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vi ABOUT THIS BOOK

ABOUT THIS BOOK

The following three themes have been fully integrated throughout the Pearson Edexcel International
Advanced Level in Mathematics series, so they can be applied alongside your learning.

1. Mathematical argument, language and proof
e Rigorous and consistent approach throughout
e Notation boxes explain key mathematical language and symbols

2. Mathematical problem-solving The Mathematical Probl ing Cycle

e Hundreds of problem-solving questions, fully integrated le
into the main exercises

¢ Problem-solving boxes provide tips and strategies 4 _
ollect information

¢ (Challenge questions provide extra stretch

rocess and

3. Transferable skills nt information

¢ Transferable skills are embedded throughout this b

e These skills are signposted to show students whigh’skills they are using and developing

Each chapter is mapped to the
specification content for easy
....... v 0 reference

The real world applications of
the maths you are about to learn
are highlighted at the start of the
chapter

chapter

Glossary terms will
be identified by bold
blue text on their first
appearance




ABOUT THIS BOOK

Exercise questions

are carefully graded

to increase in difficulty

300=4i-3,PG=5i+6

and gradually bring ] o Fing OF
you up to exam Y7o ) b Findinsurd form: i [OP| i [00] i [PO|

(® 4 0ABCDEisa regular hexagon. The points A and B have position vectors a and b respectively,
where Ois the origin.

standard U

¢ B =08 - 04
+2)- @i+ 4p=6i-2

s
)

In column vector formthisis %,

Find, in terms of a and b, the position vectors of
ac b D < E

PROBLEM-SOLYNG

(® 5 The position vectors of 3 vertices of a paraliclogram

Transferable skills are and 7B =31+ Find ae(8).(3)ana }) Rk oecrron @
H a the position vector of B Find the possible position vectors of the fourth vertex. ECEhEE
ey pos! for the fourth vertex.
SI g n pOSted Where b the exact value of |OB| in simplified surd form.

they naturally occur ©® 6 Given that the poin A hasposiion ves
in the exercises and

examples

on vector 6i + 3j
(2 marks)
(2 marks)

a find the vector 15

b find | 4B giving your answes

(3 marks)

Itis usually quicker to use column vector form for
aalculations.

2 04 =(5)aadB=(3)

0B =04 + 4B =(5) + (3) = (§) ———— Inijform the answeris 8i + 2}

b |0B| = /&7 + 2% = /G4 + 4 = (GB = 2/TE—— V68 =/&x1T = 2/TT in simplified surd form.

gns are usually called - y- and z-axes, each being at ight

Exercises are packed

written as (x, 7, 2.

T 1 The points A, Band C have coordinates (3, ~1). (4, 5) and (£, 6) respectively, and O is the origin.
with exam-style o - e “ €D o s kot e - n
. a Find, in terms of i and j . . y-axes being drawn on a flat surface and the
q uestions to ensure you i the position vectors of A, Band ¢ i 4B /i 4C Z-ans sticking up from the surface.

b Find, in surd form

are ready for the exams T

2 OF =4i-3,00 =3 +2j
a Find PO
B theorem in 30 to find distances on a 30 coordinate grid.
dm the origin to the point (x, , 2) is (¥ + ) + 22

b Find,insudform i (0P| /i (00| i (PO

Step-by-step worked
examples focus on the
key types of questions

Exam-style questions you'll need to tackle
are flagged with (£)

Problem-solving
questions are flagged

with @

ach section bi Challenge boxes Problem-solving boxes

ith an explanatio give you a chance provide hints, tips and

and key learning points to tackle some more strategies, and Watch

difficult questions out boxes highlight
areas where students
often lose marks in
their exams

EXAM PRACTICE 183

Exam practice

Further Mathematics International
Advanced Level
Pure Mathematics 4

Time: 1 hour 30 minutes
You must have: Mathematical Formulae and Statistical Tables, Calculator

REVIEW E (ERCISE

exercise

Prove by contradiction that if 7+ 1 s even then » must be odd. “@

143 + 13x +2

(4 D2+ 1P y
Ao Bl 0 a Find g in terms of xand ®
FFU R TS

contradiction that there are s Acurve s given as x* + dxy 7+ 120
ny prime numbers. @

«Pure 4Section 1.1 =

b Determine the coordinates where the curve s parallel to the x-axis. ®
e that the equation x* — 2 = 0 has no Find the values of the constants 4, B

