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Instructions to students

This exam consists of Section 1 and Section 2.

Section 1 consists of 22 multiple-choice questions and should be answered on the detachable
answer sheet on page 28 of this exam. This section of the paper is worth 22 marks.

Section 2 consists of 5 extended-answer questions, all of which should be answered in the
spaces provided. Section 2 begins on page 12 of this exam. This section of the paper is worth
58 marks.

There is a total of 80 marks available.

Where more than one mark is allocated to a question, appropriate working must be shown.
Where an exact value is required to a question a decimal approximation will not be accepted.
Unless otherwise stated, diagrams in this exam are not drawn to scale.

The acceleration due to gravity should be taken to have magnitude g m/s®where g =9.8

Students may bring one bound reference into the exam.
Students may bring an approved graphics or CAS calculator into the exam.
Formula sheets can be found on pages 25-27 of this exam.

This paper has been prepared independently of the Victorian Curriculum and Assessment
Authority to provide additional exam preparation for students. Although references have
been reproduced with permission of the Victorian Curriculum and Assessment Authority, the
publication is in no way connected with or endorsed by the Victorian Curriculum and
Assessment Authority.
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SECTION 1

Question 1

=2, the minimum value of y is

For the ellipse with equation

(41f | (=3
2 5

A —/10
B —/5

C 3-4/10
D 3-4/5
E 3+w/§
Question 2

The hyperbola which can be described parametrically by the equations
x =3sec(t)and y =1+ tan(¢) has its centre located at

% T OAw R

Question 3

The implied domain of the function y =a — arcos(bx + c); where a, b and c are positive real
constants, 18

A [0, 7]
B —1—c’1—c}
L b b
C c—l’c+1}
L b b
D —1—a’1—a}
L b b
E a—c_l,a c+1}
L b
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Question 4

A“Q"

ENEEN

The function whose graph is shown above, where a >0, could have the rule given by

A. y= —ta{ﬂj
a

Question 5

If u=2iandv=1+ithen% is equal to
v

A. -1
B. -1+
C. 1-i
D. 1+
E. -2+2i
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Question 6

If z is any complex number, then —°z is found by

c

A. rotating z by " in an anticlockwise direction about the origin

c

T

B. rotating z by in an anticlockwise direction about the origin

c

. 3z° . . S . S
C. rotating z by in an anticlockwise direction about the origin and reflecting it in

the Re(z) axis

c

T

D. rotating z by in an anticlockwise direction about the origin and reflecting it in the

Im(z) axis
E. reflecting z in the line Im(z)=Re(z).

Question 7

Which one of the following shows the graph of |z - 1| = |z + i| whereze C?

A. Im(z) B. Im(z)
A A
» Re(z2) 1 » Re(z)
-1
C D.
Im(z) Im(z)
A A

it /
: > Re(z) — Re(z)

: > Re(z)
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Question 8

Re(z)

—————— boundary excluded

boundary included
O point excluded

Which one of the following describes the shaded region shown in the diagram above where
zeC.

1

A. {z:|z—2i|£2mRe(z)<
B. {z:z-2]<2nIm(z)<1
C. {z:|z—2|£2r\Irn(z)<1}
D. {z:|z—2|<4mRe(z)S1}
E. {z:|z—2|<4mIrn(z)<1}
Question 9

y=s()

2\ -1 0 2 7 7 8\”

The graph of y= f (x) is shown above.
If F(x) is the antiderivative of f(x) then the graph of y = F(x) has a

stationary point at x =0 only

stationary points at x =—1,2,4 and 7

stationary point of inflection at x =4 only

stationary point of inflection at x=—1,x=2,x=4 and x=7.
stationary point of inflection at x=-2,x=0,x=4 and x =8

St e
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Question 10

» koala

20 m
spotlight

A park ranger stands at the base of a tree and shines a spotlight on a stationary koala 20m
vertically above the spotlight. The ranger moves in a straight line away from the base of the
tree whilst still shining the spotlight on the stationary koala.

The angle made between the horizontal ground and the light beam to the koala is . As the
ranger moves back from the tree, 8 is decreasing at the rate of 0-0625 radian/second.

