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Question 1

A crane is mounted on the back of a truck. It has an arm that can be retracted or extended.

end of arm
of crane
retractible arm ‘

of crane Z (]
00\ 006

base of crane

The arm of the crane can be rotated in such a way that the points in space that can be reached
by the end of the arm of the crane form a solid in the shape of an inverted cone with a curved
top, as shown in the diagram below.

outer ring ¥ curvedtop
4 (3,0,5)

outer ring

base of crane

—

0(0,0,0)

Point O corresponds to the base of the crane. Let i and j be unit vectors in the direction of

the right hand side and front end respectively of the truck. Let & be a unit vector in the

vertically upwards direction. Points 4, B, C and D lie on the edge of the outer ring of the
solid.

The coordinates of the points in and on the solid shape are given in relation to point O and the
unit is metres.

a. What is the highest point vertically above the base of the crane that the crane can
reach when inclined at its maximum angle from the vertical?
Explain your answer.

2 marks

© THE HEFFERNAN GROUP 2004 Specialist Maths Trial Exam 2



b. What is the length of the arm of the crane when fully extended?
1 mark
- -
c. i. Find AB.AD.
2 marks
ii. By using your result from part i. and by finding the scalar product of two
other vectors, confirm that the points 4, B, C and D lie on a circle.
3 marks
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d. At a particular time, the end of the arm of the crane is located at D.
Find the angle that the arm of the crane must turn through from there so that the end
of the crane is located at the point E (— 1,—1, 4). Express your answer to the nearest

minute.

3 marks
Total 11 marks
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Question 2
Let u=2-2i.
a. i. Find wir .
1 mark
ii. Find Argu + Arg(2u) .
1 mark
b. i Show that u is a solution of the equation
2t —62° +192° =282 +24=0
1 mark
ii. Hence find the other three solutions of this equation.
3 marks

© THE HEFFERNAN GROUP 2004 Specialist Maths Trial Exam 2



c. Letz=x+yi,x,yeR,and|z—E|:|z—2u|

By graphing or otherwise find the value of x when y =0.

2 marks

d. Using De Moivre’s theorem, find all the values of #, such that

u" + @) =0

4 marks
Total 12 marks
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Question 3

Consider the function

f:(~k,k)—> R, where f (x) = and k is a positive constant.

1

a. i On the set of axes below, sketch the graph of y = f (x) , labelling clearly any
key features.
y
A
> X
2 marks
ii. Write down the range of f.
1 mark

b. Find the area enclosed by the graph of y = f (x) , the positive x and y axes and

the line with equation x =§ .

2 marks
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C. The region bounded by the graph of y = f(x), the y-axis and the line y = 2z is

3k

rotated around the y-axis to form a solid of revolution.

Find the volume of this solid of revolution. Express your answer as an exact value.

5 marks
Total 10 marks
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Question 4

In an underground mine, a pump operates continuously to pump out 50 litres of water each
hour.

On a particular day, after a malfunction in the pump, the rate at which the pump could pump
water was given by

dv 500
D TR

where ¢ =0 corresponded to that time when the pump began to malfunction. The time when
the repair team repaired the pump and had it pumping again at 50 litres per hour is described

by ¢t =a hours.

a. What is the value of a?

1 mark

b. Use calculus to find the minimum rate, in litres per hour, at which the pump was
pumping during the period when it was malfunctioning.
Express your answer correct to 2 decimal places and verify that it is a minimum
value.

4 marks
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c. Find an antiderivative of 300 .
(t + 1)(1 0- t)
3 marks
d. Show that the volume of water, in litres, that the malfunctioning pump had pumped ¢
hours after the malfunction began is given by
500 log, 10(£ +1)
11 (10—¢)
2 marks
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e. Two hours after the pump had begun to malfunction, how many extra litres of water
were in the mine that would normally not have been there had the pump been
operating properly? Express your answer correct to 2 decimal places.

2 marks

f. This mine can only cope with an additional 250 litres of water over what is normally
present when the pump is operating properly. Using your graphics calculator, find
whether this limit is exceeded during the period when the pump was malfunctioning.

3 marks
Total 15 marks
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Question 5

On a production line lollies slide individually down a metal chute before dropping onto a
conveyor belt which is 0.4m vertically below the end of the metal chute.

The metal chute which is 2 m long, is on an angle of 45° with the horizontal as shown in the
diagram below.

—>

o Dend e D o o o
conveyor belt

The coefficient of friction between a lolly and the metal chute is 0.5.
The forces acting on a lolly, (each of which have a mass of 0.025kg) as it slides down the
metal chute are the weight force, the normal reaction and the friction force.

a. On the diagram below, show the forces acting on a lolly.
45 1 mark
b. Show that a lolly would slide down the metal chute with an acceleration of Tm/ ]
3 marks
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1
c. Given that a lolly is moving at (2 -2 g)2 m/s at the top of the metal chute, show that

the speed at which the lolly is moving at the end of the metal chute is V2ms.

