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VICTORIAN CURRICULUM AND ASSESSMENT AUTHORITY '

Victorian Certificate of Education
2002

SPECIALIST MATHEMATICS

Written examination 1

(Facts, skills and applications)

Monday 4 November 2002

Reading time: 11.45 am to 12.00 noon (15 minutes)
Writing time: 12.00 noon to 1.30 pm (1 hour 30 minutes)

PART |
MULTIPLE-CHOICE QUESTION BOOK

This examination has two parts: Part | (multiple-choice questions) and Part Il (short-answer quest(ons).
Part | consists of this question book and must be answered on the answer sheet provided for multip|e-choice
guestions.

Part Il consists of a separate question and answer book.

You must completboth parts in the time allotted. When you have completed one part continue
immediately to the other part.

Structure of book

Number of Number of questions Number of
guestions to be answered marks
30 30 30

» Students are permitted to bring into the examination room: pens, pencils, highlighters, erasers,
sharpeners, rulers, a protractor, set-squares, aids for curve sketching, up to four pages (two A4 sheets)
of pre-written notes (typed or handwritten) and an approved scientific and/or graphics calculator
(memory may be retained).

» Students are NOT permitted to bring into the examination room: blank sheets of paper and/or white
out liquid/tape.

Materials supplied

* Question book of 18 pages, with a detachable sheet of miscellaneous formulas in the centrefold and
two blank pages for rough working.

* Answer sheet for multiple-choice questions.

Instructions

* Detach the formula sheet from the centre of this book during reading time.

* Check that your name and student number as printed on your answer sheet for multiple-choice
questions are correct, and sign your name in the space provided to verify this.

* Unless otherwise indicated, the diagrams in this bookatrdrawn to scale.

At the end of the examination

* Place the answer sheet for multiple-choice questions (Part I) inside the front cover of the question and
answer book (Part II).

* You may retain this question book.

Students are NOT permitted to bring mobile phones and/or any other electronic communication
devices into the examination room.
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Instructions for Part |

Answerall questions in pencil, on the answer sheet provided for multiple-choice questions. A corfect
answer scores 1, an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.
No mark will be given if more than one answer is completed for any question.

Question 1

A ship leaves a por, and sails 6 km on a heading of N30°E to posifolt then heads N40°W until it reaches

a port,Q, which is directly north oP.

Xkm

The distance km fromP to Q is given by

X _ 6
A §n(40°)  sin(110°)
X _ 6
B §n30") ~ sin(110°)
X _ 6
C §n@0)  sin(407)
X _ 6
D §n(40") ~ sin(30")
X _ 6
. §n(10°) ~ sin(40’)
Question 2
2
The graph ofy:X ;4 has
X

A. asingle asymptote= 0, and no turning points.
two asymptoteg = 0 andy = 0, and no turning points.
two asymptoteg = 0 andy = 1, and no turning points.

mo O ®

a single asymptote= 0, and turning points at=++/2.
a single asymptote= 0, and intercepts at=+2.

PART | — continued
TURN OVER
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Question 3

Which one of the following could be the graph of the curve with equatoay? + 1 = 0?

A. B.

P
AN

Question 4

T
Let f: (O, E) — Rwheref(x) = se@(x) + coseé(x).
Which one of the following statements is true?

A. f isidentical to the functioh: (O, 7—2T) — Rwhereh(x) = seé&(x)coseé(x)
B. f isidentical to the functiog: (O, g) ~ Rwhereg(x) = tarf(x) + cog(x)
C. f isequalto 1 for all values &fin (O, g)

D. f has range [I)

E. f hasrange [2»)

PART | — continued
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Question 5

1 1
L1 11y
The exact value of Sih( ﬁZ)Cos* (5) is

A. 0.822
B. 2700
c
24
b. T
24
E. —
12
Question 6

If z=x +yi, wherex andy are non-zero real numbers, which one of the followmgt be a pure imaginary
number (that is, a complex number with real part zero)?

A z-Z

B. z+zZ

C. iz

D. iz

E. Im(2)
Question 7

If z= -2, then #’| and Arg¢?) are respectively
A. 4andO
B 4 andrmr
C. 4and-w
D. —4 andm
E. —4and
Question 8

Given that £— 2 +i) is a factor oP(2) = 222 — 722 + 6z + 5, which one of the following statements must be true?
A. P=2+i)=0

B. P(-2-i)=0

C. P(2 =0 has no real roots

D. P(2 =0 has one real root and two complex roots

E. P(2 =0 has two real roots and one complex root

PART | — continued
TURN OVER
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Question 9

Im(2)

1 1 > Re(z)
3

Given thatz [J C, the shaded region (with boundaries included) is best described by

A. {z1<2zz<3}
B. {z1l<2zz<9}
C. {z1l<i7=9}
D. {z1<z?<3}
E. {z(d<3)-(H=1)}
Question 10
3x+4
(x-4)
A + B
A x+4) (x-4)
A + B
5 (x-9) (x-4)
A + B
Cox=a) (x-47
A Bx+C
D. (X_4)+(x—4)2’ B20
A B
E.

