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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)
(1-7)
P a
Sum to infinity, S_. = — |/ <1
1-r
Binomial series
-1 -D...(n—
1+ x)" =l+mc+mx2 m+n(n D...m r+1)xr+... for |x|<1,n eQ

r!

Calculus

Quotient rule (differentiation)

d ()] _ F'(x)ekx) - fix)g'(x)
dx \ g(x) [g(x)]

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-sin AsinB cos(A—B) =cos AcosB +sin Asin B
tan(A + B) = tanA4 + tan B tan(4 — B) = tanA4 — tan B
1 —tan Atan B 1+ tan Atan B
Logarithms
log, x
log, x =
0og,a
2
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Answer all ELEVEN questions.
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Write your answers in the spaces provided.
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You must write down all the stages in your working.
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1 The quadratic equation
3k+2)x2+ (k+5)x +k=0
has real roots.

Find the set of possible values of k.
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. 3
2 Angle o is acute such that cosa = 3

. . 1
Angle £ is obtuse such that sing = —

[\

(@) Find the exact value of
(i) tana

i) tan
(i) tanp )

(b) Hence show that

I’)’I\/g—l’l

tan(a + p) =
nJ3 + m

where m and n are positive integers whose values are to be found.
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. ax .
3 Acurve C has equation y = P where a is a constant and x # -5
X

The gradient of C at the point on the curve where x = 2 is %

(@) Show thata =3
©3)

Hence
(b) write down an equation of the asymptote to C that is
(i) parallel to the x-axis,

(ii) parallel to the y-axis,

(2)
(c) find the coordinates of the point where C crosses
(i) the x-axis,
(ii) the y-axis.

(d) Sketch the curve C, showing clearly its asymptotes and the coordinates of the points
where C crosses the coordinate axes.
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Question 3 continued

QK5
o0
oot
5
RS

SRS
of
GRS
RS
2555s

KL

%%
X X
XX
A
&)

%
5

DR
RERKS

<
X5
-
N

O

5

Q5
355

<
X
KX
NETR
P

4

KL
ootetes
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

.::’

%’
5

X

RHK
Steteteds

SRS
X
KK
LA
NN

9%
i
\}
N ate
<

7

o
I

ORI
ootetose
:

7!
NG

<
oK
N

2

S
¥
Roiet
RRRKRLRE

%%
b
92

S

<]
<
B
Yoo
o2

5555

pelel
P
GE5S
ptetete!

CRRLRAKKL

40X
SRS

ORI

0%
000
XK
5

(X
55
So%ss
%

G0
ety

0%

o%
RIRRRKARRAAK AN

X
oo
5555
KL

00
boes
oot
s
ot
ot
5

¢

3
3

0%}

<>

<
LR
po%e

e
5

&5

0%
'
0%
S8

OIS
RSB
Eottstotetestototets!
B CRGLLRIKS
SN
Sototetatetetete!
KRR

>

%

<
2R
b

06K
RRERKS
QLS
X
ot
boses
CXX

o
53
RS

%
0%

%% %%

R PO A R0 0 —
Turn over »
P 6 6 0 2 4 A 0 7 3 6 urnove

CRRLAKL

0K
Dosetele’

(RS

2
SERREIER
bl

%
<

¢
pososoressset
000 %
(KL
LRRRLRS

o%
o%




Question 3 continued
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Question 3 continued
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(Total for Question 3 is 10 marks)
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4 The nth term of an arithmetic series is u_where
u=(Mn+1)In4
Given that the sum of the first n terms of the series is S

show that S_= In20**a where a is an integer whose value is to be found.
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Question 4 continued
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(Total for Question 4 is 5 marks)
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5 (a) Expand (1 + ax)" in ascending powers of x up to and including the term in x3 LK

Express each coefficient of x in terms of a and n where ¢ and n are constants SR
andn > 2 i = 8
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The coefficient of x is 15 and the coefficient of x? is equal to the coefficient of x* S
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(b) Find the value of a and the value of n.

(c) Find the coefficient of x*
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Question 5 continued
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6

(2) Show that (o — )2 = (a + ) — 4afs
3)

The quadratic equation x?— 7kx + k? = 0, where k is a positive constant, has roots « and g
where a >

(b) Show that a — 8 = 3k+/5

3)
(c) Hence form a quadratic equation with roots a + 1 and g - 1
Give your equation in the form x? + px + g =0 where p and g should be given in
terms of k.
(4)

14
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Question 6 continued
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Question 6 continued

PMT!

