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Section 1

Question 1

»
»
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Question 2

The graph of a rational function has one straight line asymptote and one other asymptote that
is not a straight line.
Which one of the following could be the equation of this rational function?

1
A. =
PTG+
2
x°+1
B. y=
x
3
x” +1
C. y=—"
X
4
x +1
D. =7
X
E y=x>+ 21
x°+1
Question 3

The graph of the function f (x) = sec(ax) where a is a constant has asymptotes located at

A. x=..—2ar,—ar,0,ar,2ar...
B. x= —3—7[,i,£,3—ﬂ,...
22 2 2
C. x=..—2n,—xn,0,7,27...
-2r - 2
D. x=.L TZoZ T .
a a a a
E. - X% %3
2a  2a 2a 2a
Question 4

The expression sin(@) is not equal to

A /%(1_(:05(2@))

B. \1-cos?(#)
C. 2sin gjcos QJ

cos(30)sin(20)

. +
. (0 20 o) . (20
E. sin| — [cos| — |+ cos| — [sin| —
3 3 3 3
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The following information relates to Questions 5, 6 and 7.

Im(z)
A

a

»Re(z)

The Argand diagram above shows the complex number w where a >1.
Question 5

The complex number w is given by

A. 1+ ﬁi

B. %(1 + \/51)
c.  ali+3i)
D. a(\/g + i)
E. E(1 +1)
Question 6

The complex number represented by the expression — i (W + w) is given by

A. acis(— 90° )
B. acis(90°)
C.  acis(180°)
D.  2acis(30°)
E. 2acis(60°)
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Question 7

Which one of the following statements is not true about the cube roots of w.

A. They lie on or within the circle with radius a units.

B. One of the cube roots of w is located at 3/a cis(— 60° )

C. The three cube roots are spaced 120° apart from one another.

D. The three cube roots lie on a circle with centre at 0 + 0i

E. The three cube roots of w are all distinct, that is, not equal to each other.
Question 8

. . d’y .
If y=sin I(LJ , a is a constant, then y Y s equal to

Va x?

A. 1

Va—xz
B _r
\/a—xz

X

C. 3
la=x)e
D. - ! 3
2 (a - x? )5
E. al
(@ )
Question 9

The gradient to the curve xy* =1at the point where x =4 in the fourth quadrant is

A L
16
B. L
4
c. 1L
2
D. 2
E. 4
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Question 10

T

With a suitable substitutionj(sin(x)cos(x))3 dx can be expressed as
0

A. —j-(uz'—us)du
|
B. j(bﬁ —us)du
7
-1

C. [l -u’)au
(® —u® )du

(u3 —us)du

Sty Oy~ —

Question 11

The graph of the function y = f (x) is shown below.

/-5 3 0 3 5 \7

Let F(x) be the antiderivative of f(x).
Which one of the following statements about the graph of y = F (x) is not true?

It has no stationary points of inflection.

It has a positive gradient for x e (-5,0)U(3,7).
It has a minimum turning point at x =0 .

It has a point of inflection at x =5.

It is decreasing for x €(0,3).

S A e
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Question 12
The graph of the function
g: [0, 1] — R, where g(x) = arcos(x)

is shown below.

N

y =arcos(x)

The shaded region is bounded by the graph of y = g(x) and the positive x and y-axes.

This region is rotated around the y-axis to form a solid of revolution.
The volume of this solid in cubic units is given by

(cos(2y) + l)dy

>
NN
O 0 [N

=
N

(cos(2y)+1)dy

&
N

=
N

@
3
Sl — O~ OV [N O ———o [y
(@)
@]
72}
P
<
SN
S

© THE HEFFERNAN GROUP 2006 Specialist Maths Trial Exam 2



Question 13

The vectors a,band ¢ are all non-zero vectors. If ais perpendicular to ¢, which one of the

following statements must be true?

A ad.a=c.c

B a.b=b.c

. lac)b=b

. alerc)-lef

E. lorc)le-clla-Id

Question 14

- - -
In the diagram above, a =04, b= 0B and ¢=0C.
Also, ¢ =kb where £ is a constant.

