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VCE Specialist Mathematics Units 3&4 Trial Examination 2 Question and Answer Booklet

SECTION A - MULTIPLE-CHOICE QUESTIONS

Instructions for Section A

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.

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.

No marks will be given if more than one answer is completed for any question.
Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.

Take the acceleration due to gravity to have magnitude g ms_z, where g =9.8.

Question 1

The graph with equation y = — has asymptotes given by
X +x-=2

A. x=—2,x=1andy=—%

B. x=-2andx=1 only

C. x=2,x=-landy=0

D. x=-2,x=landy=0

E. x=2andx=-1only

Question 2

The maximal domain and the range of the function f(x) = arccos(4x—1) + %[ are respectively

A. __%, o} and [0, 7]

M1 T a4rn
B. > 0} and [3, 3 J

L1
c. Jo, ﬂ and [0, 7]

L1 T4r
D. _O, 2} and [ 733 }

1

E. [0, 7] and [0, ﬂ
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Question 3

If sin(x) = —% and 7<x < 37”, then cot(x) is equal to
A. 2.2
B. 2.2

1

cC. ——
2.2
1
D. —
2.2
2.2
Question 4 )
The algebraic fraction 4x 5 could be expressed in partial fraction form as
(x-1)(x-2)
A. A + B, ¢
x=1 x+2 x-2
B. A + B + ¢
x=-1 x-2 x-2
C. A, B, C
x—1 x-2 (x _ 2)2
D. A + B +CX+D,C¢0
x—1 x-=-2 (x _ 2)2
E. i + i
x—1 x-2
Question 5

In an Argand diagram, points U and V represent the complex numbers u = 2 + 3i and v = iu, respectively.

The area of triangle OUYV, where O is the origin, is equal to

A. /13

2
25
B. =
5
C. 3
D. /13
13
E. >
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Question 6

Consider the complex numbers w = u + vi and z = x +yi where u, v, x, y € R.

Z

w
If Re[“j = Re(w) where Re(z) # 0, which one of the following is correct?

" Re(z)’

A. Im(z) =0only

B. Im[%} =0 only

C. Im(z)=0 or Im v;v =0

D. Im(z)=0 or Im Wl _vx
4 u

E. Im(z)=0 or Im|=|=%
< VX

Question 7

If P(z)= 23 - 322 +9z-27, z € C, then a linear factor of P(z) is

A. z2 +9
B. 7+ 3i
C. =z+3
D. 3i

E. 3
Question 8

The set of points in the complex plane defined by Arg(

z-4
i

) = Arg(1 +1) corresponds to

A. therayy=4-x,x<4

B. therayy=x-4,x<4

C. theliney=4-x

D. theliney=x-4

E. therayy=-x,x<0

4 SMUSAER?_0A 20000 Copyright © 2020 Neap Education Pty Ltd
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Question 9

sin (/x)

With a suitable substitution, j ————dx can be expressed as
X

A. 2J- sin(u)du

B. ljsin(u)du
2

C. jsin(u)du

D. 2_[ sin(/u)du

E. éj.sin(ﬁ)du

Question 10

To solve the differential equation 2%) + arctan(ex) = sin(x), with the initial condition y = 1 when x = 0,

d
Euler’s method is used with a step size of 0.2.

When x = 0.4, the approximation for y is given by
A. (1 - Zﬁ()) +0.2(sin(0.2) — arctan(e”?))
B.  1+0.1(sin(0.2) - arctan(e’?))
V4 . 0.2
C. (1 —5(—)) + 0.1(sin(0.2) — arctan(e "))
D.  1+02(sin(0.2) - arctan(e’?))

E. (1 - 276) + 0.1(sin(0.2) — arctan(eo'z))

Question 11

A curve C has equation 4cos(y) = 3 — 2sin(x), where x, y € R.

The equation of the tangent to C at the point (g , %Z ) intersects the x-axis at

A. 0,0
w (59
¢ (-9
> (29
e (329
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Question 12
The graph of y = f'(x) is shown below, where a < b < c.

