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SECTION 1 
Question 1 

If  2i  is a solution of the equation , then the value of  m will be 045 23 =−+− imzzz

A. −2i 

B. −20i 

C. −20 

D.   20 

E.   20i 
 

Answer is B 

Worked solution 
Let  iz 2=

0)2(4)2(5)2( 23 =−+− imiii  
08208 =−++− imii  

020 =− im  

i
m 20
=  

i
i

i
m ×=

20  

im 20−=  
 

SECTION 1 – continued 
Copyright © Insight Publications 2006 



3 

Question 2 

If 31+−=z , then Arg(z2) equals 

3
2π

−A.  

3
π

−B.  

3
πC.  

3
2π

D.  

3
4πE.  

Answer is A 

Worked solution 
θcis31 rz =+−=  

3
2

31
3tan

2)3()1(

1

22

πππθ =−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

−
=

=+−=

−

r
 

⎟
⎠
⎞

⎜
⎝
⎛=

3
2cis2 πz  

⎟
⎠
⎞

⎜
⎝
⎛ ×=

3
22cis222 πz   by De Moivre’s Theorem 

⎟
⎠
⎞

⎜
⎝
⎛=

3
4cis42 πz  

⎟
⎠
⎞

⎜
⎝
⎛−=

3
2cis42 πz  

3
2π

−∴Arg(z2) =  
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Question 3 

Points  to  are twelve equally spaced points around the circumference of a circle.  1P 12P

O 

P12

P11P10
P9

P8

P7

P6

P5 P4 P3

P2

P1

Im z

Re z

 
ibaz +=Point  represents the complex number 3P . 

zi11  is represented by point  The complex number 

A.  2P

B.  5P

C.  8P

D.  9P

E.  11P

Answer is C 

Worked solution 
Find expressions for complex numbers P , P2 5 , P  , P , P8 9 11 in terms of a and b 

°=∠⇒°=
°

=∠ 6030
12

360
3121 OPPOPP  

a 
   60˚

b 

O 

P12

P11P10
P9

P8

P7

P6

P5 P4 P3

P2

P1

Im z

Re z
a
b
a
b

biaz

=⇒

=°

+=

3

60tan  

b
a

=
3

1Taking reciprocals:  

)1(30tan Κ
b
a

=°  

 
Finding P2   

y 
O 

P2

30º 
x 

Let  yixP +=2

xbya
x
y

b
a

x
y

==∴

=

=°

,

(1) from

30tan
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Therefore  aibP +=2

 
By symmetry :  

aibPbiaP
biaPaibP
aibPbiaP

−=−=
−−=−−=
+−=+−=

1211

98

65

,
,
,

 

 
zi11Simplify : 

aib
bai
biai
biai

biaizi

−−=
−−=
+−=

−−=
−=

2

1111

)(
)(

 

Point  8P
 
Question 4 

The range of the function  is  1)(cos)( 1 −−= − πxxf

[ ]1,1 +− ππA.  

B.  [ ]1π1, −−

[ ]π,0C.  

D.  [ ]0,2−

E.  [ ]1,1−

Answer is B 

Worked solution 
[ ]π,0)(cos)( 1 xxg −=  has range . This graph is translated horizontally by π units and 

vertically by  unit to give  1)(cos)( 1 −−= − πxxf1−
The range of this function is [ ] 1,1 −− π
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Question 5 

)sec(tx =A graph of the curve specified by the parametric equations ,  where )tan(ty =
[ ]π,0∈t  could be 

A. B.               
 
 
 
 
 
 
 
 
 
C. D.               y

x

y

x

y

x

y

x

y

x

 
 
 
 
 
 
 
 
E.
 
 
 
 
 
 
 
 
 

Answer is A 

Worked solution 

⎟
⎠
⎞

⎢⎣
⎡∈

2
,0 πt

)cos(
1)sec(

t
tx == )tan(ty =When , is positive and is positive. 

Since both x and y are positive, a branch of the graph will be in the first quadrant. 

⎥⎦
⎤

⎜
⎝
⎛∈ ππ ,

2
t )sec(tx = )tan(ty =When  , is negative and is negative. 

Since both x and y are negative, a branch of the graph will be in the third quadrant. 
[ ]π2,0∈tA and E satisfy these conditions, but E shows four quadrants, i.e.  

The solution can found by sketching the graph on a calculator in parametric mode. 
The calculator draws the asymptote. 
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Question 6 

Consider the function  where  43 34)( xxxf −=RRf →:

Which one of the following statements is not true? 

