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LEARNING OBJ ECTIVES

After studyrng th1s chapter the student wrll be able to understand
' c -_j__.'_Bmomral theorem .
- _?_:.-Bmomral expansron -

. General term of bmomral expans1on
-  ':'_'-._"’:E_-Mrddle term of a blnormal expansron ;

.' . . .?'S_Expansron of exponentlal expressron

8. 1 INTRODUCTION

A bmomlal expressmn in mathemattcs 1s one whrch has two terms e,g (x + y) (Sx + 3y) (p + q)ﬁf
etc. In Busmess mathematlcs and statrstrcs there are varrous problems based on Blnomlal_
theorem T he general type of bmomral expressron 1s (x + y) -
From fundamental algebra we know " -

(x+y) (x+y)(X+y) = +2xy+;v

(x+y) (x+y)(x +2xy+y ) x +3x y+3xy "‘)’ - . _ .

These above type of example are qulte srmple but 1f the expansron 1s to a hrgher order the
problem becomes qurte oomphcated It 1s here that the rule of e)cpansron tated as the bmomtal
theorem 1s very useful The mventor of thls theorem was Issac Newton rn 1976 2 j _'_jﬁ:

82BINOMIALTHEOREM . - _
Statement If (x + a) 1s a bmomral expressron for n a posmve mteger the expansnon of (x + a)
(x+a)-_x +"Cx a'+' ”C;r”2 2 C3x”“3a3+ ...... "Cx"" ’-l-‘ +a '
Proof The theorem can be proved by the method of mductlon =

By actual multrpllcatron, __we have . -

(x+ a) -"x +2xa+a

2C.:r +2Cxa+ 2Ca

Thus the theorem 1s true when n has the value 2. o
We wrll prove thts theorem by the prmcrple of Mathematlcal mductlon -
First we assume that the theorem is true for = m - -

S5 (x + a)m rnCO .)C m C xm -1 a + m C2 xm-—-z . +‘+ mcxm_rar+‘+m Cmam
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Multrplymg both rldes by (x+a) we have Ty 3 s
(x+a) (x+a) [x’” + ’"C x’”“]‘a + ’"C Jc‘”"""ztst2 + “ ’"C .x”’ ra + ..... ”’C a’"](x+a) -
= ”‘_x[xm + "C™lat "CET 4t "C A H et "C a'Jra
. [x*" + ’"C x’""‘la+ ’"sz’"“zq"":_,’-‘-'I___":-’*._f.";'.'._ ’"C x""“‘"a ++ *“-Cma,m ]

=}Ix - "’C x" a+ e zx’" "az + ...... + C i """la + ...... + C xa +x a+ cl.r”"’“ia2

""szm a+ ’”C : a +__..;... ’”C a

Now - -
e ( 1) (m r 1) rx__(m -
m'(r+m r-t—l) m'(m+1) (m +1)v
r'(m r+1)' r’(m r+1)' r'(m+1 r)'
(x + a)*"“ ’”“C x’"“ ”*“c i a+ *"“c a”’ la + ..... *??___“‘c,n+1a*”+* -
"__':_'_'_"_Therefore the theerem is. true next htgher value (m+] ) of n - = -
--_-.""_-'fThen by prmcapal of mathemattcal mductten the theorem 1s true for all posﬂwe mtegral values of n

- mC

r-mi

_'-?-'-_'3 3 CHARACTERISTICS OF BINQMIAL EXPANSI.N

ﬁ__; "".We observe the followmg features m the bmormal expansmn |

In all there are (n s 1) terms m the expansmn

" '_'__'fThe coefftcrents of the terms are C - Cl, Cz, 2 C respectwely

:'!In each term of the expansnon the sum of the powers of x and a 1s n

1.
2

 4 The flrst term 1s C x* = __x and the last term 1s C a -

5 The power of x m varleus terms decreases by 1 and the power of atnereases by 1
6

- -fjfThe coeffrcrents of the flI'St and the last terms are 1 each and the coefflclents of terms at eq
- .r*_*-_"ff",:dlstance from the mlddle term are equal The coefflclent ef bmomlal expansron can also e
= :.:-.':}.;'?':-obtamed from the followmg Pascal’s trlangle - . -
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'We observe that when n 2 and n 4 then the expansmn have only one mlddle term and these

