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At the end of the examination
* Place the answer sheet for multiple-choice questions inside the front cover of this book.
*  You may keep the formula sheet.

Students are NOT permitted to bring mobile phones and/or any other unauthorised electronic
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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
1 <
For the interval 5 <x <3, the graph of y = |2x - 1| - |x - 3| is the same as the graph of Lul
A, y=—x-2 i
B. y=3x-4
C. y=x+2 (7))
D. y=3x+2 -
E. y=x—4 L
-
Question 2 P
. 2 —
The expression I—M simplifies to
tan?(x) +1 L
A. sin(x) cos(x) -
B. 1-—2cos?(2x) —
C. 2sin(2x) o
D. 2sin?(2x) ;
E. cos*(2x)
Question 3

242
The graph of y = %x:c , where ¢ € R, will always have
x —_—

-
o
P
o
(@]

A. two vertical asymptotes and one horizontal asymptote.
two horizontal asymptotes and one vertical asymptote.
a vertical asymptote with equation x =—2 and one horizontal asymptote with equation y = 1.

one horizontal asymptote with equation y = 1 and only one vertical asymptote with equation x = 2.

SIS 4

a horizontal asymptote with equation y = 1 and at least one vertical asymptote.

SECTION A — continued
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WRITE

DO NOT

Question 4
This question has been redacted following the
findings of the Independent Review into the
VCAA's Examination-Setting Policies, Processes
and Procedures for the VCE.
Question 5

Letz=x+ yi, wherex,y € Randz € C.
If Arg(z—i)= 3% , which one of the following is true?

A, y=1-xx<0

B. y=1-x,x>0
C. y=1+x

D. y=1+x,x>0
E. y=1+xx<0
Question 6

2022 SPECMATH EXAM 2

Given z =x + yi, where x, y € R and z € C, an equation that has a graph that has two points of intersection

with the graph given by |z - 5| =21s
A. Arg(z-3)= %

B. |z-1=2

C. Im(z)=2

D. Re(z) +Im(z) =2

E. |z-5-5i=4

SECTION A — continued
TURN OVER
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Question 7

log, 2
Using the substitution u =1 + €*,

elog,2
IV P

1
dx can be expressed as
o l+e*

<
L
o
<
7p)
L
-
P

WRITE

DO NOT

SECTION A — continued
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Question 8
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The direction field shown above best represents the differential equation

J11dM

= + +
2_y Lo L
I I I
<€ wE ¥
&) a &

10N Od

Question 9

& =2x2,
dx

Euler’s method is used to find an approximate solution to the differential equation

Given that x, =1, y, =2 and y, = 2.976, the value of the step size /4 is

0.1

A.

0.2

B.

0.3

C.
D.

0.4
0.5

E.

TURN OVER

SECTION A — continued
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uestion 10

Consider the curve given by 5x%y — 3xy + 32 = 10.

The equation of the tangent to this curve at the point (1, m), where m is a real constant, will have a negative
gradient when

meR\[-1,0]
B. m=—/11-1 only
C. meR\(-1,0]
D. m:x/ﬁ—lonly
E. m==J11-10r m=+11-1
Question 11

Consider the vectors a =2i —3j + pk, b=1+ 2j — gk and ¢ =-3i + 2j + 5k, where p and g are real
numbers. i

If these vectors are linearly dependent, then

A. 8p=5¢—35
B. 5p=8q—35
C. 8 =-5¢—-35
D. 8p=5¢+35
E. 5p=8q+35
Question 12

Consider the vectors u(x) = —cosec(x)i + NE) J and v(x) =cos(x)i + J .

If u(x) is perpendicular to v(x), then possible values for x are

T T
A. 5 and 6
pid 4
B. 3 and 3
Sr 117
C. 6 and 6
2r S
D. 3 and 3
4 S
E. 5 and 3
Question 13

The acceleration of a body moving in a plane is given by 1(¢) =sin(¢)i + 2cos(?) J, where > 0.

