SPECMATH EXAM 1 PT1

VICTORIAN CURRICULUM AND ASSESSMENT AUTHORITY '

Victorian Certificate of Education
2001

SPECIALIST MATHEMATICS

Written examination 1
(Facts, skills and applications)

Monday 5 November 2001

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
Part | consists of this question book and must be answered on the answer sheet provided for mul
choice questions.

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.

A detachable formula sheet for use in both parts is in the centrefold of this book.

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

You may keep this question book.
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Structure of book

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

Materials
e Question book of 19 pages with a detachable sheet of miscellaneous formulas in the centrefoldl.
» Answer sheet for multiple-choice questions.

» Working space is provided throughout the book.

e Up to four pages (two A4 sheets) of pre-written notes (typed or handwritten).
e An approved scientific and/or graphics calculator, ruler, protractor, set square and aids for curve

sketching.
e At least one pencil and an eraser.

Instructions

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

e Check that youname and student numberas printed on your answer sheet for multiple-choice
guestions are corre@nd sign your name in the space provided to verify this.

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

» Take theacceleration due to gravityto have magnitudg m/s, whereg = 9.8.

At the end of the examination
» Place the answer sheet for multiple-choice questions (Part |) inside the front cover of the question and
answer book (Part I1).
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Instructions for Part 1
Answerall questions on the answer sheet provided for multiple-choice questions.
A correct answer scores 1; an incorrect answer scores 0. Marks will not be deducted for incorreg
answers. No credit will be given if more than one answer is completed for any question.

—

Question 1

P <

The equation for the ellipse shown is

(x + 2)°

A STy -D? =l
B. (X ‘42)2 Fy-12=1
c. K ‘22)2 Fy+1? =1
D. (x;a2+w232:1
e, (X ‘42)2 Fy+D2=1

PART 1 — continued
TURN OVER
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Question 2

x> +16

Which one of the following shows part of the graphfoR - Rwhere f(x) = X

?

y y
A A
5F 5 k
1 1 1 1 > X 1 1 1
2 1 2 2 1 2
-5 F -5 |
C y D. y
154
20 -
10
1 1 1 1 1 1 1 1 1 > X
4 =2 O 2 4
—10\ F
1 1 i 1
-2 -1 Ot 1 2
E. y
A
5
1 1 1 1 1 [ 1 1 1 1 > X
-4 Of 2 4
sk

PART 1 — continued



Question 3
_ -1l 0 dy _
If y=Tan x0T then ax -
_ 1
A o+
1
B "o+ 1)
1
C 2axZ+)
o -2
T 4x®+1
4x2
e X
4x° +1
Question 4

If cog(x) = —% andg < X < 1, thencoseck) equals

A 10v11
’ 33
B 10
©oJ101
c /101
' 10
N
T3l
E. -10
Question 5

Which one of the following is a polar form @f3i —1?

A 2 cisg— %Tg
B. 2 cisg— gg
cC. 2 cisggg

D. 4 cisE%Tg
E. 2 cisg%ng

SPECMATH EXAM 1 PT1

PART 1 — continued
TURN OVER
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Question 6
The rootay, v andw, of the equatioz® — 8 = 0, where [ C, are shown on which one of the following Argand
diagrams?
A. Im(2) B. Im(2)
A

A

> Re(2)

h Z<{

BE <fe
c
N

C. Im(2) .
A

>

2
/\
> Re?) =t 5 > Re(d)

N

{
N

E. Im(2)

>

» Re(2)

N

{
N

PART 1 — continued
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Question 7
P(2) is a cubic polynomial with real coefficients.
If z= 3 is a solution oP(2) = 0, thenP(2) could be

A. +9
B. 2-%
C. 2+
D. 22-27
E. 2+27

Working space

PART 1 — continued
TURN OVER
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Question 8

Which one of the following shows the region of the complex plane specified @y 2)(z- 2) = 4,z0C ?

» Re(2)

A. Im(2)
A
4 b
2 |
2 |
4 |-
C.
1
-4 _
E.

Re(2)

Im(2)

PART 1 — continued



Question 9

Which one of the following, wherzlJ C, describes the lin8in the diagram above?

