.lict djr g (bl

kj VX|j g g] f(x) CMk

VAj Mk ghrk krk gh ok bldk vF g fd] f(x) dk efu fdlh nh B[;k 1 Hh cMk fd;k
t Idrk gh
|RUTt 13.10
X 1 0.1 0.01 10
f(x) 1 100 10000 102"

xf.krh; i 1] ge dg Idr g Ixiggf(x)=+

gh vrh
ih VF ugh
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ge fVIi.i Ho djr g fd bl 11B;@e e ge bl 1dkj dh Ihekvk dh ppk ugh djxA
ge limf(x), Kir djuk pigr g] tgk

x—2, x<0
f(x)=40 , x=0
X+2, X>0
gy dh rjg ge 0 of fudV x of fy, f(x)dh Ik kr gA 1{k.k djr g fd x0of
Y .iRed eluk of fy, ge x—2dk elu fudkyu dh ko drk g Vi xo) ZuRed eluk
o) fy, x+2dk elu fudkyu dh wvio”;drk girh gA

AR 13.11
X -01 | -o001 -0.001 0.001 0.01 0.1
f(x) -21 | =201 —-2.001 2.001 201 21

Iij.kh 13-11 dh iFke riu ifof'V;k 1] ge fuxeu djr g fd 1lyu dk elu -2 rd
AV jok g i
lim f (x)=-2

x—0"

1.k db vire rhu 1fof'V;k 1] ge fuxeu djr g fd
Y

ilyu dk elu 2 rd c< jok g vij vrh
X'L”S f(x)=2 o 2)%
D;kfd 0 1j cf, nk, ik o Thek, Tikrh ugh g] y < ¥

gedgrgfd0 Ij |Qyu dh Ihek varRoghu oA 0 g
bl ilyu dk viy[k violfr 136e fn kg ;o ge (0,-2)
fVii.h djr g fdx Olj |Qyu dk efu 1.krk ifjHEfr g
vij] ofLro €] 0 o} cjicj g] ijr x= Olj ilyu dh Ihek Y
IfjHif"%r Hh ugh g 3MMehTd 13.6

,d vire n"Vir o) :i €] ge Imf(x) Kir djr g tcfd

X+2 Xx=#1
f(@:{ 0 x=1
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HROT 13.12
X 0.9 0.99 0.999 1.001 101 (11
f(x) 29 2.99 2.999 3.001 301(3.1

igy dh rjg] 1 o] fudV x of fy, ge f(x)o{ euk dk Dij.lhc% djr gh 1 1 de
x 0] fy, f(x)e eluk 1] ;g irhr girk g fd x=11j 1yu dk etu 3 ghuk pkfg, VFikr

lim f (x)=3

x—->1
bIh 1dij] 1 1 cM x ol fy, f(x) o) eluk 1 winf’kr f(x) dk eku 3 giuk pkfg,]
VFikr Y
A

lim f(x):S )
x—1" |‘[|‘3) e o
ijr rc cf, k, 1{ik dh Ihek, Bikrh g wij /
0,2) :

Hmf@kﬂmf@ﬁﬂmﬂﬂza

X—1 X—1

violfr 13.7 e iQyu dk viy[k 1 jclje X
gekj fuxeu dk cy nrk gh ;o] ge e,ku nr g fd
0;kid zi 1] ,d fn, fen 1j iQyu dk elu vij bldh Y’
Ihek Hu&fHlU gk Idr g (Hy gh nkuk IfjHK Y gid) 3TTeRfd 13.7

AT T ST mi;Dr n"Vkrk 1] ge voyidu dj
po) g fd Ih k |f® x] 0 odyu] x.k vij Hix dk tkyu djrh g tc rd fd
fopkjk/hu 10yu wij Ihek, BifjHid'kr gh ;g I,kx ugh g okLro €] ge budk fcuk mi iflk
o) 1e; o =1 e viipfjd -1 nr gh

vrh

1
1
]
1
4

a{, 0)

0

elu yhfe, fd f vk gnk 1Qyu ,1 g fd leﬂr;1 f(x) VA leﬂr;1 g(x) nkuk  dk vilLrio

gh rc
(i) nk 1Qyuk of ;kx dhb Bhek 1Qyuk di Thekwvk dk ;kx gkrk g] vFikr
lim[f(x) + g (] = lIm f(x) + |Iim g(x).
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@ii) nk 10yuk of vrj dh Ihek 1Qyuk dh Thekvk dk vrj girk g] VFkr
lim[f(x) - g()] = IIm f(x) - lim g(x).

@iy nk iyuk o) x.ku d Ihek 1Qyuk dh Bhekwvk dk x.ku gkrk g] VFir
lim [ . g(] = lIm (). lim g(x).

(iv) nk 1Qyuk of HikxiQy dh Bhek iQyuk dh Rhekvk dk ka| Oy ghrk g] (tefd gj *W;rj
gkrk g)] VFkr

£(x) lim f (x)

II — X—a

=ag(x)  limg(x)

corr fo’k o 1 fLRdr i) dh ,d fof’k'V fLRfr e tc g(x) ,d , Ik vpj iQyu g
fd fdlh oiLrfod I[;k | of fy, g(x)=1 ge iir g
lim[ (%) (x)]=lim f (x) |

X—a

vxy nk VUPNnk e] ge n"Vir nx fd bl 1e; dk fof’i'V 1dkj o 10yuk dh Ihekvk
0o{ elu klrdjueoQI 1;ix fd;k t kkgA

Qyu f(x) coin; Qyu dgy g] ;fn f(x) ; ilyu g ks
ﬂm=a¢+@x+%ﬁ+ +ax, tok as, It ollrfod I[;k, gfdfdl or 1[;k
nolfy, a=0

ge twr g fd Liig{x:a. vrk

limx* =lim(xx)=limxlimx=a.a=a’

X—a X—a X—>a X—a

nij vixeu dk Ijy vH;kl gedk crirk g fd

limx"=a"

vc] elu ynft, f(x)=a+ax+ax’+..+ax" ,d cginh; ilyu gA
ay, ax ax%,...,ax" 1I;d di ,d 1Qyu thk fopljr g,] ge ikr g fd

Uqf(@:ﬁn{%+@x+%ﬁ+m+a¢q

X—a
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= I|ma0+I|maix+I|ma2x +...+lima,x"

X—a X—a X—a X—a

= a0+a1I|mx+a2I|mx +..+a,limx"

—a X—a

a,+aa+aa’+..+aa"

f(a)
(Ifuf’pr dj fd viiu mi;Dr e RR;d pj.k di vifpR; le> fy;k gh)

X

,d 1yu f ,d ifje; 1lyu dgyirk g ;fn f(x) = ﬁg ; ok g(¥) Vij hx) , 1
cgin g fd h(x) = 0. rk

g(x) limg(x) g(a)

X—a

7RG T imn(x)  h(a)

;1] 5t h(a) =0, nk fLRfr;k g — (i) tC g(a) = 0 Vij (ii) €C g(a)=0.10 dh
fLFifr e ge dgr g fd Ihek dk vilLrio ugh gA cin dh fLFifr e ge

g(¥) = (x—a)g, (), tok k, g(x) & (x—a) di eglie Yr gh blh idj

h(x) = (x—4a) 'h, (x) D;kfd h(a) =0.vc] ;fn k>1,ge 1kr g

| limg(x) lim(x-a)*g,(x)
I O) = Yimn()  tim(x—a) b (x)

X—a

im(x-a) "0, _0g,(a)

limh, () " h(a)

X—a

stk <1, rk Thek ifjHkfkr ugh gA
34 lhek, Kir dift,k%

Q) Iirq[x3—x2+1] iy lim[ x(x+1)]

X—3

iy Nim[1e x4 +.+x° ],
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o VHI'V THA Thek, oIN cginh; iQyuk di Ihek, gh vrh Ihek, inlk fenwvk ij i0yuk
0{ elu gA ge 1kr g

0 mpe—se+1=13-12+1=1

i) Nim{x(x+1)]=3(3+1)=3(4) =12

x—3
(iii) >!i—>r[]1|:l+ X+ X2 + ..+ Xlo] =14 (1) + (<1)2+ ... + (-1)©
=1-1+1+..+1=1
Ihek, Kir dift,%

_ Iim_ x*+1 ) Iim_x3—4x2+4x
O % x+100 U
T . o lim| X2
(ir) x>2| X% —4x% + 4x (V) x>2| X* ~5x+6
jim X=2 & }
V) ol X2 —x X =3 +2x ]’

=1 I foplji/tu i0yu ifje; ilyu gh vr] ge igy inlk fenvi ij bu ilyuk o) el

ilr djr g ;fn ;g %,OQ -1 dhg] ge x.fu[kMi] & Ihek of 9 dk -1 g dk dij.k

0
g] dk fujLr djr g, i0yuk dk iuk fy[kr gh

0 ge iir glim XL Tl _ 2
g X+ 100 " 1+100 101

@) 2 ij iQyu dk elu ikir dju 1j ge bl %dk 21 e ifr gh vrk

X -aliax o X(x=2) _ X(x-2)
— lim— _ lim22 2 .
LI—U; 2 _4 —L'_,rg(x+2)(x_2) —XLng (X+2) D;kfd x =2
2(2-2)
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@iy 2 1j 10yu dk efu ikir dju 1j] ge bl %OQ t1 e ifrg]vrh

o 2 _4 ) Iim(x+2)(x—2)
o2 A+ Ax . 2 x(x-2)°

tifd ifjHir ugh g

(iv) 2 1j 1lyu dk etu ikir dju ij] ge bl %oo o1e ikr gh vrk

k(2 4
X—2 (X—3) B 2—3 _—1_
(v) igy ge ifyu dk ifje; iQyu thk iub fy[kr gh

X—2 1 X—2 B 1
{xz—x_x3—3x2+2x}= X(x—1) X(x2—3x+2)

X—2 1

T x(x-1) x(x—l)(x—Z)}

X% —4x+4-1

B X2 —4x+3
~ X(x=1)(x-2)
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1 1j 1Qyu dk elu ikir dju 1j ge %dk o1 ke gh vrk

lim x2—2_ 1 i X2 —4x+3
-1 2 —x X—3x2+2x|  xt X(x-1)(x-2)

o (x-3)(x-)
T xo1x(x-1)(x-2)

fim_ X3 1-3
= oix(x-2) T 1(1-2) T2
ge fVli.lh djr g fd mi;Dr elu ikr dju e geu in(x-1) dk fujLr fd;k D;ifd x=1.
,d eghoi.k Ihek dk elu iklr djuk] & fd vix ifj.kek e i;Dr gixi] utp ,d ie;
al -1 e ilrr gh
qz 2fdIh Zu i.kd no fy,]

x"-a" n-1

lim =na

x->a X—a
Zuroft mi;Droie; e lhel gr 0;td IR; g tefd n dib ifje; 1[;k g wij
a/uifed gh
suat= (x—an) di (x—a), 1 Hix nu ij] ge n[ir g fd
X' —a = (xa) (X*+ x2a+ XM a? + ..+ xar?+ar)

- _x"-a"
bl idij lim =lim(x + x2a + x™3 a2 + ... + x a2 + am?)

x—a X—a Xx—a

=a'+aa~?+. ..+ a7 (a +a~
=ar! +a -1 +..+amt+ at (n In)
_ nan—l

=ru1 3elu Kir dift,

5

ﬁ‘
x
=

0 %) 1™




(i)gelj ikl g

¥ _1 x5t
x-1

x-1 x° —1 x—-1

= 15 ()%=
= 15=- 10_§
= 15+ 5
(i) y=1+xfell y->1tl x-o0. rc
Im*/l”_l: limyY 1
x—0 X y-1 y-1
11
2_12
= lim Y
y-1 y-1
1 1
= Z(1D2
2()

21 1] ilyuk of
Qyuk dh Ihetvk di ifjdyu dju e TyH ok

thr gh

elu yife, lelu tkr oty nk ofLrfod
elun; ilyu f vij g, g fd ifjHk'% o] 1kr e
IHh x o] fy, f(x)<g(x)fd| a ol fy, ;fn

lim f(x) V lim g(x) nku

X—a X—a

dk vilrio g rk

lim £ < Iim g6 b1 violfr 13.8e fpt |
L1"V fd sk x;k g

x0 -1
x-1

[ o1]
lim +lim
x-=1 x-=1 x—1

T mizDr M1y = =

ckj e futufyffkr rF; (ie;k o) -1 e dg x,) oN f=kdk
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|

X0 -1
x-1

10(2)° (mi;Dr ie; )

2

ferh;

13.8
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,1 g fd 1fjHi"% o) Bofu'B ikrk o
o) fy, f(x) <g(x) < h(x). fd1h

1Lk

= lim p(x), ri

X—a

violfr 13.9e fp= 1 Li"V fd;k
fdk.kerh;
egroi.k vifedk dh

aol fy, ;fn lim

,d Inj

o) IHh x
olLrfod

1 f(x) = |

lim g(x) = 1. bl

X;k gA

1Qyuk I Icf/r fubufyf[ir

T:kferh;

elu yift,

f,gVij holLrfod efuh;

1yu

miiflk unp ilrr gh
O<|x|<% ol fy, cosx<5iixx<1 *)

ge tiur g fd sin (-x) = —sin x Vkj cos( - x) =cosx. vri 0< X<% ol fy,

vifedi di f1% dju ol fy, ;g i;kr gh
violfr 13.10,e ,1 bdib olk dk oin ogh dik AoC,

xjflsu ik g vij 0<x< 3 h L[N BA Vij CD, A o} ycor

gh blol virfiDr AC dk feyk;k x;k gh rc
AOAC dk {i=kily < oli[iM oac {=ily <AOAB di {iily

VAir 2oA.cp <X n(0Ay <toans.
2 2n 2
VHir CD<x.0OA<AB. AOCD €

snx= %(pfd OC = OA) Vij VI CD = OA sinx bld Virfidr

AB
tanx—O—Avkj vri AB =OA tanx. bl idlj

OA sinx < OA x< OA. tan x.
D;kfd yclb OA Zuiked g] ge 1ir g

sin X< x < tan x.
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D;lfd O<x<%,sinx/ukRed g vij bl idij sinx, 1 TH0 dk Hix nu 1j] ge ikr g

X 1
1I<—<
SiNX COSX

IHh dk 0;RDe dju 1j] ge 1kr g

cosx<s—?(x<1 miiflk .k gbt
futufyf[kr nk egroi.k Ihek, gk

0} imS0X_1 (ii) jjm 20X

x=0 X x—0 X

=0

(i) *) e vifedt (Inequality) of vulkj ilyu ﬂ, ilyu cosxVij vpj 1Qyu
X

feldk efu 1 gk thrk g] of chp e fLFkr gA

blo) vfrfjDr D;ifd !im cosx=1,ge nir g fd ie; of (i) di miifk IMfop
ie; 1i.kgh

(i) dk f1% dju o] fy,] ge f=di.kfefr 1olfedk 1—cosx=23in{gjdk 1;kx djr

- o X :
. 1-cosx . anz(z) , sn(zj : (xj
g] rc lim=——== = lim——%% =lim—=~ .sin

x—0

sin(;j
- Iim—.limgn(ngl.Ozo

voykdu dift, fd geu vLi'V zi 1 bl rF; dii;ix fd;k g fd x -0 ,§—>0 ol

ry; gh bldk yzgj[kdj telf.kr fd;k € Idrk gh
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sin4dx . tanx
elu Kkr dift,% (i) Imgsm2x (i) LI_FET

sin4x — lim sm4x. .2x 2
4x 9n2x

i lim =
0 x>0 §N2x x>0

.| sin4x sin2x
= 2.lim =+
x-0| 44X 2X

. sin4dx . sin2x
= 2.lim +lim
4x—0|  4x 2x—0[  2X

=21.1=2(tCx— 0,4x — O rf 2x - 0)

tan x sin x . ginx
gekj ikl g (||)I|m— = lim im :
X x>0 XCOSX x>0 X  x>000SX

,d Nell; fu;e] fthdk Thekvk dk elu fudkyr le; é;ku e j[ku dh vio™;drk
g] futufyfkr g

X
am g(xg dk viLrRo g vij ge bldk elu Kir djuk pigr gA 1gy

ge f(a) Vi g(a) o) ekuk dk tkpA ;fn nkuk *k; g] rk ge n[kr g fd ;fn ge ml x.ku[M
di tklr dj Idr g tk in Ieklr gku dk dkj.k g] vFkr n[k ;fn ge
fo) =f, () £, fy[k Id fell f (@ =0Vij f, (@ =0A bl idlj g(x) =g, (¥
0,0.fy[kr g tgk g,(@) =0Wij g,(a) =0.f(x) vij gx)e I mH;fu'B x.ku[iM (5fn
IHo g) rk fujlr dj nr g vij

-2 w0 tirg]

eluk fd Thex

rc lim—— =~/



Ihek vij vodyt 319

| 13.1]

1’u 1 1 22 rd futufyf[kr Thekvk of efu ikir dhft,k

1.

10.

12.

15.

18.

20.

21.

23.

limx+3 2 |im[x—§j 3. limmr?
x—3 ©XoT 7 Tl
. 4x+3 04 x° >_
lim 5. Jim XX 41 6 fim XY -1
x4 X—2 x— -1 X—-1 x—=0 X
. 3% -x-10 . x*-81 . ax+b
lim ———— g lim—— 9. lim
-2 X" -4 x->3 2X° —5x-3 x>0 cX+1
1
. 781 2
lim = 11. Iimaxz+—bx+c,a+b+c¢0
Hi x->1 ox® +bx+a
z° -1
1.1 . .
lim X_2 13, lim 20 14, im 2 5 b0
x>-2 X4 2 x>0 bx x>0 sinbx
. Sin(m—x B
lim ( ) 16. lim COSX 17 Iimcoszx 1
x> (T - X) x>0 T[ — X x>0 cosX—1
Jjm 2XFXC0SX 19 lim xsecx
x>0 bsinXx x>0
ljm SNXEDX o asb0
x-0 ax+sinbx
tan 2x
lim (cosec x—cotx) oo .1 m
Xx—0 : 2 X——
2
lim f i § ¢ 2x+3, x<0
i (%) vij im £(x), Kir dift,] tgi (x)= 3(x+1), x>0
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x2-1 x<1

lim (), Kir dift,] tgk f(x):{

—x*-1 x>1
m x#0
lim (), o elu illr dift,] tgk f(x)=y x
0, x=0
X x=0
lim f(x), Kir dift,] tgh (x)=11xI’
0, x=0

limf(x), Kir dift,] tgh (x)=|x|-5

a+bx, x<1

elu yift, f(x){4, x=1

b-ax, x>1
vij ;fn limf (x) =1 (1) ri avijbol IHo elu D;k g2

eiu yhft, a,a, ... a vpj oirfod L[;k, g vij ,d ilyu

1 2

()= (x-a,) (x-2).-.(x-a,) | IfHfIr gh lim £ D3k g2
fdlh a=a,a,.., a,o0fy, L'Lg f (x) dk ifjdyu dhft,A
I¥+1, x<O0
- f(x)=10, x=0
I¥-1, x>0

rt ao) fdu eluk of fy, limf(x) di viLrio g?