An expression for cis

ka.b

1Q

b

B
[

a .beos(6)

S e

1S
[ ]
v IS
1S

L]
IS
13>

&N
|
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Question 15

A pulling force of 200N is applied at an angle of 30° to the horizontal in order to pull a body
of mass 30 kg across a rough horizontal surface. The coefficient of friction between the body

and the surface is 0.5. The acceleration in m/s? is given by

1043

A.
3
B 8.5-5\3
3
c. 1073 +3.5
3
D. 10-1.5g —5v/3
3
E 1043 -1.5g +5
) 3

Question 16
A particle has three concurrent coplanar forces P,Q and R acting on it. The particle remains

in equilibrium. If |E| =1newton and P acts in the west direction and |B| =+/3 newtons and

acts in the south direction, then the magnitude and direction of Q are given respectively by

1 newton, N30°E
1 newton, N60°E
2 newtons, N30°E
2 newtons, N60°E

ﬁ newtons, N45°FE

SRR e

Question 17

A particle of mass 3kg moves so that the horizontal component of its velocity has magnitude
6 m/s and the vertical component of its velocity has magnitude of 8 m/s.
The magnitude of the particles momentum, in kg m/s is

A. 10
B. 12
C. 16
D. 30
E. 144
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Question 18

. . . . d
Consider the differential equation d—y=a+by where a and b are constants and
X

y=0 when x=0. If ¢ is a constant of integration, then which one of the following statements
is not true?

a+by
1
B c=log,|a| »
C x= 1 log, atby ‘
b a
D e =1+ by
a
E y= (eb" + 1)
Question 19
. . . dy 1 e .. . .
The differential equation - = % with initial conditions x =0 when y =0, is solved using
X  x+

Euler’s method with a step size 0.1.
The approximation for y when x=0.2 is given by

A0
B.
10
c. =
10
p. =
11
g 2L
110
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Question 20

Water is added to a tank at the rate of 2 L/s.

The tank had originally contained 300L of water in which 45g of sugar had been dissolved.
The mixture in the tank is continually stirred and the solution is drained from the tank at the
rate of 5 L/s.

Let S be the amount of sugar present in the tank at time ¢ seconds.

Which one of the following differential equations correctly describes this situation?

S

60
B. S(2 - 5¢)
- 58
3(100 —¢)
58
3(100 —¢)
58

E. 2—
3(100 — 1)

Question 21
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A certain first order differential equation has the direction (slope) field shown above.
Which one of the following functions could be a solution to this differential equation?

A. y =x

B. y=—x(x—4)
C.  y=log,(x)
D. y=2x-x’
E. y=1l-e
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Question 22

A particle moves in a straight line with velocity v m/s.
At time ¢ seconds, ¢ > 0, the displacement from a fixed point on the straight line is x metres.

If v2 = —ZJ‘ Sdx then the particle is moving with

decreasing acceleration and decreasing velocity
decreasing acceleration and constant velocity
constant acceleration and decreasing velocity
constant acceleration and increasing velocity
increasing acceleration and increasing velocity

SR AR e
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Section 2

Question 1

Let u=2+3i and v=1+%i.

Im(z)
A
5
3 0 z »Re(z)
-5
a. Plot the complex numbers u and v on the Argand diagram above, labelling them as U
and V respectively.
1 mark
b. Let T be defined by T:{z:|z—u|:2,zeC}.
If w=bi, find the value b such that weT.
1 mark
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c. Let R be defined by Rz{z:|z—u|£2,zeC}.
i. Sketch R on the Argand diagram used in part a.
ii. Confirm algebraically that ve R.
1+ 2 =3 marks
d. i. On the Argand diagram below, sketch S where
S:Rm{z:|z—w|:|z—u|} and where weT .
Im(z)
A
5
5 0 5 > Re ()
-5
ii. If p=x+yiand pe S, find the maximum and minimum values of y.

1+ 2 =3 marks
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e. Use a vector method to show that the points U, V" and O are collinear.

3 marks
Total 11 marks
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Question 2

The position vectors of two particles 4 and B are given respectively by

a=+2 sin(t)£'+ 2 cos(t) and b= \/Ecos(t)£+j

where ¢ =0 seconds corresponds to the start of the motion of each particle and > 0.

a. i. Find the Cartesian equation of the path of particle A.

ii. Describe the movement of particle 4 including its starting point and its
subsequent movement in the i — j plane.

1+ 2 =3 marks

b. i. State the Cartesian equation of the path of particle B.
ii. Write down the domain of the Cartesian equation that describes the path of
particle B.

1+ 1=2 marks
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c. Evaluate a.b and hence find the exact time when the two particles are first at right

angles to one another.