When 6= %, the speed at which the ranger is moving is

A. 1-25ms™
B. 2-5ms”!
C. 3-2ms™
D. 3-75ms™
E. 5ms™

Question 11

The solution to the differential equation sin’ (x)d—y =cos(x), given that y =0 when x = 32—” is
x

A. = -1
sin(x)
1
B. = -1
sin(x)
C. y=— ! +1
sin (x)
1
D = 1
4 2sin(x) ’
E y=2sin3(x)+2
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Question 12

Using a suitable substitution, _[ dx can be expressed as

0 4—)(,'2
1 1
A. —juzdu
29
1£ :
B. —juzdu
25
1
C. —juzdu
0
1
D. juzdu
0
3 1
E. juzdu
0

Question 13

The region enclosed by the graph of y = tan(2x), the x-axis and the vertical line through the
point (g,\/g j is rotated about the x-axis to form a solid of revolution. The volume of this

solid of revolution is given in cubic units by

V3
A. Vs J- tan’ (2x)dx
0

P

(sec2 (2x)+ 1)dx

=
N

e
N

tan(2x)dx

(sec2 (2x) - l)dx

o
N

(8602 (2x) + l)dx

&
N

S [N O [N O [N s
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Question 14

Eulers method with a step size of 0-1 is used to find an approximate solution to the

differential equation % = x* with initial conditions y =1 when x =0.
X

The difference between the approximation obtained for y when x =0-1 and the actual value
of y when x=0-1 is closest to

A. 0.0003
B. 0.0677
C. 0.0996
D. 0.1
E. 0.2

Question 15

The rate at which the number of bacteria in a colony changes is determined by the
reproduction and death of the bacteria.

The rate of reproduction is proportional to the number N of bacteria present after ¢ days and
the rate of death is a constant of C bacteria per day.

After ¢ days, the differential equation that models the number of bacteria present is

A. aN _ k(N -C)
dt

B. aN _ k(N —Ct)
dt

C. N _in-c
dt

D. N -
dt

E. aN _ kt(N-C)
dt

Question 16
Let u=2i+ j—k and v=i-2k.

The angle between the two vectors is closest to

A. 0°45'
B. 21°54'
C. 32°17
D. 43°5'
E. 46°55'
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Question 17

The vector resolute of 2i— j+k perpendicular to i+2 j—2k is

A. l(4i—7j+7kj

B L2ieajae]
9
1

C. —(161—5]+5k
9

D. l(161—13]+5kj
9 K

E. é(201—5]+5kj

Question 18

The position vector of a particle at time ¢ sec, >0, is given by ;:(t) =e” [1 + j— Igj .

The magnitude of the acceleration vector when #=1 is given by

A. \/562 m/s?
B. 2¢% m/s?

C. 4e* m/s?

D. 44/3e? m/s?
E. 16+/6¢* m/s>

Question 19

A particle has an initial velocity of 2m/s. At ¢=35, its velocity is 8m/s and its change of
momentum over this period is 24 kg m/s. At =10, its velocity is 14m/s.
What is the change of momentum in kg m/s of the particle between =0 and r=10?

A. 12
B. 24
C. 36
D. 48
E. 144
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Question 20

15

101

v

510 I\ 20 25 30

-107
-15

The velocity-time graph above shows the movement of a particle in a straight line at time ¢
seconds where ¢>0. If the velocity is given in ms ™", how far, in metres, is the particle from
its starting point at =307

A. 75
B. 200
C. 325
D. 350
E. 475
Question 21

A crate of mass 20kg is placed on a rough plane inclined at an angle of 30° to the horizontal.

The crate accelerates down the inclined plane at 0-1m/s”.
The coefficient of friction between the crate and the inclined plane is

4
A. —
543
-1
B. &
NE)
1-10g
C.
\3g
p. ¥l V-1
5¢
g 8-l
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Question 22

my kg || mkg

The diagram above shows a particle of mass m, kg which is connected by a light inelastic
string which passes over a smooth pulley to a particle of mass m, kg, where m, >m,. The
magnitude and direction of the acceleration of the particle with mass m, is

A. M downwards
m, +m,

B. M upwards
(ml +m, )

C. M downwards
(ml - mz)

D. M upwards
my —m,

E. M upwards

mym;,
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SECTION 2

Question 1

Consider the function f(x)= arsin(gj .

a. What is the maximal domain of f'?
1 mark
b. On the set of axes below
i. Sketch the graph of fover its maximal domain, clearly indicating its
endpoints.
ii. Sketch the graph of /', the inverse of £, indicating clearly its endpoints.

v
=

1 + 1 =2 marks

c. Find the rule for f'.

1 mark
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. . [ x

d. i. Use calculus to differentiate x x arsm(Ej .
.. [ x

ii. Hence find an antiderivative of arsm(aj .

1 +2 =3 marks

e. Hence find the exact area enclosed by the graphs of y = f(x), y=f"'(x) andx = %

3 marks
Total 10 marks
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Question 2
Let z,=2+2i
a. Express z, in polar form.