) _ f(x)-2 ) . .
i ityu f09, lim—5—==m,dk Irv djrt g] ri lim () di elu ik

dift, A
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fdu i.kdk m vij n o) fy, limf(x)vij limf(x)nuk dk viLrio g] ;fn

x—0 x—1

mx®+n, x<O
f(x)=9 nx+m, 0<x<1

nC+m,  x>1

ge VUPNn 13.2,e n[k pol g fd fofo/ le;krjkyk 1j fiM dh fLRfr dk tudj ml nj
dk Kkr djuk IHo g fell fiM dh fLRdr ifjofrr gk jgh g le; of fofo/ {.k 1j ,d
fuf’pr ikpy (parameter) dk thuuk vij ml nj dk Kir dju dk 1;k1 djuk fell ble
ifjoru gk jok g] VR;r 0;kid #fp dk fo'; gA olLrfod thou dh vud fLFfr;k gkrh g
feue , Ih 1f@;k di;klor dju dh vio’; drk girh gA mnigj.krk ,d Vdh ol j[k&j[Ho
dju oky 0;0r o] fy, le; o) vud {k.lk ij 1kuh dh xgjkb tiudj ;g thuuk vio’;d
gkrk g fd Vdh dc Nydu yxxi] fofo/ ek ij jlolv di Aplb tiudj jiolv oKkfudk
dk ml ;FF ox of ifjdyu dh vio’;drk girh g fell mixg dk jlov T k.
vio’;d gl follh; ILFkuk dk fdlh fo’k'k Lvkd of orelu eY; thudj blo) eY;k e
ifjoru dh Hfo";ok.th djuh wvio”; d girh gh bue vij , Ih vud vU; fLRfr;k e ;g thuuk
VHI'V girk g fd ,d ikpy e nlj fdIh ikpy of Mki{k ifjoru fd 1 1dij ghrk g\ ifjHE"
ol ikr of inlk fen ij ilyu dk vodyt bl fo'k; dk e[; mi’; gh

elu yift, f
agh aij f di vodyt

f(a+h)-f(a)

lim
h—0 h
I ifjHkf%r g c’fr fd bl Ihek dk viLrRo gih aij f(x) dk vodyt f’(a) I fuzfir

ghrk gA
foa), a 1j xof Mki{k ifjoru dk ifjek.k crirk gh

m5x=21j iyu f(x) =3xdk vodyt Kir dnft,A

3(2+h)-3(2)

geilrg  f(2)=lim 2=y,

h—0 h h—0
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_im 836 i3 _lima=3.
h—0 h h-»0 h h-0

rh x=21j 1lyu 3xdk vodyt 3 gh

x= -11j Iyuf(x) =2+ 3x-5dk vodyt Kir dift,A ;g Hn f1%
dhft fd f¢(0) + 3f¢(-1) = 0.

ge igy x=0Wwkj x=-11j f(x) dk vodyt Kir djr gA ge ir g fd
f(-1+h)-f(-2)

f'(-1) = Ll_r)rg)

|21+ h)* +3(-1+ ) -5 || 2(-1)° +3(-1)- 5

h—0 h

2_

—lim(2h-1)=2(0)-1=-1

h—0 h h—0

f(0+h)- f(0)
h

| 2(0+h)* +3(0+h)-5|-| 2(0)* +3(0)-5]

= lim
h—0 h
2
= lim 23 jim(2h 4 3)= 2(0) +3=3
h—0

h—0
Li"Vrk f'(0)+3f'(-1)=0
bl fLFr e é;lu nift, fd d fcn 1) vodyt di elu tklr dju e Ihek Kkr
dju of fofo/ fu;ek dk THkodkjh 1;kx HEefyr gh futufyf[kr bldk Li"V djrk gh
x=01j sinxdk vodyt Kir dift, A

elu yift, fx)  =sinx.rc
#(0)= lim f(0+h)-f(0) _ Iimsin(0+ h)-sin(0) _ imSnh 4

h—0 h h—0 h h—-0 h
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x=0Wij x=31j Ilyu f(x) =3 dk vodyt Kir dift,A
D;kfd vodyt i{yu e ifjoru dk ekirk g] Igt:z1 1 ;g Li"V g fd vpj ilyu
dk |R,d fcn 1) vodyu I giuk pifg,A bl] olLro €] fukufyf[kr ifjdyu I cy feyrk gh

£(0)= tim W= TO) _p 3-3 ;0 o
h—0 h h—»0 h h—0 h

ol id§ 1(3) = lim =) 3-8 o

h—0 h h—0 h

vc ge ,d fen 1j 1{yu of
vodyt dh T;kerh; 0;k[;k iLrr
djr gh

elu yift, y=1f(x) ,d ilyu
g Vi elu yhft, bl 1Qyu of
viy[k 1) P = (a, f(a)) Vij
Q= (a+h, fla+ h)nk ijLij
fudV fcn gh violfr 13.11 vc
Lo; 0;k[;iRed ghge tiur g fd
£*(a) = lim f(a+hr)]—f(a)

h—0

h))

f-HE POR, 1 ;g L1'V g fd og vuikr feldh Ihek ge y jg g] ;FkRrk
tan(QPR)oQ CjCj g th fd thok PQ dk <ky gA Ihek yu dh 1f@;k e] tc h,0dh
vij vxlj girk g] fen Q, Pdh wij wxlj girk g vij ge ikr g VFikr
. f(a+h)-f(a _ R
i ( rz ( ):Iq'ng

;0 b1 rF; o rY; g fd thok PQ, 0@ y=1f(x) o) fcn Pij Li’kh dh wij vxlj
gt gh vk f'(a)=tany .

,d fn, ilyu f o) fy, ge if;d fcn ij vodyt Kir dj Idr g ;fn iR;d fen
1j vodyt dk vilrio g rk ;9 ,d u; 1Qyu dk 1fjHid'%r djrk g fel iQyu f dk
vodyt dgk tirk g viipifjd -1 1 ge ,d i{yu o) vodyt dk futufyf[kr idkj
ifjHif'%r djr gh
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elu yift, fd f ,d olLrfod efuh; ilyu g] rk

L'_[T(‘) f(x+ hz— f(x)
I ifjHkfr 10yu] tgk dgh Thek dk vilrfo g] dk xi1j f dk vodvt ifiHifr fd:k
thrk o vij fgx) 1 fuzfir fd;k thrk gh vodyt dh bl ifjHk% di sreererst =t aeam
faamra Hih dgk thrk gh

f(x+h)-f(x)

bl 1dij fe(x) = lim
Li"Vrh fox) d ifjHi't dk 1kr ogh g tgk dgh mi;Dr Ihek dk vilrio gh ,d

ilyu o) vodyt o) fofiu Tojru gt dHt&dHN fax) i %(f(x)) 1 fu:fir fd;k

trk g ;fny=1(x), rk ;g % I fuzfir fd;k thrk gh bl y ;kf(x) o) Mk vodyt
o) -1 e mYyf[kr fd;k tirk g bl D (F(x)) I Hh fuzfir fd;k thrk gA

d df df
blo] virfiDr x=alj fo)] vodyt dk &f(x) ) Lok (&J 1 Ha

a dx

fuzfir fd;k thrk gA
1 9f(x) = 10x dk vodyt Kkr dft,A

f(x+h)-f(x) _ Iim10(x+ h)—-10(x)

mel ge ir g fé() = lim

_1im2" _ 1im (10)=10
h—-0 h h—0

f(x) =x¢ di vodyt Kir dift,A

00 = lim f(x+h)-f(x)

h—0 h

=l ge Hir g

- h2_ 2 ]
= L@)M = ngg(h+2x)=2x
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,d vpj oilrfod I[;k ao) fy,] vpj ilyu f(x)=adt vodyt
Kkr dhft,A

) o f(x+h)-f(x)
ge ir g () = lim h
a-a 0 .
=im T imp =00 nso

) = % di vodyt Kir dift,4

f(x+h)-f(x)
h

ge lir g f( = lim

vodyt dh ;FiF ifjHkk e Thek fu’p; of I/ -1 e lftefyr g] ge vodyt of
fu;ek of fudvrk I Ihek of fu;ek o) vuxeu di vi’l djr gA ge budk fukufyf[kr ie;k
e ikr gh

1 3
I an e A%

elu yhfe, f wvij gnk ,1 1Qyu g fd muo( mH;fu'B ikr e muol vodyu
ifjHifr g] rc
@) nk aQyuk o) ;kx dk vodyt mu iQyuk o) vodytk dk ;kx gA

dix[f (x)+ g(x)]:dix f(x)+dixg(x)
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@) nk 1yuk o) vrj dk vodyt mu iyuk ol vodytk dk vrj gh
—[f ]=—f(x)——g(x)
(i) nk 10yuk o) x.ku dk vodyt futufyfkr x.ku fu;e (productrule) 1 fn;k
X;k gh
d d d
—[f(x). g(x)]:-f(x).g(x)+ f(x).—g(x)

dx

(iv) nk 10yuk o Hixily dk vodyt futufyf[ir HikxiQy fu;e (quotientrule)
I fnskx;hg (tgh doh gj *i5rj Q)

i(f(x)j_(j'xf(x).g(m 1 < g0
dx{ g(x) (g(x))2

budh miiflk Ihekvk dh rY; zi iesk I vio’;dh; -i 1 vulj.k djrh gh ge blg
;ok 1% ugh djxA Thekvk dh fLRfr dh rjg ;g 1e; cryir kgfd fo’kk 1dkj of 1Qyuk
o) vodyt dl ifjdfyr fd, tir gh ie; o) vire nk dFuk dk fuEufyf[kr <x I Tub
dot ¢ Idrk g fell muol iuLej.k dju e wkliun 1 Dgk;rk feyrh gh

elu yift, u=f(x) Vij v=g(x)rc
(W) = uv+w
;0 10yuk o) X.ku o) vodyu of fy, Leibnitz fu;e ;k x.ku fu;e mYyf[kr gir
gh bl 1dij] Hixily fu;e g

u) _ uv-uw/
7=

vc] vib, ge olN elud iQyuk ol vodyuk dk yA ;g n[iuk 1jy g fd iQyu
f(x) =xdk vodyt vpj ilyu 1 g ;g9 g D;kfd

f (x+h)-f(x) o X+h-x
f(x)‘L'ﬂS h ‘L'f(‘) h

h—0
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ge bldk vij mi;Dr 1e; dk 1;kx f(x) = 10x=x+x+ ...+ x (10 in)
(mi;Dr i1e; ol (i) 1) ol vodyt oQ ifidyu e djr g
df (x)

ronl & (x+...+x) (10 in)

d d .
= &x+...+&x (10 1n)

= 1+..+1 (10 in)=10.
ge é;tu nr g fd bl Ihek dk efu x.ku B=k o i;kx 1 Hi ikir fd;k & Idrk gA
ge fy[kr g] f(x) = 10x=uv, tgk ufy[kr g tgk u iR;d txg elu 10 ydj vpj ilyu
g Vij v(x)=x. ;gk ge tiur g fd udk vodyt 0 o cjicj g Ik gh v(x) = x dk
vodyt 1 o] cjicj gh bl 1dlj x.lu fu;e 1] ge ikr

f'(x) = (10x) =(uv) =uv+uv' =0x+10.1=10
bl viZlj 1j f(x) =x20) vodyt dk etu iklr fd;k € Idrk gh ge 1kr g
f(x) =x2=x .x Vi vrh

df d d d

pvie &(x.x)_&(x).x+x&(x)
= 1x+x1=2x

vi/d 0;kid -1 1 ge futufyflkr ie; ikr g

fdlh Zu i.kd n o fy, f(x)=x"dk vodyt nx-1gh

i vodyt 1Qyu dh ifjHilk 1] ge 1

£1(x) =tim- O = 1 (X) =lim

h—0 h h—0

(x+h)" —x

fin ie; dgrk g fd (x+hy=("Co)x"+("C)x"*h+..+("C, |h" Vij
X+ h)"=x"=h(nx"-1 +...+ -1 bl 1dij

n_ h(nx"*+....+h"?
GO CSl) Mt ST ( )
dx h—0 h h—0
- Li_r)r(1)(nx”‘1+...+ h”‘l)'z ™
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faereua: ge bldk n ij vixeu vij x.u 1=k 1 Hib fuku idkj f1% dj Idr gh
n=100fy, ;g IR; g thk fd igy fn[l;k € pdk g

410) = o)

_4d
T odx

(x).(x”‘l) + x.&(x“‘l) AT EN )

=1x"t+ x.((n—l)x”‘z) (vixeu ifjdYiuk 1)

= X"+ (n-1)x" = nx"?
fzoort mi;Droie; x,dh IHh Mk o) fy, IR; g vFkr ndkb Hh olLrfod B[ ;k gk
Idrh gA (yfdu ge bldk ;g f1% ugh djx)
ge futufyf[kr ie; I ikjH djx tk gedk cginh; i0yuk of
vodyt cryirh gA

elu YIft, f(x) = ax"+a, X" +..+ax+a, ,d cgin; ilyu g tgt as
IHh ofiLrfod B[k, g vij a, = 0rc vodyt ifyu bl idkj fn;k thrk gh
df (%)
Tox
bl ie; dhmiiflk ie; 5 wij ie; 6 of Hix (i) dk el I j[u 1 ikr db tX
Idrh gh

na, X" +(n-1)a, X ?+..+ 2a,x+a

6x1° — %55 + x 0] vodyt dk ifjdyu dift,A
mi;Dr ie; dk Ik vui;kx crykrk g fd mi;Dr ilyu di vodyt
600x* — 55x>* +1 OA
x=11] fx)=1+x+x2+x3+.+x° di vodyt Kir dift,A

zeami;Dr 1e; 6 dk Ik vuiikx cryirk g fd mi;Dr i10yu dk vodyt
1+2x+3x2+...+50x%® gh x=1 1) bl i0yu dk elu 1+2(1) +3(2)2+...+50(1)%

50)(51
=1+2+3+...+50=%=1275 oA
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s 1= 2o ok vodyt Kir dft, A

e ;0 10yu x=0 o) vfrfiDr 1R;d ol fy, ifjHikf'tr gA ge ;ok u=x+1vij v=x
ydj HixiQy fu;e dk i;kx djr gh vriu =1vij v =1blfy,
df (x) zi(x_—i-ljzi(gj _uv-uw/ _1(X)—(X+l)1__i
dx  dx\ x dx v V2 X2 X2
snx 0] vodyt dt ifjdyu dift,A
elu yhft, f(x) =sinx, rc

df () _ im f (x+h)—f(x)zlimsin(x+h)—sin(x)
dx h—0 h h—0
(2x+h) . (h)
2c0s sin| — ) )
= lim 2 2) (sinA-sinB o Ik di i;kx djol)
h—0 h

h sin—
_ Iimcos(x+—j.|im 2 _ cosx.1=COSX
= h-0 2 ) h—=0 D .
2
sarEu 17 tanx o) vodyt di ifjdyu dift,A
e elu yhft, f(x) =tanx, rc
dfed _ it (x+h)—f(x) i

dx h—0 h h—0

_ ”ml{gn(m h) gnx}

cos(x+h) cosx

tan(x+h)—tan(x)

sin(x+ h)cosx—cos(x+ h)sinx
= ho0 hcos(x+ h)cosx

_ sin(x+ h—x
— lim
h-0 hcos( X+ h)cosx

sin(A+B)ol 14 dk izkx djo))
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. sinh . 1
— lim dim
h-0 h h-0 cos(x+ h)cosx

1
"cos® X
f(x) =sinzx 0] vodyt di ifjdyu dift,A
=1 ge bldk elu 1klr dju o] fy, Leibnitz x.ku 1=k dk 1;kx djr gA

di) _d
X —dX(smxsmx)

-1 =sac? X

=(sinx)' sinx+sinx(sinx)’
= (cosx) sin x + sin x (cos x)
=2SNXCOSX = SN 2X.

[ womraedt |
x=101j x*-2dk vodyt Kir dhft,A
x=1001j 99x dk vodyt Kir dift,A
x=11j xdk vodyt Kir dift,A
iFle f1%r 1 futufyf[kr 1yuk o] vodyt Kir dhft,}%

M) x-27 (i) (x-1)(x-2)
1 . X+1
(iii) Z (iv) -1
ilyu f(x)=%+g—9§+...+x—;+x+l

o fy, f1% diift, fd f'(1)=100f'(0).

fdlh vpj olrfod I[;k ao] fy, x"+ax"*+a’x"?+...+a"x+a" dk
vodyt Kir dift,

fdigh vpjk avij b, o fy,]

i) (x-a)(x-b) (i) (a+b) (iii) z%z
o] vodyt Kir dift,A
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Xn_an

fdlh vpj aol fy, — dk vodyt Kir dift,A

futufyf[kr o) vodyt Kir dift,h

0) 2x—§ (i) (5x°+3x-1)(x-1)
(i) x3(5+3x) (iv) x°(3-6x)

4 _ . 2 X2
(v) X (3—4x 5) (vi) ol 1

ifle f1¥r 1 cosxdk vodyt Kir dhift,A
futufyf[kr 1Qyuk o) vodyt Kir dnft,A

(i) sinxcosx (i) secx (iil) 5secx+ 4cosx
(iv) cosec x (v) 3cotx+5cosecx
(Vi) 5sinx—6cosx+7 (vii) 2tanx-—7secx

sarevo 19 iFle fI%r 1§ dk vodyt Kir dift, tgk f bl idkj inlk gh

. 2X+3 . 1
0 f6=-"-5 (i) =X+

=t (i) e;hu nhft, fd 1Qyu x=21j IfjHkf'r ugh gh yfdu] ge 1kr g

2(X+h)+3 2X+3
X =lim X+h-2 X—2
h—0 h h—0 h

= ho0 h(x-2)(x+h-2)

_(2x+3)(x—2)+ 2h(x—2)—(2x+3)(x—2)—h(2x+3)
— lim

h—0 h(x-2)(x+h-2)

) —7 7
_lim =—

= h-0 (x=2) (x+h-2) (x—2)2
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iuh e;lu nhfe, fd x=2 1j ilyu £’ Hit IfjHk%r ugh gh
(i) x=01j 1yu ifjHifkr ugh gh yfdu] ge 1kr g

o) ()
X+h+ ——|—| Xx+=
X+h X

. 1 1
= LILT(]) {1_ x(x+ h)}l_?
iUk &;ku nift, fd x=01j ilyu £’ ifjHkf%r ugh gh
sarato 20 1Fe f1%r 1 ilyu f(x) dk vodyt Kir dift, tgk f(x)
(i) sinx+ cosx (i) xsinx

f (x+h)-f(x)
h

#el (i)ge ikr g] f'(x) =

sin(x+ h)+cos(x+h)—sinx—cosx
h—0 h

msinx cosh +cosx sinh +cosxcosh—sinx sinh—sin x— cosx
h—0 h

_ i sinh(cosx —sinx) +sinx(cosh—1) + cosx(cosh-1)

h—0 h
= Iimﬂ(cosx—sin X)+limsin x(COSh_l) + |imcosx(COSh -1)
-0 h h—0 h h—0 h

= COS X —Sin X
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y oy o f(x+h)=f(x) . (x+h)sin(x+h)-xsinx
i)y f'(x) = LIH(]) . _LT(]) .