A curve Cis given as y = xe

tiota solutans and €. «Pure Section2.2 - )
You may assume that f nis an even a Find the exact coordinates of the turming point. @
integer theamis alo anevenitoger. (@) (D) 9 Given that 22582y, &X4S b e volmegessrassd when i ciye i sl Msutibe sadk
Pured Section 1.1 ved et through 27 radians, between the values x = 1 and x = 2 @
find the values of d, ¢ and £ @

(® 3 Prove by contradiction, that f nis odd. EmiAseaIsaz 4 Acurse has parametric equations
> 2 A . x=cost  yecosd  0SiS2e
then 31 + 2is od 0 3eoi2x? 4
cruesseaionta ® 10 p00=FTSHES a Show that y = ax* + b, where a, b are constants to be determined. @
b State the domain and range of the function. @
_ Show that p(x) can be written in the form 5
(® 4 Prove by contradiction that /5 is irrational. B . ¢ Find —— in terms of 7, giving your answer in a simplified form. (&)
S PR ERRRTL At where 4. B and Care ax
Co“mm‘g Aol W d Determine the equation of the tangent at the point on the curve where £ = 0 (&)
2c-1 &
(® 5 Show that GoheoH e be written « Pure 4 Sections 2.1, 2.3 5 a Use the binomial series to find the expansion of
4 B e 1 1
inthe form 277+ 57 where 4 and ® 1 Sl ey f“‘\t 3o partial fractions. U= ]

Bare constants to be found. @ < Pure 4 Section 2.1 in ing powers of . § i ©
«Pure 4 Sectionz.1 . § (-
12 Given that —2— can be written b Hence, find an approximation for -5z, giving your answer to 6 decimal places. &)
=3 =177 L

(® 6 Given that

» 0 R asas Lo
CaDe 2 +3) el w42 %43 the values of A,

ants, find the - Pure 4 Sections 21, 2.3

where P, 0 and R are co
values of P, Qand R. ) s

x4
«Pure 4Section2.1 Apres:

13 8 Express G e+ D)
> fractions ®
e -lan2 b He
A, Band C such that [fitsxtd
b R R
Tt T “@ answer as a single logarithm. “@

g A full practice paper at the back of
the book helps you prepare for the
real thing

in partial

®71W=55

find the exact value of

dx, giving your
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QUALIFICATION AND ASSESSMENT OVERVIEW

QUALIFICATION AND

ASSESSMENT OVERVIEW

Qualification and content overview

Pure Mathematics 4 (P4) is a compulsory unit in the following qualifications:

International Advanced Level in Mathematics
International Advanced Level in Pure Mathematics

Assessment overview
The following table gives an overview of the assessment for this unit.

We recommend that you study this information closely to help ens
this course and know exactly what to expect in the assessment.

P4: Pure Mathematics 4
Paper code WMA14/01

| Percentage | Mark Time | Availab!ity
165 % of 1AL

First assessment June 2020

prepared for

IAL: International Advanced A Level.

Assessment objectives and weighti

AO1

Recall, select and use their kng ) amatig@lfacts, concepts and techniques in a
variety of contexts.

30%

AO2

ents and proofs through use of precise statements,
the manipulation of mathematical expressions,
guments for handling substantial problems

Construct rigorous mat
logical deduction and i

30%

AO3

10%

to make predictions, or comment on the context; and, where appropriate, read
omprehend longer mathematical arguments or examples of applications.

5%

ogy, and its limitations. Give answers to appropriate accuracy.

5%
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Relationship of assessment objectives to units
Assessment objective

P4 AO1 | A02 | AO3 | AO4

Marks out of 75 25-30 25-30 5-10 5-10

% 33-40 33-40 6-13 6-13

Calculators

Students may use a calculator in assessments for these qualifications. Centres

making sure that calculators used by their students meet the requirementg
Students are expected to have available a calculator with at least the follow T, o X, XD,
VX, % X7, In x, e¥, X!, sine, cosine and tangent and their inverses in

and in radians; memory.

imals of a degree,

Prohibitions
Calculators with any of the following facilities are prohiited in all gxaminations:
e databanks

* retrieval of text or formulae

* built-in symbolic algebra manipulations
» symbolic differentiation and/or inte
* language translators

» communication with other machines or th



x  EXTRA ONLINE CONTENT

’ Extra online content

Whenever you see an Online box, it means that there is extra online content available to support you.

