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Structure of Book

Section Number of Number of questions to Number of marks
questions be answered
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Students are permitted to bring into the examination room: pens, pencils, highlighters, erasers,
sharpeners, rulers, a protractor, set squares, aids for curve sketching, one bound reference, one
approved graphics calculator or approved CAS calculator or CAS software and, if desired, one
scientific calculator. Calculator memory DOES NOT need to be cleared.

Students are NOT permitted to bring into the examination room: notes of any kind, a calculator of
any type, blank sheets of paper and/or white out liquid/tape.

Materials supplied
Question and answer book of 24 pages with a detachable sheet of miscellaneous formulas at the back
Answer sheet for multiple-choice questions.
Instructions
Detach the formula sheet from the back of this book during reading time.
Write your name in the space provided above on this page.
All written responses must be in English.
At the end of the examination place the answer sheet for multiple-choice questions inside the front
cover of this book.
Students are NOT permitted to bring mobile phones and/or any other unauthorised electronic devices
into the examination room.
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SECTION 1

Instructions
Answer all questions on the answer sheet provided for multiple choice questions.
A decimal approximation will not be accepted if an exact answer is required to a question.
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.

Take the acceleration due to gravity to have magnitude g m/s’>, where g =9.8

Question 1

In the Cartesian plane, a vector parallel to the line 2x+3y+3 =0 is

A, 2i+3j
2

B. —Zi—
30

C Zit+j

D. 3i-2j

E 2i-3j

Question 2

Let a=i+2j-2k and b=2i+m j+3k

If the vector resolute of a in the direction of b equals b, then the magnitude of b is equal to

A, S5+ m
B.  13+m?
C. 2m-4
D. !
2m—4
E. 2m+8
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Question 3
4t (-3 .
A hyperbola has equation 5 7 = 1. The product of the gradients of the asymptotes are
b a
A, B
2
a
B. — b2
2
a
c. 4’
2
a
D 4a*
b2
g _4a’
b2
Question 4

T T
The curve specified by the parametric equations x = tan(2¢), y =sec(2t), te [3, 3) is situated in which

quadrant/s?
A.  first
second
C. third
D. fourth
E. first and second

Question 5

|Z|+|Z+i|=2 represents

A. the x-axis

the y-axis
C. aparabola
D. acircle
E. anellipse

© Mathematical Association of Victoria, 2009



PAGE 3 2009 SPECIALIST MATHEMATICS EXAM 2

Question 6

The complex number z is shown in the diagram below.

Im(z)

A

> RC(Z)

z
Which one of the following could represent the complex number —-?
i

Im(z)
A
V%) Z1
> RC(Z)
. (0]
zZ3 .
Z4 z5

A. 7
B. Z
C. z;
D. 2z
E. zs
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Question 7

The graph f :[0,4] —> R, f(x)z cot(ax) is shown above.

The value of a is

@
w|§|° w|§ -J;|:\f|° (SEE oo|t\j|°
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Question 8

p <

2

i) 0]

A possible equation of the curve shown above could be
. 3r
A.  y=arcsin(x+2)+ Y

B. y=_2arcsin(x+ 1)+%
c. y=2arcsin(x—1)+7x
D. y=2arccos(l-x)

E. y=2arccos(-~x—1)

Question 9
2x+1
Written as partial fractions, AT would take the form
(=9
A A N B
" x-9 (x-9)
B A N B
" x-3 (x—3)
A B
C. +
x-3 x+3
b A N Bx+C
T x-9 (x-9)
A B
E. +
x-=9 x+9
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Question 10
. dy . .
The solution to e = f(x) at x =m, given y =b when x =ais
X
b
A [r@ds
b