_ Iim(x+ h)(sinx cosh+sinh cosx) - xsinx
" hs0 h

lim xsinx(cosh—1)+ xcosxsinh+ h(sinxcosh+sinh cosx)
=i

h—0 h
__xsinx(cosh-1) snh :
= lim +1imy,_,o XCosX—— +lim(sinxcosh+sinhcosx)
h—0 h h h—0

=X COS X + Sin X
sareEr 21 (i) f(x) = sin 2x (i) g(x) = cot x
o) vodyt dk ifjdyu dift,A
zet (i) Fdi.kefr 1=k sin2x=2sinxcosx dk 1uLej.k dift,A bl 1dij

o) _d

™ dX(Zsinxcosx)z 2%(sinxcosx)

= 2[(sinx)' cosx+sinx(cosx)'}
= 2[(cosx)cosx+sinx(—sinx)] = 2(coszx—sin2 x)

(if) TfjHE 1] g00) = cotx:% ge Hixily 1= di isix bl ilyu ij djx] tgt dgh

. dg d _d(cosx) (cosx)'(sinx)—(cosx)(sinx)’
;g ifjHIYr gA e OIX(CotX) dx(sinxj_ G’
_ (=sinx)(sinx)—(cosx) (cosx)
- (sinx)?
_sin® x+cos’ x

= - "=—C0sec’X
sin?x
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faereua: bldi ¢;lu ndj fd cotx:%, ifidfyr fd;k € Idrk gh ;ok ge bl rF;

di i;kx djr g fd tanx dk vodyt sec2xg th geu mnigj.k 17 e n[ik g vkj Tk

g vpj ilyu dk vodyt 0 girk gh

d_g — i(cotx) = i(ij
dx  dx dx \ tanx
(1)’ (tan ) — (1) (tan x)’
= (tanx)?
_ (0)(tanx)—(secx)’
- (tanx)?
—sec? x )
= ta|’12x = —C0seC X
R—— . X°—COoSX . X+C0SX
) sinx (i) tan x
di vodyt Kir dift,A
5
=e (i) elu yift, h(x)=> ;_:isx.tgk dgh Hi ;g ifjHifir g] ge bl ilyu ij

HixiQy fu;e dk 1;kx djxA

h(x) = ¢

x> —cosx)'sinx— (x> — cosx) (sinx)’

(sinx)?

_ (5x* +sinx)sinx — (x° — coSX) COSX

sin? x

_ —x°cosx+5x"sinx+1
(sinx)?

X+ COSX
tanx

(i) ge ilyu

ij Hixily fuse db izix djx tgk dgh Hi ;g ifjHifir gh
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(X+ cosx)"tan X — (X + cosx) (tan x)’
(tan x)?

h(x) =

_ (1-sinX)tanx— X+ cosx) sec’ x
- (tanx)?

ifle flvir 1 fukdfyf[ir ilyuk dk vodyt Kir dift,}

(i) —x (i) (—x)* (ii)sin(x+1) (iv) cos (x — g)

futufyf[kr i0yuk o) vodyt Kir dift, (;g le>t th; fd a b,c,d,p,q,r Vi
sfuf’pr *W;rj vpj g vij mrFk ni.kd gh):

r
x+a (px + ) (;“sz (ax+b)(cx+ d)2
1
ax+b =+ 1
cx+d 1_1 ax® +bx+c
X
ax+b 2
@b PX% + QX + I i—£+cosx
PX~ + QX+ ax+b x* X2
4x-2 (ax+b)" (ax+b)" (cx+d)™
_ COoSX
sin(x+ a) COSEC X COt X .
1+sinx
Sin X+ COSX secx—1 .
SinX— cosx secx+1 Snex
a+bsinx sin(x+a)

x*(5sin x—3c0sX)
c+dcosx COSX

(x2+1)cosx (ax2+sinx)(p+qcosx)
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4x+5sinx X2 COS(Z)
(X+COSX) (x—tanx) m :
SN X
X X

1+ tanx (x+secx) (x~tanx) sin" x

¢ iQyu dk viffir elu t ,d fcn o] ctb vij o] fenvk 1j fulj djrk g] fen
S (Left handed limit) dk ifjHif'r djrk gAblh
1dij (Right handed Iimit)A
¢ ,dfenij ifyu db b, 1k vk nk, 1{k d vk 1 ikl mH; fu'B efu
g ;fn o Likrh gt
¢ ;infdlh fen 1y ck, 1{k vij nk, 1{k dh Dhek, Dikrh u gk rk ;g dok thrk
g fd ml fen 1j iQyu dh Ihek dk viLrio ugh g
¢ .doltrfod I[;kawvij ,d ilyuf ol fy, M f(x) vijf(a) Ielu ugh Hi
k Idr (olLro e] ,d ifjHifr gk vij nljk ugh)
* Qyuk fwvij g o) fy, futufyf[kr yix gir gh
lim[ f (x)£g(x)]=lim f (x)£limg(x)

lim[ £ (x).g()]=lim f (x).limg(x)
lim f
|im{f(x)}=xl.m‘ v
x>al g(x) | limg(x)
¢ futufyf[kr o)N etud Ihek, gA

X" —a o
:nanl

lim
Xx—»>a X—a

sinx
lim——=1
x—>0 X
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. 1-—cosx
lim =0
x—0 X

¢ aij ilyu f dk vodyt

f’(a)=Li_r)r(1)w b i girk gh

¢ 1f;d fen 1j vodyt] vodyt iQyu

f,(x):df(x):“m f (x+h)— (%)
dx h—0 h
¢ iQyukuwvly vol fy, fuEufyfkr yix girk gk

(uxv)'=u'xVv

I afjHkfr ghrk gA

(uv)' =uv+uv

u) uv-w S
(Vj‘ 2 ot W i o

¢ futufyf[kr o)N efud vodyt gh

d n n-1
—(x")=nx
)
i(sinx):cosx
dx

i(cosx)=—sinx
dx

xf.kr of bfrgkl e dyu o) vio'.k o) J; dh Hixinkjh gr nk uke 1efk g
Issac Newton (1642 — 1727) Vkj G.W. Leibnitz (1646 — 1717). 1=goh ’kriCnh e
nkuk u Lor=krk 1od dyu dk vio'.k fd ;i dyu o] vixeu o cin blo} vixkeh
fodkl gr vud xf.krKk u ;kxnku fd;HA 1fj°k% BdYiuk dk e[ ; J; egu xf.krKk
A.L.Cauchy, J.L.Lagrange VI Karl Weier strass dk iklr gh Cauchyu dyu dk
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viZtj sk ftldk ve ge 0;kidrk 11B; iLrdk e Lotdkj dj pol gh Cauchy u
D'Almbert di Ihek IdYiuk o) i;kx o) Hjk vodyt dn ifjHkW nhd Thek dh

sina

i 1 iH djr g, a=00) fy, = dh lhet T migj. fn,k nigiu

Ay F(x+i)= (%) .
Iyl vij iso00 fy, Thel di fr(x) o) fy, v

f[function derive’e, ute fn;A

1900 1 10 ;g lkpk thrk Fik fd dyu dk 1<iuk cgr dfBu g] blfy, dyu
;okvi dh igp 1 clgj Fith yfdu Bhd 1900 e bxyM e JohnPerry ,0 vU; u bl
foplj dk 1pkj djuk 1kjHk fd;k fd dyu dh e[; fof/;k vij Zij.lk, 1jy g vij
LoQy Lrj ij Hit i<k;k & Idrk gh FL. Griffin u dyu o Vveé;;u dk iFke 0% of
Nkt I 1kjH djo urfo inku fd;HA mu fnuk ;g cgr pukrii.k dk; FiA

vit u ooy xf.kr viir vud wi; fo'k;k €1 Hifrdh] jIk;u fokku] wHCHL=]
thofoKiu e dyu dh mi;kixrk egRoi.k gh

_Q‘Q —
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Tfordra faeem

(Mathematical Reasoning)

*»*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 wfaamt (Introduction)

R T ST T et E, e A
A R e a1 21 39 &uar 1 6y faeiad fear sm?

LR R LA R R LI LR LV A (ﬁ’T‘;ﬁT‘F)
faerem wfordts 2 (Mathematical Induction) & Hed GeorgeBoole
T g AT faAe w1 == U TR €1 gy e (1815-1864A.D)
o g e HAYd frmEeas faee=m ==t i)

14.2 &g (Satements)
ot fad=m =+ Hifess T T ®ed %1 HHeu B
&Y frefafaa <1 amel o urs w3
“T7 2002 ¥ yRG &1 TgUfa qw Afeen ot
“ferdt Z1eft 1 YR U §T & YR 4 3y giar 21’
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x=1,y=0
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3TNy, AT
‘& YA 2l
TF FoA Tl B
g a9y fordt Jemafqanr o fau @ we g wg o= A & fou oo =& &
Tg a1 37 Al o fery oft @ et @ e w1 wa famn wafua d@a ) aan
foran e @1 ofR U Rl o faw o faad = (sfafEa) T @ v e T e
S ‘TRl ‘ael’ afel dread w gan fw e
az Tfog #7 0F TAF &
FVHR 98] & 987 W B
FoA T 7
el Teh 319 a1 W faem Sifsu:
% HeH (WE) ¥ 40 27 #d 2
FI AT 3 T HYF F2U? A2 Hiten fr gw w fewfaa gag Y srfivEa
()" 2 Al 12 7 ° 9 1 uw frg e 91 2 e g9w 9 vie (R w1 eI
fepty farm) area 2t @ a=iifer weh welR o fedl &1 wien 31 A stfues 9 € WAl 2
31d: € 99 Uesh $9F €| SHOU 98 q24 o Uk are o1 d Ued B A1 39 @ fohd

p,ar..

i) 8 6
(ii)
(i)
(iv)
V)
(vi)
0 8 6
(in)
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(ii)

(iv)

v)

(i)

14.1

1
@) 35
(ii)
iy 5 7 10
(iv)
)
(vi)
vi) 1 8 8
(viii) 180
(ix)
()
2

143 Ud e HIH F AT wAT g+ (New Satements from Old)

319 TH U4 Wd SO W AU YA S9H 1 fafy W faur #5399 1854 H UE s
TfoTas Georg Boole A 319+t G&e Thelaws of Thoughts H 7 fafumi w faamr-fams
foren 21 =&, &9 & detent W faram-fawe &)

YA o AT | U W0 % &Y § TH UF WUl dehlh W e Se e
AN W T IO el k1 379 WS Sl TEH T Uok1l| §H dehdle W ¥H UH 31
U 9 ohael 98 9 Y1 fF u U gu 9 & w9 g 1w e g @ afes T8
ff for 39 a9 o T TEl e 1 9 @3 g 2l
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14.3.1 fardt @e =7 fawer (Negation of a statement) fordt oA &1 TIT S
FU & feR Fean 2
arF ‘T oot ©F TR B
T fiyA faefafiad gee @ foma s daar 21
I affd 7@l € v 78 feeell U TR 21’ @ @ UHR o faw 9d ©1 F
‘gz 3G B T 72 feeell UH T B
Wed § 98 ff %€ g&d ¢ @
‘¥ feeed! uF TR & 2

uftara 1 afE p Uw woF €, 6 p w1 FUNE g€ ®oF € Sl p i TRl § 3R g
T ~p 4 quid (e ww@) € g “p-aei” wed €

%ﬁaw%ﬁ&mﬁmwﬁm‘wmﬁrﬁﬁ%'amm

‘Iz e € T UET UF e 4 9E Ww fEd T ¢ F Y UeN U s
& TUYA &1 s1deiiehd %ich. B4 39 d99 § U g YU T o

e I § B FE (URE SAfed) S a9 aer 81’ W faEn &l

o0 A F AHEA 9 BH ara S 21 i e 9 w8 dterdn 21 6 98
areqd et gan o ‘S § wiE off safed s 9o 7€ dierar 217 98 sheel e adelrd]
¢ for ‘ot § @W 9 w0 uw afa Um0 e S oSHA 9o el aterdn gl

T &Y 3R I T fEEr i)

saeur 2 frafafaa s &1 fuye fafan)

() et emaa o < foporl &1 ofars @oH el 2

(i) 7 T ufEg gen B

() 9% FU I€ Saadl ¢ T qsft sral § < oo Y efaE wae g 2
THH I g% g3 T Al 70+ Ad o ° 39k <A fahvl S e
TUH BT T FUE &1 FeE, Yue e T e et & A1 fason
1 ofarg quE e 2" 8) Fuld ‘wH W w9 Us egd v e, foader
faaroit =t e waE 2 2l

(i) 39 e w1 foeE frefoafea ywr foan s g 2
‘7g aedfefa e © v /7 uw ufere wen 2
T Frfafad wor 9 o foaa e 2
“J7 T Ui g T R




344  TfUTR

sarETur 3 frefafiad wum o fve fafige it Sitau fo s afomd so1 g 22
() smefern us wewE 2
(i) U foedt wqsfst &1 arfae 7 € fogs = womd s @)
(i) 9% Wepd TEA 0§ sfee et
(V) 3 3R 4 &1 AT 9 2

() ‘¥ e ® for eeferan o wergie ®', e gu s o1 foeH 21 2 3
R i fova Td € fF o v weE el 21 BH W © % e
FUT ITA B

(i) =8 wo &1 Foed 38 war 2, ‘e el 76 2 o Rl sasds =
AAfidea =& 2 foget =mi gend awew 2’

T qIed g T U UW =g & s ¢, foet 9l et aven
2t ¥ 92 we e 2 H{ifr B Fd € b ol v v =ads e 2. frmen

(i) =8 FuA % FvE 59 SR 2. ‘9% 39 § % yd® wehd e 0 9
At B 2)

U] T UHN off form wad € T ‘v U wiekd W &1 sifiad © S
0 9 afirer &t 21’ 98 HUH I 2l
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o =
ST FUA & UeH FUF A9 fLu
p: & auf gl & 39 i i
q: W& a9 75 A Bld & 2wy i W g
el <l T HUH A € IR sufe fag wem ot 9 2
samerr 18 fr=afafaa wuat & foue fafao:
(i) p: Y arEdfas W@ x % fau, x2 > x
() o e UE ufiig gen x s € arfe e =2
(i) r: v=w el & dw Ed 2
(v) s WRfe WR W g e i #1 serEd s 2
?ﬂﬂﬂﬁmﬁﬁqmmmaﬁpﬁaﬁaﬁmmﬁmpaﬂﬁﬁm“wm

o e

~p: X X2 <X

= X xX2=2



n2

(ii)
~I.

(iv)

pa

n n=2k+1
2 = (2k + 1)?

X2 £2

k

=4+ 4k+1=2(2k*+2k) + 1

a9 P

~p = ~¢
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n2

g9 P

g9 P

P2 = 4k2 = 2(2k?)
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20
t: 80 km

... p 3w qfrefefad wuEl 1 gz H 2)
p: 9l 379 80 km Hfd =T &1 31 wfy 4 WET FeAd &)
q: S9! FHAT EW,
ufaay afe pdl gewiar € 6 p, oo fou vafe ufaey 21 srefq s eM o fa,
80 fop. . ufg we1 =1 atfus nfg | M Tam wiE FHoH 2
Tgl “80 km ufaszl &1 atfues nfd 9 MY = yatE ufday 2
Tl U, AlE p ad gevial € fF g, poe fery atfremd uftey 21 sl s @
80 km wfawier &1 i nfa | Mt 9od € @ AETd ®Y Y YR STHH S Tl
“STAHT g SAfAard gfdey @)

T

T 14 U fafaer goAraeh

1. f=fafae woAi & fAuye fafa:
() 9 e arafas Gl x o fau. W@ x— 1 9 oA gE 2
(i) =t fafeeral wiiedt 2
(i) U avdfas e x & faw @ x > 1 91 x<1
(iv) TE UH HEm x w1 e 2 0<x <1
2. frafafas gufaey woAi (sfaqia) o 9 w1 faam qon wfauamas oM
ferfa:
() U ©F qUilsh AT W@ © el AfE 1 3R v @ o sfafied sge
FE 3 ISF TE 2
(i) ¥ UHg 92 W el € wa w9 oy aen &1 e @)
(i) @fz @t WH 2, | AU Wy e 2l
3. frafafes wui § 4 u@® &t “aft pd@t " & w1 § fafEn)
() Wel W @ F I ok Ty rHed w1 €A ey 2
(i) v H ol B € AaEE § HeRiy I g 2
(i) 39 AEEEE § YA F GHd ¢ oheel G o Fruifa wew w1 wam
feram =1
4. frefafeg woAi 9 9 99 & “p Al @ik Sadt 3k ¢ & w0 A qH: fafaEu:
() =fE @ gresl (efifasm) d@d €. snyem w9 wem gl @ aen A e
T e €. Al 39 GEYH SEd B




nforE foe=R 365

(i) @MUk g1 A-TiT WA & & fou gg Siferd iR vata @ fo e e
fafia &9 9 & 2
(i) 3 Uk =S guH Foe 2, @ 9% U AFd el ¢ a9 9 s =aqsis
ad €, |9l 9% GHM I Bl 8
5. F < weH fRu g
p: 25 H&I 5 & U YU &
q: 25 W= 8 & UF U B,
SUE HUAl %1 WarSe 3 d9 A1 w0 GaieeE Hien Y wud fafau) <E <eme
H urd fas wouai 1 duar Sir=n)
6. A4 for@ woAl 1 Syl &1 g 39k ge fafled fafy g sifsw
() p: U qUAEE e AR Uk UHT TN H ANE SufHd B @
(fometfam fafin))
(i) ¢:afgp uw UH awdtas Gem @ & n>2, a n2> o (faneifaa fafi) |
7. fr=fafaa wem %1 de fa=9-fa= aliel 9 59 YR e S & 39 a9
9 &,
q:‘ale U S GuE Fifoe €. 9 98 U AfHE B HYS 2

qris
T s o gue ffafea fagal = sen 5 2:
& Tfordtg wu W e wUA U U9 9§ S A df ¥ 8 A S 2l
o fyAfafiad vaf =t =men &1 2
—  foplt e 1 feE 9 p wk weE € 4 p o € e phl fey
?%,Euﬂa“luﬁﬂs‘mp@mm§|
— fag ®uq 3 9 92F FoH:
& o1 s Wl HoHAl & GAH Q 99 FYA FI HY FUH Fed ol 9
FoAl F U9 F9H & 92F HU9 Fed 2
—  Gaiee CER a1’ ey U U & i B qen ' uds
& fam’ &t gfe
—  3fqufa (dfqey) ‘9, ‘ehew Ak’ qun ‘afg @ shew 9fg’
FoH ‘A’ p Al gl el aiw § foan s1owsw .
p faulE q (W® p — q ¥ &)
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- p wfE gfaEy # g o famy

