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Binomial theorem for any positive integer n,

(a + b)n — ncnan + nclan—]b + nczan—? bZ + 4+ HC”_ ]a'bn—l + ncnbn

N —kpk
1. The notation Z "C,a""h" stands for
k=0

”Cﬂa"b0 + ”’Clar”*lb1 + .+ "Cra”f"b" + ...+”C”a”*"b”, where p'= 1 = g" .
Hence the theorem can also be stated as

. n
(a+b)"=>"C,a"*b"
k=0
2. The coefficients "C_occuring in the binomial theorem are known as binomial
coefficients.

(1) Takinga =x and b =—y, we obtain
-y =kx+E)]
= 1CT  ICE ) +ICH P IC (P et 0C, ()
="Cx" —"Cx" 'y +"Cx" % —"Cx" % + ..+ (1) "C y"
Thus (x—y)" ="Cx" —"Cx" "'y +"Cx" " 2y* + .. + (1) "C "

(i) Taking a =1, b=x, we obtain
(1 + x)rr — HCO(I)H + rfCl(l)ﬂ— lx + ucz(l)n—zxz + .+ ncnxrr
="C, +"Cx +"Cx* +"Cx’+ ... + "C x"

Thus (1+xy="C,+"Cx+"Cx*+"Cx’+ ... +"Cx"



In particular, for x =1, we have
2" ="C +"C, +"C,+ .. +"C,
(i) Taking a =1, b= - x, we obtain
(I-xy = "C,—"Cx +"Cx*— ..+ (- 1)y "Cx"
In particular, for x = 1, we get

0="C,~"C,+"C,— ... + (1) "C,

3\
Example Expand (xz * ;j XZ 0

Solution By using binomial theorem, we have

(x2+§j4_4 AV 71(3J 4 773]2 4 7.33 4 i
e G ) +7C (x) » +2C,(x) - + 90 ) - + IC, .

9 27 8l
= 4. —+ 6. ¥4t g+ —3
X % x %

108 81
=x*+12%° + 54> + —+—7.
X %

Example Compute (98)°.
Solution We express 98 as the sum or difference of two numbers whose powers are
easier to calculate, and then use Binomial Theorem.
Write 98 = 100 — 2
Therefore, (98)° = (100 — 2y
=3C, (100)° —°C, (100)*.2 + °C, (100)°22
- °C, (100)*(2)* +°C, (100) (2)* - °C, (2
= 10000000000 —5 x 100000000 x 2 + 10 % 1000000 x 4 —10 x10000
x8+5x100x 1632

= 10040008000 — 1000800032 =9039207968.

)4



General and Middle Terms

1. In the binomial expansion for (¢ + b)", we observe that the first term is
"C,a", the second term is "C,a"'b, the third term is "C,a"*b*, and so on. Looking
at the pattern of the successive terms we can say that the (» + 1)" term is
"C a"'b". The (r + 1)"term is also called the general term of the expansion
(a +by. Itis denoted by T . Thus T  ="C a"'b".

2. Regarding the middle term in the expansion (a + )", we have

(1) If n1s even, then the number of terms in the expansion will be n + 1. Since

_ _ _ C(n+1+1Y"
nis even so n + 1 1s odd. Therefore, the middle termis | —— | , 1.e,

2
- th
E+1 {
2]

h
8 1
For example, in the expansion of (x + 2y)%, the middle term is (E +1 ] 1Le.,

5% term.

(i) If n is odd, then n +1 is even, so there will be two middle terms in the

, n+lY n+l Y ' _
expansion, namely, S term and - +1| term. So in the expansion

7+1

th th
7+1
(2x —y)’, the middle terms are [2 J ,1.e., 4" and [2"‘ 1] ,1.e., 5" term.

Example  Show that the middle term in the expansion of (1+x)*" is

1.35..2n-1)
n!

2n x", where 7 1s a positive integer.

2n "
Solution As 2n is even, the middle term of the expansion (1 + x)*" is [7+ 1] ,

i.e., (n+ 1)" term which is given by,

2n)!
T =2ncn(1)2n —n(x)n — 2ncﬂxn — ( n)

+ x"
n+l n! n!




2n(2n-1) (2n-2) ..43.2.1 o

n! n!
1.234.2n-2)(2n-1)(2n) _,
- n'n! *

[1.3.5...2n—1)][2.4.6...(2n)]
B n'n! ¥

35.2n-DR"[12.3..0]
- n'n! g

[13.5.2n-D]n!
B n! n!

2?’! xﬂ

_ 1.3.5..2n-1) P
n!




