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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 5 5 58
Total | 80

e 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.

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

Materials supplied:
e This question and answer booklet of 23 pages.

Instructions:

e You must complete all questions of the examination.
o 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

N\ 10+ /

—10 1

The graph above is of the form:

x%-1
A ~
B. x3+-
' x
C. x2+12
’ x
x3-1
D. ~
E. None of the above.
Question 2
1 .
Let f(x) = s X € R. The graph of y = f(x) has:
A. 1 asymptote.
B. 2 asymptotes.
C. 3 asymptotes.
D. 4 asymptotes.
E. the graph does not have any asymptotes.
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Question 3
The equation cos(2x) = cosec (x - g)x € [—m, ] has how many solutions?

Moo E R
s W N =R O

Question 4
The domain and range of the function f(x) = 2sin™? G - 1) + m are:

0<x<4and0<y<2nm
0<x<8and0<y<2m
0<x<4and—-n<y<m
—%SxS%and—%Sysg

0<x<8mand0<y<?2

Mo oowe
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Let P(z) = z8 — 2i. Which of the following Argand diagrams best represents the roots of the equation
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Question 6
Given that OAB is a triangle, with 04 = a and 0B = b, which of the following is sufficient proof that OAB

is equilateral?

la| = |b|

2a.b
=1land|a|=|b—a
allb] lal =] I

A
B
C. aaa=(a+b).(a+b)+b.b—a.b
D
E

|a|?> = |a — b|? + |b|?> — 2a.b

a.b a.(b-a)

lallb] — lallb-al —

Question 7
If a =5i+pj—kand b = 2i — 3j + gk, which of the following is true?

A, ab=0ifp=3andqg=-1
B. |al =+V30ifp =4
ab 1, _ _
C. laHM—;lfp—Zandq—l
D. albifp=1landg=7
E. @=z(5i+2j—k)ifp=1/2
Question 8

The graph (x — 9)? — 8(y + 1)? = 16 has (an) asymptote(s) at:

A. y=ﬁx+ﬂ—1andy=—ﬁx—i§+1
4 4 4 4
B. y=t;(x—4)+V2
C. x=9
3 3
D. y+1=2"2(x—9andy+1=-2"2(x—-9)
E. y=0andx=0
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Question 9

y =[x

From the graph of y = f'(x) above, it can be deduced that:

A. The graph of y = f(x) has two turning points and one stationary point.
B. The graph of y = f(x) has one turning point and two stationary points of inflexion.
C. The graph of y = f(x) has two points of inflexion and one turning point.
D. The graph of y = f(x) has no stationary points, only points of inflexion.
E. None of the above.
Question 10

Aforce, T = 30N, acts on a 10kg block at an angle of 30 ° to a smooth plane, which is at an angle of 17°°
to the horizontal. What happens?

A

B.
C.
D
E
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Nothing, the block remains in static equilibrium.

T is great enough that the block moves up the plane.

T is great enough that the block is lifted from the plane.

The weight force of the block is great enough that the block moves down the plane.

The tensile strength of the plane is insufficient and it collapses under the weight of the block.
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Ques

tion 11

x? . .
If 5 sin(x) = 3y, then:

dy _ (2xy-y? cos(x))

A dx x2+3y2
B W_ x2+3y?2
" odx | (2x—cos(x)y)y
ay _1(%x _
C. =3 (y cos(x))
dy _ 2x
D. il + y cos(x)
dy _ —(cos(x)y-2x)y
B = ez
dx x4-3y
Question 12
A
The graph of y =
given by:

A V= f01y2 dy

1
B. V=nf(;ﬁx dy

2

C. szolnyz dx
D. Vznfolydx

vz
E. V=n[{x%dy
vz
Question 13

T 0 < x < 1 is rotated around the x axis. The volume of the solid formed can be
X

If z=1— 2iis a root of the equation P(z) = 0, where P(z) = z* — 2iz3 + 2z% + (12 — 2i)z + 1 — 12i,

which of the following is also a root of P(z) = 07

A z=1+2i

B. z=-1+2i

C. z=2i

D. z=1i

E. z=0
Question 14

A particle’s displacement is given by the equation r(t) = cos(t) i + sin(t) j + t2k,0 < ¢t < 2m. The
particle’s speed is given by which of the following expressions?

A

B
C.
D
E

. V4t2+1m/s

\J2sin?(t) —t?m/s
V2t —1m/s

www.engageeducation.org.au

—sin(t) i + cos(t) j + 2tk m/s

sin(t) i — cos(t) j + 2tk m/s
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Question 15
A particle is in static equilibrium, with forces acting on it as shown. Which of the following are closest to
the magnitudes of forces F and G respectively?

