-
(Fg'qa YUY (Binomial Theorem))

**Mathematics is a most exact science and its conclusions are capable
of absolute proofs. — C.P. STEINMETZ ¢

8.1 fiat (Introduction)

frselt wemstil o e den € fF 9 YwR a+bawn
a—b S fgusi 1 o 9 99 F0 F@ 1 TR A BT T
FTeh TH WA o ol o i %1 W 1 Y Hhd © Sl
(98)*= [(100 — 2)I?, (999)*= [(1000 — 1)7, T
tRe off, atfersh =T arelt Wemed S/ (98)S, (101)° Sets =t
TOMI, Hih AR g efusk Sfed @ Wt 21 3™
Sfeerar =1 fgu= w99 g0 X fovan

TEY B (a+b)" % TER i EE faf 9w B ©
ST Wi N Uik a1 URAT GE 71 39 o1 | e ot pacca
o Y9 QU] o o fg9s T8 &1 oTead sl (1622—?6628,:.&)
8.2 o Yutienl ok few fgug Wi (Binomial Theorem for Positivelntegral
I ndices)
3MET & | & T Frefafed seafyest W 9 faem &

(@+b°=1 a+b £0

(a+bt=a+b

(a+ b)?=a2+ 2ab + b?

(a+ b)*=a’+ 3a’h + 3ab’+ b®

(@+ b)* = (a+b)° (a+b) = a* + 4ah + 6ah? + 4ab® + bt
T 9ER ¥ BE <@ ® fR
() WER W WS *1 el WA, i W 1 A ¥ SE0A: (a+ b)? o WHR |

(a+b)? 1 =1 2 € ek TR W el YR T HE&A 3 B
(i) WER o STU UE H YUH a®hl U TH o %HH W " W Seh fgdrd i

bl o TF & %9 4 & @I 2
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(i) YER o Tod%h UE H addl b HEl 1 AT GHH € SR a+ b H A b
TR 2
319 89 a+b o ST foear’l | faf=1 ogi oF quren! ot f7 YR =afierd &

 (sTgfa 8.1)
Tdieh Tk

AW N = O
[
[
[

3TeRfa 8.1
I &4 39 0N | STelt dfem ferem o foru ferdt wiaey 1 staciisn 3d €7 2 98
<@ S Hehal ® Top ®@ 161 dfe o ford 131k 161 9w =@ 2961 dfer o forg 22a
21 2ot Ui H for@ 18Ik 279 2 3R 11 91T ST 3T i o T 331 3
1 € AR S ot S YRR 1 Yk Uik o UKW 9 31q ° flud 1 39 wishAn &
fret ot sfema =1 qF o fou foman s Hear 21
&0 eMehfa 8.2 XU T yieey i P MR ufemal fer@e 3 sl Wehd 2|

AT RLED

0 1

1 lvl

2 1 v 2 v 1

3 lv 3v 3v 1

4 1 4 6 4 1
TR 8.2 URReT Tyt

RUSTRENE]

arepfa 8.2 ® < T WROM 1 o ®fE o IER feRdl oft w1 qo o@1 Wehd Bl @
AT U U TSt 1 @ ot @ forwes i w1 foran © el 9 el e e
Ft IR S E E| et w1 g8 FIEE 1w Blaise Pascal o M R Uiahel s
o W § 9fEg B T e % Ueue & AW 9 ot S ST 2
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s fgug *1 S=9 Sl 1 GER o Uk o IS o WA N W9E B ST
T Uehel S 1 WA L o (2x+3y)S o1 TR Y| ST 5 Wi ufeR @
1 5 10 10 b5 1
3@ dfer 1, IR gER TQel (i), (i), (iii), ST ¥E i g eH U € R
(2x+3y)® = (2¢)° + 5(2x)* (3y) + 10(2x)° (3y)* +10 (2x)* (3y)* + 5(2x)(3y)* + (3y)°
= 32%° + 240x%y + 720x3y? + 1080x2y° + 810xy* + 243yP.

