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SECTION 1

MAV SPECIALISTMATHS EXAM 2/2008

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.
Choose the response that is correct for the question.

A correct answer scores 1, an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is completed for any question.

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

Instructions for Section 1

Question 1

A.

The function f (x)=
5
x=——,x=1,y=1
5 Y
5
x=——,x=1,y=0
5 ¥
5
x=—,x=-1,y=0
5 ¥
1 5 0
X=—,x=-5,y=
5 y
1
x=—,x=-5,y=1
> y

22—35 has asymptotes
X" +i3x—

SECTION 1 — continued
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Question 2

The equation of the graph shown above is
2

Y

A L=
X (( )2)
x+1
B. o 1 =
4 4

2
Y

C. +1)P2-— =1
(x+1) 2

D. x*— (y;l)z =1
E. (y-;l)z —x'=1
Question 3

sin(3x) cos(3x)

The expression sin (x) + o8 (x) is equivalent to
A. sin(4x)

B. 2sin(2x)

C. sin(2x) + cos(2x)

D. 2cos(2x)

E. 4cos(2x)

SECTION 1 — continued
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Question 4
An endpoint coordinate of the function f{x) = sin"'(a(x — b)), a, beR, over its maximal domain would be
A. a+b, E)
2
B. b1, Z)
a 2
1
C. —+b, ZJ
a 2
D. b—a, - z)
2
E. Loy, - Z)
a 2
Question 5

The path of a particle is defined by the parametric equations x = 2 + 4sin(rn¢) and y = 4 + 2cos (7f).
Which one of the following statements is false?

A. The particle follows the path of an ellipse with centre (4, 2).
B. When =4, the particle is situated at the point (2, 6)

C. The particle moves in a clockwise direction.

D. The domain of the particle’s path is [-2, 6].

E. The particle will not meet the x-axis.

Question 6

If3z— z =12 —-4i,zeC, then z is equal to

A, —1+6i
B. 3—1i
C. 3-2i
D. 6—1i
E. 6—2i
Question 7

The equation z> + az + b =0, a, b, zeC, has solutions 2 — i and 1 —i.
The value of a is

A.
B.

C
D.
E

-3+6i
-3+2i
1-3i
3-2i
3-4i

SECTION 1 — continued
TURN OVER
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Question 8

The relation {z : | 2—z | = 4} , ze(C is represented by

A. B.
In} z Imz

61 67
4 ¢+

2_.

: : —t > Rez
6 20, 2 4

——t ; »Rez
6 4 20 2 4

6T 6T

»Rez

SECTION 1 — continued
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Question 9

An empty container has the shape of an inverted cone with base diameter equal to its height. Water is
poured into the container at the rate of 10 litres per minute. The rate at which the water level is rising,
in cm/min, when the water level is 50 cm above the vertex of the cone is

A L
T
B 2
T
c. 16
T
p. 1
RV
g 24
251

Question 10

Using a suitable substitution Jsinz(x) cos’(x)dx can be expressed as
A. J (u2 —u’ )du

B. Ju3 1—u? du

C. J wdu

D. j(u3 -’ )du

E. J-(uz ><u3)du

SECTION 1 — continued
TURN OVER
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Question 11

=f ()
N y=f(x
y=f"(x)
1..
9 ' > X
1

The function f: R — R, f{x) = 2" — 1 and its inverse are sketched above. Which one of the following

expressions does not give the area enclosed by the curves?
1

A, [(log, (x+1)=2" +1)ax

0

B. 2 (log2 (x+ 1)—x)dx

C. 2 (x—zx - l)dx

D. 1—2-1[(2*'—1)dx
0
1

E. 2[(log, (x+1))dx-1

0

Question 12

d
If d_y =+/x*+1 and y =4 when x = 1, then the value of y when x = 3 can be found by evaluating
X

o~

>
~
+

i

A
—_ e ) = — ) = — 0 = — ) = —
—_— —_— —_— —_— —_—
~
N
_+_
—
|
NN
~————
I
~

SECTION 1 — continued



Question 13 p
Euler’s method with a step size of 0.5 is used to solve the differential equation LA y atx =4, given
y=0when x =2. dx
Correct to four decimal places, the solution is

A.

