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International GCSE in Further Pure Mathematics Formulae sheet

Mensuration

Surface area of sphere = 47°

Curved surface area of cone = 77 x slant height

Volume of sphere = %nﬂ

Series

Arithmetic series

Sum to n terms, S, = g[Za +(n - l)d]

Geometric series
a(l—7r")

Sum to n terms, §, = ——
(1=r)

Sum to infinity, S_ = IL |r| <1
-r

Binomial series

n(n—l)x2 L4 n(n—l)...(n—r+1)xr

I+x)"=14+nx+
r!

+... for [x|<LneQ

Calculus

Quotient rule (differentiation)

d (f(x)) _ (g ~ fng'(x)
dx{ g(x) [e(x)]

Trigonometry

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

sin®

tanf =
cost

sin(4 + B) = sin 4 cos B + cos 4 sin B sin(4 — B) =sin A cos B—cos A sin B
cos(4 + B)=cos A cos B—sin 4 sin B cos(4 — B)=cos A cos B+ sin 4 sin B

tan A + tan B tan4 — tan B
1—tan Atan B 1+ tan Atan B
Logarithms
log, x
log, x =
0g, a
2
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Answer all ELEVEN questions.
Write your answers in the spaces provided.

You must write down all the stages in your working.

Diagram NOT
accurately drawn

2 rad

(0] 13cm B
Figure 1

Figure 1 shows the sector AOB of a circle with centre O.
The radius of the circle is 13 cm and angle AOB = 2 radians.

(a) Find the length of the arc 4B.
(1)

(b) Find the area of the sector AOB.

(Total for Question 1 is 3 marks)

3
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(0,8)

0, 4)

Diagram NOT
accurately drawn

0 (4, 0)\ (6, 0)

Figure 2
Figure 2 shows the shaded region R bounded by the line /, the line /, and
The points with coordinates (0, 8) and (4, 0) lie on /|

The points with coordinates (0, 4) and (6, 0) lie on /,

=V

the y-axis.

(a) Find, in the form ax + by = ¢, where a, b and ¢ integers, an equation of

@ I
(i) £,

(b) Hence write down three inequalities that define the region R.

3)
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XX /vXXXXXX,A/\/\/QYXXXXXA,A/\/\/\VYXXXXXA X / vaXXXXKA XXX, vXXXXXxx XX KK AIHXHKI AKX AKX XX EIEAIX KKK

ZRRRELLLRLRRRRL R ARIIHRHNN NPT &S]
REERRRLRIRLRLIEK S RIERIRLAEKIIEEK \Cn XA EXKS
RRRLLIRILLHILKK R IHILLLLLR = %

XXX%%%Ky\yv&&XXVC\/%KXy\v&&XXX%%%KK&&XXXX%%KXK&&XXXX%%KX&&&XXX%%%XX&&&XXX%%KXK&
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RIS LIRS N eo Q ) o@.
RIS, L et erotatetetotets Q o@ A8 .@QMVQAW.Q
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C))

33cm?

Find, in cm to 3 significant figures, the two possible lengths of AC.

In triangle ABC, AB = 11cm and BC = 12cm.

The area of triangle ABC

3
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X Diagram NOT
accurately drawn

hcm

8cm

B

Figure 3

Figure 3 shows a triangular pyramid ABCX.

The base ABC of the pyramid is an equilateral triangle where AB = BC = C4 = 8cm.
The vertex X of the pyramid is such that AX is perpendicular to the base of the pyramid
and AX = hcm.

The volume of the pyramid is 483 em?

(a) Show that 2 =9
3)

(b) Find, in degrees to one decimal place, the size of angle BXC.
3)

(c) Find, in degrees to one decimal place, the size of the angle between the plane BCX
and the base ABC of the pyramid.
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Question 4 continued

.