— q stfEd ufEy @ pa fom

- p %99 7R g

- g ¥awE p

- FHE p =  F WAUAHE FUT . ¢ =P
FU p = qF fGGW FUH g = p B
FUA p = qU1 TP (o9 F1 GIH €9 W HUA p A 3R e Al
g' wed €

o ol ®uA # Guar T 6 o fau feafafag fafm w0 g w@ 2

(i) we faf

(i) wfaerareas fafy

(iii) fevrenfam fafu

(iv) JIRTERv & YA & fafy

ofaETiaw g9l

TSI T TEE Y- Aristotle (384 % 9o—322 %) BRI feman mwan ol a7
siy-vay Fraarenes fae=d & fou faml &1 ws que o, foaer s1fyum 9.
1 U Il o e 2d Ueh YR Y&H 1 o) 39k 915 TIed] 98f o 57
Tforas G. W, Leibnitz (1646 — 1716 %) 3 frmmmeres faa=m =t wlwan =t =it
T o fau Thened | Ydiehl o YA i heddl i oY Sl 9 H 0
Tforas George Boole (1815-1864 %) @& Augustus De Morgan (1806-1871 %)
q 37! FHEG HI HHER FFA SR GdAHF TR T 1 T F

K/
_Q‘Q R



' (Statistics) l

«$*“Statistics may be rightly called the science of averages and their
estimates” —A.L.BOWLEY & A.L. BODDINGTON ¢*

151 (Introduction)

T S ¢ fob Wifiemes! 1 Tler fordt faviy 32va & fau
UfIa sfewel | S 21 wn AAfwel &1 favewn ug wwen
1 3k @i ¥ faofa oid € ene fumedt wansti 4 sffwel
el Td URUdg ®9 § o¥ad hid ol fafeal o1
apeae Tk 21 ge faeuu afieel o wewygl Ui ud
fagioaiet &1 gofar 21 wwd fRu Wy sfiwel w1 U
ufafferes o 919 & &1 fafeal & an o of sreaae foean
21 39 Hed &1 ohd g WaTW @t WG ®ed &1 W7 Hifsu

Karl Pearson
(1857-1936 A.D.)

AN
AN

I
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o 13
el X=1 2%
i=1

HIfeerT 1 TUHT o o Afehel & UEel SR 91 TEEl e H oAdfied fawe
ST & 3R T frefafaa fram e s e
gfe Jeroni & G fawy § ot wfvae (%ﬂjﬁﬁwa‘rﬂ?%mﬁﬁmﬁﬁﬁw

Tq 2 d mifeere (gjé aﬂ!(gﬂ)a" el 1 WeA Bl 2

T U 2 ST TocErsi A 9 B 3 94 T W 1 WA 3 Wi aue @
Ul 53 T A TH FE THd © f6 S Soclarell w1 Y& TAA 87 Tredl 7811 it
A% T H gftadsfierd 0 (FFaE) ¥ 117 (@fueraq) qF €1 Sats B T 1 foar
46 (FFAT) W 60 (3ifuehan) 9% 2

AET 31" T TR I T G W@ R AR Hi| 7Y Y 9 T ehfad
U Bt € (Rt 15,1 3R 15.2)1

Jooiarst A fa

.
Ty

v

0 10 20 30 40 50 60 70 80 90 100 110 120
3MMeRfd 15.1

Fooiars B o feu

A 4

Z
T

0 10 20 30 40 50 60 70 80 90 100 110 120

3MMeRfd 15.2

T 3 THA ¢ T deaas B T 69 TF T % Ue-UW € iR e g
I O (W F W) o 53 fE s € sl gocersl A % Hd fage o
afferes faraa @ o 3 wfue et gy )

a7 fag Mg el % SR § Tyl gE 2 % faw SHm wgfa # mm g
T} | nFEdAved U@ 921 92% ¢ FOe AvE TifeTR % sfarid e s =)

#Z@ ugfa 1 9 w1 e & eH yRadeiadl o 9uH o fau twe g wiE)
T4 &N %1 ‘WU @t AT (Measure of dispersion)’ el il 2 50 3w o 24
THIUH W UM % Wew o $A&] oiiiehd Ud 3feniiepd SflhEl o folu UMD W
fafera & ar o w@n



HrfeAeh 369
15.2 WaIUia @l |TT (Measures of dispersion)

aferel | Wehiviq a1 fa&iqur o1 719 Yeqon 9 o8 Yded held gafd el WY o SHR W
fopan rar 2

TSHIvH o frefaiEd @ €

(i) 9FER (Range) (i) 9d%f® fa=em (Quartiledeviation) (iii) T+ fa=e™ (Mean
deviation) (iv) A fa=e (Standard deviation).

7Y ™ H e, Tade fomem o afafad o= gt ol &1 stemeH i)

15.3 uftEt ( Range)

oo HIY fF 2 geeiarsi A @o1 B W1 &AI0 0 Al % 3 H BN W o
fowaa, wesh e & sAfushan ud =gHan F o YR W A feme o wd v
T A A o o0 BH U @l o Afehdd o FdH Hedl | a9 i
g1 29 *idt ! Ty FE 9 2

aeeE A e fag ufimw =117-0=117
3R Feerars B, % fow, aRer =60-46= 14
orda IRER A > 9 B, 8fau A % WhIU § geivi @ faawe st € wEts
B TN U% gUl o s Uy )

d: Uk el &1 I = Afyshdy 94 — <YFd9 qH

afieFel o1 UREr =0 faewE O Wi 1 We-"el (rough) SIF A1 2, T S
ygfa &1 @, foeror & AR o oo T S 21 79 3299 o fau w gwivh o e
WY T YIS ¥ TIEAT] 39 bR 1 HY Yl k1 heig gefd § St (41 fawer)
W efenfi| g4 afEn)

FE wgfa W Ul o A S SYR W A HI 9 dell RIS Hewqo]
ATq WieE fa=em 9 "EE fa=ed €1 ST 3 W fawar 9 ==\ wl

15.4 urem fa=re= (Mean deviation)

g Fifeu foF equn x 1 feer WM a W AR (x—a) B x 1 a & fawem FEam
219U X FT HET Yed ‘2’ W UV Fd FH % fow 89 a W foer W & 2
7 fageml %1 W wshivlq 1 fHde Arg gar 21 wWe 9 o9 o fog 2 fagem o
TN ure I =fen, fog w9 Wd € fF ohEla wafa w1 u e o wyeey &
sferehad o JHan godi o w9 feod g 21 safe g foeer womds qon &
FTeAsh 81| 21 faeel 1 a1 9 &1 Uehal 81 39k Afafiad e X
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Y 3/fopyuk dk kx_g
i{ldh I[;k n
vrh ele; o) Iifk ele; fopyu Kir dju dk dib vipR; ugh g
Lej.k dift, fd 1dh.ku dh mi;Dr eki Kir dju o] fy, ge iR;d etu dh ojnh;
ioflk dh eki ;k fdln fLFG B[k & 1 njh Kk djub gkrh gA ;kn dibft, fd fdlgh nk
I[;kvio) vy difuji{k eku mu B[ ;kvk Bk I[;kj[kk ij O;Dr fcnvk o) chp dh njh
dk n’lrk gh vrb fLRG B[k a1 fopyuk o) fujifk eluk dk ele; Kir djr gA bl elg;
dk * * dgr gh vrk olni; ioflk 'a of I |{ ele; fopyu i{k.lk dk a1
fopyuk o) fuji{k eluk dk ele; girk gA 'a' o) Lki{k ele; fopyu dk M.D. (a) Hjk idV
fd;k thrk gh

1iFk oh fopyuk dik =0

a' lfopyuk o) fuji{k etu dk ;kx

TR NN

ele; fopyu ofmh; ioflk di fdlh Ho eki 1 Kir fd;k & Idrk gh folr
[ ;dh; ve;;u e Hiell;rk ele; wij elfe;dk o) Bkifk ele; fopyu dk mi;kx fd;k
thrk g

M.D. (a) ='

elu yift, fd nif.kk o) vidM x,, x,, x3 X% o x, gh ele; sk elfe;dk of
Hi{l ele; fopyu dh x.kuk e quufyf[r pj.k i;Dr gir gk

ml ojni; ioflk dh eki dk Kir dift, fEll ge elé; fopyu ikir djuk gt elu
yift, ;g ‘a’ gA

if;d 1fi.k xdi al fopyu VFir x—-a, x-a x~a...,x—akKir djh

fopyuk dk fuji{k elu Kir dj vFkr ;i fopyuk e %.k pr yxk g rk ml gVk

n VAkr |x —al,|x, -, |x3—aj ...... |x, — & Kir dj
fopyuk of fuji{k etuk dk ele; Kir djA ;oh elé; 'a' o ki{k ele; fopyu gh

Slx-a

v |\/|.D.(7)=%Zn:|xi - x|, tgh x=ele;
i=1
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(i M.D. (M) =% im M|, tgh M = elfe;dl

@ | bl vésk; e elfe;dk ok fpE M Mjk fuzfir fd;k x;k g tc rd fd
VU;Fk ugh dgk x;k gkA vib, vc mi;Dr pj.k dk le>u o) fy, futufyf[ir

mnkgj .k Yk
fueufyflir vidMk o) fy, elé; o) Iki{k elé; fopyu Kir dift,k
6] 7] 10] 12] 13] 4] 8] 12
ge @ec¥: vix c<r g, futufyf[ir ikir djr gh
fn, x, vidM di ele;
6+7+10+12+13+4+8+12 72

= 8 N
i{i.lk o) ele; x 1 @e’ll fopyu x-X
VHir 6-9,7-9,10-9,12-9,13-9,4-9,8-9,12-9 g
ik -3,-2,1,3,4,-5,-1,3 g

fopyuk of fujifk el |x x|
3,2,1,3,451,3 A

o) li{k elé; fopyu futufyf[ir gt

2% =X
M.D.(X) = =5
3+2+1+3+4+5+1+3 22
= 8 :E =275

e | iR;d clj pj.k di fy[iu o) LFiu ij ge] pj.k dk o.lu fd, fcuk gh
Gelullj ifidyu dj 1dr gh

futufyflir vidMk o) fy, elé; ol Iki{k elé; fopyu Kir dhft,k
12,3,18,17,4,9,17,19, 20, 15,8,17,2,3,16,11,3,1,0,5

ge fn, x, vidWk di elé; (%) Kir djut gixit
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o1& 200
= pL% =55 = 10

i=1

ele; 1 fopyuk of fuji{i elu vkr [x —X| bl idij gh
2,7,8,7,6,1,7,9,10,5,2,7,8,7,6,1,7,9,10,5

20
bllfy, D% —%|=124

i=1
i M.D. = % = 6.2
Vij (X)= S5

fueufyflir vidMk I elfe;dk o Iki{k ele; fopyu Kkr dift,k
3,9,5,3,12,10,18,4,7,19,21

;o i{k.l dh B[ ;k 11 g tf fo'te gA vidMk dk vijigh @e e fy[ku 1) ge 3,3, 4,
5,7,9,10, 12,18, 19, 21 Tklr ghrk g

11 + 1)

ok ;k 6ok 1{k.k=9gA

VC ekfe;dk:( >

fopyul di @e’lé fuji{i etu [x — M| bl idkj I gh
6,6,5,4,20,1,3,9 10,12

11
blfy, D |x -M|=58
i=1

rHk M.D.(M)= Z| -M|= —><58 5.27
1na

ge tiur g fd vkdMk dk nk idkj 1 oxholr fd;k thrk gA
(@ vIrr cljckjrk cVu (Discrete frequency distribution)
(b) Irr cljckjrk cVu (Continuousfrequency distribution)
vib, bu nkuk idkj ol vidMk of fy, elé; fopyu Kir dju dh fof/;k ij ppk djA

elu yift, fd fn, x, vidMk e nftlu 1{e.k x, %, ... x @
feudh chjckjrk, @e’th £, 1,, ... f gh bu vkdMk dk Bkj.kic i e quufyf[ idij 1
0;Dr fd;k t Idrk g ftl dgr gh



[ ; dh 373

X: Xl X2 X3 Xn
fof, f, £ .1
loiFke ge fn, x, vkdMk dk futufyfkr I=k Hjk ele;
x Kir djr g
lefl 1 &
R 2L
>ho N
i=1
Z)gf Ik x dk mudh @e’fk chjchjrk £ 1 x.kuiQyk di ;kx idV djrk g

FON=" 1, clicjrivi di ;i gh
i=1

rc ge i{k.lk x dkele; x I fopyu Kir djr g vij mudk fuji{k etu yr g vFir
IHh i =1,2,...,n o) fy, [% —x]| Kir djr gA

blo) 1’ pkr fopyuk o] fuji{k e ele; Kir djr g] tifd ele; of Bki{k okfNr
ele; fopyu gh

>hlx - ¥ :
vri  M.D.(x) = & =9 D fx - X
i=1

2

;di o) Hki{k ele; fopyu Kir dju ony ge
fn, x, vIrr cljckjrk cvu dh effe; dk Kir djr gh blo) fy, i{k.k o Qe e
0;oflFr djr gh blo) 1’pkr Ip;h chjcljr, Kir dh tirh gh rc mI |{

fu/ij.k djr g feldh 1p;h ckjckjrk ';' o) Relu 3k b1 T FiMh viZd gt 5gt cljcijrivi

db ;kx NI n”lkx;h gh ifk.l dk ;g elu vidMk o] ee; fLRr girk g blfy gV|f{r
elfe; dk gh elfe; dk kr dju o) c kn ge effe;dk I fopyuk of fuji{k e ele; Kir
djr gh bl 1di

1 n
MD.(M) = < D % —M|
i=1
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fueufyf[kr vidMk o) fy, ele; o) Bki{k elé; fopyu Kir dhft,%
x| 2 |5| 6| 8|10 |12
| 2|8 0| 7| 8| 5
vib, fn, x, vidMk dh Bij.kh 15-1 cukdj wU; LrH ifjdyu of cin yxi,
15.1
X, f, fx, x-% |f]x-X
2 2 4 55 1
5 8 40 25 20
6 10 60 15 15
8 7 56 0.5 35
10 8 80 25 20
12 5 60 45 25
40 300 92
6 6 6
N=> f =40 > fx=300 > flx-%=92
i=1 i=1 i=1
1 6
blfy, Y:NZ =—><300—75
Vij MD. (%) = L if. X% = & x @2 = 23
N & 40
fuEufyf[kr v o) fy, effe;dk of Ikifk ele; fopyu Kir dift,}
x| 3] 6| 9| 12| 13| 15| 21| 2
fl| 3| 4| 5 2| 4 5/ 4] 3

fn, x, vidMm igy gh vijigh @e e gh bu vidMk e
vij yxir g (1kj.k 15-2)A

Ixr Ip;h chjcljri di ,d drij
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15.2
x [3 |6 |9 [12 |13 |15 |21 |22
f [3 |4 |5 |2 |4 |5 |4 |3
cf.[3 |7 12 |14 [ 18 |23 [27 |30
vc,stog thle Ik
blfy, effe;dk 1500 0 160 |{ ele; g ;o niuk i{k.k Ip;h cljcjrk 18 e fLRr

g feldk Ixr i{i.k 13 gA

_ 1500 i{f.h +1600 ifih _ 13+13

hlfy, elfe;dk M= -13
fy, elfe . .

ve elfé;di I fopyuk db fuji{k elu vFikr |x — M| fubufyf[r
Iij.kh 153 e n’lk, X, g

15.3
% — M| 07 4|21[0] 2|89
f, 3| 4] 5|2 4| 5{ 4 3
f.[% —M]| 30 | 28| 20|20 10|32|2

28: f, =30 vij i f,|x —M|=149
i=1

i=1
1 8
blfy, M.D. (M) = 2 filx —M|
i=1

1
= —X 149 =
20 4.97

,d Irr cljc kjrk cVu og k[kyk gkrt g fEle vidMk dk fofHkUu
fcuk er oky oxk e oxtoQr fd;k tkrk g vij mudh @e’tk chjchjrk fy[ih €
mnkgj .k of fy, 100 Nicik Mgk tkirkdk dk Brr cljckjri cVu e futufyflir Idj I 0 Dr
fd;k x;k g

ikirid 0-10 |10-20 [20-30 [30-40 [ 40-50 | 50-60
A dh D[k 12 | 18 27 20 17 6
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qred ok |Tuer | T ,d Irr cljcljrk cVu o] ele; dh x.kuk o) Ie; geu
;0 ek k kk fd |R d 0X (Class) dh cljckjrk mlo) eé;&fcn 1j olfnr girh gA ;gk Hi
ge 1R;d ox dk eé;é&fen fy[kr g vij vIrr cljckjrk cVu dh rjg ele; fopyu Kir
djr gh
vib, quufyf[ mnkgj .k n[k
6 futufyf[kr vidMk of fy, ele; o) Mki{l ele; fopyu Kir dhift,%
iirid 10-20 | 20-30 | 30-40] 40-50|50-60|60-70 | 70-80

% oh I[;H > | 3| 8| 1| 8| 3] 2

=1 fn, x, vidMk 1 futu Bkj.kh 15-4 cukr gA

154
iid | Nefooh | edsafen | fx | [x-X | flx-X
IL;!
f, X;
10-20 15 30 30 60
20-30 25 75 20 60
30-40 35 280 10 80
40-50 14 45 630 0 0
50-60 8 55 440 10 80
60-70 3 65 195 20 60
70-80 2 75 150 30 60
40 1800 400
7 7 7
2o N = > f =40, fix =1800, > f;|x —X| =400
i=1 i=1 i=1
7
L
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o 1 .1
Vij M.D.(x):N;Hxi—x|=Ex4OO=10

wred o | wien faeem W @ @t @ fafa ge in fopyu fof/ (Step-

deviation method) dk 1;kx djol x ol dfBu |fjdyu I cp Idr ok Lei .k dift, fd

bl fof/ e ge vidMk o Qee, ;kmlo) feYoly ikl fdIh i{l.k di =wfeaa wrem yr gh

rc i{k.k (;k fofHlu oxk o) ee;é&fcnvi) d bl diYir ele; 1 fopyu Kkr djr gA ;g

fopyu L[;k jik ij ey fcn (origin) dk *iU; 1 ifrlFikfir dj dfYir ele; 1j y thuk
ri g] €l fd wviolfr 15-3 e n’i;k ,k oA