4 marks

d. Show that particle 4 moves with constant speed.

2 marks
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e. i. Verify that the particles will collide.
ii. How far does particle 4 travel from its starting position before it collides with
particle B?

2 +1=3 marks
Total 14 marks
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Question 3

Consider the function g where

g(x)=log, (x2 +2x + 1)

a. Write down the maximal domain of g.

1 mark

b. i. Show that g ', the inverse function of g, is given by

y=—li\/e_x.

ii. State the range of g~ (x).

1+1=2 marks
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A mould used in the manufacture of a standard wine glass is produced by rotating, about the
x-axis, the region enclosed by the curve y = g(x), the x-axis and the line x=10. The unit of
measurement is the centimetre.

Y
A

y=g(x)

c. Find the exact diameter, in cm, of the rim of the standard wine glass.

1 mark

d. i. Write a definite integral that gives the volume of the mould used in the
manufacture of a standard wine glass.

ii. If a standard drink is 100 ml (1 OOCm3) find how many standard drinks
(correct to 1 decimal place) the standard wine glass can hold?

2 + 2 =4 marks
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The function f(x)=log, (x2 +ax + 1), where «a is an integer constant and a >0, is used to

create moulds for non-standard wine glasses, in the same way as the function g was used to
create the mould for the standard wine glass.

e. Find the largest value of a for which the rim of the non-standard wine glass (that still
has a depth of 10 cm) has a diameter less than 10cm.

2 marks

f. Explain why at no point on the side of a non-standard wine glass can the slope of the
glass be vertical.

2 marks

Total 12 marks
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Question 4

A stationary train pulls out of a station and travels in a straight line until it stops at the next
station.
The velocity-time graph showing the motion of the train for 0<¢ <5 is shown below.

v m/s

A

S| = - — — = = ——

> ¢
28 s
The velocity, in metres per second, of the train between the stations is given by
3 2
U2 r0<i<28
480 320
v(t)=<k, for28<t<bh
glt),  forb<t<c
where k is a constant.
a. Find the maximum speed of the train for 0 <z <b.
1 mark
b. Given that the train maintains this maximum speed over a distance of 2.058 km, show
that b=118.
1 mark
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c. i. What is the average acceleration of the train between ¢=10and?=>50
seconds? Express your answer in m/s” correct to 2 decimal places.

ii. What is the instantaneous acceleration of the train at 1 =10 seconds?

1+1=2 marks
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The deceleration phase of the train’s trip is described by the function

g()="2Ctan(1-130)+11-691,  118<r<c
T

where 7 = ¢ represents the time when the train stops at the second station.

d. Find c¢. Express your answer correct to two decimal places.
1 mark
e. Find an expression for the distance between the two stations involving two definite
integrals.
2 marks
f. Describe the motion of the train as it approaches the second station.
1 mark
-23-6

g. Given that g'(t): -y explain why the velocity of the train is never
all+( —130))

constant for b<t<c.

1 mark
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A second train travels between the same two stations on another occasion. Its motion is

similar to the first train in all ways except that it mistakenly expresses through the second
station.

Realizing the mistake, the driver then has to reverse back to the second station so that
passengers can alight.

h. Draw a possible velocity-time graph showing the motion of this second train.

Indicate on your graph

o the area that approximately represents the distance between the two stations
e the point where the train begins to reverse.

3 marks
Total 12 marks
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Question 5

A truck of mass 650kg is towing an empty trailer of mass 500kg along a straight track that is
inclined at an angle of 5° to the horizontal. The tractor and trailer are connected by a tow bar.
The tractor and trailer are moving along the track with an acceleration of 0-15m/s?.

a. If the tension in the towbar is 2 000N show that the coefficient of friction between the
trailer and the track is 0.307 correct to three decimal places.

4 marks
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b. The truck and trailer continue along the track. When the speed of the truck is 4m/s,
the driver notices a tree over the track 150m ahead. He brakes and the truck
decelerates at a constant rate until it stops at the point where the tree is across the
track. How long does it take for the truck to stop after the driver notices the tree?

2 marks

The driver unhooks the trailer from the truck, and leaves the trailer stationary on the track.
The trailer is then filled with timber from the tree that is being cut up.
The coefficient of friction between the trailer and the track is still 0.307.

c. i. Show that the trailer will not start to move down the track despite being
loaded with timber.
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ii. Find the minimum value of the coefficient of friction that would prevent the
trailer from rolling down the track. Express your answer correct to 3 decimal
places.