A.  has two stationary points f
B.  has two points of inflexion f

3
2

=xC.  is maximum when f ′  

f
1D.  has three asymptotes  

f
f 1
=E.  has three solutions  

Answer is C 

Worked solution 
0=xGraphing shows that stationary points occur at 43 34)( xxxf −=  and .  1=x

Therefore A is true. 
32 1212)( xxxf −=′  

23624)( xxxf −=′′  
0)( =′′ xf . Points of inflexion occur where 

3
2,0

0)32(12
03624 2

==

=−
=−

xx

xx
xx

 

)(xf  has two points of inflexion.  Therefore B is true. 
 

0=x  is a stationary point of inflexion.   

⎟
⎠
⎞

⎜
⎝
⎛ ∞− ,

3
1

3
2

=x .  is the point of maximum gradient over the interval 

3
2

=x)(xf ′Sketching a graph of shows a local maximum at ; however this is not the 

maximum value of )(xf ′  over . Rx∈
 
 

, As −∞→x ∞→′ )(xf . 
)(xf ′  has no maximum. Therefore C is not true. 

 

)(
1
xf

Graphing  and )(xf  will show that both D and E are true. 
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Question 7 

⎟
⎠
⎞

⎢⎣
⎡

3
,0: πf ( ) ⎟

⎠
⎞

⎜
⎝
⎛ −=

3
cot πnxxfA graph of  where  is sketched below. 

 

12
π

3
π

y 

xO 

 
 
The value of n could be 

4
1A.  

3
1B.  

C. 3 

D. 4 
E. 8 

Answer is D 

Worked solution 

)
3

cot( π
−= nxy

n
πPeriod of  is  

4123
πππ

=−  Period of this graph is 

4
4

=∴

=⇒

n
n

ππ
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Question 8 

3
2

−The gradient of the curve  is  5642 −+= yxy   at the point where y equals 

A. 0 
B. 0.15 

C. 1.25 

D. 5 
E. 6 

Answer is A 

Worked solution 

 5642 −+= yxy
Using implicit differentiation: 

2 4 6dy dyy
dx dx

= + + 0  

4)62( =−
dx
dyy  

62
4
−

=
ydx

dy  

62
4

3
2

−
=−

y
 

4 12 1y− + = 2  
0=y  
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Question 9  
The slope field from a first order differential equation is shown below. 

 
 
 
 
 
 
 
 
 
If , a solution of this differential equation could be  Ra∈

A.  (log xay e= )

)

B.  )cos(xay =

C.  (tan 1 xay −=

2x
ay =D.  

E.  3axy =

Answer is E 

Worked solution 
 
 
 
 
 
 
 

( )0,∞−∈a3axy =  where  
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Question 10 

( )x
dx
dy 2sin=

12
π

=x2y =Given and  when .  

3
π

=xThe value of y when is 

A. 0.2500 

B. 0.7298 

C. 0.9306 

D. 1.4369 
E. 2.1440 

Answer is D 

Worked solution 
( )∫= dxxy 2sin  
cxfy += )(  

 

2
1,

12
== yx πWhen   

  

cf +⎟
⎠
⎞

⎜
⎝
⎛=
122

1 π   

2
1

12
+⎟

⎠
⎞

⎜
⎝
⎛−=
πfc  …(1) 

cfyx +⎟
⎠
⎞

⎜
⎝
⎛==

3
,

3
ππWhen    …(2) 

Substitute (1) into (2): 

2
1

123
+⎟

⎠
⎞

⎜
⎝
⎛−⎟

⎠
⎞

⎜
⎝
⎛=

ππ ffy  

( )∫ +=
3

12

2
12sin

π

π

dxxy  

Using fnInt on calculator: 
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Question 11 

∫
10

5

10

2

1 dxe
x

xUsing a suitable substitution,  can be expressed as 

∫
2

1
2

100 due
u

uA.  

B.  ∫
2

1

2100 dueu u

C.  ∫−
1

2

10 dueu

∫
2

110
1 due uD.  

∫−
10

510
1 dueuE.  

