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SECTION 1

Instructions for Section 1

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.

Question 1

The graph with equation y =

A.

has asymptotes given by

2x2 —x—

3
x=——,x=2andy=1
5> X=2andy

B. x=—% and x =2 only
3
C. x=5,x:—2andy:0
3
D. x=—5,x=2andy=0
E. x=5 and x =-2 only
Question 2

A rectangle is drawn so that its sides lie on the lines with equations x =-2, x=4, y=—land y = 7.

An ellipse is drawn inside the rectangle so that it just touches each side of the rectangle.

The equation of the ellipse could be

A.

2 2
2 Y
9 16
2 2
(D2 43
9 16
_1\2 _12\2
(=17 (=3 _
9 16
2 2
(1?3,
36 64
_1\2 _12\2
(=12 (=3P
36 64

SECTION 1 - continued
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Question 3
The graph of y = f(x) is shown below.

All of the axes below have the same scale as the axes in the diagram above.

The graph of y = ! is best represented by
J(x)

A. B.

<
<

L L L > 1 1 1 1
ol X ol > X
E.
y
' \‘:
CN— —
T >
ol

SECTION 1 - continued
TURN OVER
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Question 4

The domain and range of the function with rule f(x)=arccos(2x—1)+ % are respectively

A. [-2,0]and [0, 7]
[-2, 0] and B 37”}
[0, 1] and [0, 7]

n 31
[0, 1] and [5’ 7}
[0, 7] and [0, 1]

= P 0 0w

Question 5
If z=/2cis (—4?7[) and w = 2%, then

A, w= 16\/§cis(36Tﬂ)
B. w=16\/§cis[—%j
C. w= 16x/§cis(4?ﬂj
D. w= 9\/5cis(—%j

E. w=92cis [4?”

Question 6

For any complex number z, the location on an Argand diagram of the complex number u =i

by

A. rotating z through 37” in an anticlockwise direction about the origin
B. reflecting z about the x-axis and then reflecting about the y-axis

C. reflecting z about the y-axis and then rotating anticlockwise through
D. reflecting z about the x-axis and then rotating anticlockwise through

E. rotating z through 7” in a clockwise direction about the origin

(SRR SR

>Z can be found

about the origin

about the origin

SECTION 1 - continued



Question 7

The set of points in the complex plane defined by |z + 2i| = |z| corresponds to
A.

#EOFR

the point given by z = —i

the line Im(z) =-1

the line Im(z) = —i

the line Re(z) = -1

the circle with centre —27 and radius 1

Question 8

2012 SPECMATH EXAM 2

If z=a + bi, where both a and b are non-zero real numbers and z € C, which of the following does not
represent a real number?

A.
B.

C
D.
E

z+Zz

|z

zzZ

z2 —2abi

(Z—E)(Z+E)

Question 9

d)
Euler’s formula is used to find y,, where ay =cos(x),x,=0,y,=1and 2=0.1

The value of y, correct to four decimal places is

A.

#EOFR

1.1000 and this is an underestimate of y(0.2)
1.1995 and this is an overestimate of (0.2)
1.1995 and this is an underestimate of y(0.2)
1.2975 and this is an underestimate of y(0.2)
1.2975 and this is an overestimate of y(0.2)

SECTION 1 - continued
TURN OVER
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=xyis

dy
dx

Question 10

The diagram that best represents the direction field of the differential equation
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Question 11
d?y B
— =

2

If

x*—x and ? =0 atx =0, then the graph of y will have

dx x

A. alocal minimum at x = 5

B. alocal maximum at x = 0 and a local minimum at x = 1
. . . . .. 3
C. stationary points of inflection at x =0 and x = 1, and a local minimum at x = 5
D. astationary point of inflection at x = 0, no other points of inflection and a local minimum at x = )
E. astationary point of inflection at x = 0, a non-stationary point of inflection at x = 1 and a local minimum
‘ 3
atx=—
2

Question 12

The volume of the solid of revolution formed by rotating the graph of y = 4/9—(x—1)?> about the x-axis is
given by