319 A TH (2x+3y)™2, 1 THR (A FHTA 918 df 98l 89 =1 12 i ik F1d wEAl
BT 39 URehed T 1 ufeaal il =1 12 9 b1 9eft ufeaat forg o) ur feman s
Fohdl 21 I8 ISl | el fafy 21 S foR o9 SEd ® R iR ot 5= w1 fon
F ok fou fafyr oIk eiferss wfed &1 s

37d: BH T UE1 1| gad o1 vt i € e ureh e+ tfese dfwm
Y gecl i | dfekma ol fore fam &, fgug o fordl off =ma o1 foar 9ma X won|

Thon foTT &7 9ed Ug 9ok ‘Hud' o Gl 1 YA Hoh, e s o feret
Feme l g: forad €1 g9 Sd © TR

n n! o
H(n_ry 0<r<n STl n O Ui 21 "C,=1="C,
39 UEhel IS 1 IH: 39 YR for@ Tehd € (3R 8.3)
ord uTih
0 ’c,
(=1)
1 'c, ¢
=D =D
2 ', ¢, c,
=1) (=2) =D
3 ‘e, ‘¢, ¢, c
= = = =)
4 ‘co, ¢, ‘¢, o, ¢
=D =) (=0) = =
5 c, ¢, °c, ‘¢, ‘¢, ‘c

D =) G0 =10 =) @D
JTeRTd 8.3 Uk et

ST UfaET (pattern) 1 @R, T8 Ul 1 fad famn &n urene s &6t
et off = o fo dfem w1 for@ wehd €)1 SeEYUM: W@ 7 o fow dfs g




176 TfoTd

7CO 7C1 702 703 7C4 7C5 7C6 7C7

79 W, 39 dfe 3 G0 (i), (if) @ (jii), 1 T Heh oW U €,
(atb)” = 'C a7 + "C,ah + "C,at? + "Cath® + 7C,a%* + 'C 8P + 'C ake + 'C b

T TSIV T SUANT hich Th U o e HUIR QUi noh fore yar femam
S Gkl 1 376 BH U TgUs o FREll off (Ui quiish) I o WER Wi forad @
afereen | B
8.2.1 fgue yAw fadl &7 yurfer n & for@ (Binomial theorem for any positive
integer n)

(@a+br="Ca" +"Cav'b + "C,a~?b*> + ..+ "C_ab* + "Cb"
Suufe 38 Y94 1 Squfd R SRTEA Tagid g 9w Wi S 2
H fifST wem P(n) Frefafed 2:

P(n) : (a+ b)"="Ca" + "Ca*'b + "Ca™b* + ..+ "C_ab™ + "Cb"

n=1e" W

P(1):(a+byt=1Cat+!Ch=a+b
I P(1) 5 2l
A offST fom P (K), frelt e quife k o forg e @, sreiq

(ath)s = *Ca« + *C a'b + C,a“?p* + ..+ 'C b . (1)
T0 fag w41 f&F Pk+1) ot T 7 a1,

k+l — k+1 k+1 k+1 K k+1 k-1}y2 k+1, k+1
(atb)«t = K1C @t + “IC ab + “I1Ca? + ..+ ¥'C b

&,
(a+b)<t = (at+b) (a+h)*

= (atb) (*Ca* + kC,ab + Ca2?+... +C,_ab** + *C b [(1) ¥]
= Cat + 'Cab + *Ca'? +.+ 'C_ah ' + *Cab +*Cab
+C U + "Cabi+ ... +C,jabk + KC bt [arfersh o g
= Cat + ({CHC)ab + (‘C,+#C)a?* + ...
+(‘CHC, ) abf + *Cpt (M TR % TS )
= KIC @l + KIC g + K1C, @12 + ..+ KIC abk+ ¥1C,, b

(k+1C0= 1, kcr + kcr_lz k+1cr 3R ka =1= k+1ck+1 ST TN Wa?)
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7o fag g @ o s P(k) ot Tca © @ P (k+1) Tca =1 sefery, fordta s fagid
SR, Y& ¥4 YUk n o faw P(n) 9T 2
T @ YHA I (X + 2)° oF THR 1 SN SRl HHI B
(x+2)° = °Cx° + °C x°.2 + Cx*2> + °Cx3.2° + °Cx2.2* + °Cx.2° + °C.2°
= X8 + 12x5 +60x* + 160x3 + 240x? + 192x + 64
39 TR, (X+2)° = X8 + 1235 +60x* + 160x3+ 240x% + 192x + 64.