A. Arg(z2) = 77:
B. Arg(2 = 3777
C. Re@-Im@=0
D. |z-2/=|z-2i
E. |Z_2|:|Z+2i|
Question 10
1
An antiderivative ofm
e
A. log, ()
B. $loge(loge(2x))
C. loge(loge(2%))
D. 2 log,(loge(2x))
E. loge(x loge(2x))

)iS

» Re(2

SPECMATH EXAM 1 PT1

PART 1 — continued
TURN OVER
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Question 11

Using a suitable substitutioT,cosz(Zx) cos(2x) dx can be expressed as
0

1

A ‘[ u?(1 - 2u?)du
2
¢ 2
B. 3 @-u%du
|
A3
2
C. %f (1 - u?)du
0
1
2
D. %I (1-u®)du
0
43
p 2
E. 2 1-u%)du
|
Question 12
3
The exact value OI
V3
A. 3log.(2)
T
B. 7
T
C. iV
/3
b 1o
/3
E. 35

X% +3

PART 1 — continued
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Question 13
y
A
4 -
y = X + cos(X)
2 =
O 3

The graph of/ =x + cosk), 0< x < 4, is shown above.
The midpoint rule with two equal intervals is used to approximate the area shaded.
The value obtained, correct to three decimal places, is

A.

B
C.
D
E

6.335
7.101
7.243
7.514
11.997

PART 1 — continued
TURN OVER
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Question 14
y
A
2 |
. y = 25in2(x)
0 ‘ > X
m m T
4 2 _
y = sin(2x)
1}

The diagram above shows the curves with equation® sirf(x) andy = sin(X), 0 x< 71t
The total area of the shaded regions enclosed by the two curves %o @is given by

w
A (sin(2x) - 2 sin?(x))x

0

S|

B. (2 sin(x) - sin(2x))dx

Ol

(2 sin(x) - sin(zx))dx +j’T (2 sin(x) - sin(2x))dx

O
Ol 53

B

(si n(2x) - 2 sinz(x))dx - (si n(2x) - 2 sinz(x))dx

O
Oy &y
s—

n

T

2 sin?(x) dx - ( sin(2x)dx — [ sin(2x)dx
o]

m
Ol

PART 1 — continued
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Question 15

P <

y=f'(x

The graph ofy = f'(x) is shown above.

Which one of the following statements is true for the grapi off (x) ?

A. The graph has a local maximunxat —3 and a stationary point of inflexionxat O.
B. The graph has a local minimumxat —3 and a stationary point of inflexionxat O.
C. The graph has a stationary point of inflexiox at—3 and a local minimum at= 0.
D. The graph has a stationary point of inflexiox at—3 and a local maximum at= 0.
E

The graph has a local maximunxat —3, a local minimum at= -1, and a
stationary point of inflexion at = 0.

PART 1 — continued
TURN OVER
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Question 16
A particle travelling in a straight line has veloocityn/s at time s.

Its acceleration is given b%—d\t/ = -0.05(v? - 5).

Its velocity is 50 m/s initially and is reduced to 3 m/s.
Which one of the following is an expression for the time taken in seconds for this to occur?

S|

A0 [ v
2 ve- -5
0

B ZOI V2_5dv
3
50 1

C. 005 [ ——dv
, v- =5

3
D. -0.05 J’ (v® - 5)dv
50

3
E. -005 f (v? - 5) dt
50

Question 17
Euler's method, with a step size of 0.2, is used to approximate the solution of the differential equation

DD\/1+ x2 E% =1, withy =1 atx=0.

Whenx = 0.4, the value obtained fgy correct to four decimal places, is

A. 1.3280
B. 1.3857
C. 1.3961
D. 1.4000
E. 1.4040

PART 1 — continued



15 SPECMATH EXAM 1 PT1

Question 18

An inverted cone, as shown in the diagram, is initially full of water. The water flows out through a hole at the

bottom at the rate 08.1/h m? per hour, wher m is the depth of water remaining aftéours. The volume
V md of water is given by = 0.03h3.

At timet hours dn is given by

ot
A, -097h?
3
B. 09rh?
C. -0.0097h?
1
D. - .
0.97h?
1
E. 3
0.97h
Question 19

A particle starts from rest and moves in a straight line with acceleration € sim§2at timet s.
Its displacement from its starting point, in metres, at timagiven by

A. 24 sin(2)

B. 15sin(2)-3
C. 3-3cos(®
D. -1.5sin(2)

E. 3t-1.5sin(®

PART 1 — continued
TURN OVER
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Question 20
A particle moves in a straight line so that at titné= 0, its velocity isv and its displacement from a fixed point
on the line ix.

av _1

If x - v then the particle moves with

A. constant acceleration and constant velocity.

B. constant acceleration and increasing velocity.
C. constant acceleration and decreasing velocity.
D. increasing acceleration and decreasing velocity.
E. decreasing acceleration and increasing velocity.
Question 21

A vector parallel toi — 2 j+ 5k and with magnitude 6 is

A 6(i-2j+5k)

8. B (i-2j+sk)

C —i(i+2j—5k)

o J3o s T
1. .