Answer is D 

Worked solution 

2

10
xdx

du
−= dx

x
du 2

10
−=⇒

x
u 10
=Let ,   

1
10
10,10 === uxFinding the terminals of integration:  When    

2
5

10,5 === uxWhen  

∫

∫

∫

∫∫

=

−=

⎟
⎠
⎞

⎜
⎝
⎛−−=

−−=

2

1

1

2

10

5
2

10

10

5

10

2

10

5

10

2

10
1

10
1

10
10
1

10
10
11

due

due

dx
x

e

dxe
x

dxe
x

u

u

x

xx
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 Question 12 

y = loge x 

 
The graph of  is shown above. The volume of the solid of revolution formed when 
the shaded region is rotated around the y-axis is given by 

xy elog=

A.  ( )∫ −
3

0

2log3 dxxeπ

B.  ( ) dxx
e

e∫
3

1

2logπ

C.  dye
e

y 2

1

)3(
3

∫ −π

D.  dye y∫
3

0

π

E.  dyeπ y∫
3

0

2

Answer is E 

Worked solution 

Rotating around the y-axis:   ∫=
3

0

2Volume dyxπ

Finding expression for :  2x xy elog=

     yex =
     22 )( yex =

∫=
3

0

2)( dyeV yπ  

dyeV y∫=
3

0

2π  
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Question 13 
A spherical ice ball initially has radius 0.9 cm. It is placed in a drink and melts at a constant 
rate of 1.5 cm3/minute. When the radius is 0.6 cm, the rate, in cm/minute, at which the radius 
is decreasing is 

π24
5A.  

π72
25B.  

24π
25C.  

25
54πD.  

25
36πE.  

Answer is C 

Worked solution 

2

3

4

3
4

r
dr
dV

rV

π

π

=

=
 

 

ππ

π

π

24
25

6.04
5.1

cm6.0When 
4

5.1

45.1

2

2

2

=
×

=

=

=

×=

×=

dt
dr

r
rdt

dr
dt
drr

dt
dr

dr
dV

dt
dV
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Question 14 
A tank initially contains 200 litres of pure water. A salt solution with a concentration of 0.2 
kg/litre is poured into the tank at a rate of 5 litres/minute. The mixture is kept uniform by 
stirring and flows out of the tank at a rate of 3 litres/minute.              

Let Q be the amount of salt in the tank after t minutes. 

dt
dQ is equal to 

t
Q

2200
35
+

−A.  

200
35 Q

−B.  

200
)35( Qt−C.  

t
Q

2200
31
−

−D.  

2t200
31
+

−
QE.  

Answer is E 

Worked solution 
200 2t+The volume of mixture in the tank after t minutes is  litres 

t
Q

2200 +
 kg/litre The concentration of salt in the tank after t minutes is 

Rate of inflow of salt is  kg/minute 12.05 =×

t
Q

2200
3

+
×Rate of outflow of salt is kg/minute 

=
dt
dQ rate of inflow – rate of outflow 

t
Q

dt
dQ

2200
31
+

−= kg/minute 

 
 

SECTION 1 – continued 
Copyright © Insight Publications 2006 



16 

Question 15 

Let  and .  ~~~~ 326 kjiu −+= ~~~~ 32 kjiv +−=

The vector resolute of  in the direction of  is ~u ~v

)32(
49
1

~~~ kji +−A.  

)32(
7
1

~~~ kji +−B.  

)3(2
14
1

~~~ kji +−C.  

)32(
14
1

~~~ kji +−D.  

)32(
147

1
~~~ kji +−E.  

Answer is C 

Worked solution 
Vector resolute of  in the direction of  is ~u ~v

)32(
14
1

14

)32(

14
9212

914

)32(
.

914

)32(
).326(ˆ)ˆ.(

~~~

~~~

~~~~~~

~~~~~~

kji

kji

kjikji
kjivvu

+−=

+−
⎟
⎠

⎞
⎜
⎝

⎛ −−
=

++

+−

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛

++

+−
−+=
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Question 16 

3:1: =BCABPoints A, B and C are collinear such that  

If and then  equals ~aOA =
→

~cOC =
→ →

OB

)(3
4
1

~~ ca +A.  

)3(
4
1

~~ ca +B.  

)5(
4
1

~~ ca −C.  

)2(
3
1

~~ ca +D.  

)3(
3
1

~~ ca −E.  

Answer is A 

Worked Solution 
Draw a vector diagram 
 

~c

~a  

A 
B 

C 

O 

1 
3 

 
 
 
 
 
 
 
 

)3(
4
1

4
1

4
3

)(
4
1

)(
4
1

4
1

~~

~~

~~~

~~

~~

caOB

caOB

caaOB

ABOAOB

caACAB

caAC

+=

+=

+−+=

+=

+−==

+−=

→

→

→

→→→

→→

→
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Question 17 

The position of a particle at time t is given by . ~
2

~~
3

~ 5)2()( ktjtitttr −++=

1=tThe magnitude of its acceleration when  is 

A.  ~~~ 53 kji −+

B.  ~~ 26 ki −

102C.  

63  D. 

35E.  