yerur
1. "Cab® + "Caht + ..+ "Carb + ..+°C a~b’, el b°=1=a™"
n

— % chk an_kbk %|

k=0

37d: T UY & 36 YR off @ T

(a+b)”:zn:”Ck a"p
k=0

2. fgus w9 # o1 et ok "C, I fEUR Uk Fed 2

3. (atb)"= WOR ¥ U= I W@N (n+1) ® Sreiq Wi 9 1 st 2

4. ER o SRR WS, a O Th o HH 9 W2 W T TE T W H n, W
T H (n-1) 3R R gt g eifem o o 9= 21 ik S WehR bhT ST Tk
o %H U 9g W e, 7ol T8 H I W YE e, g uE ¥ 1 R R 56l yeR
affem o€ o nW TEw gt €

5. (a+b)", % YER H, adel bl ®@ 1 AW, 98 9§ H n+0=n,TW T ¥
(n—1) + 1=n 3R & YR 3ffcH 98 § 0+ n=nTI 37q: I8 @ S Gehell B
o TOR & Y% 95 W adel bl S 1 AN n @

8.2.2 (a+h)" & YAR @t Fo fafire fRafdar (Some special cases)
() a=xde b=-y, &H B N &
x=y)"=[x+ "
="CX" + "C XM (=Y) + "CXHY)? + "CXE(=y)® + .+ "C ()"
="C X" = "C Xy + "Cx"?y? — "C X% + .. + (=1)" "C_y"
T IRR (xy)" ="C X" —"C Xy + "CX2y2 + ..+ (-1)""C_y"
THH WA ek B9 UM €,
(x=2y)° =°Cx® — °C x* (2y) + °C X (2y?)
—5C X (2y)° + °C, x(2y)*— °Cy(2y)°
= X5 _10x% + 4032 — 80x2y® + 80xy* — 32)%
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(iiya=1 &1 b=x, @ g4 U & o,
()" ="C ()" + "C(D)™'X + "C,()™*x* + ... + "C X"
="C,+"Cx+"Cx +"CxX+ ... + "Cx"
THUBN, (I+X)"="C, + "Cx + "CxX* + "Cx* + ... + "C X"
feiod x =1, o fow g9 UM €,
2n="C +"C +"C,+..+"C.
(iii)ya=1 @& b=—x, & &9 I ¥,
(I-x)"="C,—="Cx +"CxX* — ... + (D) "Cx"
foiod x = 1, % foIq &q W ¥,
0="C,-"C,+"C,—..+ (-1)""C

34
ISTEOT 1 (X2+;)  X#0 T JER JE SIS

o1 T5U8 Ui &1 W S BH W e w,

(X2+§j4_4 2\4 4 4 23(2’) 4 22(§j2 4C (x2 (gf 4 (§j4
<) = C,00)* + “C,(¥) X +1C,(%®) o +4C,(%®) o + “C, ™

3 27 81
=xX+4x. —+6X. Z+4X2 3+
X X x> X

108 81
= X8+ 12x° + 54x% + 7+F

FETETOT 2 (98)5%h! TUMT hifTul

T U 98 Wi 3 &Sl o AN A1 3R | FH I ¢ (9RT Hd T HT TA 7,
fire fgue 999 1 T w4 B
98! 100 -2 fered
(98)5 = (100 — 2)°
5C, (100)® — 5C, (100)*.2 + °C, (100)°22— °C, (100) (2)?
+5C, (100) (2)* - °C, (2)°
10000000000 — 5 x 100000000 x 2 + 10 x 1000000 x 4 — 10 x10000
x 8+5x 100 x 16 — 32
10040008000 — 1000800032

9039207968
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SETET0T 3 (1.01)19%% X 10,000 W | i & HeA wet 22
T 101 & & § I Fioh 508 T99 & T8 F9 Ual I foRgwl g U §

(1.01)1900000 = (1 + 0,01 )1000000
= 100000C 4 1000000C, (0,01) + 37 ¥ATHE® TF

=1+ 1000000 x 0.01 + 3 YAlcHsh Ug
=1+ 10000 + 37 YArcH% U5
> 10000

a7 (1.01)10%00 > 10000

SEEI0T 4 fEU= 9Ha &1 T ek 4G ifeY fh 6'—5nhl 5ia 25 § 9T o sme
@ HE 1 9 F=a B

T < T add bk fau afs s9 WeAand q 91 r W R Gk difeh a=bqg+r
A € HE Hehd € 1% a®l b¥ 9N HH W q HSHEA 991 1 0%k Y S 21 3=
TR I8 < ok g fF 6"-5nshi 25 @ AT A W | I a=e €, B g e €
n_5n = 25k+1 W&l k Teh Wiehd W& 2