SR

2.3750
2.9375
3.4688
3.6250
3.7500

Question 14

y

—
T T . . . . . .t
T T T T T T T ! T i o i g
P P P

P e e
T
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T T T . T I I . . I T B
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e e
e e
o s
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S S SSS
L5555 5557777
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The diagram above shows the slope field for which one of the following differential equations?

A.

B.

4 _

dx 452

dy 2

1

dx  1+x

SECTION 1 — continued
TURN OVER
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Question 15
The angle between the vectors 2i + j +2kand i +m j —k, meR, is given by

A. cos’ m+4)’ m#0
3m
4
B. cos” mt ), m#0
Jsm
C cos™! "
5(m2+2)
D.  cos| 4
3 (m2+1)
E cos™! S
3 (m2+2)

Question 16
The vector p = cos(t) i+ sin(t) J —k is not perpendicular to vector

A. gzcos(t)i +sin(t)z+lg
B lgz—cos(t);' —sin(t)j -k
C. c¢=j+sin(r)k

D cj:sin(t);' —cos(t)j

E g=sin(t)g' —cos(t)j +k

Question 17

25 1

- — : —
© 4 8 /12 16 20
-15 ]

The graph above shows the velocity, in m/s, of a particle travelling in a straight line for 20 seconds. During
this time the particle travels a total distance of 305 metres. How far will the particle be from its starting
position after 20 seconds?

A. Om

B. 10m
C. 20m
D. 40m
E. 1625m

SECTION 1 — continued



11 MAV SPECIALISTMATHS EXAM 2/2008

Question 18

A particle moves in a straight line so that its acceleration a m/s? is given by a = ——, where v is the
. . . 2v+1

velocity of the particle, v > 0, measured in m/s.

If the particle is initially at rest, its velocity, in m/s after 2 seconds will be

1

1

B. 5 log,5

C. 2

D. 1 (e-1)
2

E. 1 -1
2

Question 19
10N

8N

30°

30° > 6N

Forces of 6 newtons, 8 newtons and 10 newtons act on a particle as shown in the diagram above. The
magnitude of the resultant force acting on the particle, in newtons, correct to one decimal place will be

A. 187

B. 219
C. 234
D. 240
E. 259

Question 20

A child travelling in a lift that is accelerating downwards at 2.4 m/s* has an apparent weight of 30 kg wt.
When the lift is stationary, the child’s weight, in kg, would be closest to

A. 23
B. 24
C. 30
D. 37
E. 40

SECTION 1 — continued
TURN OVER
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Question 21

<2V ___
60 kg

A 60 kg mass rests on a rough horizontal surface. A force of 120 newtons is applied to the mass at an angle
of 30° to the horizontal level and the mass begins to move.
The coefficient of friction between the surface and the mass is equal to

A 2
g
g V3
8
c. V3
I+¢g
p. V3
g—1
E. !

&

SECTION 1 — continued
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Question 22

A truck is towing a car of mass m kg up an inclined plane. A resistance force of R, newtons acts on the truck
and a resistance force of R, newtons acts on the car. The tension in the towrope connecting the truck and the
car is 7 newtons. The normal reaction on the car is N newtons.

Which one of the following diagrams shows the forces acting on the car?

A. B.

END OF SECTION 1
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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 book are not drawn to scale.

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

Question 1

A small aeroplane appears to run out of fuel and has landed at Hedgerow Airport, landing well short of the
runway. Relative to a fixed origin, O, the velocity, lj(t), of the front wheels of the plane at time ¢ > 0, at
touchdown on the ground is given by

£(£) =300+ 1) i+ 20t - 1) j

where i is a unit vector in the positive x direction and ; is a unit vector in the positive y direction.

The origin O is the touchdown point of the plane.

Velocity is measured in m/min and time # is measured in minutes from touchdown.

a. Find ij(t) at = 0 and hence find the speed, in m/min, at touchdown. Give your answer correct to
2 decimal places.

2 marks

b.  Find the expression for 7(?), if at touchdown the plane is at the origin O.

2 marks

SECTION 2 — continued
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c.  Ifthe plane was meant to touch down at the position 1007 + 90 j, find the distance in
metres, correct to 1 decimal place, from the actual touchdown position to the planned
touchdown position

1 mark

Relative to a fixed origin, O, the position of the plane, P, at time > 0, is given by 7.(f). An airport official is
standing at the point 4(500,450) and observes the plane landing, worried that he may be hit by the plane.