Answer is C 

Worked solution 

~
2

~~
3

~ 5)2()( ktjtitttr −++=  

~~~
2

~ 25)23()( ktjittr −++=&  

~~~ 26)( kittr −=&&  

~~~ 26)1( kir −=&&  

10240)2(6)1( 22
~ ==−+=r&&  
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Question 18 
22020 +− xA particle is moving in a straight line with an acceleration of  m/s , where x is its 

displacement, in metres, from a fixed point O. If the particle is travelling with a velocity of 6 
m/s when it is 3 metres to the right of O, its maximum speed, in m/s, is 

A.   6.0 

B.   9.8 

C. 10.0 

D. 10.8 
E. 12.0 

Answer is D 

Worked solution 

( )

964020

964020

482010
2
1

48
609018

3203106
2
1

:6,3When  

20
2
20

2
1

2020

2020

2

22

22

22

22

2
2
1

++−=

++−=

++−=⇒

=
++−=

+×+×−=×

==

++
−

=

+−=

+−=

xxv

xxv

xxv

c
c

c

vx

cxxv

x
dx

vd
xa

 

 
Draw a graph of velocity on calculator: 
 
 
 
 
 
 
 
 
 
The maximum speed is 10.8 m/s. This occurs when the particle is 1 m from O. 
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Question 19 
A particle travels in a straight line with a constant velocity of 25 m/s for 30 seconds.  
It then decelerates for 60 seconds and returns to its original position. 

The velocity-time graph that best represents the motion of the particle is 

 
A.       B.  

30 60 9 0 

25

50

– 25

– 50

t 

v 

0 
3 0 6 0 9 0 

2 5 

5 0 

– 2 5 

– 5 0 

v 

t 0 

 
 
 
 
 
 
 
 
 
 
 
 
 
C.       D.
  

30 60 9 0 

750

1500

– 750

– 1500

v 

t 0 

 v 

t
3 0 6 0 9 0 

2 5 

5 0 

– 2 5 

– 5 0 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
E.
 
 
 

3 0 60 9 0 

7 5 0 

1 5 0 0 

– 7 5 0 

– 1 5 0 0 

v 

t 0 

 
 
 
 
 
 
 
 
 
 
 

Answer is B 
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Worked solution 
Velocity is constant for the first 30 seconds, therefore discard D and E, as these graphs show 
constant acceleration. 
 
The total signed area under velocity-time graph must be zero after 90 seconds since the 
particle returns to its original position. 
 
Discard A and C since the total signed area is not zero. 
 
For B, calculate the t intercept of the line segment joining (30, 25) and (90, –50): 

50
7522501500

60
75

30
25

9030
5025

30
025

=
−=−

−
=

−

−
+

=
−
−

t
t

t

t

 

 
  

 50

– 50 

– 25 

25 

50 

 90  t

 v 

0 

A2 

A1 

 30 

 
 
 
 
 
 
 
 
 
 
 
 
 

.  Calculate the signed area of triangle ACalculate the signed area of trapezium A1 2

( ) 1000253050
2
1

1 =×+=A 10005040
2
1

2 −=−××=A     

Total area  021 =+ AA
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Question 20 
 

  8 N 

 
 
Four forces are acting on a particle as shown in the diagram above.  

The particle will be in equilibrium when F, measured in newtons, is equal to 

A. θcos5  

B. θsin12  

C. 
12

cosθ  

D. 5 

E. 13 

Answer is E 

Worked solution 
Resolving forces in a horizontal direction: 

)1(12sin Κ=θF  
Resolving forces in a vertical direction: 

)2(5cos
138cos
Κ=

=+
θ
θ

F
F

 

 
From (1) and (2): 

( ) ( )
( )

13
169

25144cossin
512cossin

2

222

5222

=
=

+=+

+=+

F
F
F

FF
θθ

θθ

 

 

θ 

F 

 12 N 

 13 N 
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Question 21 
A motorbike is travelling at a speed of 60 km/hr on a straight road. A school zone is observed 
in the distance and over the next 10 seconds it reduces speed to 40 km/hr.  

If the mass of the motorbike is 900 kg, the change in momentum, measured in kg m/s, in the 
direction of motion is 

A. −6480 

B. −5000 

C. −1800 

D.   −500 

E.   −180  

Answer is B 

Worked solution 
Speed must be converted to m/s. 
 

m/s kg5000
6.3

160900
6.3

140900

~

~

~1~2~

−=Δ

××−××=Δ

−=Δ

p

p

vmvmp
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Question 22 
A mass of m kg is attached to a second mass of M kg, m < M, by a light string passing over a 
smooth pulley as shown below. The tension in the string is T newtons.  

m 

 
 

M 
 
The acceleration, in m/s2, of the M kg mass is 

A.  g

B.  Mg

m
TMg −C.  

m)(M
m)g(M

+
−D.   

)(
)(

mM
mMg

−
+E.  

Answer is D 

Worked solution 
2Let a m/s  be the acceleration of the system. 

Since m < M, mass M is accelerating downwards. 
 
Resolving forces: 

m kg mass:  …..(1) mamgT =−
M kg mass:  …..(2) MaTMg =−

Solving (1) and (2) for a: 

)(
)(

)()(

mM
mMga

mMamMg
maMamgMg

+
−

=

+=−
+=−
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SECTION 2 
Question 1 
 Im z 

Re z8 – 8   

8 

– 8 
 

1a. Let ⎟
⎠
⎞

⎜
⎝
⎛=

4
cis24 πP .  

Express P in Cartesian form and plot and label this point in the Argand plane above.  

Worked solution 

iP ⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛=

4
sin24

4
cos24 ππ  

iP 44 +=  Point must be plotted correctly in Argand plane.   1A 
 Im z

Re z8 – 8   

8   

– 8   

P = 4 + 4i 

 
 

1 mark 
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1b. i. Find an equivalent Cartesian equation for 
   },242:{ Czzizz ∈−=−+  

Worked solution 
242 −=−+ ziz  

yixz +=Let  
242 −+=−++ yixiyix  

2222 )2()4()2( yxyx +−=−++       1M 
2222 4416844 yxxyyxx ++−=+−+++  

01688 =+− yx  
2+= xy           1A 

2 marks 

1b. ii. Hence sketch },242:{ Czzizz ∈−=−+  on the Argand plane below. 

Worked solution 
 Im z 

Re z8 – 8   

8 

– 8 
 

Graph of  sketched above.       1H 2+= xy

1 mark 

1c. }5:{ =− izzDescribe the key features of the relation defined by  

Worked solution 

 5=−+ iyix

5)1( =−+ iyx  

5)1( 22 =−+ yx  
25)1( 22 =−+ yx  

 
i+0The relation represents a circle with centre .     1A 

The circle has radius 5 units.        1A 

2 marks 
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1d. M and N are the points of intersection of the relations }5:{ =− izz and 

}242:{ −=−+ zizz . Determine points M and N in Cartesian form using your 
graphics calculator.  

Answer 
iM 24 −−=The points are ,  (or vice versa).    2A iN 53+=

2 marks 

1e. Use vectors to prove that points M, N and P are the vertices of a right-angled triangle. 

Worked solution 
The vectors are: 

~~ 44 jiOP +=
→

,  ,   
~~ 24 jiOM −−=

→

~~ 53 jiON +=
→

Find vectors  and : 
→

MN
→

NP
→→→

+= ONMOMN     
→→→

+= OPNONP

