Engage
—ducation
-oundation

Units 3 and 4 Specialist Maths: Exam

2

Practice Exam Question and Answer Booklet

Duration: 15 minutes reading time, 2 hours writing time

Structure of book:

Section Number of questions Number of questions to | Number of marks
be answered
A 22 22 22
B 2 2 58
Total | 80

1 Students are permitted to bring into the examination room: pens, pencils, highlighters, erasers and
rulers, one bound reference, one approved CAS calculator (memory does not need to be cleared)
and, if desired, one scientific calculator.

1 Students are not permitted to bring into the examination room: blank sheets of paper and/or white
out liquid/tape.

Materials supplied:
1 This question and answer booklet of 19 pages.

Instructions:

T You must complete all questions of the examination.
T Write all your answers in the spaces provided in this booklet.
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Section A — Multiple-choice questions

Answer all questions by circling your choice.

Choose the response that is correct or that best answers 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.

Question 1
The Cartesian form of the curve described by the parametric equation
® v cgAl ©b6

® oAl O
is:
A © co pbaov ofo
B. ® w pachov ofo
C. ® po —haov vhp
D. — — phov chy
E. & co pbaov vhp
Question 2
Consider the relation:
w o W q
1 w P
Which is correct?
A. The relation has asymptotes given by ® - 0 ¢
B. The relation is an ellipse
C. Therelation has gradient — ——
. . . ® cA OA
D. The relation has parametric equation © cAi®
E. None of the above
Question 3
The domainof cAT Oow v —is:
A, N -ft
B. v -h—
C. v -hg
D. " -h—
E. o pbp
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Question 4
Thegraph @ Qo

has asymptotesw —, w Tandw & and a stationary point at @
¢& X.Xhe values of ¢hafthQ are closest to:

A. (-5,4,1,-1)

B. 3,21, -1

C. (2,-3,-20, -1)

D. (1,1,1, 1)

E. (-1,2,-3,-20)
Question 5

Which of the following defines the annulus in the complex plane lying between the relations e
« and e « ?

At @ ¢ B

B. ¢d¢ ¢ ¢ 0o o

C. od¢ &« ¢ d%® o

D. ¢d1 & ¢Qos w

E. g ¢ ¢Qos o
Question 6

Ifd A E-© ,then what is the principle argument of & ?

mo o o e»
|

0

Question 7
lfa cis —, then O K~ isequalto:

—Q

p Al G-

m o oW »

—0
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Question 8
All solutions to & NG TUC@N E are:
A a g NCQ
B.¢ & g L LTwrg UM McQ
C. & COQI— ord cOQF orda cOQI —
D. @ culg ¢uQ
E. & Wg WCrad NG mcrd ¢
Question 9
The definite integral, ——— Q agan be simplified to, ——'Q Gwhere:
A6 1io R HW =«
B. o 1 lohd Hw n
C. 6 1l H m
D. 6 11w R HW p
E. 6 Ilohd Hw p
Question 10

The region bounded by & T & @ ¢ ,® Tmand® ¢ is rotated around the y-axis. The volume
of the solid of revolution is:

A —
B. —
C. ", 00 ¢QQw
D. —
E ", oww ¢ Qw
Question 11
f— —— @ Tmandw p, and Euler's method with a step size of 0.1 is used, what would w be?
A. 1.0099
B. 1.0290
C. 1.0558
D. 1.0890
E. 1.1269
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Question 12
S ——
T e G6T [ e e — ———  —
-10 1 10
—_— e b | e T T o

The slope field above is given by:

m oo w >
|
|

Question 13
A tank initially containing 100 L of pure water has a 0.5 kg/L solution of salt poured in at 15 L/minute. As
the same time the concentration of salt in the tank is kept even by stirring, and water (solution) from the

tank is drained at 5 L/minute. An equation linking —, the rate of change in amount of salt with respect to

time, the amount of salt 0 kg and time 6 minutes is given by:

8

moowe»
|
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Question 14

===

The value(s) of & such that the vectors above are linearly dependent is/are:

A, a gord@ pord ¢
B. & gord@ pord ¢
C. & o

D. & ocord pora ¢
E. & oora pord C

Question 15
f6® phhg and éisat ofwtho , then how far is & from the origin?