 -.-_5:_.:m__l_._ddle;terms_.ar_e;_:_'_ —5+ 1;-_ or 2“d and -:-7'.'2"" 1_. f or 3“l respectwely

.5.':'.:f.ﬁ:;:._'A]so when n 3 the ancl n 5 then the expansmn have two mlddle terms - -

Forn =3the mlddletefmsafe + IOY 2“dal‘ld 2 1_ 'ﬁ"or 3rd term -

”And also for n 5 the mlddle terms -allre | é——-—l + 1_.. :er '3"“*‘l alld (5 ;-1 1' -or 4"’ term - |

'- __:_fﬁi_:(u) Agam 1f n 1s odd then m the expansmn of (a + .x) W1]lhavetw0m1ddleterm andthese

~ middle terms are

- - e - i o = 5 i = - F E e £ L E, e T, e | Ll - X " . . L 3 e l & L i e . . gy T S " Lo . . et
" - i e roel -. . - x e ooy , - - - o =, o o e ket 3 e 1 < = it - r— - i | e T - T = 1 3 . e e e - e = s k- = i K = e o
I n 3 - L i - s A - - i, X . 2 = + Lo L=l = B " , " - E e L i
b . 2 . - iy - - % L - L2 W - o 1 el i ot - - " ) = "u . ' - e
1 i : i -5 i . 0 - <
o - 5 . : . = ! - s ol e - ] = kg r : : L -
o 1 2 7 o : AL ey - - i . ¥ T - A oy
li s L u . " = - o i s
5 ¥ - - : - i o L - - - -
1 " rf - o = » : ol [ - L] u Y ] - = - ..
K] : = = g e F ] . . " . -
1 - - ] . = o I o TR - -l = = i -, - T . i - - -
=
-+ =
- L5

Illustratlon-()l (a) (a + b) "“7

(a+b) _a + Ca7_1b+ Ca7"2b2+ Ca? 3b3 + Ca7"4b4+ C 7“5b5 + Ca'T-—ﬁbﬁ +b7

- o+ +- aéb — '--r-a5b2 e a4b3+-—-——-—-- a3b4 - ;.j_:'-"-—azbs - 7 ab6 +b7

1’(7 1)' - 2.('7 2)' 3'(7 3)' 4'(7 4)' 5‘(7 5)' 6'(7 6)’

76 765' . 7654‘ 7.6.5.4.3! 7'6 765 76'

b2 = e 3 e 3,5
6! - 2!5! 3! 4! a b 4131 b 51_2! b 6!

:T-- a +7f:z“z!:’+21.«;15b2 +35a4b3 +35a3b“ +2]a2b5 +7ab6 +z;»7

= a; ab6 +b7 _



(a b) ;--a —-"C a “‘b+ C "%2 -, C3a7‘"'3b3 +7 C “b“ - c 7"5b5 + C a7'6b6 b’

__a?_____r ____a6b - asbz__ - _a..4b3._ - a_3b - 2b5 abé___ b

-0 a0 z) EE 4(74) 5,(7 s) 61(7 6)_ s

! | 1 ! 1 - .
= _z_@_a 163 7634, - --7-6-5;4-61 183,235 78, oy
I 6! 2! 51 3! 4! 41 3! 5| 21 6‘ p - -
=g --7a6b+21a5b2 35a“b3+35a3b4 21a2b5 +‘7ab6+b? - -

(a b) =q’ - 7a6b - 2 1a5b2 -3 sa“b3 - 35a3b4 2 1a2b5 + 7ab6 b’

(c) erte doWﬁ the expansnon of (x+2y)5 : e e
(r+2yf = 2+ G @yW 2o SCx (zy) ve x<zy> (zy) e 0
=x"+ Sx (2 y) + IOx (2 y) + 10x (2 y) + 5x(2 y) (2 y) S