~~~~ 53)24( jijiMN ++−−−=
→

   
~~~~ 44)53( jijiNP +++−=

→

~~ 77 jiMN +=
→

       1A 
~~ jiNP −=

→

 
Find the dot product of the vectors:  

)().77(.
~~~~ jijiNPMN −+=

→→

       1M 

77. −=
→→

NPMN  

0. =
→→

NPMN  

Since the dot product is zero, the angle between  and  is 90°.  1A 
→

MN
→

NP
 

∴Points M, N and P are the vertices of a right-angled triangle. 

3 marks 

Total 11 marks 
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Question 2 
Two dancers, Ari, A, and Ben, B, are standing on stage at the start of a performance. Their 
position coordinates, in metres, in relation to point O at the centre of the stage are shown in 
the diagram below. 

Back Stage 

(6, 4) 

 
 

2a. Write vectors  and in terms of  and to describe the positions of Ari and Ben 

at the start of the performance.  

→

OA
→

OB ~i ~
j

Worked solution 

~~ 46 jiOA +=
→

   

~~ 38 jiOB +−=
→

         1A 

1 mark 

2b. Find the obtuse angle  in degrees correct to one decimal place. AOB

Worked solution 

OBOA
OBOA
→→

=
.cosθ  

2222

~~~~

3)8(.46

)38).(46(
cos

+−+

+−+
=

jiji
θ        1M 

73.52
1248cos +−

=θ  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
= −

73.52
36cos 1θ  

°= 8.125θ           1A 

2 marks 

(-8, 3) 

O 

Front Stage 

Centre Stage 

j

i
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As the performance starts spotlight, r, is beamed onto the stage. The path the spotlight follows 
around the stage is given by the equation 0,)sin(5)cos(10

~~~ ≥+= tjtitr . 

2c. Write a vector that describes the position of spotlight r initially. 