A. 4n(3)?
3
B. #[(9-(x-1)?)dx
-3
4
C. ﬂj‘(\/9—(x—1)2 )dx
-2
4 2
D. 7 [(9-(x—1)?)dr
)

2
g 7[(9-(x=1?)dx
-4

SECTION 1 - continued
TURN OVER
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Question 13

Using a suitable substitution, Isin3 (x)cos*(x)dx can be expressed in terms of u as

T
3

A J.(u6 —u4)du
0
1
2

B I(u6 —u4)du
1

Question 14

A particle is acted on by two forces, one of 6 newtons acting due south, the other of 4 newtons acting in the

direction N60° W.
The magnitude of the resultant force, in newtons, acting on the particle is

V522443

524243

B.
c. 219
D.
E.

SECTION 1 - continued



Question 15

The vectors a =2i + mg —-3kand b= m* i- ! +k are perpendicular for
A.
B.
C.
D.

E.

mz—% andm =1
3
m=—E and m =1
2
ng and m = —1
3
m=— and m=-1
2

m=3and m=-1

Question 16

The distance between the points P(-2, 4, 3) and O(1, -2, 1) is
A.

B.

=20

7
V21
V31
11
49

Question 17
Ifu=2i-2j+kand y=3i-6j+ 2k, the vector resolute of v in the direction of u is

A.

B.

20

—(B1i-6j+2k
49(~ -+ 2k)
@(21—2j+k)
(2i-2i+k
§(31—6j+2k)
(31 -6j+ 2k
S2i-2j+k)

S (2+2j-K)

2012 SPECMATH EXAM 2

SECTION 1 - continued
TURN OVER
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Question 18
The velocity—time graph for the first 2 seconds of the motion of a particle that is moving in a straight line

with respect to a fixed point is shown below.

» <

20

40

The particle’s velocity v is measured in cm/s. Initially the particle is x,, cm from the fixed point.

The distance travelled by the particle in the first 2 seconds of its motion is given by

A.
B.

C.

2
J vdt
0
2
J.vdt + X,
; 1
I[Va’t - Jvdt
|jvdt |
0

2

1

jvdt - J-vdl + X,

1

0

Question 19

A body is moving in a straight line and, after # seconds, it is x metres from the origin and travelling at v ms™!.

Given that v = x, and that # = 3 where x = —1, the equation for x in terms of ¢ is

m T 0 R

x=e3
x=-—e1
N
N v
x=—e3

SECTION 1 - continued



Question 20
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Particles of mass 3 kg and m kg are attached to the ends of a light inextensible string that passes over a
smooth pulley, as shown.

If the acceleration of the 3 kg mass is 4.9 m/s? upwards, then

A. m=45
B. m=6.0
C. m=9.0
D. m=135
E. m=18.0

Question 21

7
|

3 kg

A particle of mass 3 kg is acted on by a variable force, so that its velocity v m/s when the particle is x m from

the origin is given by v=x

The force acting on the particle when x = 2, in newtons, is

A. 4
B. 12
C. 16
D. 36
E. 48

SECTION 1 - continued
TURN OVER



2012 SPECMATH EXAM 2

Question 22

A 12 kg mass is suspended in equilibrium from a horizontal ceiling by two identical light strings. Each string

makes an angle of 60° with the ceiling, as shown.

The magnitude, in newtons, of the tension in each string is equal to
A.

#EOFR

6g
12¢g
24¢
43¢
83 ¢

12 kg

END OF SECTION 1
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SECTION 2

Instructions for Section 2

Answer all questions in the spaces provided.

Unless otherwise specified 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 curve is defined by the parametric equations

x =cosec(fd) +1
y =2 cot(d)

a.  Show that the curve can be expressed in the cartesian form

2
-2 -2 =1
(x—1) 2

2 marks

SECTION 2 — Question 1 — continued
TURN OVER
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b.  Sketch the curve defined by the parametric equations

x = cosec(d) + 1
y =2 cot(d)

labelling any asymptotes with their equations.