»
>

/]

Which one of the following statements about the graph of y = f(x) is incorrect?

A.

B
C.
D.
E

The gradient is positive for a <x < c.

There is a stationary point of inflection at x = b.
The gradient is decreasing for x > b.

There is a local minimum at x = a.

There is a local maximum at x = c.

Question 13

The second derivative of a function f is given by f"(x) = x2 sin(x) — 2.

For —8 <x <8, the graph of f has

SR e

1 point of inflection.

2 points of inflection.
4 points of inflection.
5 points of inflection.
7 points of inflection.

Question 14

Which one of the following differential equations is satisfied by y = e 'sin(x)?

2
A DD o0
d 2 dx
X
&Py d
B. = —2d—y +2y=0
dx X
&y .d
C. 2429 9y=0
d 2 dx
X
Ay .d
D. LY 29 »oy-9
d 2 dx
X
2
E. ‘-l% +2y=0
dx
6 SMUB4EX2_QA_2020.FM Copyright © 2020 Neap Education Pty Ltd
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Question 15

At time ¢ seconds, the side length of a cube is x cm, the surface area of the cube is S cm2 and the volume

. .. . 2 -
of the cube is V cm>. The surface area of the cube is increasing at a constant rate of 8 cm”™ s .

1

The volume of the cube, V, at time ¢ seconds, satisfies the differential equation

1

A. CL‘_/ = lv_g
dt 2
_l
B. V_oy3
dt
1
c. dV_93
Toodr 2
1
p. 4V_ 1V3
dt 2
1
g Y_,y3
dt
Question 16
At time ¢ seconds, where 0 <t < T, a particle moves with velocity, v m s_l, as shown in the velocity—time
graph below.
-1
v(ms )
A
i |
| |
| |
| |
| |
| |
| |
| |
| |
| | -
0 . . > 1 (seconds)

32

For 0 <7 <4, the velocity of the particle is given by v = 37— gt .

Which one of the following statements about the particle’s motion is incorrect?

A.

SIS

The particle’s maximum velocity is 6 m s

For 4 <t <T, the particle’s acceleration is zero.

At t =2, the particle's acceleration is 1.5 m s,

For 4 <t < T, the particle travels a distance of 67 metres.

The particle travels 16 metres in the first 4 seconds of its motion.

Copyright © 2020 Neap Education Pty Ltd SMUB4EX2_QA 2020.FM 7
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Question 17

Consider the vectors a=1+k, b=1+j + 3k and ¢ = pi + gj, where p and g are non-zero constants.

The value of g such that a, b and ¢ form a linearly dependent set of vectors is

A, 2
B. -1
2
1
c. ;3
D. 1
E 2

Question 18

An aeroplane is flying at a speed of 600 km h™" while maintaining a constant altitude. Its flight from
X to Y takes 30 minutes, and its flight from Y to Z takes 60 minutes. The aeroplane’s path is shown
in the diagram below.

North X

H
The vector XZ is given by
A.  300(1 + 2sin(a))i - 600cos(a)j

300(1 + 2cos(a))i + 600sin(a)j
300(1 + 2cos(ear))i—600sin(e)j
300(1 + 2sin(a))i + 600cos(a)j
600(1 + cos(a))i - 600sin(a)j

e aw

Question 19

A body of mass m kg is travelling in a straight line. Its velocity decreases from U m s'toVm sfl, where
U>V>0,in a time of ¢ seconds.

The change of momentum of the body in kg m sﬁl, in the direction of its motion, is given by

AL m(V—-U)
t

B V-U

C. m(V-0U)

D m(U-V)
t

E m(U-YV)

8 SMUB4EX2_QA_2020.FM Copyright © 2020 Neap Education Pty Ltd
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Question 20

A particle of mass m kg is acted on by two forces, F, = pi +¢j and F, =ri + 5], where F and F,
are measured in newtons and p, g, r, s € R.