LSRR
KRS,
LRI,
SRR
G,

0626 !
bosecear e
pooteres
SRS
I

e
BT

o
0%

5
(K3
QKKK

e
Qéf

0%

SN
SRR

OIS
RRILREIERE
dotetotetetoteteles:
o oaseootetets
CRRKLLLKLN

<
0,

0%?
55

<
200!
ootatetotatetetedetetoted

Detetoteetetotet
odeletetedel

X et
“?':‘:
Dode=tet

barc 0%

X
R0

Dogcons ot
st et
SR
SAPK
MK
MWL
RS
o

P00 it
X J X
QIR
BoSov-gs
PSS
poog fulaset
SETPASS,
90 o7t
SRR

0%

SRR
(90950509
o



PMT

RS

K
XS

RIS
KK

CRRLRKR

QXXX

SRR

s
K

XX
%%
<1
e
&
XX

<
%
bosesess

5
RKIKRKILR

Question 6 continued
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X
7 The curve C has equation y = ———
q y X? + 4

(a) Using calculus, find the coordinates of the stationary points on C.

(5)
d’y  2x(x* —12)
d (3P +4)

(b) Show that
(4)

(c) Hence, or otherwise, determine the nature of each of these stationary points.
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Question 7 continued
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Question 7 continued
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Question 7 continued
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8 Given that n satisfies the equation
log, n =log, 3 + log,(2n - 1)

(@) find the value of n.

3)
Given that Iogpx=3 and Iogpy—3|ogp2=4

(b) (i) express x in terms of p,

(if) express xy in terms of p.
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Question 8 continued
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Question 8 continued
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Question 8 continued
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9 Find an equation of the normal to the curve with equation
y = (x®-2x)et

at the point on the curve with coordinates (1, —1)
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Question 9 continued
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10

Diagram NOT
accurately drawn

Figure 1
Figure 1 shows triangle OAB and triangle OCD.

— > = 5 —

— — 3 3
0O4=5p A4B=3q 0C=5 B OD=§ A

(@) Find DC asa simplified expression in terms of p and q.

3)
The line DC meets the line AB at F.
(b) Using a vector method, find OF as a simplified expression in terms of p and q.
(7)
The point G lies on OB such that FG is parallel to AO.
(c) Using a vector method, find 0G as a simplified expression in terms of p and g. "
4
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Question 10 continued
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Question 10 continued
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Question 10 continued

QK5
o0
oot
5
RS

SRS
of
GRS
RS
2555s

KL

%%
X X
XX
A
&)

%
5

DR
RERKS

<
X5
-
N

O

5

Q5
355

<
X
KX
NETR
P

4

KL
ootetes
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

.::’

%’
5

X

RHK
Steteteds

SRS
X
KK
LA
NN

9%
i
\
N ate
<

7

o
I

ORI
ootetose
:

7!
NG

<
oK
N

2

S
¥
Roiet
RRRKRLRE

%%
b
92

S

<]
<
B
Yoo
o2

5555

pelel
P
GE5S
ptetete!

CRRLRAKKL

40X
SRS

ORI

0%
000
XK
5

(X
55
So%ss
%

G0
ety

0%

o%
RIRRRKARRAAK AN

X
oo
5555
KL

00
boes
oot
s
ot
ot
5

¢

3
3

0%}

<>

<
LR
po%e

e
5

&5

0%
'
0%
S8

OIS
RSB
Eottstotetestototets!
B CRGLLRIKS
SN
Sototetatetetete!
KRR

>

%

<
2R
b

06K
RRERKS
QLS
X
ot
boses
CXX

o
53
RS

%
0%

(Total for Question 10 is 14 marks)

VD 0 A O O O o
Turn over »
P 6 6 0 2 4 A0 3 1 3 6 urnove

%% %%

CRRLAKL

0K
Dosetele’

(RS

2
SERREIER
bl

%
<

¢
pososoressset
000 %
(KL
LRRRLRS

o%
o%




11 (a) Using a formula from page 2, show that cos2x =1 — 2sin? x

YA

y=sinx +2

y =C0S2x + 2

Diagram NOT
accurately drawn

Figure 2

>
X

Figure 2 shows a sketch of part of the curves with equations y =sinx + 2 and

y=C0S2x + 2

The points A, B and C, shown in Figure 2, are three points that are common to both

Ccurves.

(b) Find the coordinates of each of these points.

R, and R,, shown shaded in Figure 2, are two regions enclosed by the two curves.

(c) Use calculus to find, in its simplest form, the ratio

area of R :area of R,

3)

(4)
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Question 11 continued
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Question 11 continued
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Question 11 continued
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Question 11 continued

(Total for Question 11 is 15 marks)

TOTAL FOR PAPER IS 100 MARKS
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