-60 —50 —40 -30 —20 -10 0 10 20 30 40 50 60€=
L] Ll L] L ] %m

il - R A A - - R A -
& A >
—>0 10 20 30 40 50 60 70 80 90 100 110 120
% g
wHiead Hed
3reRfa 15.3

;i THh fopyuk e dib Ho x.ku[iM (commonfactor) g r fonvik dk 1jy
dju o) fy, blg bl ko x.ku[IM I Hix nr gh bu u, fopyuk dk we fa=rem dgr gh
in fopyu yu dh 1f@;k F[;k j[& 1j tetu dk ifjoru girk g] €k fd violfr 15-4 e

n’l;k x;k gh
mmﬁ—ﬁ—s—4—3—2—l 0 1 2 3 4 5 6(;3
b 00 =50 —40-30 20 =10 0 10 20 30 40 50 60 ferrer

. . ] ] . ] . . [ ] . .
M " M 3 3 ’ + " 3 3 ' i N
<t T T T ™ = rd

0 10 20 30 40 50 60 70 80 90 100 110 120

wHicud Wred
3TeRfa 15.4

fopyu vij in fopyu 1{k.l o) vidkj dk Nivk dj nr g] fel 1 x.ku €lh x.fuk,
ljy gt tirh gh elu yift, usk pj d :%gk tirk g] tgk ‘a dfYir e; g o h
lko x.lu[iM gA rc in fopyu fof/ Hjk x fuEufyf[kr B=k I Kkr fd;k €hrk gh
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X=a + —/— X

vib, mnigj.k 6 o) vidMk of fy, in fopyu fof/ yxk,A ge dfYir ele; a=45
vij h=10,yr g vij fukufyf[kr L.k 15-5 cukr gh

U 155
Nistk o | . X —45 _ _
ilrid S etséfon |d=3=| td % - | f|x-X
f, X,

10-20 2 15 -3 -6 0 60
20-30 3 25 -2 -6 20 60
30-40 8 35 -1 -8 10 80
40-50 14 45 0 0 0 0
50-60 8 55 1 8 10 80
60-70 3 65 2 6 20 60
70-80 2 75 3 6 30 60
40 0 400

de dh |f® k Ih o g tlh fd geu ele; ol |{ ele; fopyu Kr dju o] fy, db
Fith ble fo’k'k vrj ojoy fopyu yu o] le; ele; o) LFku ij ekfe;dk yu e ghkrk g



vib,

I ;
Irr cljcijrk cvu of fy, elfe;dk Kir dju dh ifd;k dk Lej.k djA vidMk

dh 379

dk igy vijigh @e e 0;ofLFr djr gA rc Irr cljcijri cVu dh elfe; dk Kir @i of

fv. 1gy ml ox dk fu/kfjr djr g ftle elfe;dk fLRr girh

@t dgr g) vij rc futufyf[ir I yxir gh

elfe; d =

N
L2

f

-C

g (bl ox

dk arfeam

tok effe; dk ox og ox g fthdh Ip;h cljcljrk ';l o cjkcj sk mE1 FiMh viZd gl

ckjckjrivk dk ;kx N, elfe;dk ox dh fueu Ihek 1] elfe;dk ox dh ckjckjri]f] ekfe;dk
ox 1 IVid igy oty ox dh Ip;h cljcljrk Cvij elfe; dk ox dik foerj h gh effe; dk
Kir dju of 1”pkr 1R;d ox of ee;&fcnvk x di elfe; dk 1 fopyuk dk fuji{k elu vFir

% —M]| ikr djr gA

M.D. (M):i_g fi[x —M|

rc
bl 1f@;k dk fuEufyf[kr mnigj.k 1 LI"V fd'k X;k gh
7 futufyf[kr vidMk of fy, elfe;dk ol Iki{k ele; fopyu Kir dhft,A
0X 0-10 | 10-20| 20-30( 30-40 | 40-50| 50-60
chjckjrk 6 7 15 | 16 4 2
=1 fn, X, vidMk I fuku Dij.kh 15-6 cukr gh
AU 15.6
ox | cljckjrk Ip;h cljcijri| e¢;&fcn | |x —Med| | £ [x —Med]
f (c.f) X,
0-10 6 6 5 23 138
10-20 7 13 15 13 91
20-30 15 28 25 3 45
30-40 16 44 35 7 112
40-50 4 48 45 17 68
50-60 2 50 55 27 4
50 508
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0k N=50, blfy, g oh ;k250h en 20830 ox e gA blfy, 20830 effe;dk ox gh

ge tiur g fd

N_c

elfe;dk=1+2  «r

:gk 1=20,C=13, f=15, h=10Vij N=50

25-13
x10 =20+8=128

blfy,] elfe;dk =20+
vri] elfe; dk o) Hki{k ele; fopyu

M.D. (M) =— Zf|>q - M| = —><508 = 10.16 gA

r |
i'ulo2efn, x, vidvk of fy, ele; o Bki{k ele; fopyu Kir dhft,A
4,7,8,9,10,12,13, 17
38, 70, 48, 40, 42, 55, 63, 46, 54, 44
1’304 0] vidWk of fy, elfe;dk o) Iki{k ele; fopyu Kir dift,A
13,17,16,14,11, 13,10, 16,11, 18, 12,17
36, 72, 46, 42, 60, 45, 53, 46, 51, 49

iI’u5 0 6 o) vidWk of fy, ele; o) Hifk ele; fopyu Kkr dhft,A
X 5 10 15 20 2

f. 7 4 6 3 5
X 10 30 5 70 9D
f. 4 24 28 16 8
iI’u 70 8 o] vidWk of fy, elfe;dk o) Iki{k ele; fopyu Kir dift,A
X 5 7 9 10 12 15

f8 6 2 2 2 6
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x155 21 27 30 B
f 3 5 6 7 8

1’u 9 0 10 o) vidWk o) fy, ele; o) Bki{k ele; fopyu Kir dift,A
VA; 0-100 100-200 200-300 300-400 400-500 500-600 600-700 700-800

ifrfnu

0;f0r;k 4 8 9 10 7 5 4 3
dh I[;k

Apib 95105 105-115 115125 125135 135145 145-155
(lef e)

yMdk dh 9 13 26 30 12 10
I[;k

fueufyf[kr vidMk of fy, elfé;dk o) Iki{k elé; fopyu Kir dhft,k

vd 010 1020 2030 3040 4050 5060
yMfd ;k dh 6 8 14 16 4 2

I[;k

ulp fn, x, 100 0;fr;k dh vk; o) cvu dh elfe;dk vk; o Bki{k ele; fopyu
dh x.kuk dihft, %

wi; 1620 21-25 26-30 3135 3640 4145 4650 5155
[k 5 6 12 14 26 12 16 9

[wer= iR;d ox dh futu Ihek e 1 0-5 Ak dj o midh mPp lhek e 0-5 €M dj fn,
vidMk dk Trr ckjckjrk cVu e cnfy,]

qres farererT &1 uREtan cgr vi/d fopj.k
fc['o oky k[kykvk e elfé;dk ofnh; ioflk dh mi;Dr eki ugh ghrh gA vrk bl n’ik
e effe;dk ol ifk ele; fopyu j 1jh rjg fo’okl ugh fd;k €k Idrk gA
ele; 1 fopyuk dk ;kx (%.k fpE dk NiMd)) eifé;di 1 fopyuk o) ;kx I vi/d
rk gh blfy, ele; o) Iki{k ele; fopyu vi/Zd oKifud ugh gh vrk db n’lkvk e ele;
fopyu vIri'itud ifj.kke n Idrk gh L gh ele; fopyu dk fopyuk o) fuji{k efu ij
Kir fd;k thrk gA blfy, ;g wij chiexf.krh; X.kukwk o ;KK ugh ghrk gA bl dk viHkik;
g fd ge idhlu dh vU; eki dh vio’;drk gh etud fopyu idhku dn ,Ih gh
,d efi gh
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;kn dift, fd oQ m; ioflk di eki o) lifk elé; fopyu Kir dju ol fy, geu fopyuk
o) fuji{k ekuk dk ;kx fd;k Fikd , Ik ele; fopyu dk IiFd cuku of fy, fd;k Fi] wU;Fik
fopyuk dk ;kx kU, ok thrk gA

fopyuk of fpEk o) dkj.k miA bl leL;k dk fopyuk o) ox ydj Hi nj fd;k t
Idri gh fullng ;g Li"V g fd fopyuk o] ;g ox Y2.krj gkr gh

eluk x, %, X, ..., x , ni{k.k g rAk x mudk ele; gh rc

(
t

(=X + (% X + et (X,—X)* = i()g -X)*

;g sk G gk rk Rsd (x —X) K th,xi bldk vFc g fd fd1h idj

di fopj.k ugh g D;ifd rc IH ik % o) cjicj gk thr gh ;i D (% —%)” Nivk
i=1

;0 bixr djrk g fd i{k.k x, %, x,,...x ] ele; x qudVg rF i{.kk dk elé; x ol
L {k fopj.k de g A blo] foijir ;fn ;g ;kx cMk g rk i{k.k ; X o) lif fopj.k

viZd g D:t ge dg Idr g fd six D07 WA ifik di el %ol Iid
i=1

idh.fu ;k fopj.k dh eki dk ,d Irittud irid g\
vib, blof fy, Nt 1{k.l 5, 15, 25,35, 45,55dk ,d 1ePp; Ayr gh bu i1{k.lk dk ele
30 gh bl lePp; e x 1 fopyuk o) ox dk ;kx fukufyf[kr gh

6
D (% —X)? = (5-30)2 + (15-30)%+ (25-30)? + (35-30)?+ (45-30)? +(55-30)?
i=1

=625+ 225 + 25 + 25 + 225 + 625 = 1750
,d vi; lePp; Byr g ftlol 31 ifl.k fuEufyf[kr gh
15,16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40,41, 42, 43, 44, 45.
bu i{k.k dk ele; y=300A
nkuk BePp;kA rFik B o] ele; 30 gh
lePp; Bo) ifl.lk o) fopyuk o) oxk dk ;kx fuEufyf[kr gh
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31
D (V=) = (15-30)2 +(16-30)2+ (17-30)2 + ...+ (44-30)2+(45-30)?
i=1
= (-15) +(-14)*+ ..+ (-1)>+ 0?4+ 12+ 22+ 3+ .+ 142+ 157
= 2[15°+ 142+ ... + 17

_ 2X15X(15+61) (30+1) =5 x 16 x 31 = 2480
D(2n+1
O:ifdl iFie niilodr 1[;ivi of oxé di six = °* )6( "D i gl sgin=150)

2 2,6 =%)? gh elé; o) Midk idh.lu dh eki gk rk ge dgu ol fy, ifjr gix
i=1

fd 31 i{k.lk o) lePp; B di] 6 i{.lk oky NePp; Adh vi{k ele; of Mifk vi/d
idh.tu g ; |fi TePp; Ae 6 i{i.lk diele; xol Mifkfc[ljlo (fopyuk dk ifjlj &25
1 25 g) lePp; Bdh vi{lk (fopyuk dk 1fjlj &15 1 15 g) vi/d gh ;g unp fn,
X, fph 1 Hb L1"V g

lePp; A, 0] fy, ge violfr 155 1kr gh

A 4

e
Ty

0 5 10 15 20 25 30 35 40 45 50 55 60
e
3TTeRfd 15.5

lePp; B, 0l fy, violfr 156 ge 1ir g

lllllllllllllllllllllllllllllll
.
Ty

A 4

0 510152025351354045505560

e
3TMeRfd 15.6

vri ge dg Idr g fd ele; 1 fopyuk o) oxk dk ;kx idh.ku dh mi;Dr eki ugh g
. 13 2
bl dfBuib dk nj dju ol fy, ge fopyuk o] oxk dk elg; y VFir ge EZ(& -X)",
i=1
yh lePp; A, 0{ fy, ge ikr g]
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1
, 50 31><2480 80 gA

;0 bixr djri g fd lePp; Ae fc[kjlo ;k fopj.k ePp; B dh viflk vi/d g th nkuk
lePp;k o) vif{ir ifj.e o T;ifefr; fuzi.k 1 ey [Hrk gh

ele; :%x1750:291.6g vij 1ePp; B, 0] fy

1 =
rh ge ;Z(&—X)de idh.lu dh mi;Dr eki o) zi ey Idr gt ;g I[;k

VFikr elé; 1 fopyuk o] oxk dk \rea gawur (variance) dgyirk g vij s 2 (Flxek dk
ox i<k tirk g) 1 n’lr g
bon il x, %, x db THj.k

13 _
SZZHE(Xi —X)ZgA

ilj.k dh x.luk e ge ikr g fd 0;Drxr
'{k k x rFk idh bdib 1hj.k dh bdib 1 fHlu g] D;kfd 1.k e (x—x) o) oxk dk
’k g] blh dij.k ilj.k o) ZulRed oxey dk i{k.lk dk ele; of Bki{k 1dh.ku dh
fpr eli oQ 1 e 0;Dr fd;k tirk g vij ml elud fopyu dgr gh elud fopyu dk
Ik W;rh o, gk Infkr fd;k thrk g rRk fuEufyf[kr idkj 1 sk ek gh

1 -
s = (% =X%)? (1)
vib, voxholr vkdMk dk 11j.k o elud fopyu Kir dju of fy, olN mnigj.k
yr gh
T 8 fukufyf[kr vidMk o) fy, 1lj.k rfik elud fopyu Kir dift,}%
6,8, 10, 12, 14,16, 18, 20, 22, 24

1 fn, x, vidMk dk fuEufyf[kr 1.l 15-7 e fy[k Idr gA ele; dk in
fopyu fof/ Hjk 14 dk dfYir eke, ydj Kir fd;k x;k gA a{k. db I[;k n=100A
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|t 15.7
=14 | ele; 1 fopyu
| 4=t (X-X ;oy (=)

6 —4 -9 81
8 -3 -7 49
10 -2 -5 25
12 -1 -3 9
14 0 -1 1
16 1 1 1
18 2 3 9
20 3 5 25
2 4 7 49
24 5 9 81
5 330

2.9

blfy,] ele; X =dfYir ele; + ilexh
_ 14+ > %2215
10
] . 1 -2 1
vij ilj.k o2 = =2, (% —%)°= =x330= 33
niz 10

vri  eflud fopyu ¢ = /33 =5.74

-

elu y fn;k x;k vrr cVu fukufyf[ir gk
X: Xp X Xgyewny X
fro f, f, f..., f

17

T ICEIEE]

n

n

bl cVu of fy, elud fopyu s :\/% f.(x —X)?, .. (2
i=1
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vib, fukufyf[kr mnkgj.k yA

futufyf[kr vidMk o) fy, ilj.k o elud fopyu Kikr dift,%
X. 4 8 11 17| 20| 24 | 32

f 3 5 9 5 4 3 1

o vidMk db Ikj.dh o) -i e fy[lu 1) ge futufyf[kr Bkj.k 158 tkir ghrh gh

|RUiT 15.8

X f, fx | x=x| (x—%)?| f(x-%)?
4 3 12 | -10 | 100 300
8 5 0 | -6 36 180
1 9 9 | -3 9 81
17 5 85 3 9 45
20 4 80 6 36 144
24 3 72 10 | 100 300
32 1 32 18| 324 324
30 420 1374

7 7
N =30, 2 fix =420, ) f;(x -X)* =1374
i=1 i=1

zfixi
bify, =12 _ 1 400-14
N 30
- 1 { )2
vr il =y 2Hik-%
i=1
- 1 1374=1538
= 30 - .

vij elud fopyu o = /458 =6.77
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fn, x, Irr cijckjrk cvu o) IHh oxk o) e¢; elu ydj ml
virr cljckjrk cVu e fuzfir dj Idr gh rc virr cljckjrk cVu of fy, viulb xb fof/

Hik elud fopyu Kir fd;k thrk gA
;i ,d noxk kyk clicljrk cvu fele iR;d vrjty mlo) eé;elu x rFik chjcljr

f, Jk 1fjHir f ;k g] rc elud fopyu futufyf[kr 1= gk akir fd;k €, xi%

= \/ﬁ iZl:fi(Xi_ X)?

toh x] cVu i elé; g vij N=Yf, .

i=1

e fa=em & faw s @3 ge Kir g fd

13 _ 1 & L
ij.ls2) =y ;fi(&— X): = i;fioq% X2 - 2% %)

- 1 Zn:fixiz+ anizfi— Zn:ﬁ fixi}
N | i3 = =

_ L Zn:fixiz+ izzn:fi— Zizn:xifi}
N L i=1 i=1 i=1

n

1 2 _2 —2 1 nf
:ﬁ Zfi)(i +X° —-2X :N.Zixif X

i=1 i=1
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vrk elud fopyu o = %\/NZ fx’ —(Z fﬁﬂj

futufyflir cvu of fy, ele;] 11j.k vij elud fopyu Kir dift,k

0X 3040 4050 50-60 60-70 70-80 80-90 90-100
ckjckyrk 3 7 12 15 3
a1 fn, X, vidMic I fuEufyflkr Bij.kh 159 cukr gA
qruit 15.9
0X chjckjrk | ees;&fen| fx [ (x-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 9% 190 | 1089 2178
50 3100 10050
vr ele; (%) = % il:fﬁﬁ = % = 62

1
= —X 10050 =
50 201

vij  elud fopyu o= /201 =14.18
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fukufyf[kr vidMk o] fy, elud fopyu Kir dift,%
X. 3 8 13 ] 18| 23

f 7 10| 15| 10 6

o1 ge vkdMk I fukufyffkr Bkj.0 15-10 cukr gh
"WOT 15.10

x| fo| fx | x?| fx?2

71 21 9 63
10| 8| 64| 640
13 | 15| 195 | 169 | 2535
18 | 10 | 180 | 324 | 3240
23 6| 138 | 529 | 3174

48 | 614 9652

ve 1= (3) Yk

1JNZM (X hx)’

1 2
-1 [48x9652- (614
48\/ * (614)

- L /263206376996
28

1
= —X 29377 =
8 6.12

blfy,] elud fopyuc=6.12

dHinedHn ,d ckjckjr cVu of ifk.k x VFiok
fofHiu oxk o eé;elu x of etu cgr cM gkr g rk eke; rFk 11j.k Kir djuk dfBu g
thrk g rRk viZd le; yrigh , 1 cljcljrk cvu] fele ox&vrijty lelu gi] of fy, in
fopyu fof/ Hjk bl if@;k dk 1jy cuk;k t Idrk gA
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1
elu yift, fd dfYir ele; ‘A'g vij ekid ;k ielu dk — xuk Nk fd;k x;k g

h
(Gt hox vrjty g)A etu y fd in fopyu sk usk pj vy, A

x —A

VHkr V== Gk x=A+hy
>
ge thur g fd X = i=lN
D I xdk (2 e ju ij ge ikr girk g
L Zn:fi(A+hyi)
X — _i=l
N
1/ " 1/ "
:E(zfiA"’zhfiyij:N(Azfi’Lhzfiyij
" fiy; . o
:A_ﬁm; (D,kfd ZfNj
N N !
vr X=A+hy