(_h»'\<

n

(98]

[uiiy

)
19

4 marks

SECTION 2 — Question 1 — continued
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c.  The region bounded by the curve and the line x = 3 is rotated about the x-axis.
Find the volume of the solid formed.

2 marks

d. Find the gradient of the curve where 6 = %T .

3 marks

SECTION 2 — continued
TURN OVER
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uestion 2
Q T \/\/§+2 (T 2—\/§
T,show that sin o =,

a. Given that cos(—) = =
12 2

2 marks

b. i Express z = \/\/52+ 2 +i \/2 ; V3 in polar form.

ii. Write down z,* in polar form.

1 +1 =2 marks

c¢.  On the Argand diagram below, shade the region defined by

{z:Arg(zl)SArg(z)SArg(zl“)}m{z: 1<|z]<2}, zeC.

ImA(z) ’

2 marks

SECTION 2 — Question 2 — continued
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d. Find the area of the shaded region in part c.

2 marks

B+2 . 2—\5.

e. i. Find the value(s) of n such that Re(zl”) =0, where z, = 5 +i 5

ii. Find z,” for the value(s) of n found in part i.

3+ 1 =4 marks

SECTION 2 — continued
TURN OVER
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Question 3

A car accelerates from rest. Its speed after 7 seconds is ¥ ms~!, where
V =17tan"! (%] T>0

a.  Write down the limiting speed of the car as 7" — oo.

1 mark

b. Calculate, correct to the nearest 0.1 ms 2, the acceleration of the car when 7= 10.

1 mark

c. Calculate, correct to the nearest second, the time it takes for the car to accelerate from rest to 25 ms ..

2 marks

SECTION 2 — Question 3 — continued
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After accelerating to 25 ms™!, the car stays at this speed for 120 seconds and then begins to decelerate while
braking. The speed of the car # seconds after the brakes are first applied is v ms~' where

1
ﬂ =———(145-21),
dt 100
until the car comes to rest.
d. i. Find v in terms of ¢.

ii. Find the time, in seconds, taken for the car to come to rest while braking.

2 + 2 =4 marks

SECTION 2 — Question 3 — continued
TURN OVER
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e. i. Write down the expressions for the distance travelled by the car during each of the three stages of
its motion.

ii. Find the total distance travelled from when the car starts to accelerate to when it comes to rest.

Give your answer in metres correct to the nearest metre.

2 + 1 =3 marks

SECTION 2 — continued
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Question 4

The position vector of the International Space Station (S), when visible above the horizon from a radar
tracking location (O) on the surface of Earth, is modelled by

r(¢) = 6800sin (7(1.3t — 0.1))i + (6800 cos (7(1.3t — 0.1)) — 6400) ,

for 1 €[0,0.154],

where 1 is a unit vector relative to O as shown and j is a unit vector vertically up from point O. Time ¢ is
measured in hours and displacement components are measured in kilometres.

a. Find the height, # km, of the space station above the surface of Earth when it is at point P, directly
above point O.

Give your answer correct to the nearest km.

1 mark

b. Find the acceleration of the space station, and show that its acceleration is perpendicular to its velocity.

3 marks

SECTION 2 — Question 4 — continued
TURN OVER
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c.  Find the speed of the space station in km/h.

Give your answer correct to the nearest integer.

2 marks

d. Find the equation of the path followed by the space station in cartesian form.

2 marks

e. Find the times when the space station is at a distance of 1000 km from the radar tracking location O.

Give your answers in hours, correct to two decimal places.

3 marks

SECTION 2 — continued
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Question 5

At her favourite fun park, Katherine’s first activity is to slide down a 10 m long straight slide. She starts
from rest at the top and accelerates at a constant rate, until she reaches the end of the slide with a velocity of
6ms .

a. How long, in seconds, does it take Katherine to travel down the slide?

1 mark

When at the top of the slide, which is 6 m above the ground, Katherine throws a chocolate vertically
upwards. The chocolate travels up and then descends past the top of the slide to land on the ground below.
Assume that the chocolate is subject only to gravitational acceleration and that air resistance is negligible.

b. If the initial speed of the chocolate is 10 m/s, how long, correct to the nearest tenth of a second, does it
take the chocolate to reach the ground?