2 +1=3 marks
Total 9 marks

END OF EXAM
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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=h)’ =k’
a’ b?
Circular (trigonometric) functions

ellipse:

cos” (x) +sin*(x) =1

1+ tan? (x) = sec’(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)

=1 hyperbola:

1
—(a+b)h
2(a )
27rh

wh

—bcesin 4
2
— b —
sind sinB sinC
¢ =a*+b* =2abcosC

a C

(= -k _
a’ - .

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

tan(x + y) = tan(x—y) =
(r+7) 1 —tan(x) tan(y) =2 1 + tan(x) tan(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]
T T
T A~ Oa T A A
range [ 2 2} [0.] ( 2 2)

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

+yr=r

2
|2l =+x

z,z, =nrycis(6, +6,)

z" =r"cis(nb)

—-r<Argz<rzm

22 Dcis(h, - 0,)

Z, n

(de Moivre’s theorem)

Reproduced with permission of the Victorian Curriculum and Assessment Authority, Victoria,

Australia.

This formula sheet has been copied in 2006 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

—-(log, () =—
(sm(ax)) = acos(ax)
(cos(ax)) = —asin(ax)

(tan(ax)) = asec’ (ax)

/—\

sin”~ (x)) —

-1

(cos - (x))z
1-x?

1

1+ x?

% (tan - (x)) =

product rule:

quotient rule:

chain rule:

Euler’s method:

acceleration:

constant (uniform) acceleration:

30

1
Ix”dxz— e n#—1
n+

Ieaxdx =l

e +c

a

Ildx=10g6|x|+c
x

Isin(ax) dx = 1 cos(ax) +c
a

Icos (ax)dx = lsin(ax) +c
a

J-sec2 (ax)dx = 1 tan(ax) + ¢
a

j abc—sm1 +c,a>0
\a? ( j
J._—dxzcos_l £j+c,a>0
va? —x? (a

J.az+x2

d dv  du

— (W) =u—+v—

dx dx  dx
du dv

d (uJ Ve e

dx\ v v

dy dy du

dx du dx

¢ b

thenx,,, =x, +hand y,,

W_E dx dx

d’x dv v a’[l 2j

1
v=u-+at s=ut+§at2

S x
dx=tan™'| = |+ ¢
a

f —=f(x),x,=aandy, =b,
dx

=y, +hf(x,)
—V

2

1
v =u? +2as s=5(u+v)t

Reproduced with permission of the Victorian Curriculum and Assessment Authority, Victoria,

Australia.

This formula sheet has been copied in 2006 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

[2, 2, 2 _ -
|i:|: X“+y 4z =r 1.1, =11, cosd =xx, + y,y, + 2,2,

dr
~ d

F =—=@i+—yj+gk
~ dt dt~ dt- dt-
Mechanics
momentum: p=my
equation of motion: R=ma
friction: F<

Reproduced with permission of the Victorian Curriculum and Assessment Authority, Victoria,

Australia.

This formula sheet has been copied in 2006 from the VCAA website www.vcaa.vic.edu.au
The VCAA publish an exam issue supplement to the VCAA bulletin.
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SPECIALIST MATHEMATICS

TRIAL EXAMINATION 2

MULTIPLE- CHOICE ANSWER SHEET

INSTRUCTIONS

Fill in the letter that corresponds to your choice. Example: (A) @B (C) (DJ (EJ

The answer selected is B. Only one answer should be selected.

1. CA) (DJ 12.(A) (B) (@) (D) (E)
2. (A) (DJ 13.(A) (B) (@) (D) (E)
3. (A) (DJ 14.(A) (B) (@) (D) (E)
4. (A) (DJ 15.(A) (B) (@) (D) (E)
5. (A) (DJ 16. (AJ (B) (C) (D) (E)
6. (CA) (DJ 17.(AJ (B) (C) (D) (E)
7. (A) (DJ 18. (AJ (B) (C) (D) (E)
8.(A) (B) (C) (D) (E) 19.(A) (B) () (D) (E)
9. (A) (DJ 20. (A) (B) (€@ (D) (EJ
10,A) (B) (CJ (D) (EJ 21.(A) B) (C) (D) (E)
11.CA) (B) (C) (D) (E) 22.(A) (B) (C) (D) (E)
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