13 —
vel pj xdk ilj.g] sy =75 2 06 =%)’
i=1

= N2 Aty Ay (@) Vij (3) i

1 n
_ =51 h?(y —V)?
_Ni§:1. v -y)

Z|

(1)

(2

.. (3

(4
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) vhj (4), 1 ge iklr grk g 1d

n n 2
=%\/sziyi2_{zfiyi] ... (5)
vib, mnkgj.k 11 o) vidMk e B=k (5) o) mi;kx Hjk y% fof/ 1 ele;] ilj.k o elud
fopyu Kir djA
futufyf[kr cVu of fy, ele;] ilj.k o elud fopyu Kkr dnft,4
0X 30-40 | 40-50| 50-60| 60-70| 70-80| 80-90| 90-100

ckjckjrk 3 7| 12| 15] 8 3 2

elu y dfYir ele; A=6504 ;0t h=10
fn, x, vidM 1 futufyf[kr Bkj.ih 15-11 ikir gkrh g

15.11
. \ . —65
0X clicljr | ee;&fen | y= )QT y? fy, fy?
f, X,
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 8
80-90 3 8 2 4 6 12
90-100 2 % 3 9 6 18
N=50 -15 | 105
fy,
blfy Y=A+250'Mxh=65—E 10 = 62
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2
_ 19 e 105- (152
) (50)2[ (19 }

1
= —[5250- 225] =201
ol ]

vij elud fopyu s = 201 =14.18

iI'ul l5rd o) vidw of fy, ele; o ilj.k Kir dift,A

6,7,10,12,13,4,8,12
iFe niko(r 1[;k,
riu of 1Fke 10 x.kt

X 6 |10 14 (18| 24| 28 | 30

f 2 4 7| 12 8 4 3

X |92 | 93| 97| 98| 102 | 104 | 109

fl 3 2 3 2 6 3 3

y% fof/ Hjk ele; o elud fopyu Kir dift,A

x| 60| 61] 62| 63| 64| 65| 66

67 | 68

fl 2 1 22 25| 12| 10

4| 5

i’u7o08efn, x, clcijrk cvu o] fy, ele; o 11j.k Kkr dift,A

0X 0-30| 30-60{60-90 | 90-120|120-150| 150-180 | 180-210
ckjckjrk 2 3 5 10 3 5 2
0X 0-10 10-20 | 20-30 | 3040 | 4050
ckjckjrk 5 8 15 16 6
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y% fof/ Hjk eké;] ilj.k o elud fopyu Kir dhft,A

Aplb | 70-75| 75-80{80-85|85-90( 90-95 | 95-100 | 100-105(105-110| 110-115|
(leh e)
cPpk dif 3 | 4 7 7| 15 9 6 6 3
I[;k

,d MHbu e cuk, x, ol kI (feeh e) uip fn, x, gA
0;kN 3336 | 3740 | 4144 | 4548 49-52
ollk I[;k 15 17 21 2 25

ol o) 0;kIk dk elud fopyu o elg; 03kl Kir dift,A

[ igy vidMk dk Irr cuk yA oxk dk 32.5-36.5,36.5-40.5, 40.5-44.5, 44.5 - 48.5,
485-525Yy Wi fi)] vix c< ]

bl wve;k; o) 1o vuHikxk e geu idh.ku dh olN ekik of ckj e i<k gh ele; o elud
fopyu dh ogh bdib gkrh g fele vidM fn, x, gir gA tc ge nk foftlu bdkb;k oty
cVuk dh ryuk djuh gk rk oloy i1dh.ku dh ekik dh x.kuk gh 1;kIr ugh gkrh g vfir ,d
,Ih eki dh vio”;drk gkrt g € bdib I Lor= g4 bdib 1 Lor-] fopj dh eti dk
(coefficient of variation) dgr g vij C.V. }jk n’lkr gh
fopj.k x.kd dk fuEufyf[kr 1dij I 1fjH%r djr gh

C.V.:;xloo, X#0
;0k o vl X @e’th vidMk o] efud fopyu rFik ele; gA
nk k[kykvk e fopj.k dh ryuk o] fy, ge iR;d k[kyk dk fopj.k x.kd Kkr djr
oA nkuk e 1 cM fopj.k x.kd okyh k[kyk dk vi/Zd fopj.k ;k fc[kjko okyh k[kyk dgr

gh de fopj.k x.kd okyt k[kyk dk nljh 1 vi/d Ixr (consistent) dgr gA

elu y x IRk oigy cVu o] ele; rfi efud
fopyu g vij %, rFk o,nlj cvu of ele; vij elud fopyu gh
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rc C.V. (igyk cVu) = STX11><100
S,
Vij c.V. (nljk cvu) = )_(—2><100
st g X =% =X (eluy)
bllfy, C.V. (igyk cVu) = S—)_(l><100 L
Vij c.v. (i cVu) = %XIOO Lo

@OV 1 ;9 L1'vgfd niukC.v. dh ryuk o, vij o, 00 viZkj 1j gh di t Idrt
gh vri ge dg Idr g fd lelu ele; okyh k[kykvk e 1 viZd elud fopyu (k
11j.0) okyh k[kyt dk viZd i{ifir dgk trk gh FiF gh Nivh efud fopyu GGk 11j.5)
okyh k[kyk dk nljh d vi{ vi/d Ixr dgh tirk gA

vib, quufyf[ mnkgj .k yA

dij[luk A rFlk B e depifj;k dn I[;k vij muol oru utp fn, x, gA

A B
depifj;k dn T[;k 5000 6000
vilr elfld oru 2500 : 2500 :
oruk o) cvu dk ilj.k 81 100

0;fDrxr oruk e fdl dij[lu A vFiok Be vi/d fopj.k g\

dijflu Ae oruk of cvu dk ilj.k (c» =81
blfy,] dij[u Ae oruk of cVu dk elud fopyu () =9
1iFk gh dij[u B e oruk of cvu dk 11j.k (5,2 =100
blfy,] dkj [u B e oruk of cvu dk elud fopyu (c,) =10
D;kd] nkuk dkj[ikuk e vklr (ele;) oru lelu g vFkr 2500 - g] blfy, cM elud
fopyu oky dij[ku e vi/Zd fc[kjlo ;k fopyu gixid vrh dij[lu B e 0;fDrxr oruk
e vi/d fopj.k gA



[ ; dh 395

zvor 14 nk oruk dk fopj.k x.kd 60 rFk 70g wij muo] elud fopyu @e’h 21 vij
16 gA muo{ ele; D;k g\
=ze1 fnk g C.V. (igyk cVu)=60, s,=21
CV.(nljk cVu)=70, s, =16
eluy xVij x, @e’th igyh o nlji cVu o] ele; g] rc

S

C.V. (igyk cVu) = {1 x 100
21 21
| 60= — “x =2 —
blfy, % x100 ;k % 60><100 35
. . S2
Vij C.V. (nljh cVu) = % x100
2
VRkr 70=_1—6 x 100;k X, = E><100 22.85
% 70
vrh %, =35 Vij 72:22-85
sereeor 15 d{i 11 o) ,d 1D’ku e Nisk dh Apib rFik Hij o) fy, furufyf[ir ifjdyu
fd, x, gh
Aplb Hikj
ele; 162.6 lef 52.36 fdxi-
ilj. k 127.69 lel? 23.1361 fdxi-2

D;k ge dg Idr g fd Hijk e Aplb di ryu e viZd fopj.k g\
=1 fopj.k dh ryuk of fy, ge fopj.k x.kdk dh x.kuk djun gA

fn;k g Apibsk e ilj.k=127.69 lef
blfy, Aplb;k di elud fopyu = \/127.69cm = 11.3 L€l
b Hijk e 1.k =23.1361 fdxi-2
blfy, Hkkjk dk elud fOpr = /231361 fdxi- = 4.81 fdxk-

elud fopyu

vc] Apib;k di fopj.k x.kd = :
ele;

x 100
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11.
= 3 x100=6.95
162.6

Vi Hiji di fopj.i x.id = ¢

Li"Vr;k Higk dk fopj.k d Ap Qfopj.k X.Mkd 1 cMk g
blfy, ge dg Idr g fd Hikjk e Ap dh vi{lk vi/d fopj.k g

r S— |

fuEufyf[ir vidWi I crib, fd A skBe 1 fdl e viZd fe[ijio gt

481 x100=19.18
36

vd 10-20 | 20-30| 30-40| 40-50| 50-60 60-70( 70-80
legA 9 17 32 33 40 10 9
legB 10 20 30 25 43 15 7

k;jkxX vhkj Y ol unp fn, x, eY;k I crib, fd fdl o] eY;k e viZd fLRjrk g\
X| 35| 54 52| 53] 5| 58] 52| 50| 51| 49
Y (108 | 107 | 105 (105 | 106 | 107 | 104 | 103 | 104 | 101
,d dij[ku dh nk 10ek A vij B, o) deplfj;k dk fn, elfld oru o] fo’y"k.k dk
fuEufyf[kr ifj.ke g4

ile A ile B
oru iku oky deptfj;k dn I[;k 586 648
elfld oruk di efe; 5253# 5253 #
oruk of cVuk dk 1lj.k 100 121
(i) Avij Be Il dw I ile viu depifj;k dkoru o] -1 e vi/d jif’k

nrh g\
(i)  0;f0rxr oruk e fdl 1je A ;kB,e vi/d fopj.k g2
Vhe A Hjk ,d 1=k e [ty x, 1Qvcty epk o] vidM ubp fn, x, gh

fd, x, xkyk dn D[;k 0 1 |2 3 4
dh B[ ;k 1 9 |7 5 3




[ ; dh 397

Vhe B, Hjk [ky x, epk e cuk, x, xiyk dk ele; 2 ifr ep vkj xkyk dk elud
fopyu 1-25 FikA fd1 Vhe dk vf/d Ixr (consstent)|e> uk pifig, \

ipkl ouLifr miiknk dh yctb x (heh e) vij Hkj y (xke e) o) ;kx ij oxk o) ;kx
up fn, x, gk

Zx =212 ZX = 902.8 Zyl 261 Zy, = 1457.6

i=1 i=1

yclb ;k Hij e fdle vi/d fopj.k g\

; 20 ifk.M dk ilj.k 5 gA ;iR d i{kk dk 2 B x.lfd sk x;k gk rk akir
I{k. db 11j.k Kir dift, A

elu yift, fd i{kk x, x,, ..., x,, Vij x mudk ele; gA fsk x5k g 1lj.k =5vij
n=20. ge tiur g fd

ilj.ks =—Z(>§ %)% VFlir 5—ZOZ(>§ X)°
- 2. (% =%)*=100 -
;i ak;d oaflk de2 1 x K t,] i ifj.beh 1{k.k y,, oA

Li'Vrsk y =2x VFr x = Eyi

1 20 1 20 1 20
y=—Sy=—S2x - 2—-S'x
blfy, V=2 Y 20; X 20;.
_ _ 1_
VHir y=2X or X=§y

x Vij x o] elu (1) e ifrlFkfir dju ij ge ir girk g

Z[ y.——y]z—loo VEir (v~ ¥)?=400

i=1 i=1

vrh u, i{kk dkilj.k ——O><4OO 20=2" x5
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worott | ikBd eshun fd o iRsd a{kk db k 1 x.lfd sk ] reu, cu ikk
di ilj.i 10 11j.k dk k2 xuk gk thrk gA

p i{k.k dk ele; 4-4 g rAk mudk ilhj.k 824 gA ;fn riu afk.k 1] 2 rFk

6 g] rk wU; nk |{ rdhftA

& elu

nk agk.k x rFtk y gA

blfy,] [ 1,2,6,% ygA

1+2+6+Xx+Yy

vC] elé; x =4.4= =
ik 22=9+Xx+y
blfy, Xx+y=13 .. (1)

IF g il

18, oo
=824= - (%X
N4

VHir 824 =é [(3.4)2 + (2.4)2 + (1.6)2 + X%+ Y2 —2x 4.4 (X+Y) + 2x (4.4)2}

ok

41.20=11.56 +5.76 + 2.56 + x> + y>—8.8 x 13 + 38.72

blfy, X2 +y2 =97 .. (2
yfdu (1) I, ge ir girk g

X2+ y? +2xy =169 .. (3)
(@ Vvij (3), 1 ge ilr girk g

2xy—72 . (4)
e I (4, WMu ij]

X2+y2 — 2xy =97 -72 VHr (x-y)2=25

ik X —

y=+5 .. (5)

ve (1) vij (5) 1] ge ikir girk g

;k )
k- ik

Sarevor 18 ;fn

/uited I[ g] 1

=9, y=4 tC x-y=5
x=4, y=9 TC X-y=-5
4 rFk 9 gh

iR;d ik x,x, ..x ok car, | o<k t, toh a,d Yekied ;i
( b, fd i1j.t vifjofrr jgx4



[ ; dh 399

el y ifkkx, x, ...x dk ele; xg] rk mudk 11j.k

f=1i(>ﬁ = %)? Kk fn3k thrk gh
;i 1k;d a{lk e a tiMk &, riu, 1{k.k gix
y,=Xx+a . (1)
elu ynfe, u, i{i.k diele; y g rc

VFkr V= X+a (2

SzZ:%Z(yi y) = Z(Ma—x a)’ () VA (20 mizkx I

vriu, 1{k.k dk 11j.k ogh g th ey i{k.lk d

'f?_'fT é;ku nife, fd i{k.lk of fdlh leg e ik;d i{i.k e dib ,d [ ;¥
VFok Aviu i1y 11j.k vifjofrr jork gA

sareror 19 ,d fokFh u 100 k. dk ele; 40 wij etud fopyu 5-1 Kir fd;H] tcfd
mhu xyrh 1 i{k.k 40 o) LFhu 1j 50 y fy;k Fikd Igh elé; vij elud fopyu D;k g\

ae fsk g ik dh 1[5k (n) = 100

Xyr elé; (x) =40,
xyr elud fopyu (s )=5.1
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ge tiur g fd

VHkr

by,

VvC

1
X==
n

Zx
1 100

100
1002‘ - g)ﬁ = 4000

i{l. dk xyr ;kx = 4000
i{l.l dk Igh ;kx =xyr ;kx -50+40

=4000-50 +40=3990

Igh ; kx _ 3990

g e = 100 100

=39.9

2
19 1(Q
elud fopyu o = \/ﬁ PR ?LZKJ

i=1 i=1

DR}

ni=

5.1= —xxyr X ® — (40)®

100

2601—_ x Xyr X —1600
100 y z

n
Xyr Y x? =100(26.01+ 1600) = 162601
i=1

YxP=xyr 2% — (50)2+ (40)2
i=1

i=1

= 162601 — 2500 + 1600 = 161701

blfy, lgh elud fopyu

:\/M _ (lgheké;)2
n



[ ; dh 401

161701 ,
= - (39.9)
100

= /1617.01-1592.01 = /25 = 5

AT 15 U¥ fafaeg goAraeh

B ifk.l dk ele; rFik I|j k @e’th 9 wvikj 9-25 gA ;fn bue 1 Nb 1{k.k 6] 7] 10]
12] 12 vij 13 g] nk 1{k.k Kkr dift, A
kr i{k.l dk ele; rFk Ilj k @e’l 8 rFik 16 gA ;fn bue I ikp i{k.k 2] 4] 10]
12]14gr nk 1{k.k Kkr dift, A
Nb 1 {k. K k ele; rFk elud fopyu (Ze’kU 8 rfk 4 gA ;i 1R;d 1{k.k dk rhu 1
XM dj fsk &, rk ifj.keh i{k.k dk ele; o elud fopyu Kir dift,A

sinni{llox, x, ...x dk ele; erkk ilj.k o2 g rk flY% dift, fd i{k.lk ax
ax,, ax,, ..., ax. dk ele; vij 1lj.k @e’lh ax rAk a*s?(a=0) gA

chl i{k.l dk ele; rFik etud fopyu @e’lh 10 rAk 2 gh thp dju 1j ;g 1k;k x;k
fd 1{k.k 8xyr oA fueu e 1 1R;d dk Igh ele; rFik elud fopyu Kkr dift, ;fn
@) xyr i{k.k gvk fn;k A
@ ml 12 1 cny fn;k t,A
,d dfik of 1pkl Nictk Hjk riu fo'k;k xf.kr] Hkfrd “iL=k o jlk;u Il e ikirkdk
dk ele; o elud fopyu utp fn, x, ok

T Tfura aitferen A

ele; 42 32 40.9

elud fopyu 12 15 20

fdl fo"k; e IcI vi/d fopyu g rFik fdle Icl de fopyu g\

100 i{k.k dk eke; vij elud fopyu @e’lh 20 vkj 3 ghcine ;g ikkx;k fd

hu 1{k.k 21] 21 rFik 18 xyr FA ;fn xyr i{k.k dk gVk fn;k &, rk ele; o elud
fopyu Kir dift,A
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* vidMk e fc[kjlo ;k fopj.k dh ekiA ifjlj] prid fopyuy]
ele; fopyu o elud fopyu idh.ku dh eki gh
ifjflj=vf/dre eY; & U;ure eY;

*

M.D. (x) =M, M.D. (M):M

toh x=ele; vij M =elfe; dk

L g
o -ZH g ZUAM g s
2
e R =
sy s =AY
L g
s2= 1 > (% - %), s = %Zf,(x—i)z
L g
52=%Zfi(xi —7)2, 5 =%\/N2fi>q2—(2fixi)2
2
2 h 2 2 h 2 2
s? = NG [NZfiyi —(Zfiyi) ]SN\/NZfiYi —(Zfiyi )
'S CV. = %xlOO, X # 0.

