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(A) Definition of factorial relationship with nCr
[ e pyu A2 nCr pYRE (7
! 1l
i. Definition of Factorial 3yt S

nNl=n(n-1)(n-2)...(3)(2)(1) where n is a positive integer g g

0l=1 [Definition of Zero Factorial FfE st ]

e.g. e.g.

101= (10)(9)(8)...(3)(2)A) (n—-1)!=(n—1)(n—2)(n—3)...(3)(2)()

e.g. e.g.
9 9xBx7x..x3x2x1 n! _ n(n-1)(n-2)(n-3)...(3)(2)(1)
51 5x4x3x2xl (n=-3)! (n-3)(n-2)(n-1)...(3)(2)(1)

=n(n-1)(n-2)

=9x8x7x6

=3024

ii. Definition of NCr nCr pU-&::

n!
nCr = (n—r)tr! where n and r is positiveand N 21T .
% Sir {4 &
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ili. Common Properties of nCr:

1. C/ =C,

2. C,=C, =1

3. CM+Cl, =CM o C", +C =C™

r+l

B Sir Hfflser 6.
e.g. Prove Crn ZC,?_r. e.g. Prove C +Cr+1 Crnfll
Sol: L.H.s.=C/ Sol: LH.S. =C'+C/,
n! n! n!

i — +

(n-r)trt (n=n)!rt [n=(r+DH]}(r+D!

R ?

B n! _ni(r+)+ni(n—r) nler +n-nenl—nler

(n—-n)!'(n—n+r)! (n=r)!(r+1)! (n—n)!(r+21)!

n! B nenkn! B ni(n+1)

- [n—(h-D)]'(n-r)! N (n+1-r-=-I(r +1\)! N (n+1-r-=-I(r+1)!

=C" =RHS. (n+1)! ) CM—RHS
[n +1-(r +D]Y(r +1)I - S
So CP :Cr?—r e
o C/+Cl, =Cl
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iv. Pascal’s Triangle fH#i= £

nCr when n=0 1
n=1 1 1
n=2 1 2 1
n=3 1 3 3 1
n=4 1 4 6 4 1
...... Cg‘ C14 C; C; Cf

(B) Explanation of Binomial Theorem
- i
. T

i. Consider Expanding #5558 (a+b)" =(a+b)a+b)a+b)....(a+b)

if’ Sir FHHEA £ :

ii. Binomial Theorem = ZEi=V 32l

(a+b)" =C/a"+Cla"'b+CJa"?b? +....+C"a""b" +....+C ab"* +Cb"

@+x)" =1+ CMX+CIX? + .o +C"X" 4.+ CP X"+ X" When a=1 and b=x,

% Sir {4 &
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e.g. Expand. (4m-3y)’

Sol: (4m-3y)’

=C; (4m)°(=3y)° +C/ (4m)* (=3y)" +C; (4m)*(-3y)* +C; (4m)° (-3y)°

=1(64m*)(1) + 3(16m?)(=3y) +3(4m)(9y?) +1(1)(-27y?)

=64m°® —144m®y) +108my?* —27y*®

l 4
e.g. Expand (x+;)

- Cé(x)“(%)(’ +C! (x)%%)l +c;‘(x)2(§)2 +c;(x)1(§>3 +c;‘(x>°(§)"

100 () +400% (3) + 6(X)% () + 4(0)* (=) +100° (=)
X X X X

4 1
=X +4X° +6+—+—
x> X

e.g. Expand (1+2x)°
Sol: (1+2x)°

=Co(2x)° +Cl(2x)' +CJ(2x)* +CS (2x)°

=1+3(2x) +3(4x?) +1(8x°>)
=1+6x+12x° +8x°

B Sir 5 6.
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(C) General Term of Binomial Function
~ R B

. LA
i. General Term JE[IEI

General Term §°f = Cra""'b’

(a+b)"=a"+Cla""b+Cja"?b* +....+Cla""b" +....+C/,ab"" +b"

1 Term 2™ Term 3™ Term r+1" Term nth Term  n+1th Term

if’ Sir FHHE A € :

e.g. Find the General Term 3-f1 of (1+ 2x)°
Sol: General Term 3f°fl =C/a"'b" =C}1°"(2x) =C}2'x"