Given that £(0) =21 + J, the velocity of the body at time ¢, i(¢), is given by
A. —cos(f)i + 2sin(?)]
B. (3 —cos(?))i+(2sin(r) + I)J

C
D
E

. (I+cos(t)i+(2sin(?) +1)]
. (2+sin())i + (2cos(t) ~ 1)
(1 + cos(t))i + (1 — 2sin(t))j

SECTION A — continued
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Question 14

A particle moving in a straight line with constant acceleration has a velocity of 7 ms™! at point 4 and 17 ms™!
at point B.

The velocity of the particle, in metres per second, at the midpoint of 4B is

A. V119

B. 11
Cc. 12
D. 13
E. 240

Question 15

An object of mass m kilograms on a smooth inclined plane is acted on by three forces, N, T and W, as shown
in the diagram below. The force T acts at an angle o up from the slope of the plane. The object experiences
an acceleration a.

v

Which one of the following statements is necessarily true?
A. |I|sin(a) = |W|cos(0)

B. |W|sin(0)=|T|cos(x)

C. |Wsin(6)—|T|cos(a) = ma]
D. N+W+T=0

E. N+W+T=ma

SECTION A — continued
TURN OVER
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Question 16
Three coplanar forces of magnitudes 5 N, 7 N and 10 N maintain a particle in equilibrium.

The angle 9 between the forces of magnitudes 5 N and 7 N can be found by solving which one of the
following equations?

A. 100=25+49+2 x5 x 7 cos(f)
100=25+49 -2 x5 x 7 cos(6)
25=100+49 -2 x 10 x 7 cos(H)
49=25+100-2 x5 x 10 cos(0)
49=25+100+2 x5 % 10 cos(d)

#EOFR

Question 17

A particle of mass 7 kg travels in a straight line with constant acceleration from an initial velocity of 3 ms™!.
The particle travels a distance of 30 m in 6 seconds.

The change in momentum of the particle, in kg ms™, is

A. 0
B. 4
C. 28
D. 49
E. 60

Question 18

The time taken, 7' minutes, for a student to travel to school is normally distributed with a mean of 30 minutes
and a standard deviation of 2.5 minutes.

Assuming that individual travel times are independent of each other, the probability, correct to four decimal
places, that two consecutive travel times differ by more than 6 minutes is

A. 0.0448
B. 0.0897
C. 0.1151
D. 0.2301
E. 009103

Question 19

This question has been redacted following the
findings of the Independent Review into the
VCAA's Examination-Setting Policies, Processes
and Procedures for the VCE.

SECTION A — continued
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Question 20

A student constructs the following pulley and mass system using three randomly selected masses that are
labelled 4 kg and 2 kg. The masses are connected by two light inextensible strings, one of which passes over
a frictionless pulley, as shown below. Initially, the mass labelled 4 kg is held at rest.

kg

<
Ll 4 kg
(0
<
(7))
— 2 kg
L
=
Z Most of the system’s components are of high quality, but the labels on the masses give only approximations
- and the actual masses vary, being normally distributed with the following parameters.
Ll
- Labelled mass (kg) Mean (kg) Standard deviation (kg)
o 2 1.980 0.015
; 4 3.940 0.002
-
O Correct to three decimal places, the probability that the mass labelled 4 kg moves up after it is released is
Z

A. 0.546
(@) B. 0.747
=) C. 0.826

D. 0.998

E. 1.000

END OF SECTION A
TURN OVER
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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 ms 2, where g = 9.8

Question 1 (11 marks)
2

Consider the family of functions f with rule f(x)= al o where £ € R\{0}.

a.  Write down the equations of the two asymptotes of the graph of f when k= 1. 2 marks j
o
<
7p)

b.  Sketch the graph of y = f(x) for £ =1 on the set of axes below. Clearly label any turning T

points with their coordinates and label any asymptotes with their equations. 3 marks =
P
y —
4 L
-
5 o
> -

X
o o

-4 -2 2 4 —

P
s o
| (@]