¢ lelu ele; okyh k[kykvk e Nivh efud fopyu okyh k[kyk viZd Ixr ;k de
fopj.k okyh ghrh g



[ ; dh 403

L[ ;dh dk mnHo yfVu *iCn “status’ | gvk g feldk v ,d jkeufrd jiT; ghrk
gh bIL ark yxrk g fd W[ ;dh ekuo IH;rk fEruh ajluh gA *lk;n 0% 3050b-1-
e ;Ulu e 1gyh tux.kuk dh xb FitA Hkjr e Hh yxHix 2000 o'% 1gy 1°kIfud vde
,df=tr dju dh oky 1.kyh Fith fo’ k“kr% pnxIr ek; (324&300 b-1-) of jiT; dky
e difVY; (yxHix 300 b-1-)o) VF’lL= e tle vkj eR; o) vkdM ,df-r dju dh
1.kkyh di mYy [k feyk gh vdcj of “lkludky e fd, x; i’klfud lo{k.k dk o.ku
veyilty Hjk fyf[ir ilrd wvibu&vdcih e fnsk x;k gh

ynu of oflVu John Graunt (1620&1675) dk muo{ }kjk tle vij eR; db
I ;dh o) vé;;u of dij.k mig tle wij K[ ;dh di tud efuk thrk gA
Jacob Bernoulli (1654&1705) u 1713 e |dkf kr Viuh iLrd ArsConjectandi €
cMh I[;kvk of fu;e dk fy [k g

[ ;dh di 1%kfrd fodkl B=goh *kriCnh of nkjku [kyk wij 15k 2AVuk of

f1%kr o) ifjp; o) Nk gvk rRk blol vix Hin fodkl tjh jokh ,d vx”k Francis
Galton (182261921) u tho IH[;dh (Biometry) o {i=t e IK[;dh fof/;k ol
mi;kx dk ekx 1°iLr fd ;A Karl Pearson (1857&1936) u dkb ox 1jh{k.k (Chi
squaretest) rFik biyM e B[ ;dh i;kx’lkyk dh LRkiuk o) Bk BK[ ; dh; ve; ;su
o fodkl e cgr ;kxnku fn;k gA

Sir Ronald a. Fisher (1890&1962) felg vi/fud N[ ;dh dk tud eluk thrk
g] u bl foftklu {i=k €1 vuolf’kdh] tho& k[ ;dh] ’i{i] olf'k vifn e yxi;iA

_Q‘Q —



AT 3

3.6. WIET (sine) 3T WwIAET (cosine)

ABC A A
AB AC 0°
180° B C
CA B !
c a b ¥ J
3.15
1( ) - § -
(sines) & HHMUT gt &1 B = C
sreffd ww fBI9s ABCH, e 3.15
sinA _sinB _sinC
a b ¢

syt A efifse ff smerfa 3.16 (i) 2R (i) o <wit 9= Frorst o 9@ weis AABC €|

A b D G

(if)

3TeRtd 3.16

i B ¥ ¥t h it w0 #, St o AC % fag D W foemn € [(i) § AC 1 s
U T o fore aemn T 8] | aeRfa 3.16(i) W wHehiv fws ABC 9. 89 Wi el e
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g,] budk ifjp; djir g rfi bquinvky[k X '

cuir gh ,d egiu flol xf.hrK fy;ku
vy (1707-1783) u I[;k edk |pr,

fn;k feldk ku 2Vij 300 chp fLFr gA ;g

Ik pj7 ; 1yu dk ifjHifkr dju of
fy, mi; rF bl f(x) =€, x € RO e i
ie |fijkf kr fd;k tirk gA bhdk i Rg v s |

Vij ifjlj %uiked olLrfod I ;kvk dk IePp;
oh pjMrkdh; 1Qyu] vRkr y= e<dk vky[k
violfr 13.11e fn, vullj ghrk gh

bl idkj] yax.kdh; iQyu] ftl
IogeR+—>RoQ ieODrfdkkk N
g] dk log,x=y Jjt inlk fd;k tiri g]
;M V|(j oloy ;fn e =xgik bldk kr R*
g] tk IHh Zuiked ofLrfod 1[;kvi

lePp; g rfAk bldk 1fjlj RgAYkk kdh

ilyu y=log, x dk viy[l violfr 13.12e 5 / »X
n’l;k x;k oA

ifj e lim® X_lzldkfl% dju (

v = log.x 1 AeE
,d vifed ameRfa 13.12
dk mi;kx djr g] t bI idij gu

1 e-1
LSy S 1t(e-2K L 1-{0re I xo)fy, It g
6 f1% dift, St

suata mi;Dr vIfedk di mizkx dju ij] ge iklr girk g

1 e -1
14X < "y < 1+[x(e-2), x e [-1, 1]~ {0}




ijd 1iB; lext

) 1 1 1 1
1iF gl 'x'i'31+|x| = 1+limy 140
Vij |Xi£rg[1+(e—2)|x|] = 1+(e—2)|xi£g|x|=1+(e—2)0=1

vri] IMfop 1e; k] ge tkir girk g

.oef-1
lim =1
x—0 X
. log.(A+ x
7 f1% dift, fd L,L,g_ge(; ) _4

suufa elu yift, fd Let w= y g rc]
log,(1+X) = xy

505

= 1+x=¢Y
Xy
N € X—1:1
) ev-1
ik y 2 =1
. e¥v-1.
lim limy =1 (D;kd x>0 1 xy— 0 Hkr grk )

xy—0 Xy x—>0

. . e
= limy=1(D;ifd lim

Xy

:1)

N 1
= Ilm—OQE( +X) =1
x—0 X
e* -1
X

5 vitdfyr dift, leig
ge iklr gu
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6 vidiyr dift, fim&—3MX=2

. Iimex_smx_l—lim € -1 sinx
wege Mr gp 70 T T ¢

A A LLE S B
x=>0 X x=>0 X
.
7 Vidiyr dift, lim—2t
x=1+hjf[l,Arc, x>1=h— 00 vri
. _log,x . log (1+h) . - log (1+x)
- I E
futu Ihekvk o etu fudify,] ;fn mudk vilrio gu
_e¥ -1 - e ¢
1. lim (mUkj 4) 2. lim
x—0 X x—0 X
5 lim€€ mlj &) s limE
x-5 X—5 J " x50 X
. g —¢ - . x(e*-1)
lim . lim
° x>3 X—13 (i &) ° x>0 1— COSX
. log,(1+2 \ : °
lim 0ed+2) ki o) g lim!2erx)
X—> X x—0 Sn” X

(mlkj e

(mlkj 1)

mlkj 2)

(mlkj 1)
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laFfT-[ AU (Infinite Series) l

All "(Introduction)

S o aw i 9t & s 0 W Wl B 9@l ¥, U% od Ual Al egwA
a,a, .. a,. & I FIFT ke W ¢ R EeE e fma mn am sl
B, +a,+a +..+a +.. S IFd FIHY ok TedR! &1, TF I¥Hq vl FHeemar 21 famm
Hohae TS 1 WA HYd BU. W A 1 B ®Y . off <wia 1 wehar €. i

a+at+ta+. .. +an+...:zak
Je=1
TH S H, 81 HS a9 YRR H1 S 61 Sege w1 et fafa= wied wea
=1 fearfeat o syavaehar & Tl 21

A.1.2 fedt urdier o fow feug wd™ (Binomial Theorem for any Index)

e 8 W, g9 fgug v9a w1 stuged foran fogd smish uw o9 quiis oml 3@
UM § BH Uk STUsIehd W &Y %1 g9 Fardd, fes st v w9 9 U
Tyl G 2 21 9 B Us foeiy uwn w1 ema 9o <ar 8. fo frue sioft wed €
TH HP YA, TEN % BN T 2

T TE T W e

(1+x)n="C,+'C x+... +'C x

T8l nBU quiier €1 Ufer Y, T AfE, g9 ueHs quiies s1eEn ueh A W
UIiE N 9o W T@d 7, a9 GAee C o wE el T @ S

a1a 2, foue wia suufa afed &1 uw e 9oft g ward 2. foe . e
U G A B, U WU el Uk T4 2

D]

(1+x)" =1+ mx+ m(m-1) X2 + m(m-1)(m-2) Xt

12 123
ay § 5 of |x<1.




i |x|<1 —1<x<
m
1-2)7 =1+ (-2)(-2 +(_2)(_3) 2+ ..
(1-2) 15
1=1+4+12+...
(2+x)m, m
m m
(a+b)m = [a{hgﬂ = am(1+ Ej
a a
_a" 1+mb+m(m—1) (EJZ
1.2 a
=a"+ma™ b+ m(m-1) a™ % + ..
1.2
21 Ibl<|al
m(m-21)(m-2)....(m-r +1)a™'b’
(nom-2(rer
1L A+X)1=1-x+x2=-x+...
2. 1-X"1=1+x+x+x3+...
3 (L+X)2=1-2x+3 - 4¢+...
4, (1 - X)2=1+2X+ 32+ 43+ . ..

1
(1—5j2, x| <2
2

¥ <1,



ad goft 437

A.1.3 31a MUY Ui (I nfinite Geometric Series)
AT 9 FH. WM 93 W. TH FAHA a, a, a, ... a TN Fean €.

% =r (fem) 5@ k=1,2,3,...,n1l fome. afk g9 a, = a 7. 7@
afRomd: 3 a, ar, ar?, ..., ar! i U S 1 HEE ®Y HEl Al 2| TE .
qfifrd S0 a+ar +ar2+ ...+, ar" L1 9 U K % G i ==l w1 o, S
frafafad ¥ &0 e s @

a(l—r“)

R

70 90 H, B9 3 OO S0 a+ar +ar2+ ... +ar"+. .. 90 9| S

T T T AR T HI 0N o WY qHAT
2 4

M wifee fof 1 51 5,?«&%@;7@?( a\la"r%|

gf

" 2 %
&l a=1,r=§,%n‘;ma%

e o

3MEU. S - ¥ n &1 §F Fedl S e, [%)%m’maﬂamﬂﬁl
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n 1 5 10 2
2 n
(gj 0.6667 0.1316872428 | 0.01734152992 0.00030072866

B oF <4 2 fh S9-SI9 n 1 UH Fedl S § a9-ad (éj g o fAee

2l S 2 Mg 9T H. g9 %Ed © foh S n w1 9 37cdd gl eidl Sl e, (éj 1

M 27d Biel Bl Sl 81 TR VR ooy n—m,(%) — 0 gfumrEEy B9 3@

2 T ardie wei &1 9 S=23 U g § 27ufd $Hd Ui 9@ a, ar, ar?, ..., o Tl
Ife grd AU r 1 GSHHE U 1 9 F9 8. 99

a(l—rn) a a’
Sh = -t C1-r 1-r
n
w0 feafa #. ;0,0 S no oo FF |r|<1 3R T fir—>0
a
gqfeTu 51%: aS nNn—ow.

YeterTeer A 92, 31d TR 9o | aFd a% an. S g fafde fear s 21 39

YER. BH 9 erdl @ S=%

e & fau
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a=—  r=-= Ir |<1.

A.l4 (Exponential Series)
Leonhard Euler 1707 — 1783

1!+§ §+Z+--- . (1)
1 e

+£+ +—+ 2
AR - (2)

-2 + 3 + > +. g .. (3)

1 1
' A 22
1_1
’ 4 22

|
|



1 1 1 1 1 1
- - _ —_—<—
51 120 2* 16’ 51 24
1 1
w22
l+i+£+ +i < i+i+i+ +i+
3 4 5 7 pl 22 2 2t oot T - (4)
(1+1+£j
2
( 1 1) (1 1 1 1 j
—+— |+ =+ —+= —+
2 3 4 b5l n!
<{[1+1+ij+(i2+i3+i4+...+i+...]} )
1 2 22 22 2 ot
1+ 1+£+i+i i+ + 1 +
- 2 22 22 ¢ oot
:1+i1=1+2:3
1-=
2
e<3 e>23d: 2<e<3

fZouft x =X & 9e ° =i goit i frefafed w9 9 gffem e s g 2

X x> X X"

=l —F —+ . —+..
20 3 n!

FETETUT 3 Xh] HId ATl STt o ®Y H, €23 & Tl & T x2 &1 0Nk A1 hiTsu|
Zel iRt SO H



oFHd 49U 441

X3 TIF W 2X + 3T 0. 7Y U B B

2
.\ (2x+3) N (2x+3) s
1 2!

e2X+3 — 1

. (2x+3)" n
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| 11.2|

F (3, 0),v{k- x - v{K] fu;rkx = € 3,ukfHkyac thok dhyaekbZ

F (O, g), Vik-y - V{K fu:rky = € g ukfHkyac thok dh yagkbZ

F (€2, 0),v{k- x - v{k fu;rkx = 2,ukfHkyac thok dh=yackbz
F (0, €4) v{k-y - V{k fu;rky = 4,ukfHkyac thok dh=yaékbZ

F (g, 0)v{k-x-Vv{k fu;rk x=€ g ukfHkyac thok dh yddkbZ

F (O, %)  vik-y - viKk furk y = % ukfHkyac thok dh sackbz
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Y2 = 24 xX=€1% y? = 12X
y? = €& 2y? = X 2 =25
| woaraett 11.3]

F (0%/20,0); V (046, 0); nh?kZ wk2;y?kq v{k 8 ,e =

ukfHkyac tlf«)ll§6

F (0, 8%/21); V (0, 815); nh?kZ ko y?kq v{k 4 ,e =
ukfHkyac thog
F (0%/7, 0); V (64, 0); nh?kZ \HI8; y?kq v{k6 ,e =
ukfHkyac tholg

F (0, 8%/75); V (0,8210); nh?kZ #{RO;y?kq v{k10 ,e=
ukfHkyac tkak

F (0113.,0); V (047, 0); nh?kZ i ; y?kqg vik 12 ,e =
ukfHkyac the@%

F (0, 820J3); V (0,8420); nh?kZ v{ko ;y?kq v{k20 ,e =
ukfHkyac thok

F (0, 8£8J@%; V (0,646); nh?kZ \Hie ;y?kqg v{k 4 ,e =

ukfHkyac thgk

4>|§|

N &
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FO0.04150; v (0,3+4); nh?kZ viks ;y?kq vik 2 e = @;

ukiHkyac thek

F (0%/5,0); V (613, 0); nh?kZ Hl6 ; y?kq v{k 4 ,e = g;
ukakyacthtgk

2 2 2 2 2 2

X s a X 5 & X s a
25" 9 144" 169 36 20

2 2 2 2 2 2
Xasd a Xad & X 5 a
9 4 15 169 144

2 2 2 2 2 2
L X s & Xad &
64 100 16 7 25 9

2 2 2 2

X s a X +af =52k =8 &

10 40 52 13

[womraett 11.4]

UkfHs, 0), kh', O):e = > ukiHkyac thotg
ukfiko8), kh"kZo8): e= 2: ukfHkyac thak

ukfHE, 8+13), 'Kh"kZ62); e = ?; ukfHkyac thek

1 n . _E. 64
ukfkied0, 0),'kh"K&6, 0);e = 3 ukfHkyac ﬁb@k

14 . . 6 14 é?
ukfl—dk,éi-[—S), kh ((%i\/—g) e=—2; ukfHkyac th

ukfitk 54/a5 ), 'kh"kZ 5:4) e:@; ukfHkyag thisk
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10.

13.

[EEY

2 2 2 2 2 2

Xl & g X & 9 YsX &
475 25" 39 9 "16
2 2 2 2 2 2
XaY & 11, Y X & 12, LY &
16 9 25 144 25° 20
2 2 2 2 2 2
XY & 1 XaW a5 YsX g
412 49° 343 505

e 11 U¥ fafaer go=naeh

ukfHk fn, gqg, O;kl 0sQ ee; fcUnq ij gSA

2.23 m yxHRX 3. 9.11myxHRX 4. 1.56m fyxHRX
X2 y2 X2 y2
— 8- & 6. 180xZbdkbZ 7. —o+- &
81 9 8oxz bdkb 25 9
8J3a

| wommaeht 12.1]

y rFkk - funsZ'kkad 'kwli; gSAunsZ'kkad 'kwU; gSA
L, IV, VIV, VI L L VI
i) XY -lery (i) (x,v,0) (i) vkB {ks=kA

[ woamarett 12.2]

() 245 (i) V43 (i) 2v26 (iv) 25
X € 2= 05. 9 + 252 + 25°€ 225 = 0

| woaTaett 12.3]

o8 1 27 a4
(')ggag,—s g%cl)) a8 17 30 2.1:2

2:3 5. (6,€4,€2), (8, €10, 2)



13.

17.

21.
24.

25.
27.

29.

30.

32.
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37T 12 U¥ fafaeg goAraeh

16
. (1,€2,8) 2. 7.:34,7 3. a=€2,b=6§,c=2
. (0, 2,0)vk3p, €86, 0)
2
(4,€2,6) 6. X°oW &F 2 7@—21’5%1:0—9
| womrarett 13.1]
o, 22 19
0— =2
6 2. gt 3. dp 4. 5
61 6.5 7 i 38 108
2 ' 2 i
1
. b 10. 2 11. 1 12. 62
2 14 a 15 i 16 i
b b e .
aot
4 18. T 19. 0 20 1
0 22. 2 23. 3,6

x=1ij lhek dk vfiLrRo ugha gSA
x=01ij Inek dk vfiLrRo ugha gSA 26. x=0ij lhek dk vfLrRo ugha gSA
0 28. a=0,b=4

im fx=0vkgm f () = @€a) (a€a) ... (@€a)

IHkfa, 280 0sQ fylim £ (x) dk vfLrRo gSA 31. 2

Xo@a

lim £ (x) 0sQ vfLrRowsnyfuok;Z :ils gksuk pkfgFkkosQ fdlh Hkh iw.kk,d

XO®

eku 0sQ 1 £ (x) dk vfLrRo gSA
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11.

xf.kr
| gv=rarett 13.2
20 2. 99 31
(i) 3% (i) 2x€3 (i) % (iv) %

" sa(n BXE &n 2R E 54"
aob

(Vpxsa ob () 4axOpdadd i 503)

nx" 8-anX® 8x &

8 3-20)

() 2 (i) 20¢€15¢+6x €4 (i) %aﬁéﬂxé i) 15X4+%‘

£12 36 €2 X(3x €2)
(v)?fﬁ*@ (vi) 551 (3x€1 10. € sinx

(i) cos2x (i) secxtanx
(i) 5secx tanx € 4sinx (iv) € cosecx cotx
(v) € 3cosetx € 5 cosexxcotx (vi) 5cosx+ 6sinx
(viiy 2seé x € 7secx tanx

37T 13 UY fafaer go=naeh

el (ii)x—l2 (iii) cos &+ 1) (iv) 6-sing§e6§p 01

8
oqr
S~ d4ps 4. 2c (ax+b) (cx +d) + a (cx + d)?
ad d-bc 2 son dd¢ax 3hd)
© Bixa60) ° sed) T B 5bx o)



dapX ®bpx dar |y apX 02bpx dbq &

0px 34x af) 3 3-63)

2

N na6é1x€-3+tf5)‘3 !
Ofx363)" Ofx o) *5008(ax Bp+rdpex d)

€ coseé x € cosecx cot x

o2 2sex tam
&inx 8-cos) FHeo 5+5)
bccosxd+ad sinx obd cos a

& 6 cosd) cogx
x> B x coxd+3x sirx 620six  d2cod
8% sinx Bsink & cox
8¢ sinx0ft d&inx) dp Bes2ax cosd
dtan’xdk deosd) @ tand(1 s

