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International GCSE in Further Pure Mathematics Formulae sheet

Mensuration

Surface area of sphere = 472

Curved surface area of cone = zr x slant height

Volume of sphere = %nrf"

Series

Arithmetic series

Sumto n terms, S, = g[Za +(n-1)d|

Geometric series

Sum to n terms, S, = ad=r")
1-r)
sum to infinity, S, = —— |/ <1
1-r
Binomial series
1+ x)" =1+HX+$x2 gz Delnmr b o gy x| <lLneQ

r!

Calculus

Quotient rule (differentiation)

d ()] _ F()alx) - fx)g'(x)
dx\ g(x) [9(x)I

Trigonometry

Cosine rule
In triangle ABC: a* = b? + ¢2 — 2bccos A

tané@ = ﬂ
cosé

sin(A + B) =sin Acos B + cos Asin B sin(A — B) =sin A cos B — cos A sin B

cos(A + B) =cos Acos B-sinAsinB cos(A—B)=cos AcosB +sin Asin B
tan(A+B):M tan(A_B):M
1-tanAtan B 1+ tan Atan B
Logarithms
log, x = log, x
log, a
2

P 7 6 5 0 8 A0 2 3 2

L]

PMT!

zs%?@a
zs%??%
zs???%
ﬁgggag
CRKLR

<
o
<
o
58

0%
XX
K]
1%
"

S
0940
bt

5>
2
2260
Y B0 {
LA
IS

(0
oo
<\
By
2
S

A

g
7
e
S

K
GBI

v s
9750 X

% %
(9% )%
SR
(000 -0 1%
e
9070 "%
ST
SIS

S EBKS
Iolarazg¥e
pote—. 039
fote>e8
SR,
1565-% 2%
XA



0%
%

CRKL:

Das0SezesoteSetes
0gesoeetess?
5%

&

2%
255

093

KKK

<5
LRLLRRRS

5

04

SR

%%
0%

SR

R

et

‘o:g:o
0%&
'
daseNeseses
o teleds

5
KR
9
e

O
5

40?0‘0

5

<>
%
S8
SRS
020!
RS

55
XXX,

X
<

R

090

SR

oz;o

RRLLEK
2L
BoSerotess
KRR

19e%%
0“0::
o

S
o

%
:;"0‘0'0‘
Do %62 %%
%

5

o%

’%

botes

25
XK K
Sotadeted
5

be%
gt
2K

22
CRERIKR KR

0000

KX
et

%
preetetele’s
ARE
 f

s
SRKLLRKS

%
SRa %%
0%

X
ot letotete!

ZRRRRKRKRE:

CCIOILARRK

o202

RIS
L

<
Sve

beS

KR

AR o L egeeteetese
KN
KKK

XRRKS

oo

Answer all ELEVEN questions.
Write your answers in the spaces provided.
You must write down all the stages in your working.
1 f(x) = 6x* —13x2 + ax — 10 where a is a constant
Given that (3x — 2) is a factor of f(x)

(@) show that a = 21
(2)

(b) Hence show algebraically that the curve y = f(x) has only one intersection with the
X-axis.

(Total for Question 1 is 6 marks)
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2 The quadratic equation 3x? — 5x + 1 = 0 has roots o and 8

Without solving the equation,

B

form a quadratic equation with integer coefficients, that has roots 2 and 2
2ﬂ 2a (8)
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Diagram NOT
accurately drawn

Figure 1

Figure 1 shows the sector AOB of a circle with centre O and radius 3r cm
A circle with radius r cm touches OA and OB and the arc AB
Angle AOB is 0 radians, where 0 < 0 < %

(@) Find the exact value of 6

(2)
The area of the region shown shaded in Figure 1 is 87 cm?

(b) Find the value of r
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(Total for Question 3 is 6 marks)
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Figure 2

2
Figure 2 shows part of the curve with equation y = % - 2i for 4<x<0
X

By drawing a suitable straight line on the grid, obtain estimates, to one decimal place,

of the roots of the equation 4x* + 3x?> —36x — 6 = 0 in the interval -4 <x <0

(4)
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Question 5 continued
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C S Diagram NOT
accurately drawn
>
X
Figure 3
Figure 3 shows part of the curve C with equation y = L x > 0 and part of the
curve S with equation y = 2x2,x >0 “4x
The curve C and the curve S intersect at the point A
(a) Find the coordinates of point A
3)
The finite region R, shown shaded in Figure 3, bounded by the curve C, the curve S and
the straight line y = 4 is rotated through 360° about the y-axis.
(b) Find, using algebraic integration, the exact volume of the solid formed.
(7)
\ y,
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Question 6 continued
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3
7 (a) Expand (1 + 2x? )_1 in ascending powers of x up to and including the term in x®

Express each coefficient as an exact fraction in its lowest terms.