SECTION B - Question 1 — continued
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2

i. Find, in terms of £, the equations of the asymptotes of the graph of f(x)= al 1 mark
. . . : x? .
ii. Find the distance between the two turning points of the graph of f(x)= n terms
of k. X 2 marks

2

Now consider the functions / and g, where A(x) =x + 3 and g(x) = |
-

The region bounded by the curves of  and g is rotated about the x-axis.

i. Write down the definite integral that can be used to find the volume of the resulting solid. 2 marks

ii. Hence, find the volume of this solid. Give your answer correct to two decimal places. 1 mark

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

Two complex numbers u and v are given by u=a +iand v=>b— J2i, where a, b € R.

a. i. Given that uv:(\/i + \/g)-i- (\/5 - \/g)i, show that a2 + (1 - \/g)a ~J3=0. 2 marks

<
L
o
<
7p)
L
-
P

ii. One set of possible values for a and b is a = V3 and b=+/2.

WRITE

Hence, or otherwise, find the other set of possible values. 1 mark

DO NOT

SECTION B - Question 2 — continued
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b. Plot and label the points representing u = V3 +iand v=+2 — 2i on the Argand diagram
below. 2 marks

<
Ll
o
<
7p)
L
-
Z

c. The ray given by Arg(z) = 8 passes through the midpoint of the line interval that joins the

points u:\/§+iand v=\/§—\/§i.

Find, in radians, the value of @ and plot this ray on the Argand diagram in part b. 2 marks

WRITE

DO NOT

d. The line interval that joins the points u = \/g +iand v= \/5 - \/Ei cuts the circle |z| =2 into a
major and a minor segment.

Find the area of the minor segment, giving your answer correct to two decimal places. 2 marks

SECTION B - continued
TURN OVER
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Question 3 (10 marks)
A particle moves in a straight line so that its distance, x metres, from a fixed origin O after time

d 2¢*
t seconds is given by the differential equation L e_z , where x =0 when ¢ = 0.
dt  1+4¢
a. i. Express the differential equation in the form I g(x)dx = I f(@ade. 1 mark
ii. Hence, show that x =log, (tan*1(2t) + 1). 2 marks

<
L
o
<
7p)
L
-
P

WRITE

DO NOT

SECTION B - Question 3 — continued




<
Ll
o
<
7p)
L
-
Z

WRITE

DO NOT

15 2022 SPECMATH EXAM 2

b.  The graph of x =log, (tan*1(2t) + 1) has a horizontal asymptote.

i. Write down the equation of this asymptote. 1 mark

ii. Sketch the graph of x =log, (tan‘1 (2t) + 1) and the horizontal asymptote on the axes
below. Using coordinates, plot and label the point where ¢ = 10, giving the value of x
correct to two decimal places. 2 marks

P =

1.0

0.8

0.6

0.4

0.2

0 2 4 6 8 10

c¢. Find the speed of the particle when ¢ = 3. Give your answer in metres per second, correct to
two decimal places. 1 mark

Two seconds after the first particle passed through O, a second particle passes through O.

Its distance x metres from O, ¢ seconds after the first particle passed through O, is given by
x=log, (tan"! (31 - 6) +1).

d.  Verify that the particles are the same distance from O when ¢ = 6. 1 mark

SECTION B - Question 3 — continued
TURN OVER
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e.  Find the ratio of the speed of the first particle to the speed of the second particle when the

a
particles are at the same distance from O. Give your answer as I3 in simplest form, where a
and b are positive integers. 2 marks

<
L
o
<
7p)
L
-
P

WRITE

DO NOT

SECTION B - continued
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CONTINUES OVER PAGE
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SECTION B - continued
TURN OVER
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Question 4 (11 marks)

A student is playing minigolf on a day when there is a very strong wind, which affects the path of
the ball. The student hits the ball so that at time # = 0 seconds it passes through a fixed origin O.
The student aims to hit the ball into a hole that is 7 m from O. When the ball passes through O, its
path makes an angle of 0 degrees to the forward direction, as shown in the diagram below.