SolutionBank

SolutionBank provides worked solutions for questions in the book. Downloa
solutions as a PDF or quickly find the solution you need online.

Use of technology

Explore topics in more detail, visualise @ Find the point of inte
problems and consolidate your understanding. graphically using techn@lo
Use pre-made GeoGebra activities or Casio
resources for a graphic calculator.

GeaGebra

GeoGebra-powered interactives

AL [EXE]:Show coordinates
BERCRRROR) J =3
=2 -5 b LE
A=2 o
B:: Y-$= (5,14} 5.
Simultaneous equations | \ I, |
Yy=ai-3z+1
2z + 1y =}
Solutions: (2, 5) \ I
=2 (-2.0 3,0 4
|
(=5 T =g t 1

\
B YREEY SERR TR GEEE TREE7 TRRY 1RER) TREAE THEESS 13 ]
Sp r INTSECT
. | i
2e+y=3 O

Interact with the maths you
using GeoGebra's

Explore the maths you are learning and gain
confidence in using a graphic calculator

Finding the value of the first derivative

to access the function press:
e exams.

io's scientific o A o @ @ (]

S _

P Pearson

@ Work out each coefficient quickly using % Step-by-step guide with audio instructions

the "C, and power functions on your calculator. on exactly which buttons to press and what
should appear on your calculator's screen




. EXPANSION
— Y

Madine L I -
Learning objectives

After completing this chapter you should be able to:

® Expand (1 + x)" for any rational constant n and
determine the range of values of x for which the
expansion is valid - pages 31-34

Expand (a + bx)" for any rational constant z a
determine the range of values of x for which
expansion is valid - pages 36

Use partial fractions to expand fractiot
expressions

1 Expandt W expressions in ascending
s of X o and including the term in x*:

3 !
-

b(5-20° ¢ (1-xR+x°
' . <« Pure 2 Section 4.3 ‘

Prior knowledge check

of the following using partial

. ’ fractions:

s —l4x+7 24x -1
(1+2x)(1-5x) (1+2x)°

24LXx% + 48x + 24

1+ x)(4 —3x)2
< Pure 4 Sections 2.1, 2.2

The binomial expansion can

be used to find polynomial
approximations for expressions
involving fractional and
negative indices. Medical
physicists use these
approximations to analyse
magnetic fields in an MRI
scanner.




BINOMIAL EXPANSION CHAPTER 4 3

@ Expanding (1 + x)"

If nis a natural number you can find the binomial expansion for (a + bx)" using the formula:

m Thergqare n + 1

(a+b)"=d"+ (’I)a”‘lb + (g)a”‘zb2 +o+ (’:)a”"b’ +...+b" meN)

If nis a fraction or a negative number you need to use a different
version of the binomial expansion.

= This form of the binomial expansion can be applied to negative or fra
obtain an infinite series.
nn-1) > nn-1)(n-2) R
oy A+ 30 +

= The expansion is valid when |x| <1, n € R

1+x)"=1+nx

When 7 is not a natural number, none of the
factors in the expressionn(n—1) ... (m—r + 1)
are equal to zero. This means that this version
of the binomial expansion produces an infini
number of terms.

Xpansion is valid for any real
is only valid for values of x that
or in other words, when -1 <x <1

M-SOLVING

ino nsion of
I +x

Write in index form.

Replace n by —1 in the expansion.

As nis not a positive integer, no coefficient will
ever be equal to zero. Therefore, the expansion is
infinite.

For the series to be convergent, |x| < 1

e expansion of (1 + bx)", where n is negative or a fraction, is valid for |bx| < 1, or |x| < ﬁ



32 CHAPTER 4

Example e (Y((NEJP PROBLEM-SOLVING

Find the binomial expansions of
a (1-x)s
1
b e
(1 +4x)?

BINOMIAL EXPANSION

up to and including the term in x3. State the range of values of x for which each expansion 18

Replace n by% and x by (=x).

—— Simplify brackets.

term shou
+ even nu
positive

1 1 5

= v — L2 =2 3
1 3x 9x 51x + ...