(x-22 " (x-4)

> expressed in partial fractions has the form

PART | — continued



Question 11

The derivative ofx Cosi(x) with respect tais Cos¥(x) — X .
1-x

It follows that an antiderivative of CO'$x) is

X

A. xCosl(x)+J' - dx
B. J’xCos‘l(x)dx +f X —dx
1-x
C. xCos¥)- [ = dx
1-x

X
D. Ix Cos_l(x)dx + ?

x) +
E. xCosHX) 1- 2

Question 12
2X

x-1

. L e P
An antiderivative of a2 (for € >§) is
A. l(x—ezx)

B. 4log,(2e** -1)

D. %Ioge(Zezx -1)

E. %Ioge(Zezx -1)

SPECMATHEXAM 1 PT1
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Question 13

Using an appropriate substitutiof(Zx + 3)v2x + 1dx is equal to
0

4
1
A. =f(u+2)Judu
2 [ur2
13
B. =f(u+2)Judu
[
19
C. =f(u+2)Judu
Jur2nl
9
D. I(u+2)«mdu
1
9
E. 2J’(u+2)«ﬂdu
1
Question 14
1X2_
The value of
J()’Zcos(x)
A. -0.4369
B. -0.3334
C. -0.2622
D. -0.0484
E 0.4369

dx, correct to four decimal places, is

PART | — continued
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Question 15

The shaded region is bounded by tkexis and the curve with equatigrF 4 —x2.
This region is rotated about tireaxis to form a solid of revolution.
The volume of the solid, in cubic units, is

A. o6
B. 8m
c. "

3
D. 16m
g &

3
Question 16

- . . . d%y __dy .

If y = & satisfies the differential equatleé?x—2 = 5& -6y, the possible values farare
A. —6and1
B. -1and6
C. -5and6
D. -3and-2
E 2and 3
Question 17

The radius of a sphere is increasing at a rate of 3 cm/min.
When the radius is 8 cm, the rate of increase, #min, of the volume of the sphere is

A. 85im
2561
68227
768
2048

mOoO o

PART | — continued
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Question 18

To reach a lookout from a campsite, a bushwalker walks 2 km due south up a slope which is inclihed at 30
the horizontal.

Let i be a unit vector due eagt,a unit vector due north, arid a unit vector vertically up.

The position vector of the lookout relative to the campsite is

A _1“@5
B. - 31+E
C. —21+K
D. ~2(-j+K)
E. —2j+43k
Question 19

A vector perpendicular t@i -2 -3k, and with magnitude 4, is
4 . .

A —(i-2j-2k
3(1721-2K)

B. g(i;zj +2K)

C. 4&(i-2j+2k)

Question 20
The vector resolute of i - j +3k in the direction ofi +2j -2k is —i —=2j +2k.

The vector resolute of i — j +3k perpendicular td +2j -2k is
A jFK

B. -j-k

PART | — continued



Question 21

11
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Let the three distinct poin, Q andShave non-zero position vectops g and s respectively.

To prove thaP, Q andSlie in a straight line, it is sufficient to show that

A. §=ug—9LkDR

B. (g—@zk@—ngDR
C. (9-p).(s-q)=0

D. 9+9+§=Q

E. 9+9+§¢Q
Question 22

The velocity of a particle at timtgt 2 0, is given byv(t) =sin(t-1)i +5j - 3e* k.

The acceleration of the particle whien 1 is
A.

B.

o

i +3k

-i +3k

~i+5]+3k

PART | — continued
TURN OVER
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Question 23
At time t = 0, a particle has displacement

r(t)=(3t-6)i - (t* -6t -16)]
wherei is a horizontal unit vector andis a unit vector in the vertically up direction.

The patrticle reaches its maximum height whin

A1
B. 2
C. 3
D 8
E. 10
Question 24

The acceleration of a particle at tite > 0, is given bya(t) = 2sin(t)i .
The velocity of the particle when=rris 2i +2]j.

Theinitial velocity of the particle is

A =20

B. 21

C. —2[+21
D. 2i+2j

E. 6i~+21

Question 25

A particle is acted on by two forces, one of magnitude 5 newtons acting due north, and the other of magnitude
X newtons acting due east. The magnitude of the resultant force is 8 newtons.