1 mark

b. On the Argand diagram below, plot and clearly label

L z;
1. z
. EA

1+1+1=3marks
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4

c. Using a compound angle formula, show that sin[%j = V23 -1 .

2 marks
d. Given that cos(%j = 2 1: 3 and using your result from part ¢., show
+ _
algebraically that one of the cube roots of z, is (1 2\/5) + (\/52 1) i.
3 marks
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_l +2ﬁ)+ (ﬁz—l)

Let v, = i . Let the other two cube roots of z, be v, and v;.
e. i. Plot v, on the Argand diagram below.
Im (z)
ii. Hence, on the same Argand diagram plot v, and v and label them clearly.
1 + 2 =3 marks
f. Using your results to part e. ii. verify algebraically that v,, v, and v, are the cube

roots of z,.

2 marks
Total 14 marks
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Question 3

A cyclist starts from rest and cycles down a straight stretch of road accelerating uniformly. He
reaches a speed of 40ms ™' after having cycled for 600m.

a. i. What is his acceleration?

ii. How long does he take to cycle the 600m?

1+1=2 marks

At the point where the cyclist has cycled 600m, a truck that he has been following, suddenly
swerves off the road. Whilst maintaining a straight path, the cyclist instantaneously brakes
and is subjected to a headwind which the truck has been protecting him from.

The braking (including friction) produces a retarding force on the cyclist of S00N and the
headwind produces a retarding force of 0.2v N where vms™ is the velocity of the cyclist
seconds after the truck swerves.

The mass of the cyclist and his bicycle is 120kg.

b. Write down the equation of motion for the cyclist after the truck swerves given that a

represents his acceleration in ms™ during this time, and hence express a in terms
of v.

1 mark
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c. Hence show that dr_ =600
dv  v+2500
1 mark
d. Hence show that it takes 9.5 seconds (correct to 1 decimal place) for the cyclist to
come to rest after the truck swerves.
3 marks
The cyclist travels X metres after the truck swerves before he comes to rest.
e. Find the value of X to the nearest whole number.
2 marks

Total 9 marks
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Question 4

A mass of 10kg sits on a smooth horizontal plane and is connected by a light inextensible
string, which passes over a smooth pulley, to a mass of 12kg. This 12kg mass sits on a rough

plane with coefficient of friction 1—3 and which is inclined at an angle of 30° to the

horizontal. The tension in the string is 7 newtons. A horizontal pulling force of P newtons
acts on the 10kg mass as indicated in the diagram below.

T
P« T
L]
v
10g
- 12g (30°
a. If P=0 newtons, show that the acceleration of the 12kg mass down the inclined

plane is 2lg ms 2.
110

2 marks
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The 12kg mass is at rest for values of P such that < P < R.

b. Find O and R.

3 marks
c. If P=100 newtons, find the magnitude and direction of the acceleration of the 12kg
mass. Express the magnitude correct to 3 significant figures.
3 marks
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Whilst the 12kg mass is being hauled up the inclined plane, the string is suddenly
disconnected. Simultaneously the mass is given a one-off push causing it to have an initial

velocity of 1ms™ down the inclined plane.

d. How long after the rope is disconnected does it take the 12kg mass to travel the 8m to
the end of the inclined plane? Express your answer correct to one decimal place.

3 marks

e. How long after the rope is disconnected would it take for the 12kg mass to travel the
8m to the end of the inclined plane if it had not received the one-off push? Express
your answer correct to one decimal place.

1 mark
Total 12 marks
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Question 5

A man stands on open, level ground flying a kite. A tracking device attached to the kite
enables him to monitor its flight on a recording device placed on the ground nearby.
From ¢=0 seconds, when the monitoring begins, the position of the kite is given by

r(t)=(4r = 20)i+ 2t j+ (80 - 2¢)k

where i is the unit vector in the east direction, j is the unit vector in the north direction and

k 1is the unit vector in the vertically upward direction. The origin of this coordinate system is

situated at the recording device. The unit of measurement is the metre.

a. How far above the ground is the kite when the monitoring begins?
1 mark
b. i When does the kite hit the ground?
ii. How far from the recording device does the kite hit the ground? Express your

answer to the nearest metre.

1 + 2 =3 marks
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c. What is the speed of the kite? Express your answer correct to one decimal place.
2 marks
d. How far does the kite travel between when it is first monitored and when it hits the

ground? Express your answer to the nearest metre.

2 marks

e. At what angle does the kite hit the ground? Express your answer in degrees correct to
1 decimal place.

2 marks
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f. When is the kite furthest east of the recording device?

1 mark

g. When is the kite closest to the recording device?