R
d. Express the vector AP in terms of .

1 mark
e.  Find the time, to the nearest minute, when the airport official is closest to the plane.
2 marks
5
f.  State, giving reasons, whether the plane’s path crosses the path of the vector OA4.
2 marka

SECTION 2 — continued
TURN OVER
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The plane has to brake and comes to a stop. After the plane comes to a complete stop the passengers are
instructed to use the nearest emergency exit, using a straight slide that begins at the plane door. The
passengers have to exit via the emergency slide of length 6 metres, which is inclined quite steeply at an
angle of 50° to the vertical. The most nervous passenger, David, with a total weight of 100 kilograms, is the
first to use the slide. The coefficient of friction between David and the slide is 0.25.

For the remainder of the question, time, t, is measured in seconds.

g.  In the space below draw a diagram showing the forces acting on David while he is sliding down the
slide.

1 mark

h.  Find the magnitude of David’s acceleration down the slide, in m/s* correct to 2 decimal places.

2 marks

i.  Presuming that David starts from rest at the top of the slide, find the speed at which he reaches the end
of the slide, in m/s, measured to 2 significant figures.

1 mark
Total 14 marks

SECTION 2 — continued
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Question 2
Let P(z) be a quartic function where P(z) =z* + 22> — 4z + 8
a. Show that P(1 +i)=0.

2 marks

b.  Given that P(-1 — i\/g ) = 0 solve the equation P(z) = 0 giving your solutions in exact polar form.

2 marks

Lettingz, =1 +iandz,=-1 - i\/§

c.  Express z, z, in exact polar form.

2 marks

T . z . . .
d. If0 for 3 <0@<7 is Arg —L, show that tan 6 = 2 + \/g . Hence, or otherwise, find an expression
Z
z 2
for —L in exact polar form.
z
2

2 marks

SECTION 2 — continued
TURN OVER
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e.  Plot, and clearly identify, z; z, and il on the Argand diagram.
z

2
L ’
\ - ‘Ky =~ ’
\ _-- S~ ’
- ~_7
. 2.5 <
PR PR RN
e \\ /,,’ ‘~\\ I/ S
7 - ~ N
e /* 2 *\ A
7 s \ -] - ’ S N
. \ - - -~ / ~
7/ - ~ Y
. - ~ ~
’ , \A” ~\*/ N \
~ . ’ ’ . R N \ -
N , PR 1.5 N N N
sS4 7 . \ Patay BN /7 N \ A
VAN 7 7’ \ - =< 7 A \ PRGN
’ NS L’ a” Sx AN N \
» - ~ A
4 SN SO0 1 LN PN A
! ’ ~d ’ N ’ N PN \ !
< —|-
/ RS 4 NP -~ N A \
B ’ ~_ 7 N - \ \ \
’ ~ -3 \ -
' 1 , < N RN X \ \ \
1 AN ’ ’ . \
! A I’ / < 7 \05 ’ ¢ \ ‘\ \ ‘I
Av el e - \
! 1 ! RS . S PR \ \ \
| 1 / NV N - \ \
1 5 \ ’ \ | 1
' I ! 7~ -< ' \ X
I 1 \0// \ 1 \ 1 |
1 ! My 7 y B
Ll

25 7 15 T 05-/0-05 1 15 2 23

-
\
\
(==}
(O]
v
’
~

\ 4 ,
' v VRS N Yo /
\‘ \\ \\ Pie \\ /I \\ ,/ S/ ,I ,’ |
‘\ \ \ . \i ) v :,\\ ! ! !
\ \ U N /‘\fl _-"N , \\/' / 1
\ \ Py N ’ = \ , B /I !
LRGN N ’ \ . So 1
\\ - N SN L7 ! \,,\ ,I
PR N /\\\7 ”/\ , S~
’\’\, \\ \\\ // ~L_5___, \\ /// /// \/\,\
e \\ \\ N \ L , Vi SO
N N s o PRaY . 7
\ S ’ S~ —, -7 \ . 4
N ~ ’ e R \ 7 0
N N \ . ,
\\ ”~ ’,’\ 7z
S /; T~-.22.5 -7 \ /’/
SO ==—q--- N
~Q _ v
’ S o _- A
’ ~ o _ - \
’ S~-o___ | __---" \
2 marks
f.  Hence shade in, on the Argand diagram in part e., the complex plane that is represented by
z, 1
z: Arg(z) < Arg| — r\{z cArg(z) > Arg(zlzz)} N1z: |z| <=
z, 2
2 marks

