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4/10/17

Unit 2 : The Binomial Theorem - Lesson 2

The Binomial Theorem

LT
e Know the Binomial Theorem.

e Use the Binomial Theorem to solve problems.
sC

e Binomial coefficients.

e Pascal’s Triangle.

e General Term.
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Pascal's Triangle and Binomial Coefficients

Pascal's Triangle is the following arrangement of numbers :

Column r = 0
/ Column r =1

Row n =0 1/ Column r = 2
Row n =1 11 / Column r = 3
Row n = 2 1 2 1 / Column r = 4
Row n = 3 1 3 31/ Coumnr =5
Row n = 4 1 4 6 41 /
Row n = 5

151 10 5 1

The binomial coefficient "C . is the humber in Pascal's Triangle
that is located in row n and column r.

The construction of Pascal's Triangle explains the identity
"C.+ "C,, =""'C.:thenumberinrow n + 1 and column
r is obtained by adding the numbers in row n and columns r
and r - 1.
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A binomial is an expression involving Two terms

The Binomial Theorem is a quick way
of taking powers of a binomial :

(X 4 y)n _ chr xn-ryr‘ ZZnCP xryn-r
r=0 r=0

The General Term (GT) in the
above Binomial Theorem is :

GT — nCr xn-r‘yr‘ — ncr xr‘yn-r

Oct 3-12:51
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Example 1

Expand (a + b)° using the Binomial Theorem.
(@ + b)° = Z%r a’ b
r=0
(@+ b)> =°C,a’b®° +°C,a’b' +°C, a’b?
+ 5C3 a’b’® +°C,a'b* + 5C5 a’b’®

Using Pascal's Triangle for n = 5 allows us to evaluate the

binomial coefficients. Hence,

(@+ b))’ =a”> +5a'b + 10a’b® + 10a°b> + 5ab* + b°

Oct 3-22:50
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Example 2
Find the binomial expansion of (2 - 3 p)*.

4
@-3p° =) *c. 2" ¢3p
r=0

@-3p)f="¢c2-3p)°" + *c, 2°(-3p)’
+ *C, 2°(=3p)° + "¢, 2'(-3p)°
+ *c, 2°-3p)*

>  (2-3p*=1.16.1+4.8.(-3p)+6.4.9p°
+4.2.(-27p° + 1.1.81p"

> |2-3p)* =16 -9p + 216p° - 216p° + 81p"°
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Example 3

16
Write down and simplify the general ferm of (x - %) :

Hence obtain the coefficient of x .

16

(%) -2 et (3)

r=0

6T = “c, (xz)lé_r(— %)

6T = “C..x¥*?% (-3)".x"

= GT: 16Cr(_1)l"3r‘x32-3r‘

The coefficient of x 2 is obtained when,

32 - 3r = 23
= 3r =9
= r =3

Hence,

Coefficient of x2* = *C,.(-1)°3°

= |Coefficient of x* = - 15120
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Example 4
6
Find the term independent of x in (2x2 + %) :
1 6 : 6-r 1 r
2 _ 6 2 1
(ZX +§) = z Cr(ZX ) (3X)
r=0

6T = °C (2><2)6'F(L)r
" 3 x

The term independent of x occurs when,

12 - 3r =20
= 3r = 12
= r =4

Hence,

Term independent of x = °C,2°°*3°*

= | Term independent of x = ;—(7)
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Example 5

Find the coefficient of x° in (1 + x)*(1 - 2x)°.

The general termof (1 + x)* is *C . x"; the general term of
1-2x)"1is°C, (-2x)"

The general term of (1 + x)*( - 2x)? isthus,
. x".’C, (-2x)°
= “C.(-2)"x"C, x°

4 3 r+
="C.°C,(-2)"x""P

We require r + p = b; the possibilities for r and p are thus:

r=2p-=3
r=3p=2
r=4p=1

Hence, the coefficient of x> is,
', (-2)° + fciic,(-2)° + fe,ie (-2)!

—6.1.(-8) +4.3.4 +1.3.(-2)

=[-6

Oct 3-22:50
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Example 6

By considering the expansion of (1 - x)*, find (0.98)*

1 - ><)4 _ Z4CP 14—r(_x)r

T-x°"="Co 2%+, (%) +7C, (-°

+ 4, (%)% + e, (%)

1-x)*=1-4x+6x>-4x>+ x*

Taking x = 0.02,
(0.98)* =1 -4(0.02) + 6(0.02)% - 4(0.02)°
+ (0.02)*

> (0.98)* =1-0.08 + 0.0024 - 0.000032
+ 0.00000016

= |(0.98)*

0.922 368 16
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AH Maths - MiA (2" Edn.)

e pg.36-7 Ex.34 Q1,2aq,A4.
e pg.38-9 Ex.35 Q1,7.
e pg. 40 Ex. 3.6 Q1lq,b,c,d.
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Ex. 3.4

1 Use the binomial theorem to expand these expressions.

a (a+b)y b (1 + 2x)? c (2+3b)* d (3a + 2b)?
e (a—b)* f (1-p)y g (3 —x)* h (22 — 3b)°
2 a Expand these expressing your answer as positive powers of x.
. 1\3 .. 1\ 1) . 1\6
1 (x—l——) 11 (x-l——) 111 (x——) 1v (x——)
X X X X

4 Calculate the term
a containing x* in the expansion of (x + y)®
b containing &* in the expansion of (3 + 2a)*
¢ whose coefficient is 64 in the expansion of (2 + x)°
d containing x? in the expansion of (x — 7)°
e containing 4* term in the expansion of (1 — 34)°

8
f independent of x in the expansion of(x .5 i) :

Ex. 3.5

1 Whatis the coefficient of
a x*in the expansion (1 + x)*(1+ 2x)°
b x°in the expansion (1 — x)3(2 + x)*

¢ x in the expansion (1 + 2x)*(1— 2x)%?

9
7 Find the term independent of 2 in (de — L) :
2 3a
Ex. 3.6
1 Calculate these powers correct to 3 significant figures.
a 1.01° b 1.04¢ c 0947 d 12.01°
Jun 19-11:45

1"



002 - The Binomial Theorem.notebook October 04, 2017

Answers to AH Maths (MiA), pg. 36-7, Ex. 3.4

1 a & + 54% + 104°b* + 104%b® + Sab* + b°
134+3.12.(2x) +3.1.(2%)2 + (2x)* = 1+ 6x +
12x% + 8x3

16 + 96b + 216b* + 216bL° + 81b*

27a4® + 54a%b + 36ab* + 8b3

a* — 4a%b + 64*b* — 4ab® + b*

1—3p+3p*—p°

81 — 108x + 54x? — 12x° + x*

8a® — 36a4%b + 54ab* — 2713

Od

a0 oo

2a 2+32(L)+a(d) + ()= ++2+L

2 3 4
i+ 40 (L) e (L) +ax (1) + (1) =
X X X

x4+4x2+6+%+%

i =52+ 10x -0 42 L
X X

iv af — &'+ 150> — 2045 ——3+ 5
X X
4 a 70x%* b 7204° c  64x"
d 490x3 e 12154* f 70

Jun 1-11:51
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Answers to AH Maths (MiA), pg. 38-9, Ex. 3.5

1 a 28 b -3 c 1024
7

7 18

Answers to AH Maths (MiA), pg. 40, Ex. 3.6

1 a 1.05 b 1.27
c 0-648 d 250000

Jun 1-11:51
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