“x +10x y+40x y +80x y3+80xy +32y

(d) Hence fmd the expansmns of (x 2 y ) - - - i | -
-x +5x ( 2)’)+103c ( ZY) +10x ( ZLV) +5x( 2)’) ( 2)’) e
| =210xy4400y 80y 4800032yt i -
(e) Usmg biohémical formulaexpand (2x%y) . e -
(2x+ y) (Zx) + C (Zx) "1y+6C (Zx)6 2y2 C (2):)6 > 3+ C (2)«:)6_'&t 4+ C (2x)6_5y5+y

— 4 . 2 _

6 x +1'(6 1)'( ) 2'(6 2)'( ) 3'(6 3)'( ) 4'(6 4)'( ) 5!(6——5)!( x)y +y

= 64x +§-—-§-—32x y + 6 5 4 16x 6 - 4 3 8x 6 5 4 rflx2 y +—§-—§-2xy yﬁ'
_ o 24 3' 3' 4' 3 5' T -

- 64x + 192x y - 15 16x“ y2 ¥ 20 8x3 Y+ 15 4x 'yt +6 2xy + y o
_..64x +192x y+240x4y2+160x3y +60x y +12xy +y - .
(2x+y) .._64x +192x y+240x4y2+160x3y +60x y +12xy +y (Ans) -
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(f) Usmg blonomlcal formula expand (2x-—y)

(2x y) (2x)6 6c (2x)6 ‘y+f’c (2x)“ Y- 6C (2x) y +6c (2x) ”“y- c (2x) y +}|

'64 S “76 2)v( W 3. By (2x) i (zx) - --.-) (2 '+

1'(6 1)' -l 5'(6 5)
64.76 '““"37"3236 y+ 2' 4;-"16)(? ——-——-—-—-—-—-3' 3 Sx )’ + 4| 2' 4.76 y —g;-—i-'-ny + y

= 64x° - -6.32xy +15 16x*y - 20 8x3§,‘+15 4xyt - -6, 2xy + y

'.. 64x - 192x v+ 240x = 160x 4 60x2 y‘* -’-' 12xy + ¥

(2x y) 64x —-192x y+240x y -—160x3y +60x y ---12xy +y (Ans)
.Note The expansmn of the bmomlal (x a) 1s glven below -’
('x : a) E. = x +H C ( . ) X ul +” C ( _. ) + C ( ) | ;_3 +i'“;'~' ;'...;I-.H Cn(_ a)ﬂ =
=yt c ax'™ +" c gt c a x' - '+ oy e
= . s
;_-:___iIllustratlon 02 If the flrst three terms are b -—-2—bx and . bx respectwely 1n the expansmn é
_ ,_ .of (a+ 3x) theh fmd the;ame(;f a b!aﬁd n o

4 Solutm. By the Bmomlal Theorem - - - -

. (a + 3x ) = =a" + C a e (3x ) C a” - (3 X ) + C a” - (336 ) Q--'-r:h:--'**

:.{07’ —n n 1 =P . ...
Now Dmdmg (11) by (1) we get
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- Binomial Theorem [|289

g s C ><«:r¢“><3"5 = c ><43><3~*?7‘*-- C (64)(27)'=(8 4)(54)(27) 145 152
Therefore the constant term 1s — 1 45 152 (Ans) - - . -

- 1 1 ki % - ok ~ s T =

For the constant terms we have to let xl‘H_ " = 14 3r O 3r = 14

Illustratlon 24 If the mlddle term m the expansron of | is 1,120 then find

the value of k -

Now 70k4 "'-1 120 (smce glven that T_;___x-- 1 120 )
1120 '
= - o
Illustratlon-ZS If the ratro of ceeffrment of r th term to (r + 1) th term m the expansron of
(1+Jc)20 151 2 fmdthe value ofr .

Solutlon' In the eXpansron of (1+a:)20 -
(r+l)th term TH_1 =2 C ( )20""' 20 C ><x
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Bmomlal expressmn' A bmomlal expresswn m mathematlcs 1s one Wthh has two terms
e.g. (x +y) (5x+ 3y) (p+ q) etc . . .
Bmommal theorem- If ( x + a ) 1s a bmomlal expressmn for n a p031t1ve mte ger the '_ ”
expanSlon Of (x + ﬂ) IS given by e S " e o e

z.x “zaz + HC x a +
ThlS lS called Blnomlal theorem - -

'Vhddle term of Bmommal Expansmn' If n 1s even then 1n the expansmn of (a + ,x) wﬂl

-expanswn ef (a + x) It 1s denoted by the symbol t, +1 or T

Therefore the ge"m' “-’““ T sila Y .. . .