(Total for Question 4 is 9 marks)
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r

5 (a) Show that (a + ) — 3af(a+ p) =0’ + f*

(2)
The roots of the equation 2x* + 3x + 6 = 0 are a and S8
Without solving the equation,

(b) find the value of o + 7

2)
(¢) Show that (e + 2 — 2(af)’ = a* +

(2)

d) Form a quadratic equation with integer coefficients that has roots (¢® — £) and (8> — a
(d q q g

(6)
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Question 5 continued

.

SXXX, yXXXXXX,A/\/\/\%YXXXXXA,A/\/\/\VYXXXXXA \</ X, yXXXXXx XXXXK XXXXXXA XX KK AIHXHKI AKX AKX

TRRRRRLLLLILLLXS
LRI LKL
X RIS

2SRSISREISIEREISILESIEKIK &
LRSS RL LKL LK x% NS, 1
R RILLRIRILLRLLRAS

XXX%%%KX&&&XXX%%KXX&&XXX%%%KK&&XXXX%%KXK&&XXXX%%XX&&&XXX%%%XX&&&XXX%%KXK&

XXX AA/;/ XXX ,A

-»z% S0

34V SiH.

&.@.@&@&u@@&u@& ...,ﬁ».&,

0

X,

0

Y.
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Question 5 continued

.

(Total for Question 5 is 12 marks)
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Diagram NOT
accurately drawn

90%076% 2
Oa,»xx LK

Figure 4

Figure 4 shows a hollow right circular cone fixed with its axis of symmetry vertical.

The cone is inverted and contains liquid, which is dripping out of a small hole at the
vertex A of the cone at a constant rate of 0.9 cm?/s.

>

SOOI
- Ex<a’ %
M SXH %

.\>
esE

At time ¢ seconds after the liquid starts to drip from the cone, the height of the liquid is #Zcm
above A. The volume of liquid in the cone at time ¢ seconds is V'cm®

i}

The vertical angle of the cone is 60°
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(a) Show that V' = 5”’13
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(b) Find, in cm/s to 3 significant figures, the rate at which the height of the liquid is
decreasing when the height of the liquid in the cone above the vertex is 1.2 cm.
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Question 6 continued

.

SXXX, yXXXXXX,A/\/\/\%YXXXXXA,A/\/\/\VYXXXXXA \</ X, yXXXXXx XXXXK XXXXXXA XX KK AIHXHKI AKX AKX

TRRRRRLLLLILLLXS
LRI LKL
X RIS

2SRSISREISIEREISILESIEKIK &
LRSS RL LKL LK x% NS, 1
R RILLRIRILLRLLRAS

XXX%%%KX&&&XXX%%KXX&&XXX%%%KK&&XXXX%%KXK&&XXXX%%XX&&&XXX%%%XX&&&XXX%%KXK&

XXX AA/;/ XXX ,A

-»z% S0

34V SiH.

&.@.@&@&u@@&u@& ...,ﬁ».&,

0

X,

0

Y.
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Question 6 continued

.

(Total for Question 6 is 6 marks)
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r

2x+1
Given that u, = e*** and that u,=e:?
1
(a) show that r = e 2

(b) Hence find a in terms of e and x.

. e . e
Given that the sum to infinity of G can be written as ———

(¢) find an expression for p in terms of x.

Given that u , > 1.6 and that x is an integer,

(d) find the least value of x.

7 The geometric series G has first term a, common ratio » and nth term u,

P

e2 —1

3
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Question 7 continued

.

SXXX, yXXXXXX,A/\/\/\%YXXXXXA,A/\/\/\VYXXXXXA \</ X, yXXXXXx XXXXK XXXXXXA XX KK AIHXHKI AKX AKX

TRRRRRLLLLILLLXS
LRI LKL
X RIS

2SRSISREISIEREISILESIEKIK &
LRSS RL LKL LK x% NS, 1
R RILLRIRILLRLLRAS

XXX%%%KX&&&XXX%%KXX&&XXX%%%KK&&XXXX%%KXK&&XXXX%%XX&&&XXX%%%XX&&&XXX%%KXK&

XXX AA/;/ XXX ,A

-»z% S0

34V SiH.