Expansion is valid as long as |-

=1—-8x+ 48x2 — 256x3 + ...

plify coefficients.
Terms in expansion are (—x), (—=x)?, (=x)3

Write in index form.

Replace n by —2, x by 4x

Simplify brackets.

Simplify coefficients.

’— Terms in expansion are (4x), (4x)?, (4x)3

Expansion is valid as long as |4x| < 1
1

< —
e

N
@ Use technology to explore

why the expansions are only valid

for certain values of x.
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Example e SKILLS JEUTINES

a Find the expansion of V1 — 2x up to and including the term in x3.
b By substituting in x = 0.01, find a decimal approximation to v2.

a Ji—2x=(1-2x)7? Write in index form.
~ 14 L2y B 1
(1 Replace n by > and x b
. 2z ;11)“2”2
(- e
30
=1+ (%)(—ZX)
(%)(—%>(4X2) implify bragiets.
B
R
6
2y Simplify coefficients.

Terms in expansion are (—=2x), (—2x)?, (—2x)3

" - s 1
b V1-2x 001 ' x = 0.01 satisfies the validity condition |x| < >

Substitute x = 0.01 into both sides of the
expansion.

0.01 = 0.00005

- 0.0000005 Simplify both sides.

Note that the terms are getting smaller.

5P, ~ 0.9899495 L
. 98
Write 0.98 as ——
49X 2 09899495 100
100
Use rules of surds.
% ~ 0.9699495

/7~ O,9899i95 x 10
L This approximation is accurate to 7 decimal

V2 a2 1.414213571 places.
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Example o (IEJ) CRITICAL THINKING

2+ Xx
V1 +5x
a Find the x? term in the series expansion of f(x).
b State the range of values of x for which the expansion is valid.

fx) =

a f(xX)= (@ + ) + 5x)* Write in index form.

(+5x%=14+ (—%)(5)@

2l

EEE

3!

. _5.,75.,_625 ;.
- 2 1o} 16

5,75, 625 . )

(5x)?

(5x)3 + ...

0= @+ 01 - 2x + L2 - 825,
75 5 65
2X?+1X—§—T

Pro. .n-solving

65
X2t i5 ——Xx?
erm is —

b The expansion is valid if |5x| <

ere are two ways to make an x? term.
: 75, 5
= |x| Either 2 x?x orxxix
Add these together to find the term in x2.

M-SOLVING

the coefficient of x is 20.

%(kx)2 + ... —— Find the binomial expansion of (1 + kx)=*
=1 — 4kx + 10k?x? + ...
—4k = 20 _\
Solve to find k.
k=-5 |

b Coefficient of x2 = 10k? = 10(=5)2 = 250
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L] (/NS PROBLEM-SOLVING

1 For each of the following:
i find the binomial expansion up to and including the x3 term
ii state the range of values of x for which the expansion is valid.
a (1+x)* b (1+x)6 ¢ (1+x)2
d (1+x)3 e (1+x)* f (1+x):

2 For each of the following:
i find the binomial expansion up to and including the x3 term

ii state the range of values of x for which the expansion is v
-5
a (1+3x)72 b (1+3x) ¢ (1+2

d (1-5x) e (1+6x)=

3 For each of the following:

i find the binomial expansion up to and j

@ In part f, write

the fraction as a single
power of (1 —2x)

@ First rewrite f(x)

as (1+x)(1 -2x)71!

(1 mark)
the series expansion of f(x), in ascending powers of x, up to and including
eW? term. Simplify each term. (4 marks)
ow that, when x = ﬁ, the exact value of f(x) is 183 (2 marks)
¢ Find the percentage error made in using the series expansion in part a to estimate
the value of f(0.01). Give your answer to 2 significant figures. (3 marks)

@ 6 In the expansion of (1 + ax)~: the coefficient of x2 is 24.
a Find the possible values of a.
b Find the corresponding coefficient of the x3 term.
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® 7

EP) 8

m “x is small’ means we can assume

1+x
I—-x the expansion is valid for the x values being

is approximated by 1 + x + lx2 considered because high powers become
2 insignificant compared to the first few terms.