2 marks

d. Assuming that there are no resistance forces and that j is directed upwards and i

points from left to right, explain why the velocity vector for a lolly after it has
dropped off the end of the metal chute is given by

v=i—(1+gt);.

3 marks
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e. Find the horizontal distance from the bottom end of the metal chute to the point where
the lolly would land.
Express your answer correct to 1 decimal place.

3 marks
Total 12 marks
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Specialist Mathematics Formulas

Mensuration

1
area of a trapezium: 5 (a+b)h
curved surface area of a cylinder: 27rh
volume of a cylinder: r’h
1
volume of a cone: gmfzh
. 1
volume of a pyramid: 3 Ah
4 5
volume of a sphere: gmf
. 1 .
area of a triangle: —bcsin 4
. a b c
sine rule:

sind sinB sinC
cosine rule: ¢’ =a’>+b*-2abcosC

Coordinate geometry

(c=h -k _,

ellipse:

2 2
a b
(x=h)’ (y=k)’

hyperbola: - =1

P a’ b’
Circular (trigonometric) 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( )

fan(x+ ) = tan(x) + tan(y) fan(x— y) = tan(x) — tan(y)
1 —tan(x) tan(y) 1+ tan(x) tan( )
cos(2x) = cos” (x) —sin’(x) = 2cos*(x) =1 =1-2sin*(x)
sin(2x) = 2sin(x) cos(x) tan(2)x = =200
1—tan”(x)
function Sin~' Cos™' Tan ™'
domain [-1, 1] [-1, 1] R
T T
range -——,— 0,7 -,
: [ 2 2} o ( 2 2]
Reproduced with permission of the Victorian Curriculum and Assessment Authority, Victoria,
Australia.

These formula sheets have been copied from the 2003 Specialist Maths Exam 2. Teachers
and students are reminded that changes to formula sheets are notified in the VCE Bulletins
and on the VCAA website.at www.vcaa.vic.edu.au
The VCAA publish an exam issue supplement to the VCAA Bulletin.

© THE HEFFERNAN GROUP 2004 Specialist Maths Trial Exam 2



Algebra (Complex numbers)

z=x+yi =r(cos@ +isinf) = rcisf

|z| =\Jx’+y* =7
z,z, =nr,cis(f, +6,)
z" =r"cis(nb)

Calculus

=
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(sm(ax)) = acos(ax)
=

cos(ax)) = —asin(ax)

(tan(ax)) asec’ (ax)

(Sm (x)) \/117

@m(m !
1-x°

(an (x)) +1x2

Q~|a, SHEN &|& SEEVESEN Q~|s~ S RS RSN

(de Moivre’s theorem)

—-n<Argz<nr

22 Ngis,-0,)

Z, h

1
Ix"dxz x"™ e, nx-1
n+1

J‘e‘”dx = le‘” +c
a
Ildx =log,(x)+c,forx>0
X

Isin(ax) dx = —lcos(ax) +c
a

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

Isecz (ax)dx = ltan(ax) +c
a

+c,a>0

j[__Jx&w[]
I =Cos~ 1[§]+c,a>0

product rule: i wv)=u @ + vﬂ
d dx dx
du _y @
quotient rule: i(ﬂj __dx . dx
dx\ v v
chain rule: ﬂ = ﬂﬂ
dx du dx

Reproduced with permission of the Victorian Curriculum and Assessment Authority, Victoria,
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These formula sheets have been copied from the 2003 Specialist Maths Exam 2. Teachers
and students are reminded that changes to formula sheets are notified in the VCE Bulletins
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© THE HEFFERNAN GROUP 2004

Specialist Maths Trial Exam 2



mid-point rule:

trapezoidal rule:

Euler’s method:

17

jf@yuz(b—mf[“;b]

J @ = 0= a)f @+ 7®)

If ﬂ=f(x), x, =aand y, =b,
dx
thenanrl :xn +handyn+l :yn +hf(xn)

acceleration:

constant (uniform) acceleration: v =u + at

2 2
v =u" +2as

Vectors in two and three dimensions

r=xi+yj+zk

=x’+y 42" =r

7

Mechanics

momentum:

equation of motion: =ma

friction: F < uN

d*x dv dv d
a= = =y— = —
dt*> dt dx dx

1
(2 j
1
S =ut+—at2
2

1
S=—(u-+v)t
2( )

n.r, =nr,cosl =x,x, + y,y, + 2,2,
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