B. Jf(x)dx+m

a

c [rwd
D. Tf(x)dx+b

E. Tf(x)dx—b

Question 11

Using a suitable substitution may j(x — 42— x ) dxbe expressed as
A. j(z-u+4ﬁ)du

B. [Q-u-4u)du

C. J(u—2+4\/;)du

D. [@-4vu)du

E. —J.((u+2)\/;) du

Question 12

Euler’s method with a step size of 0.1 is used to find an approximate solution to the differential equation

d - . L . .
d_y =sin 1()c — 2y) with the initial condition y = 1 when x = 2. When x = 2.2 the approximate value of y is
X

A, 1
B. 1.1
C. 12

D. 1+0.1sin7'(0.1)

E.  L.1+sin7'(0.1)
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Question 13
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The direction (slope) field for a particular first order differential equation is shown above.
The differential equation could be

dy

A. — =tan(x
iy (%)
dy P

B — =sec” (x
i (%)

C. ﬂ=|x|
dx

D. Q:_)f
dx 2

E ﬂ=2x4
dx
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Question 14

The region enclosed by the curve y =2co0s(2x), the line y =1 and the y-axis is rotated about the x-axis to
form a solid of revolution. The volume may be found by evaluating

A. ﬂj (2 cos(2x) —1)dx
B. 71'_6[ (2 cos(4x) +1)dx

2
C. nj4cos2(2x) dx
1

D. 7r2 4cos®(2x) —1)dx
I( )

E. 7w (élcosz(Zx)—l)dx

S e [

Question 15

If the two vectors a and b are parallel, which of the following is NOT necessarily true?

A.

Q

and b are linearly dependent

®
Q

=kb, whereke R

n
C. a=—b,wherem,ne R

~ m-~
D. a.b=1
E a.b =1
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Question 16

A tennis player hits a tennis ball. The position vector of the tennis ball at time t, is given by

r(t)=10ti+(2+7t—4t%)j for t >0, where i is a unit vector in the forward direction and J is a unit

vector in the vertical direction.

When the tennis ball strikes the ground its velocity vector is

A 10i-3475]

B. 0i+0y
C. 20i-9j
D. 10i+5;

E. 10i-9;

Question 17

sin(x)

A particle is moving along the curve y = xe at a constant velocity of 2 cm/s parallel to the x-axis. The

particle’s velocity, in cm/s, parallel to the y-axis at x = 27 cm is equal to

A. 7m+05
B. 2rm

C. 4rm

D. 2m+l1

E. 4m+2

Question 18

A bike rider travelling on a straight road with a velocity of 1 m/s accelerates at a constant rate of 2 m/s” over
56 m. If the mass of the bike rider is 60 kg, his change in momentum, in kg m/s, is

A. 780
840
C. 900
D. 960
E. 1020
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Question 19

7kg

A 5 kg mass and a 7 kg mass are connected by a light string passing over a smooth pulley. If the connected
masses are moving freely under the force of gravity, the acceleration, in m/s’, will be

A £
6
B. g
C 2g
p. 10g
3
E 6g

Question 20

v 4 . , .
The acceleration of a body at time ¢ seconds is given by ; = —— cm/s’, where v is the velocity of the particle
t v

at time ¢. If the initial velocity of the object is —4 cm/s, the velocity at time ¢ is given by

A, —2Ja-2¢
B. 2J/4-2¢
C. 4-2J2
D. 22t+4
E. —16-2¢
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Question 21

An object of mass 2 kg, initially stationary, is acted on by a horizontal variable force of 3 + 2¢ newtons.
After 4 seconds, the velocity of the object in m/s is

A. 0

B. 55
C. 11
D. 14
E. 28

Question 22

30°

A block of mass 5 kg slides down a rough slope inclined at 30° to the horizontal level. The block is
sliding with an acceleration of 2 m/s”>. Correct to two decimal places, the magnitude of the coefficient
of friction between the block and the rough surface is

A, 0.20
B. 025
C. 034
D. 0.58
E. 0381
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SECTION 2

Instructions for Section 2
Answer all questions in the spaces provided.
A decimal approximation will not be accepted if an exact answer is required to a question.
In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.