Show that if x is small, the expression

6 4

)= T 5 T T3
a Find the series expansion of h(x), in ascending powers of x, up to and including

the x? term. Simplify each term. arks)
b Find the percentage error made in using the series expansion in part a to esti

the value of h(0.01). Give your answer to 2 significant figures. (3 marks)
¢ Explain why it is not valid to use the expansion to find h(0.5). mark)
a Find the binomial expansion of (1 — 3x): in ascending powers of x u§ cluding

the x3 term, simplifying each term. (4 marks)
b Show that, when x = ﬁ, the exact value of (1 — 3x)% is 91 o7 (2 marks)
¢ Substitute x = ﬁ into the binomial expansion iggpart a and tain an approximation

to V97. Give your answer to 5 decimal place (3 marks)

Challenge

ho) = (1 +%) x| > 1

m Replace x with %

lon of (1 + x)” can be used to expand (a + bx)" for any constants a and b.
a factor of a” out of the expression:

"= b ))" = "< b )n m Make sure you multiply a” by every
(@ +bx)" = (a(l +ox|) =all+2x

term in the expansion of (1 + éx)
a
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= The expansion of (a + bx)", where n is negative or a fraction, is valid for ‘gx‘ <lor|x|< |%|

Exam pl.e ° SKILLS ADAPTIVE LEARNING

Find the first four terms in the binomial expansionof a v4+x b I

(2 + 3x)?
State the range of values of x for which each of these expansions is valid.
a VA+x=(4+x)> Write in index form.
_ X1\
= 4(1 - 4)) ' :

1
+ %)2 using the binomial expansion

Expa

. 1 X
W|thn—2andx—4

Simplify coefficients.

)_

Multiply every term in the expansion by 2.

The expansion is infinite, and converges when

on is valid if ‘Z‘ <1 ‘%‘<1,or|x|<4

= |x| <4
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@+ 3x2 (2 + 3x)7? Write in index form.
3x\\
= (2(1+3))
— Take out a factor of 22
3x\7°
_ o-2 oX
= 2T (1 + > )
h N S
=%(1+%) — Write 2 ===%
S
1 ( e 22 = (2
= \1+ (—2)(?) + 5 Expand (1+ using thabino MR
3 . . _ 3_X
(=2)(=2 — 1)(=2 — 2)(%) expansion with 2and 8=
+ 3] + ..

implify coefficients.

+
a
=—|1-3x+
4 1
1 Multiply every term byz
_1 3, N
=13 .

The expansion is infinite, and converges
Expansion is vali

3x 2
when‘2|<1,|x|<3

ANALYSIS

® 1 Fore e following:
i find the binomial expansion up to and including the x3 term
ii state the range of values of x for which the expansion is valid.

1 1
a V4 +2x b2+x c @— . d v9+x
mertepartg
e 1 f 5 1 +x as1— 1 h 2+Xx
V2 + x 3+2x g€ 24 x X+2 1—x
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® 2 ()= (5 +42 <3

Find the binomial expansion of f(x) in ascending powers of x, up to and including the
term in x3. Give each coefficient as a simplified fraction. (5 marks)

(E) 3 m(x)=V4-x,|x| <4

a Find the series expansion of m(x), in ascending powers of x, up to and inclu

the x? term. Simplify each term. arks)
1 . V35
b Show that, when x = 9 the exact value of m(x) is 3 (2 marks)
¢ Use your answer to part a to find an approximate value for 1 e the percentage
error in your approximation. (4 marks)
@ 4 The first three terms in the binomial expansion of 2 are 13 X2+ ...
+ bx

a Find the values of the constants a and b.
b Find the coefficient of the x* term in the expansio

3+ 2x —x2
® 5 ="

Prove that if x is sufficiently

1
6 a Expand , ding powers of x up to and including the term in x2,
(E/P) pand ———— 5 gp P g
giving each coefficy S mphﬁed surd form. (5 marks)

b Hence or oth the first 3 terms in the expansion of as a series in ascending

V5 + 2x

powers of x. (4 marks
1 16 . .
7 a eorem to expand (16 — 3x)3, |x| < 3 in ascending powers of Xx,
ing the term in x2, giving each term as a simplified fraction. (4 marks)
b our expansion, with a suitable value of x, to obtain an approximation to V157
Give your answer to 3 decimal places. (2 marks)
3 2 1
8 50 =4 5 3450 M3
a Show that the first three terms in the series expansion of g(x) can be written
as L 107 719 (5 marks)
Rt 432
b Find the exact value of g(0.01). Round your answer to 7 decimal places. (2 marks)

¢ Find the percentage error made in using the series expansion in part a to estimate
the value of g(0.01). Give your answer to 2 significant figures. (3 marks)
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@ Using partial fractions

Partial fractions can be used to simplify the expansions of m Vou need to be confident
more difficult expressions.