T WM §: (1+a@)r="C,+"Ca+"Cal+..+"Can
a=>5,% fau g9 9@ g 2,

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

(6)"=1+5n+52"C,+ 5°"C, + ... + &

6"—5n=1+5° ("C,+"C5+ ... + 5™

6"—5n= 1+ 25 ("C,+5."C, + ... + 5"9)

6" — 5n= 25k+1 ¥l k="C,+ 5."C, + ... + 5™2.

T il € o 5o 67— 5nehl 25 @ 9T feRan S @ o 99 1 S 2

gyTaet 8.1
YT 1 ¥ 5 d% T Ak ol JUR hifsd; 5.

44494

2 X\
1. (1-2x)° 2. (;_Zj 3. (2x-23)®

33 3
4. | =+— 5 | X+—
3 X X
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RING]

fgue gHg 1 9N Hes FEfafEad w1 " [ R

6.
10.
11.

12.

13.

14.

(96)° 7. (102)8 8. (101) 9. (99)°

f5Ue W9 1 WA #d EC SR HE-H G 9 © (L1221 1000.
(a+h)* — (a—b)* T FoRR AT THHT T F3h (\f f) (\f f)
T A1 i

(x+1)° + (x=1)° T WM TG HITST| TR TART Hleh A1 =49 (f2 +1)° + (2 —1)°
1 HE G i

fe@mEy for 91 —8n—9, 64 T faumg ¥ W&l nTH «F Ui 2

fag @it i 0,3 "C. =4"
r=0

MUk Ta 7T Ug (General and Middle Terms)

(@+b)y % fgoe TR § 304 @1 8 fF T W "Can ¥, W W "Carb
T, a0 98 "C a2 € SR o T USRI T S W & wfael ¥ w9 %
Hd € fF (r+ Dol T "Carb B (a+ by ® (r+ L)ai W, Suew Uug
(General term) eelrl 2| 3@ T, 5N faed & em@: T, ="C a'b

(a+b)" o TOR o HeF UK o o H B UM §
() FfE nE9 (Even) & B o THR o T &1 G&A (n+1) BN iR nTH
n+1+1j?ﬁ

wm%wﬁqn+1@ﬁwmﬁ|mnwm( >

COIny (2+1T g B

IR, (X + 2y)8F YER H HF TR (%Hj ofq 57 1< 2l

(i) afE nfaom @ (odd) ® @ (n+1) 99 Hen 81 STy, OR % | 9ed U

(n+1] "
2
7+1

Ell
areffe =en aﬁ?(—ﬂj g et 0% T

(nTJrlﬂJ B 37q: (2x-y)’h TOR | He U] (%ﬂjw
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1) 2n+1+1)"
3. (x+;j ,STET X = O%,%WﬁHWW(TJ aeiq (n+1)™ W< €,

Fifh 2n 99 T B

1 n
T8 2C X" [;j =aC (3TeR) W fean s €|
7€ 75 x § @dd 9% (Independent Term) 27 375R 9% (Constant term) el &l

SETEI0T 5 A% (2+a)° & f5UR WER w1 WeEel SR gNEdl U8 §HH 8 dl ashl ’H
AT hifeTg|

T (x+y)"k fgog TR H (r+])T W €: T = "Cxy

Tfed US o faq, r+1=17, 1 r=16

W -|-l7 = T16+! = 50016 (2)5(%16 alé
—50C 934 gle.
16
ESIICEAE T, =%C,2® a¥
79[ ? T,=T,

W’ 50016 (2)34 a16 — 50(:17 (2)33 al7

a” ¥C,.2%

a0 3l = 50 C., 0%
Ve, 2 50 17" 33
a0 a= 0 = X x2 =1
C 16 34 50
1.35.(2n 1J)

SETET0T 6 fe@Ey fF (14x)2 e YoR | e U 2" x" ®, <@l nuw
¥ qulish €1 .
T iR 2nTeh H W@ B, SEA (1+X)2 1 HET TS (2—2n+1) st (n+1)™
T T

n!