2 marks
Total 13 marks

© THE HEFFERNAN GROUP 2008 Specialist Maths Trial Exam 2



25

Specialist Mathematics Formulas

Mensuration
area of a trapezium:

curved surface area of a cylinder:

volume of a cylinder:

volume of a cone:
volume of a pyramid:
volume of a sphere:
area of a triangle:

sine rule:

cosine rule:

Coordinate geometry
x=m’ =k’
a2 b2
Circular (trigonometric) functions

cos” (x) +sin*(x) =1

ellipse:

1+ tan? (x) = sec’(x)

sin(x + y) = sin(x) cos(y) + cos(x)sin(y)

cos(x + y) = cos(x) cos(y) —sin(x)sin(y)
tan(x) + tan(y)

=1 hyperbola:

1
—(a+b)h
2(a )
27rh

wih

—bcesin A
2
— b —
sind sinB sinC
c¢? =a* +b* =2abcosC

a c

(=R G-k _
a’ b?

cot?(x) +1 = cosec? (x)

sin(x — ) = sin(x) cos(y) — cos(x) sin( y)
cos(x — y) = cos(x) cos(y) + sin(x)sin(y)
tan(x) — tan(y)

tan(x + y) = tan(x — y) =
) = (o) an(y) =) = an(a) ran(y)
cos(2x) = cos*(x) —sin? (x) = 2cos® (x) —1 =1—2sin*(x)
2
sin(2x) = 2sin(x) cos(x) tan(2x) =20
1—tan”(x)
function sin”~! cos ™! tan '
domain [-1,1] [-1,1] R
T T
T A A 05 T A A
range { 2 2} 10.] ( 2 2}

Algebra (Complex numbers)
z=x+yi =r(cos@ +isinf) = rcisd

+y?

g =yx2 + 5% =r

z,2, =17,cis(6, +6,)

z" =r"cis(né)

—-r<Argz<nzm

z, n .
L= Lecis(g, -6,)
Z n

(de Moivre’s theorem)

This formulae sheet has been reproduced with permission of the Victorian Curriculum and Assessment
Authority, Victoria, Australia.

This formula sheet has been copied in

2008 from the VCAA website www.vcaa.vic.edu.au

The VCAA publish an exam issue supplement to the VCAA bulletin.
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Calculus
%(x”)znx”l Jx”dx=n+1 Tye,nz-1
d ax | _ ax ax _ l ax
Ee )—ae ‘[e dx-ae +c
1
d (loge (x)) J‘; dx =log, |x| +c
(sm(ax)) acos(ax) J‘ sin(ax) dx = 1 cos(ax)+c
a
(cos(ax)) —asin(ax) J‘ cos (ax)dx = lsin(ax) +c
a
i (tan(ax)) = asec’ (ax) J. sec’ (ax)dx = ltan(ax) +c
dx a

—_—

%(sin‘l(x)): _l_xz J.\/idx—sm 1( j+c a>0

%(Cos"l(x))Z _! Iﬁdxzcos‘l(i}rc, a>0

1—x?
d -1 1 a A x
—(tan™" (x) )= de=tan | — |[+c¢
dx( ( )) 1+ x? J‘az+xz (aj
product rule: i(uv) =u ﬂ + v@
dx dx dx
du dv
d(u "o Yax
quotient rule: —(_j = %
dx\ v v
chain rule: ﬂ = ﬂﬂ
dx du dx
, ¢ b
Euler’s method: d_ =f(x), x,=aand y, = b,
x

then xn+l = xn + h a'nd yn+1 = yn + hf(xn)

d’x _dv Jdv_d (1,

acceleration: g=—=— il —v
a’  di dx dx

. . 1 1
constant (uniform) acceleration: v=wu+at s=ut+—at> v =u’+2as s= E(u + V)t

This formulae sheet has been reproduced with permission of the Victorian Curriculum and Assessment
Authority, Victoria, Australia.

This formula sheet has been copied in 2008 from the VCAA website www.vcaa.vic.edu.au
The VCAA publish an exam issue supplement to the VCAA bulletin.
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Vectors in two and three dimensions

r=xi+yj+zk
[=nx>+y?+2% =r

dr
7= :ﬁi+d—yj+%k
~ dt dt~ dt- dt-

n.r, =nr,cosd =xx, + y,y, + 2,2,

Mechanics

momentum: p=my
equation of motion: R=ma
friction: F <

This formulae sheet has been reproduced with permission of the Victorian Curriculum and Assessment
Authority, Victoria, Australia.

This formula sheet has been copied in 2008 from the VCAA website www.vcaa.vic.edu.au
The VCAA publish an exam issue supplement to the VCAA bulletin.
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