-
(Fg'qa YUY (Binomial Theorem))

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

8.1 yfwat (Introduction)

froelt wenel ¥ ead W@ ® & f6g weR a+baw
a—b S fgusi &1 o 9 W9 9 B 1 TR A B A
ek €9 WA o ol o i 1 6 T B Tehd § ol
(98)*= [(100 — 2)J?, (999)*= [(1000 — 27, Tenfel
e oft, srfereh =T aTelt TEmst S (98)°, (101)° 3efE
TOMI, ik TOHRA gR fuss Sfed @ S ®1 3™
Sfeetar 1 fgug g9 g g ke

209 B (a+ b)" % TER i EA fofy ww B ©
Sl Hdih N T YUl a1 qRHE Se B 3H 1A | wd :
Had o7 Uil o foau fgug ooa &1 st | (1?22'_?6233:%_)
8.2 = yuTienl ok fow fgue v (Binomial Theorem for Positivelntegral
Indices)
3T & H w1 T Freafafed seafiest W g9 faem &l

(@+b°=1 a+b £0

(@+bl=a+b

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

(@a+ hP=2a®+3a%h + 3ab?+ b?

(a+ b)* = (a+b)° (a+b)=at+ 4ah + 6ah? + 4ab? + bt
T 9ER ¥ BE <@ ® fR
() WER H Y& * e WeAl, "t ¥ 1 AU €1 SSEwE: (a+ b)? o WER ¥

(a+b)? 1 =1 2 & Sefh YR H el TR HI GEAT 3 B
(i) WER o ST TSI § WU awhl S Th o wH 9 W2 W § weieh fgdr i

b o T % HH § 98 @I B
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(i) YER o Yods UE H addl b HEl 1 AT GHH € X a+ b H A b
TR 2
319 89 a+b & ST fawari ® fafs= 9=} o Tonerl &1 1 YR afied s

 (sTgfa 8.1)
TTdieh Tk

AW N = O
[
[
[

3TekRfa 8.1
1 B9 39 9RO | et dfer feras o fou forelt wfaed =1 el % 22 81 98
<@ S Hehal ® Top w@ 161 dfe o ford 131k 161 9 =@ 261 dfer o forg 22a
21 o 2ot Ui # fer@ 18R 27den 2 3R 11 90T S1d 3T i o fog 3 3R 3
1 € AR S ot SE YRR 1 Yk Uik o UKW 9 3fq ° fud 1 39 ishAr &
freht ot sfema =1 q6 o foru fomen s gear 21
&0 eMehfa 8.2H XU Ty yieey ®i P AR dfemal for@s 3l sl wehd 2|

TR RLED

0 1

1 lvl

2 1 v 2 v 1

3 lv 3v 3v 1

4 1 4 6 4 1
TSI 8.2 URGhel Tyt

EUSRENE]

arepfa 8.2 W < T WO 1 o ®fE o IER feRdl ot s qo SeT Wb Bl TE
T T U S 1 awe et @ fores 3 w1 foran @ @i 9 et e A=
FT IR S E E| et w1 I8 FIEE Tforas Blaise Pascal o M R Uahel s
o W o 9fEg B 3 e % Ueue o AW | ot ST ST
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T fgug 1 S=9 Sl 1 TER o Uehd o BIYS oh WA g §WE §) SRy
TH RSl IS 1 WA L o (2x+3y)° I ToRdR Y| W 5 WY ufeR B
1 5 10 10 b5 1
39 dfer 1, IR TER TQew (i), (i), (iii), ST ¥E i g eH U € R
(2x+3y)° = (2¥)° + 5(24* (3y) + 10(2x)° (3y)* +10 (2¢)* (3y)* + 5(2x)(3y)* + (3y)°
= 32X + 240x%y + 720x3y? + 1080x2y° + 810xy* + 243yP.