The numbek is
A 3
V39
7
V89
13

moow

Question 26

A patrticle of mass 2 kg has a horizontal velocity component of magnitude 12 m/s, and a vertical velocity
component of magnitude 5 m/s.

The magnitude, in kg m/s, of the momentum of the particle is

A. 10
B. 14
C. 24
D. 26
E. 34

PART | — continued
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Question 27
A particle of massn kg rests on a rough inclined plane. The particle is stationary. There is a normal reaction of
magnitudeN newtons, ané newtons is the magnitude of the force due to friction. Where pré&seeatytons is
the magnitude of a force applied to the particle parallel to the plane.
Which one of the following diagrantmnnotbe a correct representation of the forces acting on the particle?

B.
N
)/P %

P
D.
P

A.
F

l

mg mg
N

;
! !

mg mg

N

P

!

mg

PART | — continued
TURN OVER
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Question 28

Two particles of masses, andm, are connected by a light string that passes over a smooth pulley as shown in
the diagram. The particle of mass rests on a smooth, inclined plane.

[2] horizontal

If the system is in equilibrium,rr_'l is equal to
m

A.  sin(6)
B. cox(6)
c oty
E. 1

PART | — continued
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Question 29
A ball is dropped from rest on to a concrete floor and bounces vertically to half its drop height.
Which one of the following velocity-time graphs could represent the motion of the ball?

A. B.

PART | — continued
TURN OVER
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Question 30

A 150 litre cylinder of air contains 20% oxygen. The amount of oxygen in the cylinder is to be increased by
pumping in pure oxygen at a constant rate of 10 litres/minute, while removing the uniformly mixed air at the
same rate.

If P litres is the volume of oxygen in the cylinder at timainutes after the pumping begins, a differential
equation foIP in terms ot is

aP _ .. . _
A. E—SP,t—O,P—?vO
aP _ ... _

B. a—SP,t—O,P—lSO
C. %—T=30+10t; t=0,P=30
daP _ P, _

D. E—lO 1—5,t—O,P—3O
E dl:)—10—P't—0 P =150
- @01 tF0PE
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Working space
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Working space

END OF PART | MULTIPLE-CHOICE QUESTION BOOK
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SUPERVISOR TO ATTACH PROCESSING LABEL HERE

STUDENT NUMBER L etter

Figures

Words

SPECIALIST MATHEMATICS

Written examination 1

(Facts, skills and applications)

Monday 4 November 2002

Reading time: 11.45 am to 12.00 noon (15 minutes)
Writing time: 12.00 noon to 1.30 pm (1 hour 30 minutes)

PART Il
QUESTION AND ANSWER BOOK

This examination has two parts: Part | (multiple-choice questions) and Part Il (short-answer questjons).
Part | consists of a separate question book and must be answered on the answer sheet provided fof multiple-
choice questions.

Part Il consists of this question and answer book.

You must completboth parts in the time allotted. When you have completed one part continue
immediately to the other part.

Structure of book

Number of Number of questions Number qf
questions to be answered marks
6 6 20

e Students are permitted to bring into the examination room: pens, pencils, highlighters, erasers, sharpenegrs,
rulers, a protractor, set-squares, aids for curve sketching, up to four pages (two A4 sheets) of pre-written notes
(typed or handwritten) and an approved scientific and/or graphics calculator (memory may be retained).

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

Materials supplied
* Question and answer book of 8 pages.

Instructions
e Detach the formula sheet from the centre of the Part | book during reading time.
e Write yourstudent numberin the space provided above on this page.

e All written responses must be in English.

At the end of the examination
« Place the answer sheet for multiple-choice questions (Part I) inside the front cover of this question and answer
book (Part II).

Students are NOT permitted to bring mobile phones and/or any other electronic communication
devices into the examination room.

© VICTORIAN CURRICULUM AND ASSESSMENT AUTHORITY 2002
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Instructions for Part Il

Answer all questions in the spaces provided.

or antiderivative.
Unless otherwise indicated, the diagrams in this bookeairdrawn to scale.
Take theacceleration due to gravityto have magnitudg m/, whereg = 9.8.

A decimal approximation will not be accepted ifexactanswer is required to a question.
Where arexactanswer is required for a question, appropriate working must be shown.
Where an instruction tose calculuss stated for a question, you must show an appropriate derivative

Question 1

The diagram shows an ellipse with axes of symmetry parallel to the coordinate axes.

y
(—l, 5) 4

»

©,2)

\/O

a. Write down the equation of the ellipse.

2 marks

b. Describe a sequence of transformations which, when applied to the unit circle with eqdatiph=1,

produces this ellipse.

