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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

A 10/ -

The graph above is of the form:

x2-1
A. .
B. x3+2
X
C. x? i
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?

SRR N- IS
BN RO

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

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

0<x<8mand0<y<?2

MU 0w
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Question 5
Let P(z) = z8 — 2i. Which of the following Argand diagrams best represents the roots of the equation
P(z) = —=i?
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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|al=|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
Ifa=5i+pj—kand b = 2i — 3j + gk, which of the following is true?

A ab=0ifp=3andqg=-1
B. |al =+30ifp =4
ab 1, _ _
C. |a||b|—51fp—2andq—1
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+£—1andy=—ﬁx—i§+1
4 4 4 4
B. y=1;(x—4)+2
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

Page 5

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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Question 11

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

d_y _ (2xy—y2 Cos(x))

A dx x2+3y2
B w_ x2+3y?
" odx | (2x—cos(x)y)y
dy _1(2x _
C. =3 (y cos(x))
dy _ 2x
D. il + y cos(x)
£ 4 _ —(cosCy-2xy
Y odx x2-3y2
Question 12
A
The graph of y =
given by:
A V= f01 y?dy
1 2
B. V= nf(;ﬁx dy
C. V= fol wy? dx
D. V= nfoly dx
vz
E. V=n[{x%dy
vz
Question 13

,0 < x < 1 is rotated around the x axis. The volume of the solid formed can be
Tare?

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

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

A z=1+2i

B. z=-1+4+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

—sin(t) i + cos(t) j + 2tk m/s

Vat? +1m/s

sin(t) i — cos(t) j + 2tk m/s

\J2sin?(t) —t?m/s
V2t —1m/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°_ FN

GN

4 N and 10 N.
6.79 N and 8.20 N.
3.177 Nand 9.16 N.
5.66 Nand 12.3 N.
12 N and 20 N.

moowe

Question 16

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

A — f__ngu3 du
B. f_01 u du
C. fo_l uddu
D. — f_ol udx
E. f_ol u* du
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. a= .
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?. 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»
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The following information is to be used for questions 21 and 22
A drug trial is carried out to test the efficacy of a newly designed diabetes drug. It is not known for
certain whether the drug will help decreased blood pressure of diabetic patients. The general population
of patients have an average fasting blood sugar level of 140 mg/dL, with a standard deviation of 40
mg/dL.

A group patients are administered the drug and have their blood sugar level measured. Their mean blood
sugar is found to be at 128 mg/dL.

Assume all distributions considered are approximately normal.

Question 21

The p-value under the null hypothesis, given that there are 50 patients in the tested group and that their
standard deviation is the same as the general population, correct to 3 decimal places, using a two-sided
test, is

A. 0.017.
B. 0.034.
C. 0.382.
D. 0.764.
E. 0.50.
Question 22

Considering the above p-value, which of the following conclusions is correct?
A. The drug is proven to be effective at the statistical significance 0.05.
B. The null hypothesis is not rejected at both significance levels of 0.01 and 0.05.
C. The alternative hypothesis is rejected at significance level 0.01,
D. The null hypothesis is rejected at the significance level 0.01.
E. There is enough statistical evidence to conclude that the drug does change the patients’ blood
sugar level at 0.05 significance level.
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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. . 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

\ 4
=

3 marks

www.engageeducation.org.au Page 10
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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 lhne 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 m3 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 Ifthe 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

www.engageeducation.org.au Page 12
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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(©)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

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

2 marks
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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 < g What value of 8 will
give the greatest net displacement?

4 marks

Total: 17 marks

www.engageeducation.org.au Page 14
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Question 3

A certain type of alloy sheet is claimed by the manufacturer to be able to bear a weight of u = 145 kg
before breaking. When checked, a random sample of n = 15 such sheets is found to bear an average of
X = 140 kg and a standard deviation of s = 15 kg.

To decide whether the information gained from the sample is consistent with the claim u = 145 kg, a
statistical test is to be carried out.

Assume that the distribution of weight borne is normal and that s is a sufficiently accurate estimate of the
population standard deviation o.

a. Write down suitable hypotheses Ho and Hs to test whether the mean weight borne is less than that
claimed by the manufacturer.