319 A TH (2x+3y)™2, 1 THR A HTA 918l 9gel 84 =1 12 i ik 1a wTl
BT 39 URehed TS 1 Uil i ST 12 9 b1 9eft ufeaat forg ) ur TR s
Fohdl 21 I8 AiSl | el Tty 21 S foR 9 SEd ® R iR ot S w1 fon
# o fau fafy &R sifues wfeT & s

37d: BH Teh UE1 oM gad 1 9ae i © TEd ek e w1 tfese dafwm
Y geol 1 | dfekmal 1 foe fom €, fgug o foRet ot = o1 foar Sa o wen|

Thon foTT &0 Yed Ug ok ‘Hud’ o WAl 1 WA ok, URhd e o foredt
Hemel 1 gA: forad €1 g9 Sd € fom

n n!

Cr_r'(n R ,0< 1 <n @& nFwOR qUiE g "C,=1="C,
39 qEhel IS 1 IH: 39 YR for@ Tehd € (3TeRfa 8.3)
ord uTiR
0 ’c,
(=1)
1 'c, ¢
=D =D
2 ¢, ¢, ¢,
=1) (=2) =D
3 ‘e, ‘¢, ¢, c
= = =) =)
4 ‘co, ‘¢, ‘¢, o, ¢
=D =) (=0) = =)
5 c, ¢, ‘¢, ‘¢, ‘¢, ‘c

D =) G0 =10 =) G
JTeRTd 8.3 Ukl Tt

ST YT (pattern) 1 S@H, T8 Uil 1 fad fomn &n urena s &6t
fordt ft =q o fow ofem 1 for@ Tshd €1 SIEUM: W@ 7 o ferg dfe gl
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7CO 7C1 702 703 7C4 7C5 7C6 7C7
TG YHN, 39 Tl 3R Yeawr (i), (i) 7 (iii), 1 THT Fh eH UL T,
(ath)’ = "C,a’ + 'C,a’h + "Ca%h? + "Cah® + 7C,a%* + C_a2b® + "C.ab® + 'C b
T &I 1 STANT hich Teh 1598 o el KUK qulieh noh foT yoR fe@mn
S Gkl 1 376 BH U TgUR o FRell ot (SUIR quiier) 1 o WHR i fered i
e § 2|
8.2.1 fgue yAw fadl &7 gurfer n & fo@ (Binomial theorem for any positive
integer n)
(@+br="Ca" +"Ca*b + "C,a~?b*> + ..+ "C_ab* + "C b
Suufe 38 Y94 1 Squ T S fagid §R 9w st S 2
F ST wem P(n) Frefafed 2:
P(n) : (a+ b)"="Ca" +"Ca*'b + "Ca™b* + ..+ "C_ab™ + "Cb"
n=1%" |W
P():(a+bp=1Ca+Cht=a+b
I P(1) 5 2l
T+ ofifere R P (K), Rt oF qoife k & fau g 7, stefq
(ath)s = *Ca + *C a'b + C,a“%p* + ..+ ‘C b . (1)
&0 fag w4 fF Pk+1) ot T 7 a1,
(a+b)<t = k+1COak+1 + k+1Clakb + k+1C2ak-1b2 + o+ k+1Ck+lbk+1
SiCH
(ath)“* = (ath) (a+b)*
= (atb) (*Ca + Ca“'b + C,a?b*+... +}C_jab** + KC b [(1) 9]
= Cat + 'Cab + *Ca'? +.+ 'C_ah ' + *Cab +*Cab
+C U + "Cab+ ... +C,jabk + KC bt [arfersh oM g
= Cat + (\CHC)ab + (‘C,+#C)a* + ...
+(‘C#HC ) abk + *Cht  (THH TR % THE )
= k+lC0ak+1 + k+1Clakb + k+1C2 a2+ + k+1Ckabk + k+1Ck+l b+t

(*1C=1, *C +*C_=KIC 3R *C, = 1=*1C_ &1 WaIT k)
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7o fiag g @ o 9t P(k) ot T © @t P (k+1) Tca 21 gafery, Tfordta smme fagid
SR, Y& ¥4 YUlish n o fag P(n) 9T 2
TH TH THY FI (X +2)° % THR I IR0 ST THIA B
(x+2)° = °Cx® + °C x°.2 + Cx*2> + °Cx3.2° + °Cx2.2* + °Cx.2° + °C.2°
= X8 + 12x5 +60x* + 160x3 + 240x2 + 192x + 64
39 TR, (x+2)° = X8 + 1235 +60x* + 160x3+ 240x? + 192x + 64.