&.@.@&@&u@@&u@& ...,ﬁ».&,

0

X,

0

Y.
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Question 7 continued

.

(Total for Question 7 is 13 marks)
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r

8 (a) Write down the value of k such that sin24 = ksinA cos A4

1)
g(A) =2 + 3cosAd — sind — 3sin2A4 — 2cos’4

Given that g(A4) can be written in the form (pcosA4 — sinA)(g — rsinA) where p, ¢ and r
are integers,

(b) find the value of p, the value of ¢ and the value of r.
3)

(c) Hence solve, in radians to 3 significant figures where appropriate, the equation

g20)=0 for 0<bO<m
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Question 8 continued

.

SXXX, yXXXXXX,A/\/\/\%YXXXXXA,A/\/\/\VYXXXXXA \</ X, yXXXXXx XXXXK XXXXXXA XX KK AIHXHKI AKX AKX

TRRRRRLLLLILLLXS
LRI LKL
X RIS

2SRSISREISIEREISILESIEKIK &
LRSS RL LKL LK x% NS, 1
R RILLRIRILLRLLRAS

XXX%%%KX&&&XXX%%KXX&&XXX%%%KK&&XXXX%%KXK&&XXXX%%XX&&&XXX%%%XX&&&XXX%%KXK&

XXX AA/;/ XXX ,A

-»z% S0

34V SiH.
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Question 8 continued

.

(Total for Question 8 is 10 marks)
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: X
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xxx&&&xxxﬁxxé«x S ERRLLLL LIS SLRRLL KA
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9 Given that (;3 can be written as p(1 — gx)~

2—Xx)

(a) find the value of p and the value of g.
(2)

(b) Expand ﬁ in ascending powers of x up to and including the term in x* and

- X

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

3)

a+ bx

=00

where a and b are integers

The first three terms of the expansion of f(x) are % — %x + cx?

(c) Find the value of a and the value of b.
3)

(d) Find the exact value of c.

28

P 6 0 4 7 6 A 0 2 8 4 O

XK KKK KKK KKK KKK K
K RICRLIRIKLIKLRERK
SRR KKK

od

XX
]
X

XX
e
% X
D00 T T T e ¥ S0 e T 0 %0 T T e ¥ T T ¥ e e Y e %0 T % e ¥ T Y ¥ e Yo Y e %0 % Y e ¥ T U ¥ e % % % %0 % % %0 %0 %0 % 6 %0 %0 % %% % % %% %0 %% % %0 %)

DL ARAKH KK

5

00 %00 %% %% % %%

02020 %0956 %0 %0 %6562 %0 % %20 %% %

CIIEIEIEIEIIIIAIEEAIEIEISIAIEEAIEIEASIIAIEEIEIEAISIIIAIEIEIEAISIEEEIKEXSEENK
KBRS

IQRARIIAKRIIIAKARIKAIKARIKIKRIHKRK

XK
s€§r< 0%,

e
%
\

‘}M ’%‘? X

v si

A
oo
N
tagr
0ed

O

'
T4
o

o5y

>

ON O

‘/
O



Question 9 continued

.

SXXX, yXXXXXX,A/\/\/\%YXXXXXA,A/\/\/\VYXXXXXA \</ X, yXXXXXx XXXXK XXXXXXA XX KK AIHXHKI AKX AKX

TRRRRRLLLLILLLXS
LRI LKL
X RIS

2SRSISREISIEREISILESIEKIK &
LRSS RL LKL LK x% NS, 1
R RILLRIRILLRLLRAS

XXX%%%KX&&&XXX%%KXX&&XXX%%%KK&&XXXX%%KXK&&XXXX%%XX&&&XXX%%%XX&&&XXX%%KXK&

XXX AA/;/ XXX ,A

-»z% S0

34V SiH.
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Y.
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Question 9 continued

.