Multlple Chmce Questlons - . .
1What 1s the 3"‘:l term 1n the expanswn of (2+x )5 9 - - - -

_@lcr (a0 EGen (d) "

2.2What 1s the correct expansnon of (a +- 2b) - | - .-
(a) a + 6a 2[9 + 12ab 5 + 8b 5 (b) Cl + 8 b 3 (C) 3 C (a + 8 b ) - ( d) a3_ ‘8b3
s whioemte ‘t‘m ot xanionsf. i .g_ : bx] ' _; S

- e (a) 2«40x‘0 (b) 5 60 5 (c) 840x” 520 o (d) 08 s o0l

5 _What 1s the coefﬁcmnt of x 1n the expansmn of (x + -—-1--—-)‘?
'_’; o 15'.. - 15'“.. = 15';%¥,%‘

6 If the coeff1c1ent of x m the expansmn of ( p? - - .. is 270 what is the fk‘-’al“e Of_K L

e (b) i @5

= -7 _ What 1s the last term of expanswn of 3x---— ‘7 _' - .

8 . _What IS the term mdependent of x 1n the expan.sm.n of ( x? _!_.}.) ’? '
= e 5 360 - (c) 240 _, ."(d)ﬁ. 84
9. What is the first term 1n the expansmn of (3 x)4 ‘?' 'f_x" .ﬁ - ::-. - =
' (a) 4C . (b) 34 - ( C) 4C ' ( d) 34 2
10 What 1s the general term of (1+ x) ' _' _f

@'y . ®'er  © ”c a' sig @ C s



Whlch one of the followmg statement lS true/false" - - e o -

A bmomlal expressmn has three terms

'ﬂ:;.:;.-_;b The (r + 1) term 1s called general term m the expansron of (a + x) .

In the eXpansmn of (1+ x) The sum of even Coefflclent 1s equal to the sum of the
odd Coefflment and Wthh is equal to 2"-- +l L L e -
(1+x)-—-l+5x+l()x +10x +5x +x -

In the expansmn of (a + x) total number of terms wﬂl be n + l | _ ;"f

Brlef Questlons

: .What is the general term of (1 + x) ') ”

__._,-__;Who s the 1nventor of Bmomlal Theorem? -
'_i_j_For 'n a posrtlve mteger write down the expansmn of (a + x) '
-' ;Wrrte down the general term m the expansmn of (a + x) o

~If n 1s odd then m the expansron of (a + x) wrrte down the mlddle term(s)

What is the 1St term m the expansmn of (3 x) '7' o

'In the expansron of (a x) wrlte down the (r + 1) term

1OWhat 1s the 2'”":l term m the expansmn of (2 + x ) ” - |

11 _.'?'_%.:'-.?'ﬁ'_If n 1s even in the eXpansmn of (a + x) have only one mlddle term erte down

_{f’the law of mlddle term 1n thrs 31tuat10n

- B omeDtu al An ah tual __ N umerlc ll Q uestlons

Defme Brnommal Theorem Drscuss the characterlstlcs of Bmommal T heorem
'?..j.j;_'-iHow would you determine the m1ddle term of binomial expansron? -
?f';7:?“}__._?;Deflne Binominal Co- efficiens.
. How would you determmed of general term?
?':lee the statement of Blnomlal theorem '



._294 | Business Mathematlcs o

 Numerical Questmns

1. State and proof the Bmomlal theorem. -
2 Usmg Blnomlal theorem expand the followmg

'.5:_:;':*.'._._ﬁ?".j'Calculate the coefflctent of x m the expansmn of = -

15 - -
6 '__From the expansmn of x + a fmd the ceefflclent of x |

9 - Find ._'and-f_c-'aleu-latel_.the -' v__alue-:;te_rm-_}.;1-nd_e_penden_t of x In ._the_expanfs-lcmi-'o_f | x_z- -2+ -—-5- P .

8_ 448 _. _ 9 924 - 10 495 1 1 . 1001>< 25 3” lz -462 x 462x