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

— % chk an_kbk %|

k=0

37d: T UY & 36 YR off @ TEd

(a+b)”:zn:”Ck a"p
k=0

2. fgue w9 # o1 @t Uk "C, I U UMk wed

3. (atb)"= WOR ¥ TR i W@ (n+1) ® Srid Wi 9 1 st 2

4. ER % SRR UG ¥, a® O Th o HH U T2 W T TE T W H n, W
W H (n-1) 3R R gt g effem 9 o 9= €1 ik SHl WehR bhT ST T
o %H U 9g W T, 7ol T8 H I W YE e, R S § | 3R R 6 weR
affem 9 o nW TEw gt 2

5. (a+b)", % YER H, adeN b ! ®@ 1 AW, 98 9§ H n+0=n,TW T ¥
(n—1) + 1=n 3R 36 YR 3ffcq 9§ § 0+ n=nTI 37q: 98 @ S Fehell B
o TOR & Y% 95 W adel bl S 1 AN n @

8.2.2 (a+b)" & FAR @t Fo fafyre fafaar (Some special cases)
() a=xde b=-y, &H B W &
x=y)"=[x+ "
="CX" + "C XM (=Y) + "CXHY)? + "CXE(=y)® + .+ "C ()"
="C X" = "C Xy + "Cx?y? — "C X% + .. + (=1)" "C_ y"
T IRR ()" ="C X" —"C X'y + "CX2y2 + .. + (-1)""C_y"
ST TENT ek BH UM T,
(x=2y)° =°Cx® — °C x* (2y) + °C X (2y?)
—5C X (2y)° + °C, x(2y)*— °C,(2y)°
= X5 _10x%y + 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"
BH YR, (I+X)"="C, + "Cx+"CxX* +"Cx + .. + "Cx"
femiod x =1, & fag g9 UM €,
2n="C +"C +"C,+..+"C.
(iii)ya=1 @M b=—x, & &9 I ¥,
(I-x)"="C,—="Cx +"Cx* — ... + (=D)""Cx"
foiod x = 1, % foIq &q W ¥,
0="C,-"C,+"C,—..+ (-1)""C_

34
IR 1 (X2+;) x#0 F YER T4 FHife:

o1 T5U8 Ui &1 W S BH uE e ®,

(X2+§j4_4 2\4 4 4 23(§j 4 22(§j2 4C (x2 (ET 4 (ET
<) = C,00)* + “C,(¢) X +1C,(x®) ™ +4C,(%%) ™ + “C, ™

3 27 81
=xX+4x. —+6X. Z+4AX 3+ 5
X X x> X

108 81
= X8+ 12x° + B4x% + 7+F

FETETOT 2 (98)5h! TUMT hifSTul

Tl B9 08 I 3 TS o AN AT AN § H Hd & TSR] HId T HE WA 7,
fire fgug 99 1 T w0 B
98! 100 -2 foed
(98)° = (100 — 2)°
5C, (100)° — °C, (100)*.2 + 5C, (100)*22— 5C, (100)?(2)?
+°C, (100) (2)* - °C, (2)°
10000000000 — 5 x 100000000 x 2 + 10 x 1000000 x 4 — 10 x10000
x8+5x%x100x%x 16—-32
10040008000 — 1000800032

9039207968
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SEETOT 3 (1.01)1900 3T 10,000 W & i G HEA wet €2
T 101H & & § FHd Foh f5UR W o Ted FP TRl H for@el gH U ©