Take the acceleration due to gravity to have magnitude g m/s>, where g = 9.8

Question 1

a. Given sin(6) = g _where 0< 6 < % find sin(20)

2 marks
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. oo x) x
b. Using the substitution x = 2sin(@), show that J\/4 — x*dx = 2sin 1[5)+5\/4 -x’ +c

4 marks

c. Hence find the area bounded by the curve y =4 — x? and the x-axis.

3 marks
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d. Find the exact value for the volume formed when y =4 — x? s rotated about the y-axis.

3 marks
Total 12 marks

© Mathematical Association of Victoria, 2009
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Question 2

a. i Use De Moivre’s theorem to find the solutions of {z:z° —=64=0}, ze C in polar form.

3 marks

ii. Plot and label the solutions on the Argand plane below.

Im(2)
A

2

» Re(z)
2

1 mark
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b. i.  Find the Cartesian equation of the relation {z:|z+1+ V3i |<|z]|}, expressing your answer
in the form y = ax+ b, where a,be R

2 marks
ii.  Ilustrate {z:|z+1+ V3i |<|z|} onthe Argand diagram in part a. ii.

2 marks
iii. Find { ZZ|Z+1+\/§i|S|Z|} N {z:2°-64=0} in Cartesian form.

2 marks

Total 10 marks
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Question 3

A paint manufacturer wants to make varying shades of yellow paint. This is achieved by mixing different
ratios of green and red paint. A 180 litre vat initially contains green and red paint in the ratio of 2:1. The
paint is kept well mixed by an agitator. The paint mixture is drawn off at a rate of 5 litres per minute. At
the same time green and red paints are added to the mixture at the rates of 3 litres per minute and 2 litres
per minute respectively.

a. If the paint mixture in the vat contains Q litres of green paint at any time ¢ minutes, show that the

dQ  0-108

rate of change of the green paint can be expressed as 7 = 36
t

2 marks
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d0  0-108

b. i Solve —= = —=——— to find the amount of green paint in the vat at time # minutes.

dt 36

3 marks

ii. Find, correct to one decimal place, the time it takes for the amount of green paint in the vat to

decrease to 115 litres.

1 mark
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c. i Sketch a graph of Q against ¢ on the axes below.

0
A

2 marks

c. ii.  When the amount of green paint in the vat stabilizes, how many litres of red paint will the vat
contain?

2 marks
Total 10 marks
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Question 4

Angela has a model plane attached to a string and is swinging it above her head. The position of the plane,
in metres, from a fixed point O at time # seconds is given by r(¢) = (1 +3cos(m l))i—l— 3sin(z?) j+ 5k

a. Find the initial position and speed of the plane.

2 marks
b. i Find the Cartesian equation of the path of the plane, stating the domain of the equation.
3 marks
ii. Describe the motion of the model plane.
2 marks
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¢. Show that the acceleration of the model plane is perpendicular to its velocity at any time ¢ seconds.

2 marks
d. After 12 seconds the string attached to Angela’s plane breaks.
i. Find the velocity of the plane at the instant the string breaks.
1 mark
ii. The acceleration of the plane is now given by 7 (1) =—-9.8k
Find the velocity which describes the motion of the plane after the string has broken.
2 marks

Total 12 marks
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Question 5

A 120 kg mass is connected to a 100 kg mass resting on a rough inclined plane by a rope passing over a
smooth pulley. The plane is inclined at an angle of € to the horizontal level, where sin(@) = 0.6. The

coefficient of friction between the 100 kg mass and the rough inclined plane is 0.25.

A force of P newtons parallel to the plane is applied to the connected system of masses as shown in the
diagram below.

P

120 kg D

a. Ifthe connected system of masses is on the point of moving upwards, draw all forces acting on the
diagram above.

1 mark

b. Find the frictional force acting on the inclined plane.

2 marks
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c¢. Find the force P.

3 marks

d. IfPis avariable force of 557+ 200g newtons, the system of masses will begin to move upwards.

