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SECTION A — Multiple-choice questions

Instructions for Section A

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.
Choose the response that is correct for the question.

A correct answer scores 1; an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is completed for any question.

Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the acceleration due to gravity to have magnitude g ms2, where g = 9.8

Question 1

A circle with centre (a, —2) and radius 5 units has equation x> — 6x + y*> + 4y = b, where a and b are real
constants.

The values of @ and b are respectively

A. —3and38
B. 3and 12
C. 3and-8
D. -3and0
E. 3and 18
Question 2

The maximal domain and range of the function with rule f'(x)= 3sin”! (4x—1) +% are respectively
1
A. [-m, 2n]and |0, 5

[ 1
B. 0, 5} and [-7, 27]

i I
c. |-Z, 37| and {——, 0}
2’ 2 2

D. |0, %} and [0, 37]

E. —%, 0} and [-7, 27]

SECTION A — continued



Version 2 —April 2016 3

Question 3
The features of the graph of the function with rule f (x) =
A.

SIS 4

x> —4x+3 .

——— include
xX°—x—-6

asymptotes at x = 1 and x = -2

asymptotes at x =3 and x =2

an asymptote at x = 1 and a point of discontinuity at x =3

an asymptote at x =—2 and a point of discontinuity at x = 3

an asymptote at x = 3 and a point of discontinuity at x = -2

Question 4

The algebraic fraction

Tx-=5
(x—4)?(x* +9)

SPECMATH EXAM 2 (SAMPLE)

could be expressed in partial fraction form as

A N B
A o4y 4o
A B C
B. + +
x—4 x-3 x+3
A N Bx+C
C. (x—4)2 xz +9
A N B N Cx+D
R R A P G
A N B N C
B 4 (x-4) x*+9
Question 5
On an Argand diagram, a set of points that lies on a circle of radius 2 centred at the origin is
A, {zeC:zz=2}
B. {zeC:z*=4)
C. {zeC:Re(z*)+Im(z%)=4}
D. {zeC:(z+%)'—(z-2) =16}
E. {zeC:(Re(z)) +(Im(z))’ =16}
Question 6

The polynomial P(z) has real coefficients. Four of the roots of the equation P(z) =0 are z=0,z=1 - 2i,
z=1+2i and z=3i.

The minimum number of roots that the equation P(z) = 0 could have is

A.

o0

4

o 3 O W

SECTION A — continued
TURN OVER
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Question 7
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The direction (slope) field for a certain first-order differential equation is shown above.

The differential equation could be

sin(2x)

cos(2x)

/)

)

1

@zcos(—x
dx

SECTION A — continued
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Question 8

Let f:[-m, 2] — R, where f(x) = sin’ (x).

Using the substitution u = cos (x), the area bounded by the graph of f and the x-axis could be found by
evaluating

A. —J-h(l—uz)du
1

B. 3-’._1(1 —u? )du

C. —3.[0 (1-22)du
-1

D. 3‘[1 (1 —u? )du

E. —jll(l —u?)du

Question 9
dy x+2
Let —=———— and (x,, y,) = (0, 2).
de  x?+2x+1 070
Using Euler’s method with a step size of 0.1, the value of y,, correct to two decimal places, is

A. 0.17

B. 0.20
C. 1.70
D. 2.17
E. 220

SECTION A — continued
TURN OVER
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Question 10
. . 1. . . .
The curve given by y = sin™! (2x), where 0 <x < > is rotated about the y-axis to form a solid of revolution.