) . .. 2.
The magnitude of the particle’s acceleration inms ~ is

-1+ (-5

A.
m
o At res)
) m

C. «/(p+r)2+(q+s)2

D. (p+r)+(g+s)
m

Jp+ )+ (g+5)°
m

Copyright © 2020 Neap Education Pty Ltd SMUB4EX2_QA 2020.FM 9
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SECTION B

Instructions for Section B

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 booklet are not drawn to scale.

Take the acceleration due to gravity to have magnitude g ms_z, where g =9.8.

Question 1 (8 marks)

The diagram below shows triangle OAQ. Point P lies on OA such that OP : OA =3 : 5. Point B lies on OQ
such that OB : BQ =1 : 2.

A
P
(0
B Q
— —
Let OA=aand OB =b).
— — —
a. Given that AR =mAB, where 0 <m <1, show that OR = (1 —-m)a + mb. 2 marks

10 SMUS4EX2_QA_2020.FM Copyright © 2020 Neap Education Pty Ltd
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) - — — 3
b. Given that PR =nPQ, where 0 <n <1, show that OR = g(l —n)a+3nb. 2 marks
c. Find the values of m and n. 3 marks
d. Find PR : PQ. 1 mark

Copyright © 2020 Neap Education Pty Ltd SMUB4EX2_QA 2020.FM 11
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Question 2 (13 marks)

A curve C is defined parametrically by x = cos(¢), y = %sin(2t), where gﬁ t< 3z

“é—.

a. Show that C can be represented by the cartesian equation y2 = x2(1 - xz). 2 marks

b. Sketch C on the axes below, labelling the coordinates of any points of intersection
with the axes. 3 marks

»
>

12 SMUS4EX2_QA_2020.FM Copyright © 2020 Neap Education Pty Ltd
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c. The region bounded by C is rotated through 7 radians about the x-axis.
Find the volume of the solid formed. Give your answer in the form %T where a,b e Z". 2 marks
d. i. Find the equation of the normal to C at point P where ¢ = %7—[ 2 marks

ii. The normal to C at point P intersects C again at point Q.

Find the coordinates of Q. Give your answer correct to three decimal places. 4 marks

Copyright © 2020 Neap Education Pty Ltd SMUS4EX2_ QA 2020.FM 13
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Question 3 (11 marks)

Consider z = rcis(@), where r >0 and —7< 6< 7.

a. i. Show that rcis(g) (cis(g) - cis(—g)) =rcis(@)—r. 2 marks
ii. Hence, show that LIS 1_ licot( ¢ ) 3 marks
z—r 2 2 2

b. Solve the equation z2 -2z+4=0, z € C. Express your answers in the form z = rcis(@),
where —7< < 7. 1 mark

14 SMUS4EX2_QA_2020.FM Copyright © 2020 Neap Education Pty Ltd
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. . . . 2
C. Find a suitable transformation from z to w such that the equation z° -2z +4 =0,

awr 4
W W L 4-0, where w € C. 2 marks

where z € C, can be expressed as 5
(W _ 1) w—1

d. Using the results from part a.ii., part b. and part c., or otherwise, find the roots of

Aw v + 4 = 0. Give your answers in the form % - %icot(a). 3 marks

the equation 5
(W _ 1) w—1

Copyright © 2020 Neap Education Pty Ltd SMUS4EX2_ QA 2020.FM 15
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Question 4 (15 marks)

A ball of mass 0.1 kg is projected vertically upwards from ground level with an initial speed of 5g m s
While in flight, the forces acting on the ball are its weight (W newtons) and air resistance (R newtons) where
R=0.02vand vms " is the velocity of the ball. The time after projection is denoted by ¢ seconds.

a. Draw a diagram showing all the forces acting on the ball during its upward motion. 1 mark
b. For the ball’s upward motion, show that Cc—lilt) =-0.2(5g +v). 1 mark
c. Use integration to solve the differential equation in part b. and hence show

that v=5g(2¢ 2~ 1), 4 marks

16 SMUS4EX2_QA_2020.FM Copyright © 2020 Neap Education Pty Ltd



VCE Specialist Mathematics Units 3&4 Trial Examination 2 Question and Answer Booklet

d. The ball reaches a maximum height of H metres.

