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-
1.
f(z) = 2" + 62° — 32 — 96z — 208
(a) Use your calculator to solve the equation f(z) = 0
(2)
(b) Hence, or otherwise, show that f(z) can be written as
(2 —a)Z + bz + ¢)
where a, b and c are real constants to be determined.
3)
.
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(Total for Question 1 is 5 marks)
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zz¥+3iz=p+ 9
where z is a complex number and p is a real constant.

Given that this equation has exactly one root, determine the complex number z.

C))
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(Total for Question 2 is 5 marks)
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3.

k -2
A = where k is a constant
1-k k&

(a) Show that the matrix A is non-singular for all values of £.

A transformation 7:R> — R is represented by the matrix A.

a

The point P has position vector ( )

J relative to an origin O.
a

7
The point QO has position vector ( ) relative to O.

Given that the point P is mapped onto the point Q under 7,

(b) determine the value of @ and the value of .

Given that, for a different value of &, 7' maps the line y = 2x onto itself,

(c) determine this value of .

2

3

(&)
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Question 3 continued
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3 continued

Question

(Total for Question 3 is 8 marks)
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4. Given that

(a) show that

Given that

y=arcsinx —-1<x<1
d_y_ 1
dx 1—x?

(b) show that the mean value of f(x) over the interval [O,\/E ] is

#+A\/§—A

where A is a constant to be determined.

(&)

(6)

10
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Question 4 continued
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r

5. A population of rabbits on an island is studied over a period of time.

The number of rabbits is modelled by the differential equation

2
d—§+3%+2R:4t t>0
dr dr

where 7 is the time, in years, from the start of the study and R is in hundreds of rabbits.

At the start of the study, there are 2 000 rabbits on the island and the number of rabbits is
increasing at a rate of 500 rabbits per year.

(a) Determine, according to the model, the number of rabbits that there will be on the
island, 10 years after the start of the study.

(€))

(b) Give a limitation of the model.

(0))

14
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Question 5 continued
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(i) Prove by induction that for n € Z"

2><4+4><5+6><6+...+2n(n+3)=%n(n+1)(n+5)

(i1) Given that

5 -8
M =
2 3
(a) Prove by induction that for n € Z"
. _(1+4n  —8n
L 2n 1-4n

(b) Show that det(M") is independent of 7.

(6)

(6)

(2
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Question 6 continued

<5
S
SO
N
oomam 2%
o %8
poge-o

Ko

Ko<
e
055058
QYL

K
By
doso%es
0XK:
KKK,

09%!
RS
Sasoto%es
X X

%
ototetotetete!

0 00000000000

oY%
K

o5

190%0%6%%:%%
%

RIS
SRS

X

passsatetotototototoss
295050598
XKKX,

20%0%0%6%%%
XX
$96%6%%

000

QIR

R KIRKKKK

XX
X X
555
00000,
s
XX

000
Sototetes
LRRRRKELLLS

09020902090 %%%%
X RRIIRERIKRERIKKKX
X R EIERREIKRKLLIKKRL
0002020000000 %% %0 %6 %626 %6%

K

RORRRRIEEIKS
A8

L

RS

4=
2%
KK,

QKRR KRR KX

o2

R RRRRLLLLZZLZZLS:
XXX XXX

A=

%

NE
Bt
KL

o%

SO 00000
oSosrtorevel
SAR
Soatels

R

X
o %%;
XK,

4
X

¢
<

o
s
e
Jogors’
&
S8
Po%eL.
— oot %%
KR X
BXX X
POt
o5 POt
X &S
S TR
2 25
B %3
NS S
SONTIR !
XS XN
08 - 0SB etoL Jo!
SIBLL SGES
135 %%
RS &S
LTI’ o
S 3K
30—
28 &
RS

<
&
29
<
29
35
000

OIS
odeseteteteteteds

bo%
RXKXKRILKK,

¢
000

¢
55
098
:"
098
XSGR IRRRKK KRR

e

<
%
o%
%
peess
0o

20

s 6 39 21 A 0 2 0 3 2



6 continued

Question

(Total for Question 6 is 14 marks)

IR,

R R RIIIIIZRKLS
TISAA <K

LS $RRILS
SRR SRR

S
KX
oK AN IR0 22
R LRRRRLRRRRERRRILRRRRLRLRRLRLRRLRLRILRLRRLRLRARLK,

<2
<
Q

ol

[

X
o0

%

L%

1%

P

"%
b

o

et ot etetetetetetetetetetetotete!
IR

b
<2

%,
5
33

5

%

8K

Q

e 00"“““““0“ NNO““NNN“N“““NNN“N“
00 0000000-00000000000000000“00““""“““““000““““““’"““““
e e T oSSt iiNatot ot et einiatotote

000200000 000000000000 0000000000 9000%0 9% %%
P

090000022090 % %%
KK,

X

21
Turn over »

A 0 2 1 3 2

1

S 6 3 9 2



( )
7. The curve C has Cartesian equation

(x> + y*)* = 6xy x>0,y>0

(a) Show that for 0 < 0 < % the equation for C can be written as the polar equation

7 = 3sin 26
3

NN
Y3uY SIHL NI FLIHM 1ON 0d

DO NOT WRITE IN THIS AREA

» Initial line

Figure 1

Figure 1 shows a sketch of the curve C. The tangent to C at the point A4 is parallel to the
initial line.

The finite region R, shown shaded in Figure 1, is bounded by C, the tangent to the curve
T

at the point 4 and the line with equation 6 =

(b) Use calculus to determine the area of the shaded region R.

®
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Question 7 continued
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Figure 2

A child plays on a rope swing.

One end of the rope is attached to a tree and the child sits on a large knot at the other end
of the rope.

The child swings back and forth in a vertical plane.

The rope is modelled as a light and inextensible string. The child is modelled as a particle.

Figure 2 represents the child and the rope swing. The rope is attached to the tree at the
point O and the point C is vertically below O. The point P represents the child.

The horizontal displacement of P from the line OC at time ¢ seconds (¢ > 0) is x metres,
as shown in Figure 2.

The motion of P is modelled by the differential equation
X+2x+x=0
where 4 is a positive constant.

The child is initially at rest, at the point A, with a horizontal displacement of 1.5m from
the line OC.

Given that the initial horizontal acceleration of the child is —7.5ms

(a) show that 1 =15

(2)
Using the model,
(b) find an expression for the horizontal displacement of the child at time ¢.

(7)
Given that, when 7 = 4.5, the child is vertically below O,
(c) evaluate the model explaining your reasoning.

(2)
(d) Suggest one refinement for the model.

(1)
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS
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