Example o I(NEP INNOVATION
4 - 5x

expressing algebraic fractions as
sums of partial fractions.

a Express as partial fractions.

(1+x)2-x)
4 - 5x Tx 1

T+v2-vs2 2+

¢ State the range of values of x for which the expansion is valid.

b Hence show that the cubic approximation of

4-5x A B

a = + The denomiinators musighe (1 + x) and (2 — x)
1+ x)(2 = x) T+x 2-Xx

_A(2 - x)+ B( + x)
T 1+ x)2-x

4 —5x= A2 - x) + B(I + x) numerators equal.

Substitute x = 2:
4-10=Ax0+Bx3
-6 =3B
B=-2
Substitute x = —1:
4+5=4Ax3+BxQ Set x =-1to find 4.
9 =34

Write in index form.

Problem-solving

Use headings to keep track of your working.
This will help you stay organised and check your
answers.

' Expand 3(1 + x)~! using the binomial expansion
3 .
+ (D(=2)=3)% + ) withn=-1

3!

=301 -x+x2-x3+..)

=3 -3x+3x2-3x3+ ...
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The expansion of 2(2 — x)™

(-3

=2 x 2-1(1 - %)4 Take out a factor of 2-1
x\2 |
=n-2)(-3) L
=1x\1+ (—1)(——) + 5l Expand (1 —%) using thegdinomial e ion
3 i - _ X
(_1)(_2)(_3)<_g> ) withn=-1and x
+ +
3l |
=1x <1+£+x_2+x_3+ )
- 2 4 &
B 2 4 8
- 5x
Hence 7(1 PR~
=301 +x)"-22-x" A ressions.

= (3 = 3x + 3x2 — 3x3)

2 4 &

The expansion is infinite, and converges when
x| <1

The expansion is infinite, and converges when

X
—|<1o0 2
|2| rix| <

m You need to find the range of values

of x that satisfy both inequalities.

(J((NE3) INNOVATION

Express as partial fractions.

8x+4
(1-x)2+x)

8x+4
(1-x)2+x)

¢ State the set of values of x for which the expansion is valid.

b Hence or otherwise expand in ascending powers of x as far as the term in x2.
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1]

@ 2 a Express — > as partial fractions.

2x
2+x)
2x
H hat —
b Hence prove that 2+ 2

and C are to be determined.

. 1
can be expressed in the form 5%+ Bx? + Cx3 where constants B

¢ State the set of values of x for which the expansion is valid.

=]

6+ 7x + 5x2 . .
® 3 a Express T+ 90 -0+ as partial fractions.

6+ 7x + 5x2
(1 +x)(1-x)2+x)
¢ State the set of values of x for which the expansion is valid.

b Hence or otherwise expand in ascending powers of x as far m in x3.

12x - 1 |
4 8= -3y M<3

Given that g(x) can be expressed in the form g(x) = T+t
a Find the values of 4 and B. (3 marks)
b Hence, or otherwise, find the series expansion (x), in ascending powers of x,

up to and including the x? term. Simplify e (6 marks)

2x2+7x -6
(x+5)(x—-4)

m First divide the numerator

by the denominator.

Express in partial fractions.

©)

b Hence, or otherwise, expand

3x2+4x -5
6 (x+3)(x=-2)

nstants 4, Band C. (4 marks)

3x2+4x -5 . . L,
pand x+3)(x_2) in ascending powers of x, as far as the term in x2.
cient as a simplified fraction. (7 marks)
1
<3

. A B C
f(x) can be expressed in the form f(x) = o1t Ox - 12 1
a Find the values of 4, Band C. (4 marks)
b Hence or otherwise, find the series expansion of f(x), in ascending powers of x,
up to and including the term in x2. Simplify each term. (6 marks)

¢ Find the percentage error made in using the series expansion in part b to estimate
the value of £(0.05). Give your answer to 2 significant figures. (4 marks)
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Chapter review ° (K} PROBLEM-SOLVING

® 1 For each of the following
i find the binomial expansion up to and including the x3 term

ii state the range of values of x for which the expansion is valid.

a (1-4x) b V16 + x c 1 d
1 -2x
e 4 ¢ 1+ x (1+x)2
7 1+ 3x g \1-x

@ 2 Use the binomial expansion to expand (l - %x) ,|x| <2 1in asce

up to and including the term in x3, simplifying each term.