A 3
B. /o
C. wux
D. 6
E. WX X
Question 16

The Cartesian equation of the region describedby adgt p ¢ 4 L COMN E s

A o ¢ p

B. o p W C Cw
C.o o p
DD ¢cw o
EE & w o
Question 17

A particle is acted on by three forces as shown in the diagram. The value of “Yfor the particle to be in
equilibrium is:

s

le]
p w
Ne w
Nt w

€

S

g

moow»
=
b
(=]
]

)]

Question 18 2
If the net force on a particle of mass 2kgis given by 'O 10 q0and 0 p when the particle is at the
origin, then the particle’s velocity in terms of its displacement is given by:

moow »
c
o)
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Question 19
A student throws a cricket ball straight up at 5m/s. How long does it take for the ball to return to its
original height?

A. -s
B. —s
C. —s
D. —s
E. p Os
Question 20

The normal reaction force acting on a mass & on a platform accelerating downwards at 3m/s? is:

A, a"Q oN
B. &4 "Q o N
C. a'Q oN
D. 4 "Q o N
E. od N
Question 21

A 5kg particle is slowed at a constant rate from 8m/s to 2m/s in 3 seconds. SO 0'S
p OEJd N

o0 p1N

p TN

p ™

—N

moowpy

Question 22

A particle of mass m is subject to two retarding forces:

0% w

"0 0

An equation of motion for the particle (where 'Qand Gare the positive constants of proportionality for "O
and "0 respectively)

m O O W »
Q-
C‘
|
o)
€
g—z
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Section B — Analysis

Answer all questions in the spaces provided.

In all questions where a numerical answer is required an exact value must be given unless otherwise
specified.

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.

Question 1
Consider the relation® ®ww @ @ T
a. . Find an expression for the derivative —.
2 marks
ii. Hence find the values of wand wwhere the relation satisfies — mmand — Tt
3 marks
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b. By first substituting

. P,
w —=0 U
W
. P,
W —=06 U
28
identify the form (shape) of the relation.
3 marks
c. i. Find 6 and U in terms of wand w(which can be treated as unit vectors : and : }, and hence sketch

0 and U axes onto the axes on the next page. Include a scale indicating positive/negative directions.

4 marks

www.engageeducation.org.au Page 8
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ii. Hence, given your answer to part b, sketch
O OWwWw @ T
on the axes below. Include wand wintercepts as coordinates, and 6 and U intercepts in the form
6 MNoruv

5 marks

v
c-
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d. Find the area bounded by the relation:
O OO0 @ T

2 marks
e. Consider the related functions
O 0o O mho T
i. Write down the relation in terms of 6 and 0, given the substitution in part b.

1 mark

ii. The region bounded by the relations can be rotated around the 6 or U axes to form two different
solids of revolution. Let @ be the volume generated by rotating around the u axis; let @ be the
volume generated by rotated around the v axis. By first expressing @ and & as two different
definite integrals, find Qsuch that & Q0.

4 marks

Total: 24 marks
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Question 2
Consider three vectors:

S

a. i Find avalue of 0 that will make the set of vectors % 4 and 3-linearly dependent.

3 marks
ii. Hence write 4ras a linear combination of fand -
(i.e. find 'Qand "Qsuch that 4= @& "@h

2 marks
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b. For this part, use your value for 0 found in part a.
i. Find the vector resolute of i the direction of =

2 marks
ii. Hence find the vector resolute of 3Fin the direction of &

2 marks

www.engageeducation.org.au Page 12
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Consider now that vectors f=and Jkrepresent forces (in newtons) acting on a particle of mass & (kg)
initially at rest at the origin.

c. Do not use the value of 0 you found in part a for this part of the question.
i. Find the range of angles at which force {'foan possibly act relative to force =|= (The particular
angle depends on the value of 0 .) Express your answer in the form — iR, with i and 0
expressed in degrees correct to two decimal places.

4 marks

ii. Find the value of 0 such that the force dkacts perpendicular to force .

2 marks
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The particle is also subject to a retarding force (a force that acts in the opposite direction to the particle’s
motion) with magnitude proportional to the particle’s speed.