The volume of the solid may be found by evaluating

5
A. J.l cos(2y)
0

(1—cos(2y))dy

=
|y
O Ly 1O | —

(1—cos(2y))dy

@
|y
O Cm— 10 [ Y

(1—cos(2y))dy

o
0 | —
O 0 [N

!
o |

L2
2
J. 1 cos (2y)
_r
2

Question 11

The angle between the vectors 3i +6j— 2k and 21 —2j+k, correct to the nearest tenth of a degree, is
A 200 - ~

B 91.0°
C. 1124°
D. 121.3°
E. 124.9°

Question 12

The scalar resolute of a =31 —k in the direction of b=2i - j-2k is
3

A. 70

B. §(2i—i—215)

C. 8
D. ?(31_3)
E S

3

SECTION A — continued
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Question 13

SPECMATH EXAM 2 (SAMPLE)

The position vector of a particle at time ¢ seconds, ¢ > 0, is given by 1(¢£) =(3—-1)i - 6t J + 5k.

The direction of motion of the particle when ¢ =9 is

A. —6i—18j+5k

B. -i-]
C. —6i-j
D. -i-j+5k

E. -—13.5i —108]+ 45k

Question 14

The diagram below shows a rhombus, spanned by the two vectors a and b.

100

v

b
It follows that
A. a.b=0
B. a=b

Question 15

A 12 kg mass moves in a straight line under the action of a variable force F, so that its velocity v ms~! when

it is x metres from the origin is given by v=+/3x*> —x* +16..

The force F' acting on the mass is given by

2
Al 12(3x—3i]
2

B. 12(3x2 _ 5 +16)
C. 12(6x—3x2)
D. 12V3x>—x*+16

E. 12(3-3x)

SECTION A — continued
TURN OVER



SPECMATH EXAM 2 (SAMPLE)

Question 16

The acceleration, a ms2, of a particle moving in a straight line is given by a =

velocity of the particle in ms™! at time ¢ seconds. The initial velocity of the particle was 5 ms™'.

The velocity of the particle, in terms of ¢z, is given by

A. v=e¥

B. v=¢¥+4

C. v= V2 loge(9)
D. v= e«/2t +(log, 5)
E. v= e—\lzz + (log, 5)*

Question 17

Version 2 —April 2016

, where v is the

log, (v)

1

A 12 kg mass is suspended in equilibrium from a horizontal ceiling by two identical light strings. Each string

makes an angle of 60° with the ceiling, as shown.

60°

The magnitude, in newtons, of the tension in each string is equal to

A. 6g
B. 12¢g
C. 24g¢
D. 4\6 g
E. 83 g

Question 18

12 kg

Given that X is a normal random variable with mean 10 and standard deviation &, and that Y is a normal
random variable with mean 3 and standard deviation 2, the random variable Z defined by Z = X — 3Y will

have mean x and standard deviation ¢ given by

A. u=1,0=28

B. u=19,0=2
C. ,u=1,0=2\/7
D. u=19,0=14
E. u=1,6=10

SECTION A — continued



Version 2 — April 2016

Question 19
The mean study score for a large VCE study is 30 with a standard deviation of 7. A class of 20 students may

be considered as a random sample drawn from this cohort.
The probability that the class mean for the group of 20 exceeds 32 is
A.

SISl

0.1007
0.3875
0.3993
0.6125
0.8993

Question 20
A type I error would occur in a statistical test where

A.

=P 0w

H, is accepted when H,, is false.
H, is accepted when H, is true.
H,is rejected when H,, is true.
H, is rejected when H| is true.
H,is accepted when H,, is true.

SPECMATH EXAM 2 (SAMPLE)

END OF SECTION A
TURN OVER



SPECMATH EXAM 2 (SAMPLE) 10 Version 2 — April 2016

SECTION B

Instructions for Section B

Answer all questions in the spaces provided.

Unless otherwise specified, an exact answer is required to a question.