The path of the ball 7 seconds after passing through O is given by

Y
A
©,7) ¢
<
Ll
0 (0
<
07 > "
X
-
P4

r(f) = %sin[%tj i + 26 fort e [0, 5]

where i is a unit vector to the right, perpendicular to the forward direction, j is a unit vector in the

forward direction and displacement components are measured in metres.

L
-
o
=

a.  Find 0 correct to one decimal place. 2 marks

DO NOT

SECTION B - Question 4 — continued
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i. Find the speed of the ball as it passes through O. Give your answer in metres per second,
correct to two decimal places. 2 marks

ii. Find the minimum speed of the ball, in metres per second, and the time, in seconds, at
which this minimum speed occurs. 2 marks

Find the minimum distance from the ball to the hole. Give your answer in metres, correct to
three decimal places. 3 marks

How far does the ball travel during the first four seconds after passing through O? Give your
answer in metres, correct to three decimal places. 2 marks

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

The diagram below shows two forces of magnitudes 10+/2 N and 20+/3 N and a horizontal
resistance force of magnitude 5k N, where & € R, acting on an object of mass 5 kg. All forces act
in the same vertical plane. The force of magnitude 20~/3 N acts at an angle of 30° to the horizontal
direction and the force of magnitude 10+/2 N acts at an angle of 15° to the force of magnitude

20+/3 N. The object moves to the right on the horizontal surface and at point O it has a speed of
0.5 ms™.

10/2 N

203N
15° ©
30°
SkEN 4——é ----------- °
0 S5kg P
a.  Show that the acceleration of the object is given by (8 — k) ms™2. 2 marks
After 5 seconds the object reaches point P, where it has a speed of 2 ms™!.
b. Find the change in momentum, in kg ms™!, of the object from =0 to t = 5. 1 mark
c. Showthatk=7.7 2 marks

SECTION B - Question 5 — continued
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d. Find the distance, in metres, from point O to point P. 2 marks

e.  When the object passes point P, the forces of magnitude 20+/3 N and 102 N cease to act
and the object begins to move up the plane PQ at a reduced speed of 1.95 ms™!. The plane is
inclined at an angle of 6° to the horizontal. The object is subject to a resistance force of 38.5 N
acting parallel to the plane. The object comes to rest 0.2 m up the plane from P.

Find 8, correct to one decimal place. 3 marks

<
Ll
o
<
7p)
L
-
Z

WRITE

DO NOT

SECTION B - continued
TURN OVER




2022 SPECMATH EXAM 2 22

Question 6 (9 marks)
A company produces soft drinks in aluminium cans.

The company sources empty cans from an external supplier, who claims that the mass of
aluminium in each can is normally distributed with a mean of 15 grams and a standard deviation of
0.25 grams.

A random sample of 64 empty cans was taken and the mean mass of the sample was found to be
14.94 grams.

Uncertain about the supplier’s claim, the company will conduct a one-tailed test at the 5% level of
significance. Assume that the standard deviation for the test is 0.25 grams.

a.  Write down suitable hypotheses H|, and H, for this test.

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

c.  Does the mean mass of the random sample of 64 empty cans support the supplier’s claim at
the 5% level of significance for a one-tailed test? Justify your answer.

d. What is the smallest value of the mean mass of the sample of 64 empty cans for /4, not to be
rejected? Give your answer correct to two decimal places.

1 mark

1 mark

1 mark

1 mark

SECTION B - Question 6 — continued
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The equipment used to package the soft drink weighs each can after the can is filled. It is known
from past experience that the masses of cans filled with the soft drink produced by the company are
normally distributed with a mean of 406 grams and a standard deviation of 5 grams.

e.  What is the probability that the masses of two randomly selected cans of soft drink differ by
no more than 3 grams? Give your answer correct to three decimal places. 2 marks

This question has been redacted following the
findings of the Independent Review into the
VCAA's Examination-Setting Policies, Processes
and Procedures for the VCE.