2 marks

PART Il — continued
TURN OVER
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Question 2

A car travelling at 24 m/s overtakes a truck travelling at a constant speed of 17 m/s along a straight road.
T seconds later, the car decelerates uniformly to rest.

The truck continues at constant speed and it passes the car at the instant the car comes to a stop. This is exactl
60 seconds after the car had passed the truck.

The velocity-time graph representing this situation is shown below.

vm/s

A
car

24
truck

17

60

FindT.

3 marks

PART Il — continued
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Question 3
. X
. o sin(5)
Find an antiderivative of _ 2" .
cos® (g)

2 marks

Working space

PART Il — continued
TURN OVER
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Question 4

y
A
Nf "(X)
L L L L > X
O 1 2 3 4 5

The graph of the derivative of a functibris shown above.
On the axes below, dramwo graphs each of which could be the graph of the funétion
In each case, show clearly any stationary points.

P <

4 marks

PART Il — continued
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Question 5
Letu=i-j-k andv=i+aj+k, whereallR. The angle between and v is 60°.

Find the exact value @f

4 marks

Working space

PART Il — continued
TURN OVER
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Question 6
A particle travels in a straight line with velocityn/s at time s. The acceleration of the particen/s, is given

by a=-2++Vv2+5.
Find, correct to two significant figures, the time taken in seconds for the speed of the particle to increase from
3 m/s to 10 m/s.

3 marks

END OF PART Il QUESTION AND ANSWER BOOK
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Directionsto students

Detach this formula sheet during reading time.

Thisformula sheet is provided for your reference.
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Specialist Mathematics For mulas

Mensuration

area of atrapezium:

curved surface area of a cylinder:
volume of acylinder:

volume of a cone:

volume of a pyramid:

volume of a sphere:

areaof atriangle:

sinerule

cosinerule:

Coordinate geometry

ellipse:

hyperbola:

Circular (trigometric) functions
CosA(X) + sin?(x) = 1

1 + tan?(x) = sec?(X)

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

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

tan(x +y) =

2
2nrh

2
a

l(a+ b)h

1bcsinA

b

c

SnA~ snB _ snC
c2=a2+h?2-2abcosC

(X_h)z +(y_k)2 =1

a2

(x-h? (y-k?* _

b2

1

a2

b2

cot2(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) =

1- tan(x) tan(y) 1+ tan(x) tan(y)
cos(2x) = cos?(x) —sin?(x) = 2 cos?(X) —1=1-2sin%(x)
Sin(2x) = 2 sin(x) cos(x) mmmo:I%%%%a
function Sin? Cos™* Tan™
domain [-1, 1] [-1, 1] R
range [— % ; %} [0, (_ % ’ %)

Algebra (Complex numbers)

z=x+yi=r(cos@+isinf) =rciso
[d=x*+y* =r
2,2, =1I, CiS(0; + 6,)

2N =rNcig(n) (de Moivre'stheorem)

—-n<Argz<r

Z .



Calculus

% (Xn) - an—l
)
d

! (10g5(x)) = =

Q.

% (sin(ax)) = acos(ax)

% (cos(ax)) = —asin(ax)

9 (ten(a) = asec(ax)

d, . _ 1
&(Sm 1(x))=m

-1

(o5 09) = =

1-x

- 1
X (Tan09) = 1+ x?

o

(]

product rule:

quotient rule:

chainrule;

mid-point rule:

trapezoidal rule:

Euler’s method:

acceleration:

constant (uniform) acceleration:

3 SPECMATH

1

Ny, _
Ide_n+1

X"t enz -1
Ieaxdx:leax+c
a
Jlax=i f 0
X O = 00c(X)+ ¢, for x >
. 1
Ism(ax)dx:—acos(ax)+c

| cos(ax) dx = %sin(ax) +c

[ sec?(ax) dx = %tan(ax) +c

f—l dx:Sin‘l(g)+c,a>0
va? - x?

-1 _1f X
| ——=_ dx = Cos (§j+c,a> 0
va? - x?

2 _dx= Tan‘l(fj +c
a® + x* a

It % = 1:<X)’XO:aandyO:b'thenxn+1:)(n+h and yn+1:yn+hf(xn)

d’x dv dv d (1,
=== ——=\V— = —=V
g2 dt dx  dx(2

v=u+at s:ut+%at2 V2= U2 + 2as s:%(u+v)t

TURN OVER



SPECMATH 4
Vectorsin two and three dimensions

r=xi+yj+zk

Ir|=X"+y +2° =r [1.1,=11pC0S0=X %, Y1y, + 77,

dr
- dXi+g'+$k
t dt~ dt- dt-~

M echanics

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

END OF FORMULA SHEET



	2002 VCE SPECIALIST MATHEMATICS
	PART I
	PART II
	Formula Sheet