4
e.g. Find the General Term 3[°El of (x+1]
X

Sol: General Term 3fl =Cla"'b" =C/(x)*"" (1)r =Cl(X)* " =Cl(x)*
X

B Sir {5 &.
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(D) Variation of Binomial Theorem Questions
B dEakEs - lidil iRk

Exam Type Questions:

1. Direct Expansion T4 %Rl

2. Findina General Term #%3Ri7Fi

3. Findina Coefficients 9 8

4. Variation of Summation of nCr nCr VHIW %[>
5. Findingn #% n

1. Direct Expansion i3 5]

Skill 1: Binomial Theorem $=% 1: = Zfi=V g

4
e.g. Expand. (4m-3y)’ e.g. Expand (x+£j e.g. Expand (1+2x)°
X

Sol: Pls refer to p.5

2. Finding General Term #535[°F]
Skill 1: General Term (r+1th Term) =Ca" b’

675 10 FE (r+1th Zf) =Cla™ b’

4
e.g. Find the General Term of (1+2x)° e.g. Find the General Term of (x+£j
X

Sol: Pls refer to p.6

% Sir HR5 &.
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3. Finding Coefficients 3% {F&r
Skill 1: $%=% 1: General Term s[fI=C/a" b’

e.g. Find the Coefficient of x*in the expansion of (2+3x)°

Sol: when r =3, The General Term=C; 2°°(3x)*
~10(4)(27%°)
=108x°
So the Coefficient of x® is 108.

4
e.g. Find the Coefficient of x*in the expansion of (x—gj
X

4
—r 2 r
Sol: General Term of (x - 2—) =C/'x* (—;)
X

— C;lx4fr7r (_2) r

— C;l (_z)r X472r

When 4-2r=2, r=1.
So the coefficient of x*is =C;'(-2)'=4(-2) =-8

9
e.g. Determine and find (If any) whether the expansion of (gxz _1j consist of

X

constant term and x*term.

. - 1 C9 294 X18—3r C9297r X1873r
Sol: General Term of (2x2—1j =C’(2x%)° r(—;)r = B

X (-D)° (-1’
C929—6
When 18-3r =0,r =6, So the Constant Term is = (6_1)6 =84e8=672

6
When 18—-3r =2/ = 3 # integer, So there isno x*term.

Binomial Theorem _— Z/=C7/ 8
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Skill 2: Product of Binomial $£7% 2: = ZFiz flse

e.g. Given (1+3x)*(1-2x)° =1+ax+bx* +..., find the values of the constant a and the
coefficient of x* b.

Sol: Given (1+3x)*(1-2x)° =1+ax+bx* +...

[L+c) (3x)+¢; (3X)% +..][L+C. (=2X) + C3 (=2X)* +...] =1+ ax +bx* +...

1+(3ec! —2eC)x+(9eC, +4eC, +3eC o(-2)eC )X* +...=1+ax+hbx* +...

By comparing Coefficients, a=3ec; —2eC>, b=9e¢C, +4eC> -6eC,eC’

SO a=3e4—-2e5=2, hb=9e6+4e10-60405=-26

So a=2, b=-26

Skill 3: Sum of Binomial $=% 3: = ZEI=VAEH[

e.g. Given (1+ x)® + (1+ 2x)°, find the coefficient of x?
Sol: The coefficient of x* =C, +C2(2)° =15+15e4 =75

Skill 4: #£=% 4: Trinomial = Zf=4

e.g. Given (L+ x+ax?)® =1+ 6x+ kx> +k,x* +..., Express k,and k,in terms of a.
Sol: (L+x+ax?)® =1+6x+kx* +k,x* +...

1+Cox(L+ax) +Cox*(L+ax)® +CIx*(L+ax)® +... =1+ 6X + k x* + k,x° +...
1+Clx+Clax® +C2x* +2aCyx® +a’Cox* + Cox% +... =1+ 6X + k X + k,x* +...
k,=Cf+CS=6+15=21, k, =2a +C{ =2e15+20 =50

So k, =21k, =50

o

B Sir {5
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4. Variation of Summation of nCr nCr VA% [

Skill 1: Substitute x=a #% 1: X x=a

e.g. By Considering and expanding (L+x)°, find CJ +C; +C; +C} +C; +C..