D E(l—21+5|5)

E i(i—2j+5k)

L2t TR TR

Question 22

The vector resolute di- 2 j+ k in the direction of-i+ 3j+ 2k is
7, . .
A ~13(-i+3j+2K)

5. ~3(i-2j+K)

7 .
—(i-3j-2k
C. m(i = 2k)
—i(3i—2'+k)
D. N7 J*K
1,. .
E. 5(i-3j-2K)

PART 1 — continued
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Question 23

If the vectors defined bya = -mi—-2j+k andb = i-nj- 6k are perpendicular, then which one of the
following could be true? ) )

A. m=-2n=2

B. m=-2n=-2

C. m=-2n=-4

D. m=2,n=2

E. m=2,n==-2

Question 24

Consider non-zero vectogs, andr. If p =2g- 3r, which one of the following statememtaist be true?

A. P, qandr are linearly dependent.
B. q a~r1d_r_ are linearly dependent.

C. qisparallel tor.

D. q andr are linearly independent.

E. EJ q andr are linearly independent.
Question 25

The position vector of a particle at timgt=> 0, is given byr(t) = (t - 3)i- (ﬁ)j.
The particle is closest to the origin whes

A. O

B. 15

C. 25

D. 3

E. 35
Question 26

The displacement of a particle from the origin at timtes 0, is given byr(t) = e 2" i + (sin (71)) j+2k.
The initial direction of maotion of the particle is

A.

B.

C.

41

PART 1 — continued
TURN OVER
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Question 27

A particle is subject to two forces, one of 4 newtons acting due east, the other of 2 newtons acting at a bearing
of N3CPE.

The magnitude of the resultant force, in newtons, acting on the particle is

A 2)3

B. 27

C. 6

D. 5+.3

E. J20+8/3
Question 28

Initially, a particle has velocity-6i m/s. A constant force acts on the particle so that after 2 s its velocity is
8j mis.
The acceleration, in ni/sof the particle is

A 7

B. 3i+ 41
C. -Bi+4j
D. 3i-4j
E. -3i-4]j
Question 29

A box of massnkilograms rests on rough, level ground. The box is pulled with a force of magRihatetons
at an angle of Z0to the horizontal. There is a normal reaction of magniNidewtons and the coefficient of
friction between the box and the grounglis

If the box is on the point of sliding along the ground, which one of the following equations is correct?
A. N=mg

B. N=mgcos(20)

C. Psin(20)=mg

D. Pcos(20) = uN

E. Psin(20) =uN

PART 1 — continued
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Question 30
A car pulls a caravan of masskg along a straight, level road. There are resistance forces of madrjtude

newtons on the car afi newtons on the caravan. The tension in the towbar has maghiteddons and there
is a normal reaction on the caravan of magnitdeewtons. Which one of the following diagrams shows the

forces acting on thearavan?

A. B.

N N
A A
R, +— > T R, +— R,
v v
mg mg
C. N D \
A A
- T R —
Ry ¢— —— R, R, +— — > T
v v
mg mg
E. N
A
> T
v
mg

END OF PART | MULTIPLE-CHOICE QUESTION BOOK
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STUDENT NUMBER Lett

Figures

Words

VICTORIAN CURRICULUM AND ASSESSMENT AUTHORITY '

Victorian Certificate of Education
2001

SPECIALIST MATHEMATICS

Written examination 1
(Facts, skills and applications)

Monday 5 November 2001

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 I

QUESTION AND ANSWER BOOK

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

A detachable formula sheet for use in both parts is in the centrefold of the Part | question book.

At the end of the examination
Place the answer sheet for multiple-choice questions (Part I) inside the front cover of this questior]

answer book (Part II).
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Structure of book

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

Materials

Question and answer book of 8 pages.

Working space is provided throughout the book.

Up to four pages (two A4 sheets) of pre-written notes (typed or handwritten).

An approved scientific and/or graphics calculator, ruler, protractor, set-square and aids for curv
sketching.

Instructions

Detach the formula sheet from the centre of the Part | question book during reading time.
Write yourstudent numberin the space provided on the cover of this book.

A decimal approximation will not be accepted if an exact answer is required to a question.
Where an exact answer is required to a question, appropriate working must be shown.

Where an instruction tose calculuss stated for a question, you must show an appropriate deriv
or antiderivative.

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

Take theacceleration due to gravityto have magnitudg m/<, whereg = 9.8.

All written responses must be in English.

At the end of the examination

Place the answer sheet for multiple-choice questions (Part 1) inside the front cover of this ques
and answer book (Part II).

htive

tion
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Instructions for Part Il
Answerall questions in this part in the spaces provided.

Question 1
Find theexactsolutions of sin (4 = cos (X), for 0<x< 1T

3 marks

Working space

PART Il — continued
TURN OVER
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Question 2

2x
a. Express—

———— in partial fraction form.
X +6X+9 P

2 marks
b. H ite d tiderivative o=+, x> -3
: ence write down an antiderivative o5————, X> —3.
X +6x+9
1 mark
4
2x -1 L .
C. EvaluateJ’ ————— dXx, correct to three significant figures.
J, x“+6x+9
1 mark

PART Il — continued
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Question 3

Find the cube roots of -2 + i Cartesian form, giving the real and imaginary parts of each root correct to three
decimal places.

