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f(z) =322+ pz>+ 57z + ¢g
where p and ¢ are real constants.
Given that 3 — 2/2i is a root of the equation f(z) =0

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

(b) find the value of p and the value of g.
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Question 1 continued
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Question 1 continued

(Total for Question 1 is 10 marks)
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2. (a) Explain why

w;dx is an improper integral
| x(2x+5) prop s
(b) Prove that

. 1

———dx =alnb
| x(2x+5)

where a and b are rational numbers to be determined.

(1)

(6)
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Question 2 continued

(Total for Question 2 is 7 marks)
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Cl
0 Initial line
CZ
Figure 1

Figure 1 shows a sketch of two curves C, and C, with polar equations

C,:r=(1+sin0) 0<O0<2n

C,: r=3(1 —sinb) 0<6O<2n

The region R lies inside C, and outside C, and is shown shaded in Figure 1.

Show that the area of R is

3 —qn

where p and ¢ are integers to be determined.
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Question 3 continued
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 9 marks)
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4. The plane /7, has equation

r=2i+4j—k+A(3i+2j—3Kk) +uCi+2j+k)

where A and u are scalar parameters.

(a) Find a Cartesian equation for /7,

The line / has equation

(b) Find the coordinates of the point of intersection of / with /7,

The plane 7, has equation
r.2i—j+3k)=5

(c) Find, to the nearest degree, the acute angle between /7, and /7,

C)

3
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Question 4 continued
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Question 4 continued

14

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

e
KX

S
S
&*’ﬂf"%

QLKL
e

0

oo

§
388

R

o%

<Xy

05 '
PO 0%

%

o7

o
RRXES

!
XXX
XK
55
KKK

O
K

S IIIIIRIIIIIIIRRLS,

%
XK

K RRIKELKIKLELLKL

K RRIKEERIIKREKIIKLRL

e oo totetatete St totototel
0%

0K
K5
09%%
de%eds
2R

X R IRKRLIIKRELIIKRELIKRKK

%%

KK IKR L IKRLIIKRLIKRKKL
%%

0% %

2%
o]

BaStoie 0%
DosSerer %
o3z %!
PP
CRRIR
et

b
S

o %
pa%e: e%eS




Question 4 continued

(Total for Question 4 is 9 marks)
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5. Two compounds, X and Y, are involved in a chemical reaction. The amounts in grams
of these compounds, # minutes after the reaction starts, are x and y respectively and are

modelled by the differential equations
& =-5x+10y -30
dr
dy
— =-2x+3y—-4
dr g

(a) Show that

2
dx & se=s0
e

(b) Find, according to the model, a general solution for the amount in grams of
compound X present at time ¢ minutes.

(c) Find, according to the model, a general solution for the amount in grams of
compound Y present at time ¢ minutes.

Given that x=2 and y =5 when =0
(d) find
(1) the particular solution for x,

(i1) the particular solution for y.

A scientist thinks that the chemical reaction will have stopped after 8 minutes.

(e) Explain whether this is supported by the model.

16
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Question 5 continued
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Question 5 continued
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Question 5 continued

(Total for Question 5 is 17 marks)
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r

6. (i) Prove by induction that forn € Z*

Z(3r + D) +2)=nn+2)(n+3)
r=1
(6)
(i1) Prove by induction that for all positive odd integers n

f())=4"+5 +6

is divisible by 15
(6)
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Question 6 continued
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(Total for Question 6 is 12 marks)

Question 6 continued
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7. A sample of bacteria in a sealed container is being studied.

The number of bacteria, P, in thousands, is modelled by the differential equation
(1+t)%+P= (1 +1)

where 7 is the time in hours after the start of the study.
Initially, there are exactly 5000 bacteria in the container.

(a) Determine, according to the model, the number of bacteria in the container 8 hours
after the start of the study.

(6)
(b) Find, according to the model, the rate of change of the number of bacteria in the
container 4 hours after the start of the study.
“4)
(c) State a limitation of the model.
(1)
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Question 7 continued
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Question 7 continued
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Question 7 continued

\.

D0 20005020 %6 %0%0%0 %6 %% % %2
< 10050 %% %%

S 9L S 000 S R X
o005 %¢ <

XX XX XX XX > ’

XK SRR IERLIIKRKKIKIEKIIKRKKIIKRKKIKIKIKLK IR IR KK IKIE K KKK KKK .

ORI AR A AR IR IR AR IAAARAKAAARAKNAC

R R RIS
RERLR

X
X R RKRIKIKRLEIKIKRLIKRKKL
1SRRI

X X XX XX XX

0 X X SRKKKK

XIRIARIARIRARIARK AR IR AR IARIARAARAARARARAK

FLIAIE LN
dootgeboteaaseatazatastotetoter
ZRRERLRRLRLRRLRLRRLRLLRLRS

NCD)
XIS

4
A LRLLRALS
RIS

XS
ZRRRRERRRIRLRRRIRLRLRRLRLRRLRIRKK

10090002000 000000000000 0e0 0000900000009 % 00020002000 00000000 0a0 00 0000000000009 %
eSS ssosoeteteteteseses e 0% o R

0 e tatatatetetotobtobobobotototel
R ORISR
R REEEEBBBBBEEL

RIS Q0

K
2RI

b3
HIIIRKIIKIIKKL,

ORI ARAAAN

27
Turn over »

P 6 2 6 7 2 A 0 2 7 2 8



7

Question 7 continued

(Total for Question 7 is 11 marks)

TOTAL FOR PAPER IS 75 MARKS
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