(1.01)10000002 (1 + 0.01)1000000
= 100000C 4 100000C (0,01) + ST HAHE TR

=1+ 1000000 x 0.01 + 3 YAlcHsh Ug
=1+ 10000 + 37 ¢¥ArcH% Ug
> 10000

a7 (1.01)1%00 > 10000

SEE0T 4 fgU= 99T &1 T ek 95 ifY fh 6'-5nhl 5e 25 § 9rT o sme
@ g 1 99 = B

o < T add bk fau afs s9 Weand q 91 r W ) "k difeh a=bqg+r
A €0 HE Hhd © % a®l b¥ 9N HE W q HSHEA 91 1 0k Y g 21 gH
TR I8 < ok foIw iR 6"-5nshi 25 § AT 3 W 1 I o= €, B fag e €
6"—5n = 25k+1 ST&l k T Wiehd WAl B

T WM € (1+a)r="C,+"Ca+"Ca+..+"Can
a=>5,% fau g9 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.

7 <9Il € o 59 67— 5nehl 25 © Wi feRar Sen @ @ 99 | s 2

gyTaet 8.1
Y99 1 ¥ 5 d% T A ol GUR hifed; 5.

44494

2 X\
1. (1-2x)° 2. (;—Ej 3. (2x-23)®

53 3
4. | =+— 5 | X+—
3 X X
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RN

fgue gHg 1 9N Fer fEfafEad w1 " [ R

6.
10.
11.

12.

13.

14.

(96)* 7. (102 8. (101)* 9. (99)

f5U= 999 1 T i g AT hiA-H G 9t © (L.2)20=1 1000.
(a+h)* — (a—b)* T foraR FIFTT THHT T Fh (\f f) (\f f)
TH A1 wifSw)

(x+1)° + (x-1)° =T WM T HITSIT| TR TART hleh A1 =4 (f2 +1)° + (2 —1)°
1 HH F1@ i

fe@Ey fom 91—8n—9, 64 T fauwrd ¥ W&l nTH o[ Ui T

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

Uk Ta 0T U (General and Middle Terms)

(@+b)y % fgoe TR § 304 @1 § fF TEem WR "Ca'®, W W "Carb
, TR g "C,a2? € SR S T YHR| 37 ITWWR T o Jfawd § 7 F
THd € fF (r+ Dol "Carb 1 (a+ b ® (r+ Lal W, U ug
(General term) seerrl 21 3@ T, BN faed &) em@: T, ="C a'b

(a+b)" o O o HeF U o 9N H BH UM &
() FfE nE9 (Even) & ® o THR o T &1 G&A (n+1) BN iR nTH
n+1+1j?ﬁ

wu@%mn+1@ﬁwmﬁ|wmnwm( >

aferf (gﬂf 0 B

IO, (X + 2y)°oh FEN H HeF Ug (%HJ oiq 57 W%

(i) = nfomm 9@ (odd) ® @ (n+1) §H H&N | @y, TER o < He U

(n+1] "
2
7+1

areffe =len @R (—+1jaﬁ g el 0% T

(nTJrlﬂJ BT 37q: (2x-y)’h TOR | He U8 (%1)6"
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1) 2n+1+1)"
3. (x+;j [ STET X % o%,éﬁwﬁHWW(TJ aeiq (n+1)™ W< €,

Fifh 2n 99 T B

1 n
T8 2C X" [;) =aC (3R) W fean s €
7€ 95 X § @dd 9% (Independent Term) 27 37=% 9% (Constant term) el &l

SETEL0T 5 AR (2+a)° & f5U WHR w1 weEEl iR SfgRed ug "@H Bl a®l |qH
S it

T (xty) S g TR F (+)T U R T = "Cxy

ged U ok faw, r+1=17, @ r=16

g-gﬁ,rq -|-l7 = T16+! = 50016 (2)5(%16 ale
—50C 934 gle.
16
ESIICETN T, =%C,2® a¥
T 9a ? & T, =T,

W’ 50016 (2)34 a16 — 50(:17 (2)33 al7

a”  ¥C,.2%

q a' = 50C17 0%
Ve, 2 500 17! 33
a0 as 0 — X x2 =1
Ciy 16 34 50
1.35..(2n 1J)

SETET0T 6 femEy & (142 e Jor & e v 2" x" ®, <@l nuw
¥ qUlish €1 )
T iR 2nTeh TH W@ B, SEMAY (1+X)2 1 HET IS (2—2n+1) s (n+1)™
T R

n!