In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the acceleration due to gravity to have magnitude g ms2, where g =9.8

Question 1 (10 marks)
Consider the function f: [0, 3) — R, where f(x) =-2 + 2sec(%j.

a. Evaluate f(2). 1 mark

Let f~! be the inverse function of £,

b.  On the axes below, sketch the graphs of f and /!, showing their points of intersection. 2 marks
y
A
4 -
3 —
2 -
1k
1 1 1 1 > X
o 1 2 3 4

SECTION B - Question 1 — continued
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2
c.  The rule for /~! can be written as f~'(x) = k arccos( - 2} )
X

Find the exact value of k. 2 marks

Let 4 be the magnitude of the area enclosed by the graphs of fand f~'.

d. Write a definite integral expression for 4 and evaluate it correct to three decimal places. 2 marks
e. i. Write down a definite integral in terms of x that gives the arc length of the graph of

ffromx=0tox=2. 2 marks

ii. Evaluate this definite integral correct to three decimal places. 1 mark

SECTION B - continued
TURN OVER
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Question 2 (9 marks)

Version 2 —April 2016

1 V3,
Letu=—+—i.
2 2
a. i. Express u in polar form. 2 marks
ii. Hence show that 1= 1. 1 mark
iii. Plot all roots of z6 — 1 = 0 on the Argand diagram below, labelling u and w where
w=—1u. 2 marks
Im(z)
\ A /
\ /
~ \ _ ——2—- - - / e
~ 7\ /N -
~ vz AN -
N \ / -
/ AN
> ~ 7 \ 1 / \ -
N \ —~ - / e
/N - >~ -\
~ s\ /N -~
/ ~ N \
~ \ / < \
i / ~ \ /o ~ A\
[l l’ i N e \I \I [ » Re( )
» Re(z
-3 2! -1 - "1 ! 3
\ \\ P 0~ N ]
\ - < / \ \/\ /
s / \ ~ /
- N ~
v /I~ _ L < ~
-7 N -1 /
- N/ \ 7 ~
P 7 < < RN
- / ~ - . — - \ ~
/ -2 \
/ \

SECTION B - Question 2 — continued
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diagram below.

ii.

ii.

i. Draw and label the subset of the complex plane given by S = {z : |z| = 1} on the Argand

SPECMATH EXAM 2 (SAMPLE)

1 mark

Im(z)
\ A /
\ /
~ \ ,—-2—-~\ / -
~ 7\ /N -
~ Va \ AN -
\\ / \ //
~ \ 1 / N
N NI
/N -, -\
~ s\ /N -
/ ~ N \
Y \ / P \
! /\\\ ///\
1 |’ i N \I l| 1 R()
>
-3 2! -1 - 1 2 3
\ N Z?\\ / ]
\ S AN /
\ // \/ A \\ /
g I~k % ~
- / ~N
~ N -1 / ~
// N / \ Y \\
- N / \ s ~
o7 7 < < o
- , ~ - _L - \ ~
/ -2 \
/ \

Draw and label the subset of the complex plane given by T = {z |z —ul=|z+ u|} on the

Argand diagram above.

1 mark

2 marks

Find the coordinates of the points of intersection of S and T.

SECTION B - continued
TURN OVER
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Question 3 (11 marks)

The number of mobile phones, V, owned in a certain community after ¢ years may be modelled by
log (N) =6 -3¢ %4, 1> 0.

a.  Verify by substitution that log (V) = 6 — 3e 04 satisfies the differential equation

1 dN
NE+0.410ge(N)—2.4:O 2 marks
b. Find the initial number of mobile phones owned in the community. Give your answer correct
to the nearest integer. 1 mark
c.  Using this mathematical model, find the limiting number of mobile phones that would
eventually be owned in the community. Give your answer correct to the nearest integer. 2 marks

SECTION B - Question 3 — continued
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dN
The differential equation in part a. can also be written in the form —-= = 0.4N(6 — log (N)).

dt
2
d. i. Find g2 o terms of N and log (N). 2 marks
ii. The graph of N as a function of ¢ has a point of inflection.
Find the values of the coordinates of this point. Give the value of 7 correct to one decimal
place and the value of N correct to the nearest integer. 2 marks

SECTION B - Question 3 — continued
TURN OVER
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e.  Sketch the graph of N as a function of # on the axes below for 0 <7< 15. 2 marks

> =

400

300

200

100

SECTION B - continued
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Question 4 (10 marks)

A skier accelerates down a slope and then skis up a short ski jump, as shown below. The skier leaves the
jump at a speed of 12 ms~! and at an angle of 60° to the horizontal. The skier performs various gymnastic
twists and lands on a straight-line section of the 45° down-slope 7 seconds after leaving the jump.