2 marks

b. Find the p value for this test, correct to three decimal places and hence, state within reason whether
the null hypothesis should be rejected at the 0.05 significance level.

2 marks

c. Assume that all other information stays the same, find the number of sheets in the sample required
to reject the null hypothesis. Give your answer correct to the nearest whole number.

3 marks

d. Assume that the hypothesis is, in fact, correct. 20 sheets of the alloy are stacked together. Assume
that the strength is accumulative by summation. Describe the distribution of the weight borne by
such stacks. Give your answer correct to the nearest whole number.

1 mark
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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 ii 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(B) 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.

a. [Ifz=2 givezinthe 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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1 SO \ 7 \\ s \
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| 1 SO g \ \
' ' S~ ! | -
| 1 PN [ ! > Re(z)
\ \ ///// \\\\ ,2 ! 4
\ \ ey v N 1
\ \\,// ’ \ o 1
/
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\ Rs N / \ . ~ ’
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2 marks
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ii. Using your results from part i, show that tan( ) =2-3

T
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 seminars head to: www.engageeducation.org.au/seminars
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Formula sheet

1
area of a trapezium 3 (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 §nr3
. 1
area of a triangle 5 bcsin A
. a b c
sine rule

sind ~ sinB  sinC

cosine rule c®>=a?+b?—-2abcosC

(=R =P _ (=2 O —k? _

ellipse Pz 2 1 hyperbola e H2 1
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)
tan(x +y) = 1— tan(x) tan(y) tan(x —y) = 1 + tan(x) tan(y)
cos(2x) = cos?(x) — sin?(x) = 2cos?(x) —1 =1 — 2sin?(x)
sin(2x) = 2 sin(x) cos(x) tan(2x) = 12_'[;—1(2)26)
function sin™! cos™! tan~!
domain [-1,1] [-1,1] R

T T T T

range -33 [0, ] (_ E'E)
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z=x+yi=7r(cosf +isinf) =rcisf

|z| = Jx2+y2=r

Z].ZZ = TlT'Z CIS(GI + 62)

i (x™) = nx™t
dx

d
a (™) = ge™

d | 1
dx(ogeX)—x

4 (sin(ax)) = acos(ax)
dx

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

- Leis(h, — 6
—cis(6; — 0,)

) 2

1
fx"dx =——x"lycon#E -1
n+1
1
fe“"dx =—e™ 4 ¢
a
fld — log, |x| +
S dx =logelx| +¢

1
f sin(ax) dx = —Ecos(ax) +c

d 1

I (cos(ax)) = —asin(ax) f cos(ax) dx = Esin(ax) +c

2 (tan(ax) = ~ asec?(ax) [ sect(@e)ax = Lanan) +

7, (tan(ax)) = cosZ(ax) asec”(ax sec(ax)dx = " an(ax) + ¢

a . _, 1 1 dx = sin-1 x 0
a (sm (x)) = m Jﬁ X = SIn (a) +c,a>

% (cos1(x)) = ——— [ ar=cos (D) +ca>0
1y (CosT () = —— N x=cos™ (_)+ca

d a X

- -1 = _ = -1(—

I (tan~*(x)) 112 f 1 dx = tan (a) +c

product rule

quotient rule

chain rule

Euler's method

acceleration

constant (uniform) acceleration
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d( ) = dv+ du
dx uv _udx vdx

du dv
i(ﬁ) _ (”ﬁ_”ﬁ)
dx \v v?

dy dydu

dx  dudx

If Z—z = f(x),x, = aand y, = a, then y,,1 = ¥ + hf (x,)

d?x dv dv d <1 2)
—_— ==y —=—|—-v
dt?2 dt dx dx\2

v=u+at,s=ut+%at2,v2=u2+2as,s=§(u+v)t
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Vectors in two and three dimensions

dr dx,  dy .6 dz
= +—j+—k

r=xi+vyj+zk =—=—
Tz Tca Tt Tl ta

|r| = m =r 1.7, =11,¢080 = X%, + V1V, + 212,
Mechanics

momentum p =mv

equation of motion R =ma

friction F < uN
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