(2n)!

n
R, BA T T, =*C ()™ ()" = FCx =" X

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)]
- ninl 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"

SETETUT 7 (x+2y)° oF TR H X3 1 7Ok Hq hifral
T U ST (x+2y)° % FER § 2, (r+1) ug o s 2
3« T,=C X" @2y)=°C2.xX".y’'
T, T X2 | x 3R yo il 1 ol e R & I e €, =3,

9 5 987

. I 3
T, Xy H O = °C,2°= 3472 =352 =612

IETET0T 8 (X+a)" o fgU8 WoR o T, R @I =9 g el 240, 720 3R 1080
g1 X, adqel n @ Bty

T T8 W ¢ R g0 W T, =240

g T,="Cx*.a

ESIIY "Cx"t. a= 240 .. (D
gHl ¥R "C X2 a’ = 720 .. (2)
3R "Cx a® = 1080 . (3

() (1) ¥ 97 FH W EH 9w e g,

"C,x"%a® 720 (n-D! a_
"Cx"la 240 T (n—-2)! x




feug wog 183

a 6
a ;Z (n—1) . (4)
(3) I (2), § 9 A I,
a 9
;:2(n—2) .. (5
6 9
(4)a (5) ﬁ,n_1=2(n_2) A n=5

a1 (1) ¥, 5x‘a=240 3N (4) ¥, %:g

T THIRN I B K W BH x=2 3 a=39« FW 2

SETET0T 9 A (1+a)" & FER ¥ 9 ARG Y&l o T[Tk 1: 7: 42 o U | € df
N 1 {1 A HIFST

T A ST (L+a)" s TR H (r — 17 ¥ qen (r + )7 9z, § wud ug 2
(r—1)% 9 "C_a2% o 36T oNeh "C,_, ¥ TEH WHR T @ (r + 1)7 9_i o o
FE: "C_ F "C. | il O] BT STIAG | : 7 : 42 T THCC TH W B g,

) 1
gj =2 i n-8r+9=0 . (1)
" 7
S %1 = ¥ n-Tr+1=0 e
G (1) 9 (2) i g %W W &Y n=55 9 el 2
yyEet 8.2
NEIEASIGECIIS IS
1. (x+3P H % ® 2. (a—2b)2 ¥ &b’ @
frfafad & voR | =aue 9] fafau:
3. (-y)° 4. (R=yx 2 0

5. (X—2y)2 o TER § =en U8 1d i)
1 )° .
6. (9X—ﬁ] & FER H 1397 U5 1 Swifsul
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frafafes v/ 5 7eg 95 Ja wifsa:

X3 7 X 10

At > (3+9)

9. (1+a)™"% YER ¥ fag Sy fF andean an ok o s

10. A (x+1)" o TERH (r— )7, 1T 3R (r+1)7 9&f & iR H 1 : 3 : 5 H
UM B, @ N r T HE G HITSC

11. fas ®INT f (1+x)* & TER | x &1 oM, (1 +X)2+1oF JER § X" o7
1 T B 2

12. m 1 ¥9HE HF A Hife f58es e (1+x)™ o J8R | x@ &1 s 6 @

fafaer 3ergvor
3, 1Y . .
IETE0T 10 (EX —&j % TR H X ¥ Wad U A Hife)
. P e E ) 6-r _i r
T U E R T, = C’(zxj (ij
36—r o . 1 r 1
=o 3] 0 (3] (5)
_(_1\ 6 (3)6—2r 2-3r
= (0" e X'
X T Wdd Ug o fau, 98 § x 1 Hdie 0 (1 SfeW) | 8fd: 12—-3r=04a1r = 4
) 368 g
T TR 57 9% x ¥ WA 21 T e u = (<1)4°C, 86‘4 =1