Sol: (1+x)° =Cox® +Cx* +Cyx* +Cox* +Cox* +Cx°
Put f*7 x=1, 1+1)°=C>+C+C;+C;+C; +C;
Co+C)+Cr+C+C+C =2°

Skill 2: Differentiate before Substitute x=a
2% 2 FVERFRE| [ x=a

e.g. By Considering and expanding (1+x)°, find C; +2C> +3C; +4C; +5C;.

Sol: (1+Xx)° =Cox° +Cx* +Cox* +Cx* +Cx* +C2x°
Differentiate both side with respect to x Fc‘wji%[ﬁjlﬁ—'jﬁﬁfﬂiﬂf X SVELR
51+x)* =C +2Cox" +3C x> +4C x® +5C.x*
Put {87 x=1, 5(1+1)*=C’+2C; +3C; +4C; +5C;
C5+2CS +3CS +4C5 +5CS =80

Binomial Theorem _ Z/=C#2Z/ 10
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5. Findingn % n

Skill 1: $%% 1: General Term 3f[7fI=C/a" b’

e.g. By expanding of (ax+i2)n in descending powers of x where a>0, if the 4™ term of
X

the expansion is independent of x and equals % find the value of a and n.

4,1 o
Sol: Gerneral Term =C/ (ax)" r(?)r =Cla" " X" =X

The 4" Term=CJa"*x"*® = CJa"*x"® = %
So n-9=0 => n=9 andSo C§a9’3:£ —> gaa® =21 = qo -2
2 2084
=> af’:l => azzl => a:i or a:—i (Rejected)
8 2 7 72

Skill 2: #£7% 2: Sum of Binomials = ZFI=VAf[1

e.g. Given (1+ x)" + (L+2x)" and the coefficient of x* is 75. Find n.
Sol: The coefficient of x* =CJ +Cj(2)* =5C; =75

C; =15
|
— ™ _15 = n(n-1)=15e2 => n*-n-30=0
(n-2)12!
(n-6)(n+5)=0 => n==60rn=-5(Rejected)
So n=6

Skill 3: Fraction Equality: Indices Law x* e x" = x**
BT 30 IS ARl ext =x

e.g. Given (X—§)2(1+ 2x)" and the constant term is 210. Find n.

Sol: Expand (x—2)"(1+24" => [ ~24() + )7 I[L+C] (20 +C1 (20" +..]

The constant term is: —6+3*eC] e2? =210=> —6+36 .Mz_l) =210

=> —6+18n*-18n=210 =>18n*-18n-216=0 =>n’-n-12=0

=> (n—-4)(n+3)=0 => n=40rn=-3 (Rejected)

So n=4

Binomial Theorem = ZF7=¢#z#/ 11
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Skill 4: =% 4: Sum of Coefficients {FE3E T

e.g. In the expansion of (1+ x)", if the coefficient of x,x*and x*are in Arithmetic
Sequence < HgF[, find the value of n.

Sol: (L1+x)" =Cyx®+C'x" +C)x* +CJx* +...

Coefficient of x,x* andx®are C,CjandC; respectively

cr = C'+C; .
2
n! =1[n+ n! = n(n-1) =£[n+ n(n—l)(n—2)]
(n=2)1(2") 2 (n—=3)1(3" (2) 2 (6)
=> n(n-1)= [6n+ n(n” —3n+ 2)] =>6n°-6n=6n+n>-3n°+2n

(6)

=> n°-9n*+14n=0=>n(n*-9n+14)=0=>n(n-7)(n-2) =0

=>N =0 (Rejected) or N =2 (Rejected) or n=7
=>n=7
Skill 5: $%=% 5: Trinomial = Zfi=¢
e.g. Given the coefficient of x* after the expansion of (1+ x + x*)"is 21. Find n.
Sol: (L+X+x?)" =[1+x(L+x)]" =1+ Cx(L+X) +Cx*(L+X)* +...

2 —
The coefficient of x* =C, +C] = 2n+—;n =21
n+n-42=0
(n=6)(n+7)=0 => n=60rn=-7(Rejected)
SO n=6
Binomial Theorem = ZF7=CH#Z#/ 12
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