Worked solution 
When : 0=t
  

~~~ )0sin(5)0cos(10 jir +=

           1A ~~ 10 ir =

1 mark 

2d. Show that both Ari and Ben are standing in the path traced out by spotlight r. 

Worked solution 

Method 1 

~~~~ 46)sin(5)cos(10 jijtit +=+If Ari is standing in the path of the spotlight then . 

Equate the  and components and solve for t:     1M 
~
j~i

6)cos(10 =t  and  4)sin(5 =t

9273.0
6.0)cos(

=
=

t
t

         1A 
9273.0

8.0)sin(
=

=
t

t

The value of t is the same for  and   
~
j~i

∴Ari is standing in the path of the spotlight. 
 

. If Ben is standing in the path of the spotlight then 
~~~~ 38)sin(5)cos(10 jijtit +−=+

Equate the  and components and solve for t: 
~
j~i

4)sin(5 =t8)cos(10 −=t    and 
8.0)cos( −=t     6.0)sin( =t

cos(t) is negative and sin(t) is positive, therefore t is in the second quadrant. 
4981.2=t  4981.26435.0 =−= πt      1A 

The value of t is the same for  and .  
~
j~i

∴Ben is standing in the path of the spotlight. 
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Method 2 (alternative) 
 Change  to Cartesian form:   

~~~ )sin(5)cos(10 jtitr +=

)1(
10

)cos(

)cos(10

Κ
xt

tx

=⇒

=

)2(
5

)sin(

)sin(5

Κ
yt

ty

=⇒

=
   

From (1) and (2): 

)(sin)(cos
510

22
22

ttyx
+=⎟

⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛  

 1
25100

22

=+∴
yx   

Spotlight follows an elliptical path. 

25100

22 yx
+6=x 4=yAri’s position coordinates are (6, 4).  Substitute  and  into : 

1
25
16

100
36

25
4

100
6 22

=+=+  Point (6, 4) lies on ellipse.  ⇒

Ben’s position coordinates are (–8, 3). Substitute these into the equation for the ellipse: 

1
25
9

100
64

25
3

100
)8( 22

=+=+
−   

⇒Point (–8, 3) lies on ellipse 

3 marks 

2e. How long after the spotlight passes Ari does it reach Ben? Write your answer in seconds 
correct to two decimal places. 

Worked solution 
From part d, method 1: 
 
Spotlight passed Ari when  and Ben when 9273.0=t 4981.2=t     1M 
∴Spotlight reaches Ben 1.57 seconds after it passed Ari.    1A 

2 marks 

A second spotlight, s, starts moving at the same time as spotlight r. It follows a path given by 
the equation . 0,)cos(10)sin(5

~~~ ≥+= tjtits

2f. Find the times and position coordinates of the points on stage where the spotlights meet. 
Write your answers correct to two decimal places. 

Worked solution 
The spotlights meet when . ~~ sr =

      1M 
~~~~ )cos(10)sin(5)sin(5)cos(10 jtitjtit +=+
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Equating  components:    Equating components:  ~i ~
j

)sin(5)cos(10 tt = cos(10)sin(5 tt =    )   (same equation) 
⇒ 

2)tan(
5

10
)cos(
)sin(

=

=

t
t
t

 

1071.1,1071.1 += πt  
t = 1.1071 and  4.2487 seconds       1A 
 
When  

~~~ )1071.1cos(10)1071.1sin(5,1071.1 jirt +==

       
~~~ 4721.44721.4 jir +=  

When  
~~~ )4.2487cos(10)4.2487sin(54.2487, jirt +==

         
~~~ 4721.44721.4 jir −−=

Position coordinates are (4.47, 4.47) and (-4.47, -4.47)    1A 
 
Note that the paths of the spotlights cross in four places, but the spotlights only meet (i.e., are 
in the same position at the same time) on two occasions. This can be seen by graphing the 
curves simultaneously on a calculator using parametric mode. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

3 marks 

Total 12 marks 
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Question 3 

⎟
⎠
⎞

⎜
⎝
⎛ −= )2(

4
cosec5.0)( xxf πConsider the function  where RDf →:  

[ ]8,03a. i. On the axes below, sketch a graph of over the interval f , labelling all  
features clearly. 

Worked solution 
 y 

x
1 3 4 52 6 7 8

3 

2 

-2 

O 

-3 

1 

-1 

(8, 0.5)
 0.5 

(4, – 0.5)

 
Correct shape   1A 

Local maximum of (4, – 0.5), Asymptotes and endpoints 1A 

2 marks 

3a. ii. Determine the domain and range of over this interval. f
Worked solution 
Domain  or  [ ] }6,2{\8,0 [ ) ( ) ( ]8,66,22,0 ∪∪     1A 
Range   or  ( )5.0,5.0\ −R ( ] [ )∞∪−∞− ,5.05.0,     1A 

2 marks 

1
1( )

cos( )
f x

a bx c
=

+
3b. An equivalent rule for  isf Rcba ∈,, where   

Give values for a, b, and c. 