6N
30° 45°  F N
G N

A. 4Nand10N.

B. 6.79 N and 8.20 N.

C. 3.177Nand 9.16 N.

D. 5.66 Nand 12.3 N.

E. 12Nand 20 N.

Question 16

J_ cos®(x) sin(x) dx can be written as:

- f__ngu3 du
f_ol u du
fo_l uddu
- f_ol udx

f_ol u* du

moowes

Question 17

A particle undergoes linear acceleration according to the equation a = (x + 4)3 m/s?. Given that the
particle commences motion at the origin with a velocity of 4 m/s, what is the particle’s displacement, to
four decimal places, when v = 10 m/s, given that x < 07

A. —8.5378m
B. —-0.1313m
C. =7.7606 m
D. —-8.0906 m
E. —20.0478m
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Question 18

A tram accelerates from a tram stop at a constant rate of a m/s? from rest. It then begins to decelerate
at a rate of 3a m/s?, until it comes to a halt at the next tram stop. If it travels a total distance of 350m
over 90 seconds, what is the value of a, in m/s??

22

A a==
7

28

B. =
-7

C. =
135

D. =
E. a=0
Question 19

A particle of mass 20 g is subject to a constant force of =5 N for 10 s. If its initial velocity is 12 m/s, what
is its change is momentum?

A. —38.
B. 50.

19

C. -

D. —-1.
E. -50.
Question 20

A truck of mass five tonnes is driving along the highway at constant speed and is subject to a
deceleration due to air resistance and friction of 4v? m/s?2. If the force exerted by the engine is 2.5 *
107N, what is this constant speed?

252 m/s
2500m/s

5 mis

2vV5m/s
125000v2 m/s

mo o b»

Question 21
x—1

What is the area beneath the curve y = 4 —; ,
2x“—4x+3

x <37

2log, 3 units?
log, 3 units?
3log, 3 units?

%loge 3 units?

moows»

iloge 3 units?

Question 22

A boat sails N30°Eat 20m/s for an hour, then tacks and sails W40°N at half the speed for twenty
minutes. How far does the boat travel?

A. 23.86 km
B. 569m
C. 56.28km
D. 75.02 km
E. 84km
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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 function f:P - R, f(x) = 3tan"*(2—x) -7

a. i.If Pisthe largest set over which f(x) is defined, what is P?

1 mark

ii. What is the range of f(x)?

1 mark

b. On the set of axes below, sketch f(x), labelling any intercepts, asymptotes or turning points.

y
A

Y
=

3 marks
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c. Adam wall of cross-sectional area A is to be constructed, where A is the area enclosed by the
graph f(x), they axis and the lne y = —m.
i. Write out, but do not evaluate, an integral equal to area A.

2 marks

ii. If the cross-sectional area of the wall is constant, and the length of the wall is 30 m, what volume
of concrete will be required to construct the wall? Assume all values are in metres and give your
answer in m? correct to four decimal places.

2 marks

Total: 9 marks
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Question 2
A particle is projected from the origin at an angle of 30° from the x axis, with a velocity of 30 m/s.

a. Give a vector in the form v; = ai + bj that represents the initial velocity of the particle.

2 marks

b. i If the only force acting on the particle is acceleration due to gravity, give a vector of the form
a(t) = ci + dj that represents the acceleration of the particle at time t.

1 mark
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ii. Hence give a vector equation of the particle’s displacement at time ¢t in the form r(t) = x(t)i +
y(6)j.

3 marks

c. The particle’s displacement is actually given by the vector equation r(t) = (5\/§t)i + (5t — 4.9t%)j.
i. What is the particle’s speed at time t?

2 marks

i. What is the minimum speed reached by the particle?

2 marks

www.engageeducation.org.au Page 12
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iii. How long does the particle’s flight take?

2 marks

iv. What it its total displacement in metres, to three decimal places?

1 mark

d. The particle is projected at some velocity v and some angle 8, where 0 < 8 < % What value of 8 will
give the greatest net displacement?

4 marks

Total: 17 marks
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Question 3

The rate of change of temperature of an object is proportional to the difference in temperature between

the object and its surroundings. A hot cup of tea of temperature 80° is sitting on a bench at room

temperature, 25°. Five minutes later, its temperature is 65°.

a. Give a differential equation describing the rate of change of temperature over time, %, interms of T
and a constant k.

1 mark
b. Solve this differential equation to give T in terms of t.
6 marks
c. How long will it take for the cup of tea to reach room temperature?
1 mark

Total: 8 marks
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Question 4

A motorcyclist is preparing to do a stunt, in which she will ride her motorcycle up a flat ramp 10 m long
inclined at an angle of 40 degrees to the horizontal, then fly over ten cars parked adjacent to one another
(each with height 1.2 m and width 2 m), and land safely on the other side.

a. The force exerted by the engine of the motorcycle, P, is 10000 N, and the total resistive forces can
be taken to be 0.2M + 500, where M is the normal force acting on the motorcycle. The combined
mass of motorcyclist and motorcycle are 300 kg.

i. Label all forces acting on the motorcyclist on the diagram below:

1 mark

ii. By resolving forces parallel and perpendicular to the plane, find the acceleration of the
motorcycle up the plane to four decimal places.