Total 12 marks

SECTION 2 — continued
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Question 3

The introduction of a certain mobile network in regional Victoria was initially taken up with enthusiasm by
the population. After a certain period of time most of the population had signed on to this network and the
demand for new connections then tapered off. The rate of growth can be modelled by the differential equation

d
d_)t) = 80k(80 — y), where y describes the % take-up by the customers to the network and ¢ the time in

months after the introduction of the network.

d
a.  Show that the solution to the differential equation, 9 80k(80 — ), is y = 80 — ¢ *0K)
where k and ¢ are constants. dt

2 marks

b.  Given that initially only 1% of the population had taken up connection of the network,
find an expression for ¢ in terms of the constant k.

2 marks

SECTION 2 — continued
TURN OVER
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c. Initially 1% of the population had taken up connection of the network (as stated in part b.).
In addition, after 10 months, 44% of the population had signed up. Using this information,
write down an equation in terms of the constant & only.

2 marks

d. Hence, find the value of & correct to 4 decimal places.

1 mark

SECTION 2 — continued
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e.  Using your value of £ and your information about ¢, sketch a graph of the function
y =80 — e for £ > 0 on the grid below.

| Ay | | | | | | | |
______ A S S S P
180 R R S S . R S U
______ | U S S U S S
______ A 10 O o S S SN S
0] U R U S . ol __
______ ) S SO S SN S S S
______ 1 S S S D
o200 R T S S I R S S
------ RN T S O S U Rt A S A

| 0 | | | | | | | | t

] 0 ] 10 ] 20 ] 30 ] 40 v

2 marks

f.  From the information given in e., state the % uptake of the network after 20 months. Give your answer
to the nearest %.

1 mark

g.  From your graph in e., describe what happens to the value of y in the long run.

1 mark
Total 11 marks

SECTION 2 — continued
TURN OVER
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Question 4
Andy was reading an advertising sign in a motor bike shop window at Torquay. The sign read:

Reduce your carbon footprint. Ride electric today!
0 to 100 km/hr in 6.8 seconds.
Zero emissions.
Andy decided to take a test drive and was interested in how far the electric bike would travel in the
advertised 6.8 seconds, if he applied a constant accelerating force.

a. In 6.8 seconds, find how far, in metres, the bike will travel, and its acceleration in m/s’.
Give your answers correct to 2 decimal places.

2 marks
Andy continues his test drive and powers the bike to its maximum.
b. At 100 km/hr, Andy cuts the engine and slams on the brakes that give him a total backward
drag, including friction, of 1000 newton. Considering that the total weight of the bike
including Andy and all his gear is 200 kg, find how far the bike will travel before it comes
to a stop. Give your answer in metres correct to 2 decimal places.
2 marks

SECTION 2 — continued
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On a new test drive, Andy drives the bike with non-uniform acceleration described by the equation

a= i(v + 1)%, where v m/s and a m/s* describe the velocity and acceleration of the bike respectively.
50

c.  Ifxrepresents the displacement in metres, find an equation where x is written in terms of v,
assuming that Andy starts at rest.

3 marks
d. Using your function of x in terms of v where x = 0, v > 0, find correct to 1 decimal place,
the velocity in m/s of the bike when Andy has travelled 100 metres.
1 mark
e. Ifthe speed at which the bike becomes unstable is 50 m/s, find how far Andy has travelled,
correct to 1 decimal place, before he has to stop for safety reasons.
1 mark
Total 9 marks

SECTION 2 — continued
TURN OVER
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Question 5
Consider the function f: [a, b] = R where f(x) = 0.5cos'(2x + 1), where a, be R
a.  Write down the values of @ and b given that fhas a maximal domain.

