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Answer ALL questions. Write your answers in the spaces provided.

f(z)=z"+az + bzt cz+d

where a, b, ¢ and d are real constants.
Given that —1 + 2i and 3 — 1 are two roots of the equation f(z) = 0

(a) show all the roots of f(z) = 0 on a single Argand diagram,

(b) find the values of a, b, ¢ and d.
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Question 1 continued
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2. Show that

8x —12

o (2x2+3)(x+1)

where k is a rational number to be found.
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Question 2 continued
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1.2m

v

Diagram not
to scale

Figure 1
Figure 1 shows the design for a table top in the shape of a rectangle ABCD. The length

of the table, 4B, is 1.2m. The area inside the closed curve is made of glass and the
surrounding area, shown shaded in Figure 1, is made of wood.

The perimeter of the glass is modelled by the curve with polar equation
r=04+ acos26 0<O0<2n

where a is a constant.

%

&
00—

— SIS

(a) Show thata = 0.2 S
S
(2) pogore: 100
1000 3.1

BoseaTalels
% s

Hence, given that AD = 60cm,

(b) find the area of the wooden part of the table top, giving your answer in m? to
3 significant figures.

®
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Question 3 continued

$%0%%
L
KRR
prosasetesst

b0%=%

<K
_—
A

12

XX

PN
-
SSRGS

3RS



4 N\

2555
deSotee!
PO,

pasesetetotototoses
RS
0202050 %%%%

et otototetetete!
%
%
00

Question 3 continued

205959
ZRLRRRRRIRLRLRS

XX

RS sss

EA
990 0.
R

X R KSRGS RKRKRK K
O
O
XX
be%

000200020020 002020 %0 % %0 % %0 % %%

0902090000000 9000 90902090 009%0%%%

<k

o000t

OO
%0303t
K,
COR
2N
RS

oo

o5
o

olelele

.00 00000,
RRRRRR02S

ool
]
L

KKK K
AR
X

o5 tobele
bote%te % e %%

8
o%

'
%%
K

Y
o

0002000200202 %0 % % %%
<X

00000,
jooriegs
1
LN
XK
R

ogels
) ]
Vl
9,
o’

J

2
6%’

*
L

XX
&
\
X
2

N

2285
<]
O]
R
XX

%5
<5
f

23
3

e
e %%e

oT02e
)

XX

CRHILS
CRRIK

SRR

,:.0000000 |
o2
XXX

hoetetele!
RERRIIL
%

25
55

35
09%6%%

batetetels
353855
0% %

%00l

3
3L

X RRIEIRERIKIER KKK RKIKELKX]
XX

0007000000000 0000 0000000000000 9000909090 %%
KR IKRER KL IIERLIIKRELIKKES

K
&
0

5
e %
.0 0.0
ERIRLRRRRIRLRLR

IR LRIIIIIILLLRIIIIKS
L Yeee

PASS

XK

00020007000 0000000000000 0000 000000 000000009000 00900900949

0O
XX
)
!
X
X0

o
XX
RL

00
bot
ptogelels
IR
LYY
X
Sotete!

¢
o0
0

(Total for Question 3 is 10 marks)
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4. Prove that, forn € Z,n > 0

1

(n + a)(n + b)

(r + 1)(r + 2)(r + 3)

r=0

where a, b and ¢ are integers to be found.

c(n + 2)(n + 3)
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Question 4 continued
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5. A tank at a chemical plant has a capacity of 250 litres. The tank initially contains
100 litres of pure water.

Salt water enters the tank at a rate of 3 litres every minute. Each litre of salt water
entering the tank contains 1 gram of salt.

It is assumed that the salt water mixes instantly with the contents of the tank upon entry.

At the instant when the salt water begins to enter the tank, a valve is opened at the
bottom of the tank and the solution in the tank flows out at a rate of 2 litres per minute.

Given that there are S grams of salt in the tank after # minutes,

(a) show that the situation can be modelled by the differential equation

V3dV SIHLNI LM LON-Oa

s _,_ 28
dr 100 + 1

C))

(b) Hence find the number of grams of salt in the tank after 10 minutes.