SEE0T 11 9% (1+a)" o TOR | a, a qe a*t o 7ol 9aiaR oot o & df fag
HIfST fF n2—n(4r + 1) + 4%>2=0

T T WG © fR (1+a) o TR H (r+ 1)af 9% "C & ¥ 36 YR I8 @M 1 Tehal
& &, (r+1)" 7R H S ¥ SR T T °C, ¥ T L & 7l & % R
FHR: "C_,"C, T "C,, ¥ WY I o WA Foi H T sHfa

"C_+"C, =2C
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n n! n!
a + =2x
r=-'(n-r+1! (r+H'(n—-r-=-1! r'(n—r)!
1 N 1
i r=-d'(n=r+Y(n-r)(n-r=-! (r+H(r)(r-'(n-r -1)!
=/X 1
r(r-(n-r)(n-r-1)!
1 { 1 1 }
a1 +
r-! (n-r-! [ (n=r)(n-r+1 (r+1 (r)
j— X 1
(r=! (n-r-=-![r(n-r)]
1 1 2
Bl

(n—r+1)(n—r)+r(r +1):r(n—r)

rc+D+(n-r)(n-r+H 2

(n=r)(n=r+Dr(r+1) r(n—r)
rrc+)+M-r)(n—-r+1)=2@r+1)(n—-r+1)
rP+r+m—-nr+n—-nr+r2—r=2(nr—r2+r+n-r+1)

P —4nr —n+4r>2—-2=0

nP-n(r+1)+42-2=0

FETET0T 12 fEEE fF (1+X)* & 99R § 787 9% &1 ons, (1+X)> & JOR | <M
HeA Y&l o TUNhI o AN o SR Bl 2l

T ik 2nTH 9 &A1 ¢ AT (14+X)% % YHR § ohelel Tk Hed UE @ S T

449449 4

(2—;+1T U (n+1)7 98 B

Sl (n+1)™ W 2C x» & SRt oTE 1C_
T TR, (2n-1) T favm gem ® g (1+ X2 O §ER o & Hed U

(20 (B2 sy e oy e
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3 T& o O wE: 2HC SR 2HC €

3H YHKR 2n-1Cn_1+ 2n—1Cn: 2nCn [a’iﬁﬁF "C_+"C = n+lCr]

Tt erefiee

SETE0T 13 fgU= UHE 1 ITAM Fd g UEEA (1 +2a)* (2—a)°H at T U A1
Hifu|

T Wl Ugel BH UAGE o Yo § U8 THT [UMEE WA Y YHRO S €| 3
EEA

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

= 1+4 (2a)+6 (4a%) + 4 (82° + 16a*.

= 148 at+24a*+3 2a3+ 16a*
R (2-8)°=5C, (2°—°C, (2 (8) + °C, (2P (@~ °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 gl v o foren i Stevashdl T 21 g shael @l ug ferad
& ol at a1l B1 9K arat = at dl e Tl ST 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
SATETOT 14 (x+a)" & TER W 3fd ¥ 7 U8 9 e

T (X+a)"%h TR § (n+ 1)U B TaI 1 feciihT HId §U B9 HE Hehd ¢ 16 3id
¥ gell U8 YER 1 Sifad U8 € e (n+1)T 1= (n+ 1) —(1-1) B ¥d ¥ T W,
TR &1 N7 T8 n=(n+ 1) — (2—1) B Fd ¥ dE0 9, TR w1 (-1)T g 2 SR
n-1=(n+1) —(3—1). 3 TR, 3d T r* 93, TER H [(n+1) — (r — 1)]T 93 27eMfq
(n—r +2)7 ag 7m|

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