Worked solution 
The simplest solution is 

2=a  

4
π

=b        Two values correct   1A  

0=c             All three values correct  1A 

4
π

=b2−=a π−=c, , , There are many other solutions – for example: 

4
π

=bor , 2=a π2=c, . 

2 marks 
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3c. Let . [ )2,0=D

 Sketch f  and  on the axes below, clearly showing the key features. 1−f

Worked solution 
To graph , reflect graph of in the line 1−f f . xy =
 
 
 

y 

x O 0.5 

0.5 

1.5 

1.5

2 

2 

1 

1 

f  y = x 

f –1  

(1.5937, 1.5937) 

(0.5507, 0.5507) 

 
 

Position and shape 1A 
 

1 mark 

3d. Write a definite integral that will give the area enclosed by and . Using your 
graphics calculator, evaluate this integral correct to three decimal places. 

f 1−f

Worked solution 
f  and  intersect at (0.5507, 0.5507) and (1.5937, 1.5937).   1H 1−f

⎟
⎠
⎞

⎜
⎝
⎛ −= )2(

4
cosec5.0 xy π and  on a calculator. These coordinates are found by graphing xy =

⎟
⎠
⎞

⎜
⎝
⎛ −= )2(

4
cos5.0 xecy πThe area enclosed by  and  is twice the area between 1−ff and . xy =

∫ ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ −−×

5937.1

5507.0

)2(
4

cosec5.02 dxxx πArea  =       1A 

⎟
⎠
⎞

⎜
⎝
⎛ −−= )2(

4
cosec5.0 xxy π on calculator and find area above the x-axis. Graph 

 
 
Area enclosed by  and   is 1−ff 479.02397.02 =×  square units.   1A 

3 marks 

Total 10 marks
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Question 4 
A box of mass m kg is dropped from a hot air balloon. Its motion is retarded by a variable 

force of 
5

mv  newton, where v m/s is the velocity of the box t seconds after it is dropped. 

4a. Taking vertically downwards as positive, show that the differential equation 

5
5 vg

dt
dv −

= , where g = 9.8 m/sec2 is the acceleration due to gravity, applies to this 

situation. 

Worked solution 

5
mvmgma −=          1A 

5
vga −=    

5
5 vg

dt
dv −

=           1M 

2 marks 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

=
vg

gt e 5
5log5  4b. Hence, show that 

Worked solution 

5
5 vg

dt
dv −

=  

vgdv
dt

−
=

5
5  

∫ −
= dv

vg
t

5
5          1M 

dv
vg

t ∫ −
−

−=
5

15  

( ) cvgt e +−−= 5log5  
When : 0,0 == vt

( )gc e 5log5=  
( ) ( gvgt ee 5log55log5 +−−= )        1M 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

=
vg

gt e 5
5log5  

2 marks 
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( )teg 2.015 −−4c. Show that at time t the velocity of the box is  m/s. 

Worked solution 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

=
vg

gt e 5
5log5  to make v the subject Transpose 

vg
ge

t

−
=

5
55           1M 

( ) gvge t 552.0 =−  
tegvg 2.055 −=−  

0.25 5 tv g g e−= −  
( )tegv 2.015 −−=          1M 

2 marks 

4d. Write an expression for the limiting velocity of the box. Show how you deduced your 
result. 

Worked solution 
( )tegv 2.015 −−=At time t seconds, the velocity of the box is  m/s 

( ) ggv 5015 =+→As , therefore 0, 2.0 →∞→ − tet     1A 
The limiting velocity is 5g m/s (49 m/s).      1A 

2 marks 

4e. Determine the time taken for the box to reach half its limiting velocity. Write your 
answer in seconds correct to two decimal places. 

Worked solution 

2
5gv =Finding t when  

( tegg 2.015
2

5 −−= )         1M 

te 2.01
2
1 −−=    Equation can be solved graphically on calculator 

2
12.0 =− te   

⎟
⎠
⎞

⎜
⎝
⎛−=

2
1log

2.0
1

et  

( )2log5 et =  
seconds47.3=t  

        
It takes 3.47 seconds for the box to reach half its limiting velocity.   1H 

2 marks 
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4f. Find the distance travelled by the box in the first 10 seconds of motion. Write your 
answer correct to the nearest metre. 