.. . t
Show that at time # seconds, the acceleration, in m/s%, is givenby a=—.

4

2 marks
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e. Assume the acceleration, in m/s’, over the first 12 seconds of motion is given by

T 0<i<4
4

a=11 4<1<6
4-L g<i<12

i. Find the velocity of the system at 4 seconds.

1 mark

ii. Determine the total distance the 120 kg mass will rise over the 12 second interval.

5 marks
Total 14 marks
END OF SECTION 2
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Mensuration

area of a trapezium:

curved surface area of a cylinder:

volume of a cylinder:

volume of a cone:
volume of a pyramid:
volume of a sphere:
area of a triangle:

sine rule:

cosine rule:

Coordinate geometry

AT b2
DR,

a

ellipse:

Circular (trigonometric) functions
cos®(x)+sin’(x) =1

1+ tan? (x) = sec’(x)

sin(x + y) = sin(x) cos(y) + cos(x)sin(y)
cos(x + y) = cos(x) cos(y) —sin(x)sin(y)
tan(x) + tan(y)

=1 hyperbola:

1
—(a+b)h
2(a )
2mrh
wth

l7z'r2h

3

Lan

—7r

3

1 )
—bcsin A

a b ¢
sind sinB sinC
¢t =a’+b*-2abcosC

(x-h’ -k _
a’ - b? =1

cot?(x)+1 = cosec? (x)

sin(x — y) = sin(x) cos(y) — cos(x)sin(y)
cos(x — y) = cos(x) cos(y) + sin(x) sin( y)
tan(x) — tan(y)

tan(x + y) = tan(x — y) =
(r+7) 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) = 20 _
1—tan”(x)
function sin”! cos™! tan™'
domain -1, 1] -1, 1] R
T T T




Algebra (Complex numbers)

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

|z|=w/x2 +yi=r

z,z, = Kr,cis(f, +0,)

z" =r"cis(n0)

Calculus
% Gn ): nxn—l
di @HX ): aeax
X
d 1
20 ——
- (log, (x)) .
d ;.
— (sm(ax)) = acos(ax)
dx

i (Cos(ax))Z —-a sin(ax)
dx

a4 (tan(ax)) = asec’(ax)
dx

4 Gin" ()=

dx I—x

i@os’1 (x)): —1
dx

1-x?

% ([an - (x)): !

1+ x?

1
2

product rule:

quotient rule:

chain rule:

Euler’s method:

acceleration:

constant (uniform) acceleration: v =u+ at

-nT<Argz<rm

22D cis, - 6,)

Z, n

(de Moivre’s theorem)

1
Jx"dx= "o, nz—1

n+1
Je‘”dx = le“x +c
a
Jldxz log€|x| +c
x
jsin(ax) dx = — L cos(ax) + ¢
a

jcos (ax)dx = - sin(ax) + ¢
a

Jsecz (ax)dx = 1 tan(ax) + ¢
a
1 | i
J—mdx—51n (aj
-1
i

a S x
J > 2dxztam 0 [ R
a” +x a

a

d dv du
— W) =u—+v—
dx dx dx
du_ dv
d(u =vdx udx
dx| v v?
&y _dydu
dx du dx
If ﬂ=f(x), x, =aand y, =D,
dx

thenx,,, =x, +handy,,, =y, +hf(x,)
d*x dv dv d1 ,
a=—=—=y—=— —V
df* dt dx dx\2

1
s=ut+—at> v =u’+2as

+c,a>0

dx=cos™ (£)+ c,a>0

1
=—(u+v)t
s 2(u V)



Vectors in two and three dimensions

r=xit+yj+zk

|1:|:ﬂx2 +y2 +22 =r n.ry=nr cosf = X1 Xy +y1y2 +leZ

p o0l _dx, dv d

= =—j+—
~ dt dt~ dt” dt-

Mechanics

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

END OF FORMULA SHEET



