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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(4 + B) = tan4 + tan B tan(4 — B) = tan4 — tan B
1-tanAtan B 1+ tan Atan B
Logarithms
log, x = log, x
log, 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.
1 Theequation kx*+8x+3k =0 where k is a constant, has real unequal roots.

Find the set of values of k giving your answer in an exact simplified form.

(Total for Question 1 is 5 marks)
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2 Intriangle ABC, 4B =3xcm, BC =5xcm and Z4BC =110° K
S
(@) Find, in degrees to one decimal place, the size of ZBCA o
(4)

0‘0000

IR
DX

The area of triangle ABC is 24 cm? 3’3:':’.::
X

(b) Find, to 3 significant figures, the value of x
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(Total for Question 2 is 7 marks)
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r

3 A particle P moves along the x-axis.
At time t seconds (t > 0) the acceleration, a m/s?, of P is given by a=61-16
When t =0, P is at the origin and is moving with velocity 12 m/s.
(@) Find an expression in terms of t for
(i) the velocity of P at time t seconds

(i) the displacement of P at time t seconds.

(b) Hence find the time at which P first returns to the origin.

(4)
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Question 3 continued
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( )

4 (a) On the axes opposite, draw the line with equation

(i) y=—x-1 (i) y=3x+8=0 (i) 2y=x+8
3)

(b) Show, by shading on your graph, the region R defined by the inequalities

y>-x—-1 and »y>3x-8 and 2y <x+8

(1)
For all points in R, with coordinates (x, y)
P=2y-3x
(c) Find
(i) the greatest value of P

(i) the least value of P

O MO —
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Turn over for a spare grid if you need to redraw your graph.
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Question 4 continued

SLRRK
SR

) o8
2%

25050
G008
oo
SRS
K
00.0.0‘0.
o
oo
SRR
K
LGRS

IR
SN
9% @ N9
Al

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

25

o 0300
BOS% it
LK="

4PM1 | 2023 | October/November | Paper 2 | GradeMax

R0 0O T —



Further Pure Maths - 2023 - Oct/Nov - Paper 2 - QP

<
%

SRS

4 )

X
5%
s

%o
SRR
9
&5

Question 4 continued

CRERKRAL

ool

096202000 2626 % %%

X

%

%%
kB Y SRR
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

A REIRIEE,
CXELRS
SRRRHALS

R
S
E D
f
)

B

Only use this grid if you need to redraw your graph.

0
LSS
A

<
>

X
58
o0
ottt
Sogesessetet

CRRRLKS
SRR

5
53

<

X
S8
KRS
oSoleted

093!

X
2K
%S

— N W s LN N0

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S

I Etstie
25
&
oo

<
ot
2%

!

=<V

|
NNEEER VI O .

=
U8 crnd e’
s
00 = % fg%S

2
00‘;'00 ENALE Y
PO leuzatoedoletenet
RRRLRIRRL oS

0%
X XA]
KRR
PISNNgosel
RRRKL

o
5

X

04 COGIIERIIIHRIA
e At st
%% % ¥
LS
S

28

2
5
25

5
L
poteteletete %ot

(Total for Question 4 is 8 marks)
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7

Diagram NOT
S accurately drawn

<V

Figure 1

Figure 1 shows part of the curve S with equation y = px*+gx +r
where p, g and r are constants.

The points A, B and P with coordinates (- 2, 0), (6, 0) and (4, — 6) respectively lie on S

2
(@) Show that an equation of S'is y = % -2x-6

The line | is the normal to S at the point P

(b) Show that an equation of l is 2y +x+8=0

The finite region shown shaded in Figure 1 is bounded by S and |

(c) Use algebraic integration to find the exact area of the shaded region.

3)

()
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Question 5 continued
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Question 5 continued
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Question 5 continued
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(Total for Question 5 is 15 marks)
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6 The volume of oil in a container is V. cm® when the height of the oil is h cm. g
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D Setatetes

- - - - - ."‘."‘..
Oil is pouring into the container at a constant rate of 12 cm?/s. I

OO0 0.0,
Given that ¥V =34° e

find the exact rate, in cm/s, at which the height of the oil is increasing
when V =1536 cm®
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Question 6 continued
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(Total for Question 6 is 7 marks)
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( )

7 Two numbers x and y are such that 3x—y =4
S =5x+y?
(@) Show that § =5x*+9x* —24x+16
)

Given that x can vary,

(b) use calculus to find the value of x for which S is a minimum, justifying that this
value of x gives a minimum value of S

()

(c) Find the minimum value of S
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Question 7 continued
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(Total for Question 7 is 9 marks)
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( )

8 The sum to n terms of an arithmetic series A is S,
The sum of the first four terms of A is 42 and the fifth term of A is 23

(a) Show that S, =>"(Pr—Q) where P and Q are prime numbers.
r=t (6)

S,, —3U, =1062 where U, is the nth term of A
(b) Find the value of n

(4)

N R0 O —
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Question 8 continued
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(Total for Question 8 is 10 marks)
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7

O Diagram NOT

I accurately drawn

- ~. B 2x cm C

D

Figure 2
A logo, AEBCD, is shown shaded in Figure 2.

The straight line ABC is the diameter of the semicircle ADC
AEB is an arc of a circle with centre O
All angles are measured in radians.

e BC =2xcm

e OA=0B=xcm

» length of arc AEB = 1.8x cm

The perimeter of the logo is P

(a) Show that P=ax (7 +7sin0.9+5) where a and b are constants to be found.

Given that x = 10 cm,

(b) find, in cm? to 3 significant figures, the area of the logo.

(7)

22
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Question 9 continued

X XK
008Ke
C5
ptetete!

(S
<
S8

CRKEKS
CRXRKLLRS
XXX RRELIKESS

S 20ee%e!
SRR

KRRKK AR R ARAK AR AR

(XK
RS
CKKS

5%
C0RKS
2
K55
35S

o

X

X
<
%%

XK
%% %

QRS

0
2900000
RS

02000020
9%

5
KL

Soogeteteset
RRLLRKS
SRS

s

0%
%

OEEKIEEKS
SR 8
R B R
)
e
XL

X
o0l

2R BRI SINRI Y
LRI
00

2%
S

(5

5
o5
S

ZRRRRLRLRSE:

%
K
KK
<X

r»

.

000

%
<5
podols

o
'
S
258

23

4PM1 | 2023 | October/November | Paper 2 | GradeMax

L] Turn over »



Further Pure Maths - 2023 - Oct/Nov - Paper 2 - QP

r

Question 9 continued
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Question 9 continued
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(Total for Question 9 is 13 marks)
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( )

10 The roots of a quadratic equation are a and 8 where
5 115
+f=-=and o’ +p’=—
a+p 5 and o’ + 2
(@) Show that aff =4
(3)

(b) Form a quadratic equation with integer coefficients, that has roots

VRN R0 O —
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Question 10 continued
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Diagram NOT
accurately drawn

Figure 3

Figure 3 shows quadrilateral OABC where

— —> —>

04 =4p + 5q OB=3p+¢ OC =2p -4q
The point M is the midpoint of OC

(@) Find MAas a simplified expression in terms of p and q

3)

The point N lies on OB such that M, N and A are collinear.
(b) Find the ratio MN : NA
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Question 11 continued

(Total for Question 11 is 9 marks)
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