3 a Give the binomial expansion of (I + x): up to an

b By substituting x = 1 find an approximation t

4 b
4 The binomial expansion of (1 + 9x): in ascending p to and including the term in
x3is 1+ 6x + ex? + dx?, |x|<é
a Find the value of ¢ and the val (4 marks)
b Use this expansion with your valu gether with an appropriate value
of x to obtain an estimatg of (1.45)3 (2 marks)
¢ Obtain (1 .45)§ from your nce make a comment on the accuracy
of the estimate yo e (1 mark)
2 the coefficient of x?is -2.
of a.
efficients of the x3 term.
ascending powers of x up to and including the term in x3. (5 marks)
v that, for small x:
L O IR (4 marks)

1+ 3x
¢} Taking a suitable value for x, which should be stated, use the series expansion in

part b to find an approximate value for &, giving your answer to 5 decimal places. (3 marks)

103
7 When (1 + ax)" is expanded as a series in ascending powers of x, the coefficients of x and x? are
—6 and 27 respectively.
a Find the values of ¢ and n. (4 marks)
b Find the coefficient of x3. (3 marks)

¢ State the values of x for which the expansion is valid. (1 mark)
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can be approximated by % - %x + %xz

8 Show that if x is sufficiently small then

3
Va4 + x

, where |x| < 4, in ascending powers of x up to and including the term in x2.

1
9 a Expand
® Ay
Simplify each term. (5 mar
1+2x

A—x

ascending powers of x. arks)

b Hence, or otherwise, find the first 3 terms in the expansion of as a series in

@ 10 a Find the first four terms of the expansion, in ascending powers of x, of

2+ 3x)7L, x| < % marks)
b Hence or otherwise, find the first four non-zero terms of the expansio ing powers
of x, of:
1+x 2

233y x| < 3 (3 marks)

<4, 1in as i owers of x,
wer as a simplified fraction. (5 marks)

11 a Use the binomial theorem to expand (4 + x) -3,
up to and including the x? term, giving each

b Use your expansion, together with a suita X, to obtain an approximation

to Q Give your answer to 4 decimal places.

> (3 marks)
_ 3
(E) 12 q() =@ +4x)73, x| < 1
Find the binomial expansio ascending powers of x, up to and including
the term in the x%. Give nt as a simplified fraction. (5 marks)
13 g(v)
4 N B N C
Tx+1 x+4 x-38
(4 marks)
erwise, find the series expansion of g(x), in ascending powers of x,
uding the x? term. Simplify each term. (7 marks)
1
<y
1 12x+5 _ A4 B
For x = 7 (1+ 4xp =17 4x + (1 + 4 where A4 and B are constants.
a Find the values of 4 and B. (3 marks)

b Hence, or otherwise, find the series expansion of f(x), in ascending powers of x,
up to and including the term x2, simplifying each term. (6 marks)
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9x? + 26x + 20
15 609 =13 0 M<!
a Show that the expansion of q(x) in ascending powers of x can be approximated

to 10 — 2x + Bx? + Cx3 where B and C are constants to be found. (7 marks)

b Find the percentage error made in using the series expansion in part a to estimat
the value of q(0.1). Give your answer to 2 significant figures. (4 marks)

Challenge

Obtain the first four non-zero terms in the expansion, in ascending

powers of x, of the function f(x) where f(x) = ,3x2<1

V1 + 3x2

Summary of key points

1 This form of the binomial expansion can be appli@t to negati\ or fractional values of n to
obtain an infinite series:

nn—1)x2

2!

1 -2)x nmn—1)...n—r+1)x"
+ ...+ +

1+x)"=1+nx+ |
rl

1

2 The expansion of (1 + bx) i e or a fraction, is valid for |bx| < 1, or |x| < Tl
3 The expansion of @ ignegative or a fraction, is valid for ’gx‘ <1lorlx|< ’%‘

: f(x) G .
4 If an express orm ——- where g(x) can be split into linear factors, then split

g(x)

f
(x) s before expanding each part of the new expression.

g(x)
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