END OF QUESTION AND ANSWER BOOK
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Specialist Mathematics formulas

Mensuration

area of a trapezium %(a +b)h
curved surface area of a cylinder 27rh
volume of a cylinder nrh

L
volume of a cone 37 h
volume of a pyramid % Ah

4_3
volume of a sphere 3 r
area of a triangle % bcsin(4)

) | a b ¢
sine rule sin(4) sin(B) sin(C)
cosine rule & =a* +b* - 2ab cos ()

Circular functions

cos? (x) + sin® (x) = 1

1 + tan’ (x)= sec? (x)

cot’ x)+1= cosec’ (x)

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

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

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

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

tan (x) + tan ()

_ tan(x)—tan(y)

tan(x+y) = 1—tan(x)tan(y) tan(x-y)= 1+ tan(x)tan(y)
cos(2x) = cos’ (x)— sin’ x)=2 cos’ x-1=1-2 sin’ (x)

2
sin(2x) = 2 sin (x) cos (x) tan (2x) = tan (x)

1-tan? (x)




Circular functions — continued

SPECMATH EXAM

Function sin”! or arcsin cos ! or arccos tan"! or arctan
Domain [-1, 1] [1, 1] R
T T T
R -, = 0, -,
ange [ > 2} [0, 7] ( > 2)

Algebra (complex numbers)

z=x+iy= r(cos(@) +isin(9)) =rcis(0)

—r<Arg(z)<rm

2,2, =11 Cis (0, + 0,)

zZy B
%zéms(@l -0,)

Z"=7¢" cis(nf) (de Moivre’s theorem)

Probability and statistics

for random variables X and Y

E(aX+b)=aEWX)+b
E(aX+bY)=aE(X) + bE(Y)
var(aX + b) = azvar(X )

for independent random variables X and Y

var(aX + bY) = azvar(X )+ bzvar( Y)

approximate confidence interval for u

distribution of sample mean X

mean

variance

TURN OVER
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Calculus
i(x")znxn_l x"dszx”H-i-c,n;t—l
dx J n+l1
i(e“x)zaeax e"xdlee‘“-l—c
dx J a

d 1
E(loge(x)) - ;

la’leoge|x|+c
x

%(sin (ax)) = acos (ax)

sin (ax)dx = = cos(ax)+c¢
a

%(cos (ax)) = —asin (ax)

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

%(tan (ax)) = asec” (ax)

sec? (ax)dx = 1 tan(ax)+c
a

%(sinl(x)) -

;dxzsinl(f}rc,a >0
2 a

1-x* INa? —x
d _ -1 —
—(cos l(x))z —1a’x=cos_1 (£j+c,a>0
dx l_xz J a2_x2 a
d -1 1 * a 11 X
—(tan" (x))= dcx=tan" | — |+c
dx( ( )) 1+x° Ja*+x? (")
(ax+b)"dx = (ax+b)" 1 4e, nz-1
R a(n+1)

(ax+b)_1dx =lloge |ax+b| +c
a

d dv du
product rule —(uv) —u— yyp=
dx dx dx
du dv
. vi f— -
quotient rule d E u j _ _dx dx
dx\ v V2
chain rule ﬂ - Q@
dx du dx
d
Euler’s method If d_i = f(x), Xy=a and Vo= b, then X, =x,+ h and Vur1=Vnt hf(xn)
. d*x dv  dv d ( 1 2]
acceleration a=——="_yZ_" |y
a2 dtdx de\2
X, t
arc length .[ y1 +(f'(x))2 dx or J. \/(x’(f))2 +()’,(1))2 dt
X, 4

Vectors in two and three dimensions

r=xi+yj+zk

|t|=yx*+)y*+ 22 =r

dr dx. dy. dz
r=—=—i+—j+—k
Todt dtT dt= dt”

Mechanics
momentum p=my
equation of motion R=ma

=
—

LIy =11 cos(0) =x1xy + Y V) + 212,

END OF FORMULA SHEET
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