3)

(2 + kx)

flx) = where k£ # 0

3
(1+2x7)
(b) Obtain a series expansion for f(x) in ascending powers of x up to and including the
term in x°

Give each coefficient in terms of k where appropriate.

(2)
The coefficient of the term in x® is fourteen times the coefficient of the term in x2

(c) Find the value of k
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 7 marks)
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Figure 4 K8
Figure 4 shows a solid right triangular prism ABCDEF S
The cross section of the prism is an isosceles triangle. S8

e /DEC = ZAFB = 90°

° AB = DC X cm E:::EE:EEE
K

« AD=BC=FE=ycm

’%
%

;
255

e AF =BF =DE =CE

The triangular faces of the prism are vertical and the edges AD, BC and FE
are horizontal.

The volume of the prism is 3.6 cm®

The total external surface area of the prism is S cm?

(@) Show that S satisfies the equation

Given that x can vary,

(b) use calculus, to find to 3 significant figures, the value of x for which S is
a minimum.
Justify that this value of x gives a minimum value of S

) N ) -
(c) Hence find, to 2 significant figures, the minimum value of S :izggézg
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Question 8 continued
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Question 8 continued
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(Total for Question 8 is 10 marks)
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9
Diagram NOT
accurately drawn
A
C
B
Figure 5
Figure 5 shows a right triangular prism ABCDEF where ABCD is a rectangle.
AF = DE BF = CE AD =FE =BC AB=DC=24cm
ZABF = ZDCE = 45° ZBAF = ZCDE = 60°
Using a formula from page 2,
(@) show that sin AFB = M
4 3
(3)
Without using a calculator,
(b) show that BF = 12(3@ = JE) cm
(5)
The angle between the plane AEB and the plane ABCD is 65°
(c) Find, in cm to 2 significant figures, the length of EF
3)
(d) Find, in degrees to one decimal place, the size of the angle between the line CF
and the plane ABCD
(4)
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Question 9 continued
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Question 9 continued
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Question 9 continued
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(Total for Question 9 is 15 marks)
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10 The points A, B, C and D are the vertices of a quadrilateral such that

— — —
AB =3a+4b AC =7a+9b AD =4a+5b

(@) Show that ABCD is a parallelogram.
3)

BC is extended to the point E such that BCE is a straight line.
Point F lies on CD such that CF : FD =1:2
Given that A, F and E are collinear,

__)
(b) find the vector AE in the form Xa + Yb where X and Y are rational numbers to
be found.
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Question 10 continued
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Question 10 continued

R A A O Sne
P 7 6 5 0 8 A 0 2 8 3 2

PMT!

LSRR
0%
2
foseses
oSadesess
oo
SRS
R
KRR
K5
<5
K
SRR
R
LGRS

IR
SN
9% @ N9
Al

PROSE" Zatet
plotacastes
SR
SRS
S
W
D%
bose™ - ok

25

o 0300
BOS% it
LK="



PMT

( )

e

> X

% S5
&

X
SRS
S
Sootoseses
RS

0%

Question 10 continued
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(Total for Question 10 is 11 marks)
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11 Using formulae from page 2, show that
(@ (i) cos2A =2cos’A-1
(3)
(if) sin2A = 2sin Acos A
(1)
(b) Show that cos® A = OS3AT 3c0s A
4 (4)
Hence, or otherwise,
(c) solve, giving exact values in terms of =
NEC 0
8cos’| —|—6¢cos| —|—-1=0 for 0 <0 <2x
2 2 (4)
(d) use algebraic integration to find the exact value of
J-E(4cos39 - sin20) do
‘ (4)
\ y,
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Question 11 continued
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Question 11 continued

(Total for Question 11 is 16 marks)

TOTAL FOR PAPER IS 100 MARKS
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