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1.5.1Binomial Theorem

Binomial Theorem

What is the Binomial Theorem?

= The binomial theorem (sometimes known as the binomial expansion) gives a method for expanding a
two-term expressionin a bracketraised to apower
= Abinomial expressionisinfact any two termsinside the bracket, howeverin B the expression will
usually be linear
To expand a bracket with a two-term expressionin:
= Firstchoose the most appropriate parts of the expression to assigntoaand b
= Thenuse the formula for the binomial theorem:

(a+b)r=an+ "C 2" 'b+ .. +7Ca""h T+ 4D

n!

n —
= where CI‘_ 1‘!(1]—1‘)'

. . n
= Seebelowformoreinformationon Cr

M) e

n .
= Youmay also see Cr written as \I’} or n

You will usually be asked to find the first three or four terms of an expansion
Look out for whetheryou should give your answer in ascending or descending powers of x

= Forascending powers start with the constant term, a"

= Fordescending powers start with the term with xin

= Youmay wishto swap aand b over so that you can follow the general formula given in the
formula book
= |f youare notwriting the full expansion you can either
= show that the sequence continues by putting an ellipsis (...) after your final term
= orshow that the terms you have found are an approximation of the full sequence by using the sign
forapproximately equals to (=)

How do I find the coefficient of a single term?

= Most of the time you will be asked to find the coefficient of a term, rather than carry out the whole

expansion
= Use the formula forthe general term

HC 3H -r br
r

= The questionwill give you the power of x of the term you are looking for
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= Use this to choose which value of r you will need to use in the formula
= Thiswilldepend onwhere the xisin the bracket
= Thelaws of indices can help you decide which value of r to use:

. For(a + bX)” to find the coefficient of X7 use @7~ 1 (bX)‘r

r r
n—— il
. For(a + sz)” tofindthe coefficientof X' use @ 2 (sz) 2
b.n
] For(a + ;) look at how the powers will cancel out to decide which value of I to use

2 \8
u Sofor(3X + — 'toﬁndthecoef'f'lcientofX2 use the termwith = 3 andto find the

\ x)
constant termuse the termwith 1 = 4
= There are alot of variations of this soitis usually easier to see this by inspection of the
exponents
You may also be given the coefficient of a particular term and asked to find an unknown in the brackets
= Usethelaws of indices to choose the correct term and then use the binomial theorem formula to
form and solve and equation
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@ Worked example

Find the first three terms, in ascending powers of X, in the expansion of (3 — 2.x)3.
o=3 =-2x n= 5
Sulostitwre. volues Wt the focmulo for (a+b)”
(a4b)=0C+"c 0l o+ « N o Ry, "
Queskion osks Qa-r uscmdinj powers of ¢ So stort Wikh
the constonk keem, @
(3 -2)° =3% + 5¢, (3)°7'(-2x) + 5¢, (3)° 7 (-220)"+...

ch. ouk
E::kmo % 243 + S5xBIx-2T + [0x 2% x4

nqy.\h'\ve
~ 243 — R10x + |080 x*

(s -2'-==)'5 ~ 243 — 810x + |0g0 x*

For more help, please visit www.exampaperspractice.co.uk
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The Binomial Coefficient nCr

Whatis “Cr?

= |f we want to find the number of ways to choose ritems out of n different objects we can use the

n
formula for Cr

n!
u TheformulaforrcombinationsofnitemsisHC = —
r rl(n-r1)!

= This formulais givenin the formula booklet along with the formula for the binomial theorem
n
= The function Crcan be written (H

r
= Make sure you can find and use the button onyour GDC

) or nCr andis oftenreadas ‘nchooser’

n
How does Cr relate to the binomial theorem?

n!

n . . . .
= The formula Cr = is also known as a binomial coefficient

rl(n—1r)!
= Forabinomial expansion (3 + b)“ the coefficients of each term will be HCO, HCI andsoonupto
C
n
: th : n
= The coefficient of the I'""* termwill be Cr

n _n _
. CH— Co—l

. . . . n n
= The binomial coefficients are symmetrical, so Cr = Cn 2o,

= This canbe seenby considering the formula forHCr

n n! n!
) Cn—f_ (n=0)!(n—(n—-1))! B rl(n—r1)! B HCT
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@ Worked example

Without using a calculator, find the coefficient of the termin X3 inthe expansion of(l + X)9.

n =9 , =1, b=
Substitute values into tre \cot‘mu'l.ak foc B binomial theorem :

n
(0n4b) =00 + ... + O L SRR ¥
” o
wheve  C¢ = T av
. in r:' (Coeﬂ-‘-\‘c'\e,nk of
(l +:x;)q = ZO'C, (') K (-'.‘JC..)(- Ia OCLuxS
r=0 Y
when =3,

X =l Slve.s qca ® ([)"1'3(m)3

Non -coalewlokor, 20 work ouk ncr sqmnkdﬁ:

qC, = L'.]_I = qx%*?X[AB’A}(xzxz
3 (9-3)  (3x2)(Fx Ex 4 xFx2D)
=Ax8x7 _g¢4
6
50 the term when r=3 (s 8%x (1)°x x*
= Bk

Coefficient of =3 = 84 |

For more help, please visit www.exampaperspractice.co.uk
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Pascal's Triangle
What is Pascal’s Triangle?

= Pascal’s triangle is a way of arranging the binomial coefficients and neatly shows how they are formed
= Eachtermis formed by adding the two terms above it
= Thefirstrow hasjust the number]
= Eachrowbegins and endswithanumber]
= Fromthe third row the termsin between the 1s are the sum of the two terms above it

How does Pascal’s Triangle relate to the binomial theorem?
n
= Pascal’s triangleis an alternative way of finding the binomial coefficients, Cr

= |tcanbe useful for finding for smaller values of 11 without a calculator

= Howeverforlargervalues of N itis slow and prone to arithmetic errors

nth

0
] Takingtheﬁrstrowaszero,( CO = 1),eachrowcorrespondstothe row and the term within

that row corresponds to the ' term
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@ Worked example

Write out the 7t row of Pascal’s triangle and use it to find the value of 6 C4.

" vow of Yoscals Tnbmstg_:

oc,
I ‘ ‘/ 1
Co ~| l/ <
| Z A
Y
Y

| S 10 |0 S) |
Ny NN LN,
™ vowmw | 6 1S 20 18 &6 |
/" "

By -7

F* vow of TPoscols Taargle: [,6,15,20,18,6, |

by =45

For more help, please visit www.exampaperspractice.co.uk
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