1 mark
b.  Use calculus to show that the graph of f'has no stationary points.
1 mark
. d 1
c¢.  Use calculus to find —(x cos” (2x+ 1))
dx
1 mark
d. Hence, using your answer for c., write an integral statement that when evaluated would
0
find the value of the integral J. cos™ (2x +1)dx.
1
2
2 marks

SECTION 2 — continued
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0

Using your answer for d. evaluate exactly J 0.5cos™" (2x + 1)dx, given that
1

‘ 2 1 :
il de=--2

2 2 4
. 1—(2x+1)

2 marks
Sketch the curve of f{x) = 0.5cos™'(2x + 1), for a maximal domain, on the axes below,
clearly showing the exact coordinates of the endpoints.
y
A
> X
1 mark

SECTION 2 — continued
TURN OVER
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The curve formed by the graph of f{x) = 0.5cos '(2x + 1) is rotated around the y-axis from y=0toy = A,
T

where 4 is a real constant, 0 </ < 5, to form the shape of a funnel.

g.  Write a definite integral statement, in terms of 4, using the relationship f{(x) = 0.5cos '(2x + 1)

that, when evaluated, would find the volume in cm® of the funnel, where the x and y values are
measured in cm.

1 mark

h.  Using your expression from part g., and using calculus, evaluate, in exact terms, the volume of
T

the funnel for 4 = Z

3 marks
Total 12 marks

END OF SECTION 2
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Specialist Mathematics Formulas

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

2 2
ellipse: (x _2h) + (¥ _2k) =
a b

1

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

1+ tanz(x) = secz(x)

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

fan(x + y) = tan(x) + tan(y)

2
wr h

%nrzh
1

gAh

L

3

lbcsinA

2

a b ¢
sind sinB sinC

=a’+b*>—2abcos C

hyperbola: - =1

cotz(x) +1= cosecz(x)
sin(x — y) = sin(x) cos(y) — cos(x) sin(y)

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

fan(x— y) = tan(x) —tan(y)

1 - tan(x)tan(y) 1+ tan(x) tan(y)
cos(2x) = cosz(x) - sinz(x) =2 cosz(x) -1=1-2 sinz(x)
2tan(x
sin(2x) = 2 sin(x) cos(x) tan(2x) = —(2)
1—tan”(x)
function sin’ ! cos ! tan |
domain [-1, 1] [-1, 1] R
T [0, 7] T
range -, , ==
£ 272 g 272

TURN OVER
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Algebra (complex numbers)

z=x+yi=r(cos §+isinf)=rcis b

|z|= ,x2+y2=r —n<Argz<nrm

Z1 _nh

2,2, =11, cis(0, + 0,) 5" ECiS (6,-6,)
Z"=7" cis(nf) (de Moivre’s theorem)
Calculus
d n n—1 n n+l
—(x )=nx [x"dx = X" +e,n#E-1
dx n+1
i(e“x)zae“x Je“xdlee“x+c
dx a
d 1 1
—(log,(x))=— [=dx=log,|x}+c
d , . . 1
— (sin(ax))= acos(ax) [sin(ax)dx = —=cos(ax) + ¢
dx a
d . 1.
—(cos(ax))= —asin(ax) [ cos(ax)dx = —sin(ax) + ¢
dx a
d ) ) 1
—(tan(ax))= asec” (ax) I'sec? (ax)dx = —tan(ax) + ¢
dx a
i(sin—‘(x))= ! [l v=sin'[ X Jrea>0
dx 1— 2 a2 — x> a
i(cos_l(x))z - J_—ldxzcos_1 X +c,a>0
dx 1—x2 a® -2 a
d —1 1 a 1 X
—(tan""(x)]= | dx=tan | = [+c¢
dx< ( )) 1+ x? a’+x° (a)
product rule: i(uv):uﬂ+v@
dx dx  dx
i dv
quotient rule: dfu __dx dx
dxl v V2
chain rule: Ll = dy du
dx du dx
d
Euler’s method: If d_ic) =f(x), xy=aandy,=b,thenx,  ,=x +h and y . =y +hfix)
acceleration: =

d*x dv dv d{(1 ,
a=—==—=y—=—
dr?  dt dx dx\ 2

1
constant (uniform) acceleration: v=wu-+at s=ut+ 5 at? V' =u*+2as s = 5 (u+ )t



Vectors in two and three dimensions

r=xi+yj+zk

|£|: \/xz+y2+z2 =r

dr gy, dy
f=—=—i+—=j+—
~ t  dt~ dt~
Mechanics
momentum:

equation of motion:

friction:

31
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r r — -
.I,=rr,cos0=xx,+yy, +zz

END OF FORMULA SHEET