(2n)!

n
AR, AA T T, =*C(1)*(x)" = FCx =" %

2n(2n-1) (2n-2) .4321 ,
= n nl
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1.234..(2n-2)(2n-1)(2n) ,
- nin! X

[1.3.5...(2n-1)][2.4.6...(2Nn)]
- nin! X

[1.35...(2n-D]2"[1.2.3...n] ,
- ninl X

[1.3.5...(2n=D)]n!
- ninl

2" x"

_ 1.35..(2n-1)
B nl

2" x"

FETETUT 7 (x+2y)° o TER H x6y% &1 TNk T shifera)
T U ST (x+2y)° % TER H X2, (r+1) ug o e 2
3« T,=C X" @2y)=°C2.xX".y’'
T, T X0y* H x 3R yoF ikl sh! qorll hed W &H W B €, r =3,

9 5 987

. I, 3
T, Xy H O = °C,2°= 3472 =55 2 =612

IETET0T 8 (X+a)" o fgU8 WHR o T, R eI =ie g el 240, 720 3R 1080
g1 x, 2@l n @ Hi

T 79 W[ ¢ fR g0 W T, =240

g T,="Cx*. a

ESIIY "Cx"t. a= 240 .. (D
gl ¥RR "Cx“?a’ = 720 .. (2)
3R "Cxa® = 1080 . (3)

() (1) ¥ 97 FH W W 9w el 2,
"C,x"%a® 720 (n-1! a_

"Cx"la 240 T (n—-2)! x




feug wg 183

a 6
a ;:(n—l) . (4)
(3) I (2), § 9 & I,
a 9
;(:2(n—2) .. (5
6 9
(4)a (5) ﬁ,n_1=2(n_2) A n=5

a1 (1) ¥, 5xa=240 3N (4) ¥, ;:g

T GHIRTON 1 B i W BH x=2 3R a=3 W« & &l

SETET0T 9 AfE (1+a)" & FER ¥ 9 ARG Ial o 7O 1: 7: 42 o A | €
n =AM A HIFST

T A ST (L+a)" s TR H (r — 17 17 qen (r + )7 9z, 9 wur ue €
(r—1)% 9 "C_a2% qo 36T oNsh "C._, &1 THI FHR r¥ e (r + 1)7 9 o Tonh
FE: "C_ F "C, T Fifeh ORI BT STIAG 1 : 7 : 42 T THCC TH W B g,

: 1
2? =2 i n-8r+9=0 . (D)
. 7
S %1 = ¥ n-Tr+1=0 e
R (1) 9 (2) i g %W WY n=55 < el 2
gyl 8.2
NEIEASIGECI IS
1. (x+3P H % ® 2. (a—2b)2 ¥ &b’
frafafed o vOR ¥ = ug fafau:
3. (¢-y)° 4. (=) x = 0

5. (X—2y)? o FER | el 98 Ad Hife)
1 )° .
6. (9X—ﬁ] & FER H 1397 U5 1 Hifsu
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frafafes v/ 5 7eg 95 Ja wifsa:

X3 7 X 10
r (%) o (3+9)
9. (1+a)™"% YER ¥ fag Hifey fF anden a" ok o s g1 10.
R (x+1)" o TERH (r—1)7, 17 SR (r+1)7 9=i & qoneRi H 1 23 : 5
3T &, d N r T HE T wiferg) 11,
fag wifST fF (1+x)2" o6 J9R | X" &1 T[0T, (1+ X)>1 o JER | X"k Tulish
1 O B 2
12. m 1 YHS I 1 Fife f58eh faw (1+x)™ & J89R | x¢ &1 T 6 @

fafaer 3qrgvor

6
ISR 10 (gxz—g—lxj F YR § x 4 Wdd 95 914 S
3

6-r 1 r
. _ 6 22 -
T U E R T, = C’(ij ( 3xj

- (-1 °C, —((?3)662 X2

X @a7 U8 o folu, 9% ¥ x &1 =i 0 (1 =1fgu)131d: 12—-3r =0T r = 4
. 3%% 5
3 YHR 57 98 x ¥ T B @iy el ug = (—1)46(:486—4—:12
SEE0T 11 A€ (1+a)" o TOR | al, a qon a* o Tl 9uia) oot ° & af fag
HIT fh m—n@dr +1) + 4%2=0