Let the particle’s velocity vector be given by » 0
For the remainder of this question, use the value of 0 found in part ¢ ii.

d. i. Find an expression for the unit velocity vector in terms of chchA T @

2 marks

i. Hence find an expression for the retarding force, 5, using "Qto represent the positive constant of
proportionality, in terms of ¢h wand a.

3 marks
e. Find an expression for the net force on the particle in terms of 'Q ¢h and a.

1 mark

www.engageeducation.org.au Page 14
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. i. Find the velocity vector in terms of the time 6, Qand the particle’s mass (&).

4 marks
ii. Find the terminal speed of the particle in terms of Q

3 marks

Page 15 Exceptional Teachers, Notes and Results. Engage'’s VCE Lectures, just $68 — ee.org.au


https://engageeducation.org.au/

The Engage Education Foundation Units 3 and 4 Specialist Maths: Exam 2: Free Exam E

g. Find the Cartesian equation that describes the position of the particle, expressing the particle’s &
coordinate in terms of its wcoordinate. (Ignore the particle’s motion in the wdirection.)

3 marks

h. If'Q ¢anda v, find the time taken (from 6 ) for the particle to travel a total distance of 20
metres, correct to two decimal places.

3 marks
Total: 34 marks

End of Booklet

Looking for solutions? Visit www.engageeducation.org.au/practice-
examswww.engageeducation.org.au/practice-exams

To enrol in one of our Specialist Mathematics lectures head to: www.engageeducation.org.au/lectures
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Formula sheet

area of a trapezium

curved surface area of a cylinder  ¢* 1Q

volume of a cylinder “1 "Q
volume of a cone g“ 1 Q
volume of a pyramid gé"Q
T
volume of a sphere 6“‘1
area of a triangle gd) D Bl
sine rule @ & &
OBl OBl OBl
cosine rule O O O cOAisd
. ®» Q w Q ® 0 ®»w Q
ellipse - p hyperbola _ - p
W W @ ®
Al @ OE p
p OAlw OAM Al @ p Al OMA
OEd w OEDATO Al DOED OEd w OEDATD Al DOED
ATd o ATDATO OEDOED ATd o ATDATO® OEDOED
OAD ¢ OAdb OAD OAD ¢ OAdb OAD
© 5 OADOAD © 5 OADOAD
Al Al @ OEWw cAl @ p p cOEWw
o a e o A ¢cOAD
OE OEd Al ) —_—
do ¢ [(9) OAdw 5 OATL
function OEI1 AT O OAT
domain php php a
range -8 T —h
ccC ccC
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1AEO

G o 0Qi AT-O0 ®E+F G 1 A EO—de Moivre’s theorem)
@s (l) (b i “ | O(’g “
. .o a 0.
ag it AEFO — oy i—A 0 —
Q £ G OO ® 3
,Qd)oo £w p
0 ]
=9 @ Qon Po 6
Qw w
Q.. p Py x
—. = =Quw I | W
Qw ® w w e
Q .. R T s fa e o
ECOOE&(» OAT Ok OEbwQw AT dw &
Q . PP T N SO
— Al dw OO Ecb & Al doQw ~OEbw ®
Qw w
Q . W - P ¢ IV
— OAbw — OWOAB® OAR W =O0Abw ©
Qw Al GOw ®
Q P P aen O o,
,_‘OEI(A) - wi OEIl = W T
Qw p @ no o ®
Q . P P e A o,
—. Al Ow - —Qw Al O dw ™
Qw p nd o ®
Q ... ® I T
,—‘OA| w L‘ —Qw OAIl = (V]
Qw p w 0w @
roduct rule Q ot , Q0 00
P 2’ %qo ‘o
o . Q6 Q0
quotient rule Qo YGo °Tw
‘Q woL 0
. Qw Qo
chain rule g
Qw QA w
Euler's method f— "Qohy dand® & then @ ®» o
. . Qo QL Q0 Q p.
acceleration O — — 0 — =
Q0 Q0 Qw Qwc
constant (uniform}) acceleration 0 0 WPi 60 -, 06 ¢Cwii -0 UvO
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>

S O w 4 i P> i1 AT-O o 0o Gd
momentum - GO

equation of motion { a+

friction O ‘0
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