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Question 1
a. Let u= 2cis(£j .
6
i. Indicate the complex number u on the Argand diagram below.
Im(z)
A
3
2
R
\Jl 5 i Re(z)
1 mark
ii. Given that u is a root of the equation z* = a where a € C, find the other two
roots in polar form.
2 marks
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iii. Hence find a.
2 marks
b. i. Find # in Cartesian form.
1 mark
ii. Show algebraically that if z=x+iy, x,y € R, and |z - u| = |z - 17| thenz=x.
2 marks
iii. Using a diagram, explain why it is that if |z - u| = |z - L7| thenz =x.
1 mark

Total 9 marks
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Question 2

A box of mass 10kg is being hauled up a 5 metre long ramp that is at an angle of 30° to the
horizontal. At the top of the ramp is a horizontal floor.
The box is attached to one end of a rope that passes over a smooth pulley and is held at the

other end by a man.
The man exerts a constant pulling force of 200 N on the rope. The coefficient of friction

between the box and the ramp is V3.

oot

30° -

a. Find the acceleration of the box up the ramp.

4 marks
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b. Given that the box started from rest at the lower end of the ramp, how long does it
take for the box to be hauled halfway up the ramp? Express your answer as an exact
value.

2 marks

c. When the box is at this point, halfway up the ramp, the man lets go of the rope and

the box becomes stationary.

Draw a diagram showing all the forces acting on the box and explain whether or not
the box is at the point of slipping down the ramp.

3 marks
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d. If the coefficient of friction between the ramp and the box was% , the box would slide

down the ramp once stationary after the man let go of the rope. How far would the
box travel in this situation in the first second after coming to rest? Express your
answer to the nearest centimetre.

3 marks
Total 12 marks
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Question 3

The rate of change in the temperature 7, in degrees C, in a living room, ¢ hours after a heater
is switched on is given by

ar _ 400-T%,1t>0
dt

The temperature in the living room at the time that the heater was turned on was (1 03 ) °

(approximately 17 -32°).

a. Find the function 7(¢).

4 marks

b. Find the values of ¢ for which the function 7'(¢) is defined.

2 marks
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S . . _dT . .
c. By considering the sign of the function o explain why the maximum temperature
t

T
occurs at = g .

2 marks
Total 8 marks
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Question 4

Consider the function
X

e
+Vl+e”
Vi+e®

f:D— Rwhere f(x)=

a. Given that D is the maximal domain of f, find D.
1 mark
b. Sketch the graph of y = f (x) on the set of axes below clearly showing any important
features.
y
A
> X
3 marks
c. On the same set of axes sketch the graph of the inverse function y = f (x)
1 mark
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d. Use calculus to show that the graph of y = f (x) has no stationary points.

ii.

4 marks
e2x
Show that y* = +3e" +1.
I+e*
1 mark
e b
If =a+ , find the terms that a and b represent.
l+e* I+e*
1 mark
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f. The area enclosed by the function f; the positive x and y-axes and the line x =1 is
rotated around the x-axis to create a solid of revolution.
Find the exact volume of this solid of revolution.

5 marks
Total 16 marks
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Question 5

A boy drops a feather from the roof of a shed. The boy hopes that the feather will drop on the
head of his sister who is lying on the ground directly below the point where he releases the
feather.

Instead, the feather is taken by the breeze and floats to the ground away from the boy’s sister.
The position vector I:(t) of the feather at time # seconds after the boy releases it is given by

r =sin L i+|1—cos L j—log, il k, t=0
- 10 10))~ 20 )~

where i is a unit vector in the east direction, j is a unit vector in the north direction and £ is

a unit vector directed vertically up.

The position of the sister's head can be taken as O, the origin of the coordinate system. All
distances are measured in metres.

a. Find the height above the ground of the point where the feather was released. Express
your answer to the nearest metre.

2 marks

b. Show that it takes 19 seconds for the feather to reach the ground.

1 mark
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c. What is the distance of the feather from the boy’s sister 10 seconds after he releases
it? Express your answer in metres correct to 2 decimal places.

2 marks
d. Find when the feather is directly north-east of the boy’s sister for ¢ > 0. Express your
answer in seconds correct to one decimal place.
2 marks
e. Find an expression for the velocity of the feather.
1 mark
f. Find the exact speed of the feather at r =9 seconds.
2 marks
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g. At what angle does the path of the feather make with the north direction as it reaches
the ground. Express your answer in degrees and minutes to the nearest minute.

