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

1. The roots of the equation
233 =3x*+4x+7=0

are a, ff and y

Without solving the equation, determine the value of

o 33,3
a By
(i) (a—=2)(B—2)(y —2)

(iii) a2 + B2 + 52

®)
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Question 1 continued
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1 continued

Question

(Total for Question 1 is 8 marks)
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A
v

6cm

Figure 1

Figure 1 shows the central vertical cross section PORS of a handle for a drawer.
Measurements were taken and the handle was found to have a height of 2cm and the
lengths of the straight lines PQ and SR were 2 cm and 6 cm respectively, as shown in
Figure 1.

The handle is modelled by a solid of revolution of a curve C about the y-axis. The curve C
has parametric equations

<0<£
~ \3

!

x=acos’d  y=btanf

where a and b are constants.
Find, according to the model,
(a) (1) the value of a,

(i1) the value of b.
“4)

(b) Hence, using calculus, determine the volume of the handle, according to the model.

(6)

S 61 3 0 5 A 0 6 3 2
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Question 2 continued
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[ A

3. (a) Show on an Argand diagram the locus of points given by

|z—10 - 12i| = 8 5 R
;Z;O;j; Iél
) B
Set A is defined by ;:;s;:; E
SR L=
RSy SRS
A=1z:0<arg(z=10-10) < Jp n{z 1| - 10-12i] < 8} i 8
:-:El_::-: I—
b) Shade the region defined by 4 on your Argand diagram. 3*;333 20
g y y g g > =
() :-:#:-: el
:::>::: a
(c) Determine the area of the region defined by A.
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Question 3 continued
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4. (a) Determine the values of k£ for which the system of equations

-7
kx+y—z=-5
6x =Sy +(k—1)z=1

x—3y+2z

does not have a unique solution.

Given that k=5
(b) (i) by finding an appropriate inverse matrix, solve this system of equations,

(i1) interpret the solution geometrically.

C))

C))

14
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Question 4 continued
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f =
= o axr 10

(a) Determine I f(x)dx
3)

(b) Hence show that the mean value of f(x) over the interval [2, 20] may be expressed in
the form aln(b + c\/z), where a, b and ¢ are rational constants to be determined.
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6. Prove by induction, that for all positive integers n,

- 1 n %(n2 + 3n)

(e
O = =
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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

¢
<

X
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

22

S 6 1 3 0 56 A 0 2 2 3 2



7
~
=<

b
<
=
=
@»
o
\=
=
=
ﬁ
@»
]
=
o
I
S
—
<
S
[
A d

=

L

=

=

ﬁ

=

=3

[

=

=

=

ﬁ

7

]

=

o

\.

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“0000"0“““0“000“““0“00"“0“0
e e T oSSt iiNatot ot et einiatotote

000200000 000000000000 0000000000 9000%0 9% %%
P

090000022090 % %%
KK,

X

23
Turn over »

3 05 A0 2 3 3 2

6

S



7

7. (a) Using the definition of coshx in terms of exponentials, prove that

4cosh’x — 3coshx = cosh3x

(b) Hence, or otherwise, solve the equation

cosh3x = 9coshx

(&)
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7 continued

Question

(Total for Question 7 is 7 marks)
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8. (a) Explain why

(b) Prove that

0

2 o . . 1
ﬁ 1S an 1Improper 1ntegra .

2

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

(1)
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Question

(Total for Question 8 is 6 marks)
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9. The watering of crops on a farm is thought to affect the concentration of nitrates in a

nearby river. In a study, the concentration of nitrates in the river is measured at a point
downstream from the farm.
The concentration of nitrates is modelled by the differential equation

2
d—y+2d—y+y:e—’+1
dr? dr

where y is the concentration in milligrams per litre, ¢ hours after the crops were watered.

(a) Find a general solution for the concentration of nitrates after time ¢ hours.

(6)
Initially

* the concentration of nitrates was measured as 1 milligram per litre,
* according to the model, the concentration was increasing at a rate of 9 milligram per litre
every hour.

(b) Find the particular solution for the concentration of nitrates after ¢ hours.

(c) Hence determine the maximum concentration of nitrates after the crops are watered.

3)

The concentration of nitrates is believed to return to its initial concentration 8 hours after
the crops are watered.

(d) State, with justification, whether this is supported by the model.
(2)
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Question 9 continued
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Question 9 continued
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