(Total for Question 9 is 10 marks)

000,000 9000 0 0094 vaXXXXVA\/\/\/VYXXXXXA \/\/ VVXXXXXK XHXXX v%XXXXX& KRR AR IIK KR AK KKK IR AKAINAIK X ,A/

TRRRREILILIIHAXK 257 R R RILRALLHLRIAKAILKS
xxx&&&xxxﬁxxé«x S ERRLLLL LIS SLRRLL KA
XRRERRRKLRRKRRK, RSRESRRRIKRERK KRR IKGKIKREKK

XXX%%%KK&&XXX%%%%KX&&XXX%%%%K&&yXXX%%%%K&&XXX%%%XKK&NXXX%%%KK&&XXX%%%KKN&

S vy

0

Avc: 5 %&
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10 The equation of a curve Cis y = f(x) where f’'(x) = 3x*> —4x —pandp # 0
The points with coordinates (2, 0) and (-1, 9) lie on C.

a) Show that C has equation y = x> — 2x> — 4x + 8
q Yy

The straight line / has equation y = 8 — 4x

(b) Use algebraic integration to find the exact area of the finite region bounded by C
and /.

(6)
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Question 10 continued

.

SXXX, yXXXXXX,A/\/\/\%YXXXXXA,A/\/\/\VYXXXXXA \</ X, yXXXXXx XXXXK XXXXXXA XX KK AIHXHKI AKX AKX

TRRRRRLLLLILLLXS
LRI LKL
X RIS

2SRSISREISIEREISILESIEKIK &
LRSS RL LKL LK x% NS, 1
R RILLRIRILLRLLRAS

XXX%%%KX&&&XXX%%KXX&&XXX%%%KK&&XXXX%%KXK&&XXXX%%XX&&&XXX%%%XX&&&XXX%%KXK&

XXX AA/;/ XXX ,A
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Question 10 continued

.

(Total for Question 10 is 12 marks)

000,000 9000 0 0094 vaXXXXVA\/\/\/VYXXXXXA \/\/ VVXXXXXK XHXXX v%XXXXX& KRR AR IIK KR AK KKK IR AKAINAIK X ,A/

TRRRREILILIIHAXK 257 R R RILRALLHLRIAKAILKS
xxx&&&xxxﬁxxé«x S ERRLLLL LIS SLRRLL KA
XRRERRRKLRRKRRK, RSRESRRRIKRERK KRR IKGKIKREKK

XXX%%%KK&&XXX%%%%KX&&XXX%%%%K&&yXXX%%%%K&&XXX%%%XKK&NXXX%%%KK&&XXX%%%KKN&
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: 3x-2
11 The curve C has equation y = al
x+1

(a) Write down an equation of the asymptote to C which is parallel to the

(1) x-axis (i)  y-axis

(2)
(b) Find the coordinates of the point where C crosses the

(1) x-axis (i)  y-axis

(2)

(c) Sketch C, showing clearly the asymptotes and the coordinates of the points where
C crosses the coordinate axes.

3)
The straight line / has equation y = mx + 4
Given that there are no points of intersection between / and C,

(d) show algebraically that the range of possible values of m can be written as

a—2\/g<m<a+2\/g

where a and b are integers whose values need to be found.
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Question 11 continued

.

SXXX, yXXXXXX,A/\/\/\%YXXXXXA,A/\/\/\VYXXXXXA \</ X, yXXXXXx XXXXK XXXXXXA XX KK AIHXHKI AKX AKX

TRRRRRLLLLILLLXS
LRI LKL
X RIS

2SRSISREISIEREISILESIEKIK &
LRSS RL LKL LK x% NS, 1
R RILLRIRILLRLLRAS
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Question 11 continued

.

SXXX, yXXXXXX,A/\/\/\%YXXXXXA,A/\/\/\VYXXXXXA \</ X, yXXXXXx XXXXK XXXXXXA XX KK AIHXHKI AKX AKX

TRRRRRLLLLILLLXS
LRI LKL
X RIS

2SRSISREISIEREISILESIEKIK &
LRSS RL LKL LK x% NS, 1
R RILLRIRILLRLLRAS
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(Total for Question 11 is 14 marks)
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