3 marks

Working space

PART Il — continued
TURN OVER
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Question 4

A

In triangleABD, AC=CD =CB. Let AC = u and BC = v.

Use a vector method to prove th&#BAD is a right angle.

3 marks

PART Il — continued
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Question 5

Atank initially contains 500 litres of salt solution of concentration 0.02 kg/litre. A solution of the same salt, but
of concentration 0.05 kg/litre, flows into the tank at the rate of 5 litres/minute. The mixture in the tank is kept
uniform by stirring and the mixture flows out at the rate of 3 litres/minute.

Let Q kg be the quantity of salt in the tank afteminutes. Set up (but dwt attempt to solve) the differential
equation forQ in terms oft, and specify the initial condition.

3 marks

Working space

PART Il — continued
TURN OVER
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Question 6

P <

y=sin(x)

y=1-cos(x)

NS |

The shaded region is enclosed by the curves with equationd — cosX) and y = sin &), 0 < x < g

This region is rotated about tkeaxis to form a solid of revolution.
Find theexactvolume of this solid of revolution.

4 marks

END OF PART Il QUESTION AND ANSWER BOOK

Click here for Formula Sheet
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Written examinations 1 and 2

FORMULA SHEET

Directionsto students

Detach this formula sheet during reading time.

Thisformula sheet is provided for your reference.
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Specialist Mathematics Formulas

Mensuration

area of atrapezium: % (a +b)h

curved surface area of acylinder: 2prh

volume of acylinder: prh

volume of a cone: % prh

volume of a pyramid: % Ah

volume of a sphere: g pr3

areaof atriangle: %bcsinA

snerule: a b ¢

SNA~-SnB _sSnC
cosinerule: c2=a2+b2-2abcosC

Coordinate geometry

(x-h?, (y-W°_

ellipse: 2 72 2 =1
| (x-h)° (y-K°_
hyperbola: 2 s 1
Circular (trigometric) 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(y)
_ tan(x) + tan(y) _ tan(x) - tan(y)
(X +Y) = T anmtan(y) t@an(X-Y) = Txtan(xtan(y)
cos(2x) = cos(X) —sin%(x) = 2 cosA(X) — 1 =1 -2 sin?(X)
. Cm _ 2tan(x)
sin(2x) = 2 sin(x) cos(x) tan(2x) = 1 onZ00) )
function Sin-1 Cos1 Tan!
domain [-1, 1] [-1, 1] R
éppu P PO
e § 22 (0. p] & 2%
Algebra (Complex numbers)
z=X+yi=r(cosq+ising)=rcisq
|z|:.“x2+y2 =r —-p<Argz£p
2z, =14r, Cis(gy + 0p) % = ;_21 Cis(Ql - QZ)

Z1=rNcis(nq) (de Moivre stheorem)



Calculus

$(e)-
adf (IOge( X))

o (tenax) = asec?(ax)
d (e - 1

a (S '09) = ==
d -1
3 (Cos (%) = —
d . 1
a;(Tan 1(X)) - 1+ x°

product rule:

guotient rule:

chainrule:

mid-point rule:

trapezoidal rule:

Euler' s method:

acceleration:

constant (uniform) acceleration;: v=u + at

N _ n+1 1 .
ox dx = 1 X ten 1

n
N aX 1 ax
oe dxzae +cC

%dx = loge(x) + ¢, for x > 0

osin(ax)dx = - % cos(ax) + ¢

ocos(ax) dx = %sin(ax) +C
asec?(ax)dx = %tan(ax)+ c

o;dx—Sm —9+c a>0
Ja?- X2 &ap
b—ldx—Cos g—+c,a>0
\/a

- X

o2 dx = Tar 1224 ¢
a + x4 gay

d du
gx (W) = UE& + VR

du dv
d gaio_ Vi " Uk
&~ — 7
dy dydu
dx ~ du dx

b

Of (x)dx» (b - a)f%b%

b
Of(X)dx» 5 (b- a)(f(a) + (1)

a

Ifg—))(lzf(x),x0=aandy0=b,thenxn+1=xn+handyn+1
_d’> _dv_ dv_d o
a=qz @ T Vdx " dxe&z Vv
1
S=ut+5at? v2=u?2+ 2as s=

=Yn + h(xy)

% (u+wt

TURN OVER



Vectors in two and three dimensions

Ir|= X2 +y?+ 28 = I r,=r4r, CoSq= XXy + Y1y, + 07

Mechanics

momentum: p=mv
equation of motion: R =ma
friction: F £ pN

END OF FORMULA SHEET
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