35045< cox 028cos 28 sin Bk

&x 57 coscd)

X co%1 0p sid-x cosd

61((646ecx66@ 6se%:x6) & @0)(1 she tad

Sin X 0-N X COsX

sin"*x

me€kjekyk 481

%4252 sin

N

COoS k+a)

o1
16-8irx

. n€l
nsin X COSX

16+arx & sebx

ﬁ(afarxé")
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0]
(i)
(i)
(iv)
V)
(vi)

(vii)
(viil)
(ix)
()

| womraeht 14.1]

:g okD; InSo VIR; gS] D;ksafd fdlh ekg esa vf/dre 31 fnu gksrs gSaA vr,0

;g ,d dFku gSA

;g ,d dFku ugha gS] D;ksafd oqQN yksxksa 0sQ fy, xf.kr ljy gks ldrh gS vkSj oq
vU; yksxksa 0sQ fy, ;g dfBu gks Idrh gSA

;g okD; InSo IR; gS D;ksafd] ;ksxiQy 12 gS vkSj ;g 10 Is vf/d gSA vr% ;g

,d dFku gSA

:g okD; dHkh IR; gksrk gS vkSj dHkh IR; ugha gksrk gSA mnkgj.k 0sQ fy, 2 dk ¢
,dlela[;k gS vksj 3 dk oxZ ,d fo"ke la[;k gSA blfy, ;g ,d dFku ugha gSA

:g okD; dHkh IR; gksrk gS vkSj dHkh vIR; gksrk gSA mnkgj.kkZFk] oxZ vkSj lepr
Hkatk, f leku yackbZ dh gksrh gS tcfd vk;r vkSj leyEc dh Hkqtk, f vieku yackbZ
dh gksrh gSA blfy,] ;g dFku ugha gSA

;g ,d vkns'k gs vkSj blfy, ;g ,d dFku ugha gSA

;g 0kD; VIR; gS] D;ksafd xqdayg3A vr% ;g ,d dFku gSA

;g okD; InSo IR; gksrk gS vksj blfy, ;g ,d dFku gSA

izLrgr lanHkZ Is ;g Li"V ugha gS fd fdl fnu dk mYys[k fd;k x;k gS vkSj blfy,

;g ,d dFku ugha gSA

;0 ,dIR; dFku gS] D;ksafd IHkh okLrfod lafakvksaaic3 ;i esa fy[kk

tk Idrk gSA

rhu mnkgj.k bl izdkj gks Idrs gSa%

()

(i)
(i)

0]
(i)
(i)

bl dejs esa mifLFkr izR;sd O;fDr fuMj gSA ;g ,d dFku ugha gS] D;ksafd lanZF
Is Li"V ugha gs fd ;gkf ij fdl dejs 0sQ ckjs esa dgk tk jgk gS vkSj fuMj '’kCn
Hkh Li"V :i Is ifjHkkf'kr ugha gSA

og VfHk;kfU=kdh dh Nk=kk gSA ;g Hkh ,d dFku ugha gS D;ksafd ;g Li"V ugh:
fd “og* dkSu gSA

fcogd@lk eku InS¢p,. s vi/d gksrk gsA tc rd gesa ;g Kkr u §kskd

gS ge ;g uglmldrs fd okD; IR; gS ;k ughaA

| roreret 14.2]

pSUubZ rkfeyukMw dh jkt/kuh ugha gSA
J2,dIfEed la[;k gSA
IHkh f=kHkqt leckgq f=kHkqt gSaA
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(v) la[;k 2 la[;k 7 Is cM+h ugha gSA
(v) izR;sdizko Qrla[;k ,d iw.kk,d ugha gSA
() dFku,la[;l,difjes;la[;k gSA... igys dFku dk fu"ks/u gS tks nwljs dFku 0sQ
lerqY; gSA ;g bl dkj.k Is fd tc dksbZ la[;k vifjes; ugha gS rks og ifjes; gSA
vr% fn, gq, dFku ,d nwljs 0sQ fu"ks/u gSaA
(i) dFkuy ,d vifjes; la[;k gSA... igys dFku dk fu"ks/u gS] tks nwljs dFku 0sQ
leku gsA blfy, nksuksa dFku ,d nwljs 0sQ fu"ks/u gSA
) la[;k 3 vHKKT; gS_ la[;k 3 fo"ke gS (IR;)A
(i) IHkhiw.kk,d /u gS_ IHkh iw.kk,d t.k gS (VIR;)
) la[;k 100 la[;k 3 Is HKKkT; gS] la[;k 100 la[;k 11 Is HKKT; gS rFkk la[;k
100 la[;k 5 Is HKKT; gS (VIR;)A

| wvarareht 14.3]

() "“vkSPR/d dFku %
IHkh ifjes; la[;k,fa okLrfod la[;k,f f gksrh gSA
IHkh okLrfod la[;k,fa IfEeJd la[;k,fa ugha gksrh gSA
i)y ™ k*AkVd dFku %
fdlh iw.kk,d dk oxZ /u gksrk gSA
fdlh iw.kk,d dk oxZ 1.k gksrk gSA
iy ~VKkSj*A ?kVd dFku %
jsr /wi esa 'kh?kz xje gks tkrh gSA
jsr jkf=k esa 'kh?kz BaMh ugha gksrh gSA
(v) “VkSj*A ?kVd dFku %
x = 2lehdj.k 3x2 €x € 10 = odk ewy gSA
x = 3lehdj.k 3¢ €x € 10 = odk ewy gSA
@ f,d,slsdkviLrRo,@Su"ks/u
,d ,slh la[;k dk vfLrRo ugha gS tks vius oxZ 0sQ cjkcj gSA
(i) fizR;sd osQAyfu"ks/u
,d ,slh okLrfod la[;k dk vfLrRo gS risfck+ 1ls de ugha gSA
(i) f,d,sls dk vfLrRo,@Su"ks/u
HKkjr edasls jkT; dik/fLrRo gS ftldh jkt/kuh ugha gSA
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0
(i)
(i)

(i)
(i)
(i)
(iv)
v)

(i)

(i

(i)

(iv)

fu"ks/u ugh@ @S&fn, gq, dFku dk fuxk&/8pokLrfod la[;kvksa 0sQ
viLrRo bl izdkj gS]#td y 8ty + x,, tkg(ii) esa fn, dFku Is fHkUu gSA
vioftZr

vUrfozZ"V

vioftZr

| vt 14.4)

,d izko Qr la[;k fo"ke gS dk rkRi;Z gS fd mldk oxZ Hkh fo"ke gSA

dksbZ izko Qr la[;k fo"ke gS osQoy ;fn mldk oxZ fo"ke gSA

fdlh izko Qr la[;k 0sQ fo"ke gksus 0sQ fy, ;g vfuok;Z gS fd mldk oxZ fo"ke gS#
fdlh izko Qr la[;k 0sQ oxZ 0sQ fo"ke gksus 0sQ fy, ;g i;kZIr gS fd la[;k fo"ke gS
:fn fdlh izko Qr la[;k 0Qk oxZ fo"ke ugha gS] rks og izko Qr la[;k fo"ke
ugha gSA

izfr/'ukRed%

;fn ,d la[;k xfo"ke ugha g8rksikkT; la[;k ugha gSA

foykse%

;fn ,d la[;k xfo"ke gS]xkdVvHKKT; la[;k gSA

izfrlukRed%

:fn nks js[kk,f ,d nwljs dks ,d ry esa dkVrh gS_ rks js[kk,f lekUrj ugha gSaA
foykse%

:fn nks js[kk,f ,d nwljs dks ,d lery esa ugha dkVrh gS_ rks js[kk, f lekUrj gSaA
izfrlukRed%

;fn dksbZ oLrq de rkite ij ugha gS] rks og oLrq BaMh ugha gSA

foykse%

;fn dksbZ oLrq de rkite ij gS] rks og oLrqg BaMh gSA

izfr/'ukRed%

:fn vkidks Kkr gS fd fuxeukRed foospu fdl izdkj fd;k tkrk gS] rks vki

T;kfefr fo"k; dks vkRelkr~ dj ldrs gSA

foykse%

;fn vkidks Kkr ugha gS fd fuxeukRed foospu fdl izdkj fd;k tkrk gS] rks vki
T;kfefr fo"k; dks vkRelkr~ ugha dj Idrs gSaA



v)

0
(i)
(i)

(iv)
(i)
(i
(i)
(i

(i)
(i

(i)

(iv)
v)

0]
(i
(i)
(iv)

(i)
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bl dFku dks bl izdkj fy[k Idrs g8a%edle la[;k gs] rkgla[;k 4 Is

HKKT;,gSA

izfr/lukRedn xla[;k 4,Is HKkT; ugha g8l Ik$a[;k ugha gSA

foykse%xfa[;k 4 Is HKkT; g&],kke la[;k gSA

;fn vkidks ukSdjh fey xbZ gS] rks vkidh fo'oluh;rk vPNh gS

:fn 0sQyk M+ ,d ekg rd xje cuk jgrk gS rks 0sQys 0sQ isM+ esa iwQy yXSxs
;fn fdlh prgHkgZt 0sQ fod.kZ ,d nwljs dks lef}HKkkftr djrs gSa] rks og ,d lekUr;j
prqHkgZt gSA

;fn vki d{kk egaxzsM ikrs gS] rks vki igLrd 0sQ IHkh iz'u ljy dj ysrs gSaA
izfrlukRed

foykse

izfrlukRed

foykse

| womrrett 14.5]

VIR;A ifjHkk"kK Is thok o €k dks nks fHkUu fHkUu fcUngvksa ij dkVrh gSA
VIR;A bls ,d izR;qnkgj.k }kjk fI" fd;k tk Idrk gSA ,d ,slh thok tks O;kl

ugha gS ,d izR;gnkgj.k gSA

IR;A ;fn nh?kZo €k 0sQ kehljjikksia, rks og o €k dk lehdj.k gks tkrk

gS (izR;{k fof/)A

IR;A vifedk 0sQ fu;e }kjkA

VIR;A D;ksafd 11 ,d vHKKT; la[;k gS]ifwifies; gSA

T 14 UT fafasr goaradi

,d ,slh /JukRed okLrfod la[sddk vfLrRo gS %d1/ukRed ugha gSA

,d ,slh fcYyh dk viLrRo gS tks [kjksprh ugha gSA

,d ,slh okLrfod la[;k dk vfLrRo gS fd uxksLvkSj u< 1.

fdlh ,slh okLrfod la[;k dk vfLrRo ugha g&<fd< 1.

dFku bl izdkj Hkh fy[kk tk IdrgfySd /u iw.kk,d vHKKT; gS] rks 1 rFkk

Lo;a 0sQ vfrfiDr bldk dksbZ vU; HKkT; ugha gSA...

izfrlukRed

;fn,d /uiw.kk,d 0sQ 1 rFkk Lo;a 0sQ vfrfjDr vU; Hkktd Hkh gSa] rks og iw.kk,d
VvHKKT; Ia[;k ugha gSA
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(i) izn€k dFku bl izdkj Hkh fy[kk tk Idrk gS % ;fn fnu esa /wi gS rks eSa leqnz rV
ij tkrk gf WA
foykse%
;fn eSa leqnz rV ij ugha tkrk gWww] rks fnu esa /wi gSA
izfrlukRed
;fn eSa leqnz rV ij ugha tkrk gww] rks fnu esa /wi ugha gSA
(i) foykse%
;fn vkidks I;kl yxh gS] rks ckgj xje gSA
izfrlukRed
;fn vkidks I;kl ugha yxrh gS] rks ckgj xjeh ugha gSA
() ;inloZjij ykx vku gS] rks ikloMZ Kkr gSA
(i) ;fn 0"kkZ gksrh gS] rks ;krk;kr esa vojks/ mRiUu gksrk gSA
Giy ;fnvkifu/kZfjr ‘kqYd dk Hkgxrku djrs gSa] rks vki osclkbV esa izos'k dj Idrs gSa
() Vvki Vsyhfotu ns[krs gSa ;fn vkSj osQoy ;fn vkidk eu eqDr gSA
(i) Vvki A&xzsM ikrs gSa ;fn vkSj 0sQoy ;fn vki leLr x gdk;Z fu;fer :i Is djrs
gSaA
iy ,d prgHkqgZt leku dksf.kd gS ;fn vkSj 0osQoy ;fn og ,d vk;r gSA
VKS]... Is iz;qDr feJ dFku% 25 la[;k 5 vkSj 8 dk xq.kt gSA

;g VIR; gSA
f:k, Isiz;qDr fed dFku % 25 la[;k 5 ;k 8 dk xg.kt gSA
.9IR; gSA
iz'ukoyh 14-4 dk iz'u la[;k 1 nsfk,

| wommaett 15.1
3 8.4 2.33 7
6.32 16 3.23 5.1
157.92 1128 10.34 7.35
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| gv=marett 15.2]

9,9.25 nét & 16.5,74.25 19,43.4
y . 2 ’ 12 Jy . f .

100, 29.09 64, 1.69 107, 2276 27.132
93.105.52, 10.27 5.55 43.5

| woamaeht 15.3]
B Y () B, (i)B
A HKk]

37T 15 UT fafaey goAmaen

4,8 6,8 24,12
() 10.1, 1.99 (ii) 10.2, 1.98
vf/dre jlk;u 'kkL=k rFkk U;wure xf.kr 20, 3.036

| womerett 16.1]

{HHH, HHT, HTH, THH, TTH, HTT, THT, TTT}

{(x,y) : x,y=1,2,3,4,5,6}

k{(1,1), (1,2), (1,3), ..., (1,6), (2,2), (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, T5, T6}

{H1, H2, H3, H4, H5, H6, T}

{XB ,, XB,, XG,, XG,, YB,, YG,, YG,, YG,}

{R1, R2, R3, R4, R5, R6, W1, W2, W3, W4, W5, W6, B1, B2, B3, B4, B5, B6}
() {BB, BG, GB, GG} (ii){0, 1, 2}

{RW, WR, WW}

[HH, HT, T1, T2, T3, T4, T5, T6}

{DDD, DDN, DND, NDD, DNN, NDN, NND, NNN}

{T,H1, H3, H5, H21, H22, H23, H24, H25, H26, H41, H42, H43, H44, H45, H46,
H61, H62, H63, H64, HE5, HE66}

{(1,2),(13),(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, 5HH, 5HT, 5TH,
5TT, 6H, 6T}
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{TR, TR, TB, TB,, TB,, H1, H2, H3, H4, H5, H6}
{6, (1,6), (2,6), (3.6), (4.6), (5,6), (1,1,6), (1,2,6), ..., (1,5,6), (2,1,6). (2,2,6), ..,
(2,5.6), ..., (5,1,6), (5,2,6), ...}

| wv=marett 16.2]

No.
0 {1,2,3,4,5,6} (inpf (i) {3, 6} (iv) {1,2,3} (v) {6}
(vi) {3,4,5,6}, AB={1,2,3,4,5,6}, AG=05fBSE ={3, 6}, E5E = {6},
DSE = &f8,
A€C={1,2,45}, D€E={1,2,3}, BGe=58f Fe = {1, 2}
A={(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 vk, BvkS}ijLij viothZ gSa
(i) AVkSE; AvkS}; BVKS}; CvkS) (i) A vkS] (i) B VKS)
() fU;wure nks iV~ izkirngytlikvure nks fpr~ izklr gksuk
(i) fdksbzZiV~izklr,ydksuk,d iV~ izklr gk&d§U;wure nks iV~ izklr gksuk
(iy fvf/dre nks fp€k izKlr gkssfF;r% nks fp€k izklr gksuk
(iv) frF;r% ,d iV~ izkir gkd«iyF;r% nks iV~ izkJr gksuk
(v) frF;r% ,d fp€kizkir gkded§F;r% nks fp€k izkviBeek% rhu fp€k
izklr gksuk

mijksDr iz'u 0sQ m€kj esa vU; ?kVuk, f Hkh gks ldrh gSa

A= {2 1),(22),(23),(24),(25),(26), (41), (42), (43), (44), (45), (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),(12),(13),(1.4),(21),(22),(23),(31),(3,2), (41)}
() Ade¢{(1,1),(1,2),(1,3),(1,4),(1,5), (1,6),(3,1),(3,2), (3,3), (3.4, (3,9), (3,6),
(5,1), (5,2), (5,3), (5,4), (5,5), (5,6)} =B
(i) B3%{(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)} = A
(i) AdB={(1,1), (1,2), (1,3), (14), (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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(iv) A 3CB = af
(v) A€C={(2,4),(2,)5),(2,6),(4,2),(4,3),(4,4), (4,5), (4,6),(6,1), (6,2), (6,3),
_ (64),(6,5),(6,6)}
(viy BoED={(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)}
(vi) BoGo={(1,1),(1,2),(1,3),(1,4), 3,1), (3,2)}
(vii) A o@EDCADEH2,4), (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)}
0 IR;, ()IR;, (i)lIR;, (v) VIR;, (v)VIR;, (vi)VIR;

| woaraeht 16.3]
3
(@) gkf (b)gk) ugh@) ugh@) ugha 2
I S 5 1 ~ 11
(i) > (i) 3 (ii) s (iv) O (v) s (a) 52 (b)5—2 (c) (i) = (ii) >
~ 1 01 3
(i) 12 (ii) 1 5

4.00: ykHk 1.50: ykHK 1.00: gkfu 3.50: gkfu 6.00: gkfu

P (4.00: thruk) 8=, P(L50: thruk) 8= , P (1.00: gkjuk =
16 4 8
P (3.50: gkjuk)3= , P (6.00. gkfy) 3=

(i) %, (il i;’, (i) % (iv) g, (v)%,(vi) %, (vii) g, (viii) %, (ix)é
> 0o (2 —
(i) ugha] D;ksad@), P(A) vk (B),Is NksVk ;k mlosQ cjkcj gksughkykfg,
Q) 1—75 (i) 0.5, (iii) 0.15 g

0) g, (i) i;’ No (i) 0.58, (ii) 0.52, (iii) 0.74,
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18. 0.6 19. 0.55 20. 0.65
19 .11 ... 2
1) — 1) — (i —

21. (i) 20 (ii) 20 (iii) T

l (I) 20C5 (") 16 30C5 2 13C3 . 13Cl
. GOCS 60C5 . 52C4
1 .1 ,..5 999 99%¢ 9990¢
- - ~ a)—— b =2 C ____ 10
3. () 5 (if) 5 (iii) 6 4. ( )1000 (b) 1ooooC2 ( )1°°°°C10
17 16 2
a)— (b)— =
5. ( )33 ( )33 6. 3
4
7. (1)0.88 (ii))0.12 (iii)0.29 (iv)0.34 8. g
33 .. 3 1
)— (i) = —_—
9. ()83 (ii) 3 10. =520

€ ovE
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