2 marks

¢. Assume that it takes Katherine four seconds to run from the end of the slide to where the chocolate
lands.

At what velocity would the chocolate need to be propelled upwards, if Katherine were to immediately
slide down the slide and run to reach the chocolate just as it hits the ground?

1

Give your answer in ms *, correct to one decimal place.

2 marks

SECTION 2 — Question 5 — continued
TURN OVER
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Katherine’s next activity is to ride a mini speedboat. To stop at the correct boat dock, she needs to stop the
engine and allow the boat to be slowed by air and water resistance.

At time ¢ seconds after the engine has been stopped, the acceleration of the boat, a ms™

velocity, v ms~!, by

az—L\/196—v2.

10

, 1s related to its

Katherine stops the engine when the speedboat is travelling at 7 m/s.

d. i. Find an expression for v in terms of 7.

ii. Find the time it takes the speedboat to come to rest.

Give your answer in seconds in terms of 7.

SECTION 2 — Question 5 — continued
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iii. Find the distance it takes the speedboat to come to rest, from when the engine is stopped.

Give your answer in metres, correct to one decimal place.

3+ 2+ 3 =8 marks

END OF QUESTION AND ANSWER BOOK
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Directions to students

Detach this formula sheet during reading time.

This formula sheet is provided for your reference.
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SPECMATH

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

(x=h)  (r=k)" _

1
2 2

ellipse:
a

Circular (trigonometric) functions
cos2(x) + sinz(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)

tan(x) + tan(y)

%nrzh

1
§Ah

4 3

=nr

3

%bcsinA

a

b
sind sinB sinC

c

=a*+b*>—2abcos C

hyperbola:

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)
_ tan(x) — tan(y)

tan(x + y) = tan(x —y) =
(r+) 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) = #
1—tan”(x)
function sin”! cos ! tan !
domain [-1, 1] [-1, 1] R
. T T [0, 7] T T
ran -, , -,
8 22 " 22




Algebra (complex numbers)

z=x+yi=r(cos @ +isinf)=rcis b

|Z|=\/x2 +y2 =r

2,2, = 1y, cis(0, + 0,)

n

Calculus
% ( xn): ]
% ( eax): 2™

d 1
E(loge(x))_ ;

4 (sin(ax))= acos(ax)
dx -

% (cos(ax))= —asin(ax)

d _ 2
o (tan(ax))= asec”(ax)

%(sin_](x))z lixz
%(cos_1 (x)) = 1__1x2
o2

product rule:

quotient rule:

chain rule:

Euler’s method:

acceleration:

constant (uniform) acceleration:

—r<Argz<m

2 _h .
—=—cis(6, - 6,)
D)

Z"=7" cis(nf) (de Moivre’s theorem)

[x"dx =

e n=-1
n+l

[e™ dx = 1 e +c
a

1
[—dx=1log, |x|+ c

x
[sin(ax)dx = —lcos(ax) +c

a
[cos(ax) dx = lsin(ax) +c
a

[sec? (ax)dx = 1 tan(ax) + ¢
a

J%dx =sin”! (%}Lc,a >0

a —X

a” —x
| a dx:tanl(£)+c
a’ +x* a
d dv du
—(uv):u—+v—
dx dx dx
du_ dv
i(ﬂJ: dx  dx
dx\ v v2
dy _dy du
dx du dx
dy

SPECMATH

Ifd—zf(x), xo=aandy,=b,thenx, ., =x, +h and y, =y, +hflx,)
x

d*x dv  dv d[l 2)
a=—==—==y—=— —V
di?  dt dx  dx\2

2

1
v=u-+at s=ut+5at2 v =u? + 2as

1
s=5 (u+v)t

TURN OVER
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Vectors in two and three dimensions

_ r r — =
! Ty +z7 =7 rr,=rrycos0=xx,+yy,+z:2,

dr gy, dy . dz

Mechanics

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

END OF FORMULA SHEET
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