Worked solution 

( )teg
dt
dx 2.015 −−=  

( )∫ −−= dtegx t2.015  

( ) cetgx t ++= − 2.055          1M 
When , : 0=t 0=x

( ) ceg ++= 05050  
gc 25−=  
( ) getgx t 2555 2.0 −+= −         1A 

( )555 2.0 −+=∴ − tetgx  
When : 10=t

( )55108.95 102.0 −+×= ×−ex  
278=x  metres         1A 

 
The box travels 278 metres in the first 10 seconds. 

3 marks 

Total 13 marks 
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Question 5 
Baggage handlers use ramps to transport luggage. Ramp AB is 5 metres in length and inclined 
at an angle of 20° to the horizontal. A 20 kg suitcase, initially at rest at A, slides down ramp 
AB under the force of gravity. The coefficient of friction between the suitcase and the ramp is 
0.2. Take g = 9.8 m/sec2. 

 
 

 
 

5a. On the diagram above, draw all forces acting on the suitcase as it slides down the ramp. 

Worked solution 
The forces are:  normal reaction N, weight force mg (20g), friction Fr.   
 
 
 
 

1A 
 
 

1 mark 

5b. Show that the suitcase slides down the ramp with an acceleration of 1.51 m/s2. 

Worked solution 
Resolving forces acting perpendicular to the ramp: 

)20cos( °= mgN  
 
Resolving forces acting parallel to the ramp: 

Frmgma −°= )20sin(  
Nmgma μ−°= )20sin(         1M 

)20cos(2.0)20sin( °−°= mgmgma  
( )20cos(2.0)20sin( °−°= ga )        1A 

 
2m/s51.1=a  

2 marks 

B 
20° 

A 

5 m 

mg 

Fr 

B 
20° 

A 

 

N 

Fr 

20° 
mgsin (20°) 

N 

mgcos (20°) 20° 
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5c. Find the time taken for the suitcase to reach point B. Write your answer in seconds 
correct to two decimal places. 

Worked solution 
The suitcase is moving under constant acceleration. 

551.10 === sau  
2

2
1 atuts +=  

2
2
1 51.105 t×+=          1M 

755.0
5

=t    

57.2=t seconds         1A 

2 marks 

 

5d. Some time later, an identical 20 kg suitcase, initially at rest at A, is pushed down the 
ramp with a force of  newtons for the first 0.5 seconds of motion. Show that at 
time t, , the acceleration of this suitcase is 

t200100 −
25.00 << t t1051.6 − m/s . 

Worked solution 

F 

Fr 

20° 
mgsin (20°) 

N 

mgcos (20°) 20° 

Let  tF 200100−=
 

Resolving forces acting perpendicular to the ramp: 
)20cos( °= mgN  

 
Resolving forces acting parallel to the ramp: 

FrmgFma −°+= )20sin(  
Nmgtma μ−°+−= )20sin(200100        1M 

)20cos(2.0)20sin(200100 °−°+−= mgmgtma  
)20cos(202.0)20sin(2020010020 °×−°+−= ggta  

ta 2002.13020 −=          1A 
 

2m/s1051.6 ta −=  

2 marks 
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5.0=t5e. Find the speed of the suitcase when . Write your answer in m/s, correct to two 
decimal places. 

Worked solution 

∫= dtav  

( )dttv ∫ −= 1051.6  

cttv +−= 2551.6     
When  0:0 ,0 === cvt

2551.6 ttv −=          1A 
When . 01.2 ,5.0 == vt
After 0.5 seconds of motion the suitcase is moving at a speed of 2.01m/s.  1A 

2 marks 

5f. Determine the speed of this suitcase when it reaches point B. Write your answer in m/s, 
correct to two decimal places. 

Worked solution 
Find how far the suitcase travels whilst being pushed. 

∫= dtvx  

( )∫ −= dtttx 2551.6  
2 33.255 1.6x t t= − & c+         1M 

 
When . 0so,0,0 === cxt

2 353.255
3

x t t= −  

When .  0.5, 0.605t x= =
 
The suitcase travels 0.61 m while being pushed.     1A 
For the remaining distance down the ramp, the suitcase travels with constant acceleration of 
1.51 m/s2. 
 

2.01, 1.51, 5 0.605 4.395u a s= = = − =  
asuv 222 +=   

2 22.01 2 1.51 4.395v = + × ×  
17.31v =  

m/s16.4=v           1A 
 
The speed of this suitcase at point B is 4.16 m/s. 

3 marks 

12 marks 

 
 

END OF SOLUTIONS BOOK 
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