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Class Twelve: H.Math (Chapter-05)

Binomial theorem
| ecture: HM-07



Binomial Expression

Binomial Expression:

A polynomial equation with two terms usually joined by a
plus or minus sign is called a binomial expression:

Example: x + y,3x 4+ 2,ax + d—cy

In this case, multiplication/division of two terms is not a binomial

X
Example: L ax3



¢

Binomial Expression

Discussion about terms in binomial expansion:

In the expansion of (a + x)™
If n is non-negative whole number then number of terms will be (n + 1)
If n is negative or fractional then term number of terms will be oo [Here considering the conditions |x| < a or
|x| > a the expansion is to be done ]
(@a+b........upto r number)™ then number of terms **"~1C._,

In expansion of (a +x) ", (r + 1)th term, T,,,;="C, a"". X'
Middle term: In case of (a +x) , if n is even, middle term is (2 + 1) th term and if n is odd, middle terms
n+1 n+1
are (T) th and (T + 1) th
If "Cx = "Cyjandx # y, thenn =x+y.

i n i T n-r+1 X
In expansion of (a + x)", ratio of (r + 1) th term and r- th term, f;’l = ——.
r
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Binomial Expression

.x—yS
e ax? + y3




n . n!
C" B (n—r)!

nC_

"C

X + Yy



Poll Question 01

d Which one is not a binomial expression?

2
cy
dz">

(i) a + bx (ii)b+% (ii)ab+xy +2  (iv) ax? +
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1. SR 34 ¢ wieaR safe: .
sfifafss e A% (Principle of Mathematical Induction) ¢ I N FrEIfiE 59 (16 O3 27 o

FGSCcNAFTITT1 €S YR MESTA, M+1 €S (AW mMEN ) | O, S = N, @3
@30 Gliferd T | @ FFcE Nfafeos witarr &g 7o =7

fififes AR Ao vaxif Freifs AR n € N FFfere @7 f e I n = 1 93 & 795 W W3R
e n=meNG@IETHW A LELIM S n=m+ 1 € N 4T TS AeJ T, O Bf&6 AT n € N

If N is set of natural numbers ans ssn is such a set that, if (i) 1 € Sand (i) m € S istruethenm + 1 € S,
then S = N This is a fundamental postulate of N. This relation is called principal of mathematical induction.

For ne N, If a statement is true for

i)n=1

(i) m = 1 € N after assuming that the statement istruen = m € N
Then the statement is true foralln € N
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Principle of Mathematical Induction
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Principle of Mathematical Induction:

=4 n=>5 =8 n=9 n=1

n=1 n=2 n=3 n n==6 n=7 n

Induction




Binomial Expression

Binomial Theorem:

@+x)"=a"+"C,a"x +"C,a" X2+ "Ca" X+ L L L, +"C a™ X"+ ... + X"

Isaac Newton discovered this theorem about 1665 and later stated, in 1676, with proof, the
general form of the theorem (for any real number n), and a proof by john Colson was
published in 1736

Sir Isaac Newton John Colson
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Example:
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Binomial Theorem:

Proof 1:

proof by Induction:
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Binomial Theorem:

Proof 1:
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Binomial Theorem:

Proof 2:

Suppose, we want to determine (a + x)?. Now, (a + x)? is equivalen to (a + x)(a + x).
This multiplication can be done in follow way:

a a i 1
a b's ax 1 }_
2ax
X a ax 1 |
P% X x° 1
a® + 2ax + x*
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Binomial Theorem:
Proof 2:

After expanding (a + x)3 if we want a3, we will need three a’s. From three (a + x) we can select thrice a’s in
3C;or 1 way
3 .

After expanding (a + x)3 if we want a?x, we will need two a’s. From three (a + x) we can select two a’s in
3C,0r 3 ways.

After expanding (a + x)3 if we want ax?, we will need one a. From three (a + x) we can select one a in
3C,or 3 ways.

After expanding (a + x)3 if we want x3, we will need 0 a. From three (a + x) we can select 0 ain 3C,or 1
ways.
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Binomial Theorem:

Proof 2:

Therefore,
(a+x)3=a3+ 3Cya’x + 3Cia x* + x5,
Or,(a+x)3=a%>+3Ca’x+ 3C,ax?+x3 (As3C; = 3(,)
(a + x)3=a® + 3a’x + 3ax? + x3

Similarly,
(a+x)"=an+ "Cia™ tx + "Cra™ x% + ... + x™



Poll Question 02

 How many terms there will be in expansion of (a + 2x)4*
?

(i) 20 (i) 21 (i) 22 (iv) 23
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Pascal’s Triangle:
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Pascal’s Triangle:

www.mathwarehouse.com/gifs
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Pascal’s Triangle:
Use:
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Pascal’s Triangle:

Use:

(a+x 1 ...4 6 4 1 .
(a+x)*=a’ a fﬂah +b — 1 S 10 10 5 1
(@t 0=+t 4 )’ 4 Jab’ 4 b* 1 6 15 20 15 6 1

1 7 21 35 35 2171
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(r+1) th term

(a_l_x)n:an_l_nclan-lx_l_nc a‘n2 2

Here,
1stterm = a"
2" term = "C, a"™* X
3dterm = "C, a”2 2
4t term = ”C a"3x’

(r+1)-th term ="C_a""x'
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(r+1)-th term

r
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Equidistant terms:

Ifa=1

(L+x)"=1+"C, x+"C, x*+"Cy, x>+ ... ... ... +"C X"+ ... .. +"C_x"%+"C_ x"!+ X"

By complementary combination,
n — N
nCl - nCn-l
C,="Ch

nC — nC
r n-r
Therefore, The binomial coefficients which are equidistant from the beginning and

from the ending are equal
|
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Middle term:

(a+x)*=a*+ 2ab + b?

(a+x)*=a’+ 3a’b + 3ab* + b’

(a+x)*=a*+ 4a’b + 6a°b* + 4ab’ + b*
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Middle term:
(a+x)? = a? H2ab+ b’ > 2
(a+x)°’=a’ +++ b3 — 2,3

(a+x)*=a*+4a’b + 4ab® + b* > 3
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Middle term:

If n IS even-
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Middle term:

If n is even: §+ 1 th term

n+1

If n 1S odd: Tand n;rl 1 th term
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Ratio of consecutive terms:

"C.an ™" xr
T nCr_lan—r+1xr—1

n—r+1x

r a
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Ratio of consecutive terms:

n - Tr
r.,. . C.an~ " xr
T on n—r+1,r—1
T, C,_,a X

n—r+1x

r a
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1. Expand: (x+ 3y)*
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2. Determine 7-th term from expansion of (1 — i)lo
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3. Find the term independent of x in (2x° - i)m
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4. Find the term independent of x in (x* — 2 + =
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5. Find the value of a, if coefficient of x° in expansion of (a +
2x)° is 320.
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6. If coefficient of x> and x> in expansion of (2x* + %)10 is equal, find the
value of k.
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7. Determine Middle term:

0G+)"
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8. Determine Middle term:

(i) (x* = 2+ )"
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Q. In expansion of (a + 3x)", if first three consecutive terms
21 189 .
are b, — bx and Tbx2 . determine value of a, b and n.
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10. If n is a natural number, find (n + 1) th term from end in expansion
of (xp + %) "
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11. If in expansion of (1 + x)™ sum of odd terms and even terms are
consecutively S,and S,, show that (1 — x*) = S, — S,* ; Where n is a natural
number.
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Truth 1s ever
to be found in the
simplicity, and not
in the multiplicity
and confusion of
things.

— |saac Newton
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Thank You