Let the origin O of a cartesian coordinate system be at the point where the skier leaves the jump, with i

a unit vector in the positive x direction and j a unit vector in the positive y direction. Displacements are
measured in metres and time in seconds.

>
»

ski 457
jump ‘%”

.

.
3
.

.
.
.
‘
.

down-slope

Show that the initial velocity of the skier when leaving the jump is 61 + 63 ] 1 mark

SECTION B - Question 4 — continued
TURN OVER
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b. The acceleration of the skier, ¢ seconds after leaving the ski jump, is given by

i(1)=-0.1¢i—(g—0.17)j,0<t<T

Show that the position vector of the skier, ¢ seconds after leaving the jump, is given by

I 3). I 5 1 3.
g(t):(&—%t ]1+(6t\/§—§gt +@t jJ’OStST 3 marks

c¢. Showthat 7 = %(\/5 + 1). 3 marks

SECTION B - Question 4 — continued
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d. At what speed, in metres per second, does the skier land on the down-slope? Give your answer
correct to one decimal place. 3 marks

SECTION B - continued
TURN OVER
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Question 5 (10 marks)

The diagram below shows particles of mass 1 kg and 3 kg connected by a light inextensible string
passing over a smooth pulley. The tension in the string is 7 newtons.

a. Letams2 be the acceleration of the 3 kg mass downwards.

Find the value of a. 2 marks

b. Find the value of T I 1 mark

SECTION B - Question 5 — continued
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The 3 kg mass is placed on a smooth plane inclined at an angle of 8° to the horizontal. The tension
in the string is now 7, newtons.

4
<

c.  When 6° = 30°, the acceleration of the 1 kg mass upwards is » ms2.

Find the value of b. 3 marks

d. For what angle 6° will the 3 kg mass be at rest on the plane? Give your answer correct to one
decimal place. 2 marks

3 -
e.  What angle 6° will cause the 3 kg mass to accelerate up the plane at %(1 - Ej ms 29 2 marks

SECTION B - continued
TURN OVER
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Question 6 (10 marks)

A certain type of computer, once fully charged, is claimed by the manufacturer to have x = 10 hours
lifetime before a recharge is needed. When checked, a random sample of n = 25 such computers is
found to have an average lifetime of ¥ = 9.7 hours and a standard deviation of s = 1 hour.

To decide whether the information gained from the sample is consistent with the claim = 10, a
statistical test is to be carried out.

Assume that the distribution of lifetimes is normal and that s is a sufficiently accurate estimate of
the population (of lifetimes) standard deviation o.

a.  Write down suitable hypotheses H, and H, to test whether the mean lifetime is less than that
claimed by the manufacturer. 2 marks

b. Find the p value for this test, correct to three decimal places. 2 marks

c.  State with a reason whether /|, should be rejected or not rejected at the 5% level of
significance. 1 mark

Let the random variable X denote the mean lifetime of a random sample of 25 computers,
assuming u = 10.

d. Find C* such that Pr()? <C* | U= 10) =0.05. Give your answer correct to three decimal
places. 2 marks

SECTION B - Question 6 — continued
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e. i. If the mean lifetime of all computers is in fact u = 9.5 hours, find Pr( X>C* | u=9.5 ),
giving your answer correct to three decimal places, where C* is your answer to partd. 2 marks

ii. Does the result in part e.i. indicate a type I or type II error? Explain your answer. 1 mark

END OF QUESTION AND ANSWER BOOK