C))

g

When the concentration of salt in the tank reaches 0.9 grams per litre, the valve at the
bottom of the tank must be closed.

(c) Find, to the nearest minute, when the valve would need to be closed.

(&)

(d) Evaluate the model.
(1)
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6. Prove by induction that for all positive integers n
f(n) =324 =22

is divisible by 5
(6)
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-
7. The line / has equation

x—1_ y+1 z-4

The line /, has equation
r=i+3k+#(i—j+2k)

where 7 is a scalar parameter.

(a) Show that / and /, lie in the same plane.

(&)

(b) Write down a vector equation for the plane containing /, and /,

0y

(c) Find, to the nearest degree, the acute angle between / and /,

(&)
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Question 7 continued
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( )
8. A scientist is studying the effect of introducing a population of white-clawed crayfish into
a population of signal crayfish.
At time ¢ years, the number of white-clawed crayfish, w, and the number of signal o
crayfish, s, are modelled by the differential equations g ‘
3 :
dw 5 -
—=—(w-ys =
AR i) 5
ds o i
— =—w-—90e™’ 5
dr R
{7
(a) Show that >
w X
=
5 :
2 sV = 4506
de? de
3)
(b) Find a general solution for the number of white-clawed crayfish at time ¢ years. ‘ /
© .
(c) Find a general solution for the number of signal crayfish at time ¢ years.
2)
The model predicts that, at time 7 years, the population of white-clawed crayfish will %
have died out.
Given that w = 65 and s = 85 when =0 :;
(d) find the value of 7, giving your answer to 3 decimal places. g
(6)
(e) Suggest a limitation of the model.
1)
. J

28



RRS

0909000209209 %0%0%:%%

KKK
0902000200020 00 900909 %%

%
000

5
1%6%%%

05050595
Seseseseteet

X RKKEIRKRLKKRL
$909%6%%

355555
posete!

NN
SRR IIIILLLLLLS

e

TR

R
ZRRRRLRRLRELRRLREE

X XX
= A

CA
990
%@

XXX
o

b2
o
55

0

o96%%
XXX
:"“.
Zole%,
$9%%
%

%
XX

2006
[J§

g osololods
ZRRRRK

XX
X
5
' %
X X
&

12020002 %% %%
XX
XX

Reses
[}
o
<
5

o

R
T
3%
%2’

2

120200020 % %%
XX

2585
pteteose;
d
o%
Setetetets

%
R

-
B
B
55

SateSotetetetede!
Aot
N R
BIEARLS
bee% 0% %%e%

‘

V]
Lot

0%’

0002000200202 %0 % % %%
<X

O
A
2

Do
o

<

)]
9,

o’

J

2
%2’

*
L

o
N
|\

e
2%

:':
2

oA
RKS

%
XX

N

bote}
@
Y
&

%5
<5
f

TR
2%

%5
%
55

oT02e
[

g poo |
oo e setesete%

CRRRREKKRXA]

K RREIERLEIKLER
KK IRKRKIKRKR
00 0050%0%0%6%0%%%

o
KK
2

X R KIRRKIKKLLKL

X

LRLRRRRIRLRLRS

KRR
KKK
KKK
RS

%
%
2L

e
d0ded

0007000000000 0000 0000000000000 9000909090 %%
R RRIERKKKL

0
QXS
o202

000 %000 %0 %0 %0 %%

Sodotelotodeletototetotetetetetote et tote et}

Qp"."'."'."'."'.‘00000000
3

"

.p

XKIKIKIKIKIKIKKAK KN

W
2!
R
200008
(oolotes
0

OO
prodetodeteds
PRO00402049
ARE]
LYRYE
RRRRKR

<
<
%
XX

o
XX
RL

¢
o0

0.0, 0.0.0. 0,
2323
S

o%%
o
%

:%%%
S5
r“mQ
"-&
E

o
SRS
SRS

S,z‘

X

%%
%%
099,
WR
VXl

o%%

7

Question 8 continued

29

Turn over »



7

Question 8 continued
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Question 8 continued

(Total for Question 8 is 18 marks)

TOTAL FOR PAPER IS 75 MARKS
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