T T WG © fR (1+a) o TR H (r + 1)af 9% "C & ¥ 39 YR I8 @M 1 TWehall
TfE a, (r+1)7 o ST 31 R TTH O "C, ¥ TWAT &L, & qeqr &+t o Ok
FEM: "C_,"C, TN "C,,, € W ¥ ok AR gvit § €1 gwfe

"C_+"C, =2C
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n n! n!
a + =2x
r-'(n-r+1! (r+)'(n—-r-=-1! r'(n—r)!
1 N 1
R r=-d'(n=r+Y(n-r)(n-r=-2! (r+H(r)(r-'(n-r-1)!
=/X 1
r(r-(n-r)(n-r-1)!
1 { 1 1 }
B +
r-! (n-r-! [ (n=r)(n-r+1 (r+1 (r)
=2x 1
(r=! (n-r=-![r(n-r)]
1 1 2
0

(n—r+1)(n—r)+r(r +1):r(n—r)

rr+D+(n-r)y(n-r+H 2
(n=r)(n=r+Dr(r+1) r(n—r)

rrc+1)+M-r)(n—-r+1) =2 +1)(n—-r+1)

FP+r+nm—nr+n—-nr+rP—r=2(nr—=r>+r+n-r+1)

n—4nr—n+4r>2—-2=0

nP-nr+1)+42-2=0

4 4 4949 4

FaTET0T 12 fE@EE fF (1+X* & 99R § 787 9% 1 oneh, (1+X)> & JOR | <M
Hed Y&l o TUIRI S AN o SR Bl €l

T ik 2n TH 9 &A1 § AT (14X)7 % YO H ohelel T 0L U8 © S foh
(Z—;Jrlj i (n+ 1)7 w8 R

& (n+1)™ W 2C x» & forR1 oTE 1C_
T TR, (2n-1) T favm gem ® wEfen (1+ X2 O §ER W & " U

(225 e (2155 sty o e (ne ) e
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T W % NE FAI: G IR 2IC €

TH YHR 2n-1Cn_1+ 2n—1Cn: 2nCn [a;;ﬁﬁ'; "C_+"C = n+lCr]

R

SETE 0T 13 fgU= 9HE 1 ITAM F g UEEA (1 +2a)* (2—a)°H at T U FId
FHifs)

T WOl Tgel BH UAGE % Joeh § U8 WHT [UFEE T S YER S &1 39
Th

(1+2a)* = “C+C, (2a) + “C, (2a)? + “C, (2a)*+ “C, (2a)*

= 1+4 (2a)+6 (4a°) + 4 (82 + 16a.

= 148 at+24a*+3 2a+ 16a*
R (2-8)°=5C, (2°-°C, (2)* (8) + °C, (2 (@)~ °C, (2 (a)°

+°C,(2) (@)*-°C, (a)°

= 32 —80a + 80a?— 40a*+10a*— a°
39 UhR, (1+2a)* (2-a)°

= (1+8a + 24a? + 32a° + 16a*) (32-80a + 80a? — 40a® + 10a* — &°)
& Gyl o e e Wl ue o foren i etevashdl T 21 g shael @l ug forad
& ol at arman B1 9K arat = at dl e Tl S wehen ©1 59 0= 7 &t ot €, 9§

1.10a* + (8a) (—40a°% + (24a%) (80a?) + (32a°% (—80a) + (16a) (32) = — 438a*

31d: U | at w1 TOTH — 438 2l
SEETOT 14 (x+a)" & TER ¥ 3fd ¥ 7 U8 J@ e

A (X+a)"% TR (n+ 1) U= T Y=l 1 eeiish $id §U €H HE Tehd € T 37d
¥ gell U8 YER w1 3ifad U8 € 1eiq (n+1)7 1= (n+ 1) —(1-1) ¥ fd ¥ T T,
TR 1 N7 T n=(n+ 1) — (2—1) B & ¥ w0 9, TER w1 (-1)T 9 SR
n-1=(n+1) —(3—-1). 3 WhR, 3d ¥ r* 93, TER H1 [(n+1) — (r — 1)]7 W% 37eiq
(n—r +2)7 ag gm|

SR TR F (nr+2)T W C | x a2l
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