3 marks

h. What is the furthest distance east of the origin that the feather reaches?

2 marks
Total 15 marks
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Specialist Mathematics Formulas

Mensuration
. 1
area of a trapezium: E(a +b)h
curved surface area of a cylinder: 27rh
volume of a cylinder: 7 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: Ebc sin 4
. a b c
sine rule: - =— =—
sin4 sinB sinC
cosine rule: ¢’ =a’+b*—2abcosC

Coordinate geometry

(=0 =R _,

ellipse:
P a’ b
2 2
hyperbola: (x 2h) _U 2k) =1
a b
Circular (trigonometric) functions
2 s 2
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( ) sin(x — y) = sin(x) cos(y) — cos(x) sin( )
cos(x + y) = cos(x)cos(y) — sin(x)sin( y) cos(x — y) = cos(x)cos(y) + sin(x)sin( y)

fan(x + ) = tan(x) + tan(y) fan(x — y) = tan(x) — tan(y)
1 —tan(x) tan(y) 1 + tan(x) tan(y)
cos(2x) = cos’ (x) —sin*(x) = 2cos*(x) =1 =1-2sin’(x)
sin(2x) = 2sin(x)cos(x) tan(2x) = 2ta—n(2x)
1—tan”(x)
function Sin ™' Cos™ Tan ™'
domain [-1, 1] [-1, 1] R
T T T
range -, — 0,7 -, =
¢ [ 2 2} ] ( 2 2)

Reproduced with permission of the Victorian Curriculum and Assessment Authority, Victoria, Australia.

These formulae sheets have been copied from the 2004 Specialist Maths Exam 2. Teachers and students are
reminded that changes to formulae 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.
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Algebra (Complex numbers)

z=Xx+yi=r(cosf +isinf) = rcis

|z|: x> +yr=r

—-n<Argz<r

2,2, = rrycis(6, +6,) L= :—‘cis(é?l ~0,)
2 2
z" =r"cis(nf) (de Moivre’s theorem)
Calculus
fl@f)zanI Ix"dxz x" e, n#-1
dx n+1
d ( & ! 1 .
—le™ )=ae”™ e“dx=—e" +c
dx ( ) J. a
d 1
= (log,(x))=— [—dx =log,(x)+¢,forx>0
dx X
di (sm(ax)) acos(ax) jsin(ax) dx = 1 cos(ax)+c
a
d . 1 .
d—(cos(ax)) = —asin(ax) Icos (ax)dx = —sin(ax) + ¢
a
d ) ) 1
;;—(tan(ax)) asec” (ax) jsec (ax)dx =—tan(ax) +c
a
T e
— nl(xﬂ: ———dx=Sin +c,a>0
fi«hm (x» -l j Cos‘(£)+c,a>0
dx 1—x2 a
d -1 1 -1 X
—|Tan = dx=Tan | — |+
dx( (ﬂ) 1+ x? J-az+x re [aj ¢
product rule: 4 (uv) =u v + v@
dx dx  dx
du dv
d(u vdi — dx
quotient rule: —| == __ax
dx\ v v’
chain rule: Q = Q@
dx du dx

Reproduced with permission of the Victorian Curriculum and Assessment Authority, Victoria,
Australia.

These formulae sheets have been copied from the 2004 Specialist Maths Exam 2. Teachers
and students are reminded that changes to formulae 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 2005 Specialist Maths Trial Exam 2



mid-point rule:

trapezoidal rule:

Euler’s method:

acceleration:

18

jfwyhz(b—mf(“;bj

[ @ =0 a)f @+ 1®)

If sz(x), x, =aand y, = b,
dx
thenx,, =x, +handy, =y, +5hf(x,)

d’x dv dv d(l 2]
= =—=y—= v

a= - = = | —
dr*  dt dx dx\2

constant (uniform) acceleration: v =u + at

2 2
v =u-+2as

Vectors in two and three dimensions

r=xi+yj+zk

r

Mechanics

momentum: p=my
equation of motion: R=ma
friction: F < uN

1,
S =ut+—at
2

1
S=—(u+vit
2( )

2 2 2
=\x"+y +z° =r 1.ty =1F, €080 = x\x, + ¥, ¥, + 2,2,
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