3 marks
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iii. If the velocity at x = 0 is 10 m/s, use your answer from part i to evaluate the motorcyclist’s
velocity (to four decimal places) as she leaves the end of the ramp.

2 marks

b. The motorcyclist’s displacement as she moves through the air above the cars is given by r(t) =
(v cos(8) t)i + (vsin(8) t — 4.9t2)j, where i is a unit vector in the x direction and j is a unit vector in
the y direction. t is the time after the motorcyclist leaves the ramp and v is the velocity of the
motorcyclist as she leaves the ramp.

i. Ifv=25m/sand @ = 40°, give the Cartesian equation of her displacement, giving coefficients
to four decimal places.

2 marks
ii. On the axes below, graphy against x over a reasonable domain. Label all intercepts.

2 marks
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c. Using your graph from part b, does the motorcyclist clear the ten parked cars? Justify your answer.

2 marks

Total: 12 marks
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Question 5

Let v =2 + 2V/3i and w = 2v2 + 2v/2i.

v . . .
a. lIfz= — give zin the form a + bi.
2 marks
b. Give v, w and z in their polar form.
2 marks
c. i.Onthe Argand diagram below, plot v, w and z.
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ii. Using your results from part i, show that tan( ) =2-3

s
12

3 marks

d. Giventhat z = = is a solution of the equation z* + % (V2 -3v6)z? + 3z — V6 + V2 = 0, find the

w
other two solutions of the equation, expressing your answers in Cartesian form.

3 marks

Total: 12 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

1
area of a trapezium > (a+b)h

curved surface area of a cylinder  2mrh

volume of a cylinder nr2h
1
volume of a cone §nr2h
. 1
volume of a pyramid §Ah
4
volume of a sphere §7rr3
. 1
area of a triangle 5 bcsin A
. a b c
sine rule . = — = —
sinA sinB sinC
cosine rule c? =a?+b?—-2abcosC
: (x-h? (y—k)? (x—h? (—k)?
ellipse " + T = 1 hyperbola o 1
2 200
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(y) tan(x) — tan(y)
t = t. —_ =
an(x +) 1 — tan(x) tan(y) an(x —y) 1 + tan(x) tan(y)
cos(2x) = cos?(x) — sin?(x) = 2cos?(x) — 1 =1 — 2sin?(x)
2t
sin(2x) = 2 sin(x) cos(x) tan(2x) = #r;(jc()x)
function sin”? cos~! tan~!
domain [-1,1] [-1,1] R
T ] &4
range 22 [0, 7] )
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z=x+yi=r(cosf +isinf) =rcisf

|z| = yx2+y2=r

7,2, = 11, Cis(0, + 6,)

— (M) = n-1
dx(x) nx

d
a (™) = ge™

d(l )_1
dx - 0Be™) T3

d ] —
o (sin(ax)) = a cos(ax)

z" = r" cis(nd) (de Moivre’s theorem)
—-n<Argz<m
21

N is(6 6,)
ZZ_TZCIS i 5

1

fx”dxz—x"+1+c,n¢ -1

n+1

1
fe“"dx=—e“"+c

a

1

f;dx=loge|x|+c

1
f sin(ax) dx = — acos(ax) +c

d 1
I (cos(ax)) = —asin(ax) f cos(ax) dx = Esin(ax) +c
2 (tan(ax)) = — asec(ax) ? (ax) dx = ~
I an(ax)) = cosZ(ax) asec”(ax fsec (ax)dx = Etan(ax) +c
a . _, _ 1 1 dx = sin-1 x 0
a(Sln (x)) —m J\/ﬁ X = SIn (a)‘}'C,a >
d 1 _ 1 -1 dx = i (x 0
a(cos (x))——m J\/ﬁ X = cos (E)+c,a>
d a X
- -1 = - = -1(_
Ix (tan~*(x)) 112 J PR dx = tan (a) +c
roduct rule d (uv) = v + du
P dx wr) =u dx v dx
(v

quotient rule da (E) _\ dx dx

dx \v v?

d dyd
chain rule @ _wa

dx dudx

Euler's method

acceleration

constant (uniform) acceleration
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If Z—z = f(x),x, = aand y, = a, then y,.1 = v, + hf (x,)

_dzx_dv_ dv d(l 2)
=0 T ar T Tax T ax\2¥

1 1
v=u+at,s=ut+5at2,v2=u2+2as,s=5(u+v)t
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dr dx  dy. dz

r=xi+yj+zk = =— i+ Zj+—k
“ i A T
|r| =+/x?2+y2+2z2=r T1.Ty =115 €080 = XXy + V1V, + 212,
momentum p = mv
equation of motion R =ma
friction F < uN
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