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( )
1. (a) Using the definition of sinhx in terms of exponentials, prove that
4sinh® X + 3sinh X = sinh 3x
)
(b) Hence solve the equation
sinh 3X = 19sinh X
giving your answers as simplified natural logarithms where appropriate.
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( )
2. f0 = tanh [ 22X ] x| <2
(@) Show that
VN 1
f'(x) =— i3 “
(b) Hence determine f''(X)
(1)
(c) Hence show that the Maclaurin series for f(x), up to and including the term in x?, is
Inp +gx + rx’
where p, g and r are constants to be determined.
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r

3. (a) Explain why

z—dx
9x~ +16

W

IS an improper integral.

(b) Show that

1

——dx=kn
4 9x? +16
3

where K is a constant to be determined.

1)

(4)
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4. Use the method of differences to show that

2 n(an +b)

(r + 4)(r + 6) 30(n + 5)(n + 6)

r=1

where a and b are integers to be determined.

(6)
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Question 4 continued
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5.

The locus C is given by

lz-4=4
The locus D is given by

argz = =
3

(a) Sketch, on the same Argand diagram, the locus C and the locus D

(4)
The set of points A is defined by

A:{ze(C:|z—4|<4}m zeC:0 <argz<%

(b) Show, by shading on your Argand diagram, the set of points A
(1)

(c) Find the area of the region defined by A, giving your answer in the form pm + q\/§
where p and q are constants to be determined.

(4)
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Question 5 continued

14

P 7 5 6 8 3 A 0 1 4 3 2

OO

PMT!

LSRR
S
CRRKS

09%8S
[909696%%
IR

IR
De%e%e

AR
SR5IK
[909696%%
D Setatetes

KRS
258

SR
50K

[909696%%

DoSetatetets

y 9%
U
SIS
SRBRL



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

%%
kB Y SRR
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

A REIRIEE,
CXELRS

A SRRRHALS

R
S
ED
f
)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S

I Etstie
25
&
oo

<
ot
2%

!

%
S
KEETESS
SR

2
AN NN X
POl euzetoeboleteratetel
JIRRIKESS K

0%
X XA]
KRR
PISNNgosel
RRRKL

o
5

X

£ RIIERIIIHKIIA
oS X QSRR
O AT Ra oo to RS tato oo e e g S REEY
LS K \
KL

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

7

Question 5 continued

(Total for Question 5 is 9 marks)

BOEw

p 7 5 6 8 3 A0 1 5 3 2 rnover

PMT



r

6. The motion of a particle P along the x-axis is modelled by the differential equation

2
P L N VT
dt dr

where P is x metres from the origin O at time t seconds, t > 0

(a) Determine the general solution of the differential equation.

(6)

(b) Hence determine the particular solution for which x = 3 and 3—x =-2whent=0

' 3)
(c) (i) Show that, according to the model, the minimum distance between O and P
IS (2 + In2) metres.
(i) Justify that this distance is a minimum.

(4)

For large values of t the particle is expected to move with constant speed.

(d) Comment on the suitability of the model in light of this information.
(1)
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Question 6 continued
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7. (a) Determine the roots of the equation

giving your answers in the form e where 0 < 6 < 2z
(b) Show the roots of the equation in part (a) on a single Argand diagram.

(c) Show that

(J&nf:-m

(d) Hence, or otherwise, solve the equation
2°+64=0

giving your answers in the form re” where 0 < 6 < 2z

(2)

(2)

2)

(3)
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Question 7 continued
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8. A=1 1 1 k=0

(a) Find, in terms of k, A™

(b) Determine, in simplest form in terms of k, the coordinates of the point where the
following planes intersect.

I
w

X+ y—- z

1

X+ y+ z

I
(o]

kx + 3y + 62

(4)

3)

.
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Figure 1 Figure 2

Figure 1 shows the central vertical cross-section ABCDEFA of a vase together with
measurements that have been taken from the vase.

The horizontal cross-section between AB and FC is a circle with diameter 4cm.

The base of the vase ED is horizontal and the point E is vertically below F and the point
D is vertically below C.

Using these measurements, the curve CD is modelled by the parametric equations

x = a + 3sin2¢ y = bcost 0<r <

NN

where a and b are constants and O is the fixed origin, as shown in Figure 2.

(a) Determine the value of a and the value of b according to the model.

(b) Using algebraic integration and showing all your working, determine, according to
the model, the volume of the vase, giving your answer to the nearest cm®

(c) State a limitation of the model.
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Question 9 continued

(Total for Question 9 is 10 marks)
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