Find the value of H. Give your answer in the form ag(b —log (c)), where a, b and ¢

are positive integers. 4 marks
e. Explain why the ball’s downward motion can also be described by the differential
equation in part b. 1 mark

Copyright © 2020 Neap Education Pty Ltd SMUB4EX2_QA 2020.FM 17
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f. The ball reaches the ground again when ¢ = T.

i. Show that % e o, 3 marks
ii. Find the value of T. Give your answer correct to two decimal places. 1 mark

18 SMUS4EX2_QA_2020.FM Copyright © 2020 Neap Education Pty Ltd
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Question 5 (13 marks)

Two masses, A and B, of 2 kg and 3 kg respectively, are attached by a light inextensible string

that passes over a smooth pulley, P. Mass A is at rest on a rough plane inclined at an angle « to the
horizontal, where tan(a) = § Mass B hangs freely at the end of the inclined plane vertically below P,

4
as shown in the diagram below.

P
A /.
i 3kg | B

The two masses, the pulley and the string lie in a vertical plane parallel to the line of greatest slope
of the inclined plane. At ¢t = 0, the two masses are held at rest with the string taut. The two masses
are then released. Mass A begins to move up the inclined plane, where the constant frictional force

between mass A and the plane has magnitude 10 N.

a. Show that the acceleration, in m s_2, of the two masses immediately after they are released

is given by a = 28 _ 2. 2 marks
25
b. Show that the tension in the string, in newtons, is given by 7 = 428_5g + 6. 1 mark

Copyright © 2020 Neap Education Pty Ltd SMUS4EX2_ QA 2020.FM 19
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Let F represent the force exerted by the string on P.

c. Find the direction and magnitude of F. Give your answers correct to one decimal place. 4 marks

d.  Two seconds after release, the string breaks while both masses are moving.

Assuming that mass A does not reach the pulley, find the total distance travelled by mass A
moving up the plane from the instant the masses were released. Give your answer correct
to two decimal places. 6 marks

END OF QUESTION AND ANSWER BOOKLET
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Multiple-choice Answer Sheet

Student’s Name:

Teacher’s Name:

Instructions

Use a pencil for all entries. If you make a mistake, erase the incorrect answer — do not cross it out.
Marks will not be deducted for incorrect answers.

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

All answers must be completed like this example: E . @ |E|

Use pencil only

1 [a] [e] [c] [p] [E] 11 [a] [8] [c] [p] [€]
2 [a] [&] [¢] [p] [E] 12 [a] [e] [c] [o] [E]
s [a] [8] [c] [p] [E] 13 [a] [8] [c] [p] [€]
4 [a] [8] [c] [o] [E] 14 [a] [8] [c] [p] [€]
5 [a] [8] [c] [p] [€] 15 [a] [] [c] [o] [E]
6 [a] [8] [c] [p] [E] 16 [a] [8] [c] [p] [€]
7 [a] [] [c] [p] [€] 17 [a] [8] [c] [p] [€]
s [a] [8] [c¢] [p] [E] 18 [a] [8] [c] [p] [E]
o [a] [8] [c] [p] [E] 19 [a] [8] [c] [p] [E]
10 [a] [e] [c] [p] [E] 20 [a] [e] [c] [p] [€]
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SPECIALIST MATHEMATICS FORMULAS

Mensuration

area of a trapezium %( a+b)h
curved surface area of a cylinder 27rh
volume of a cylinder )
volume of a cone %ﬂ'l’zh
volume of a pyramid % Ah

4 3
volume of a sphere 37T
area of a triangle 1 besin(A)

5 besin

a b c

sine rule

sin(A) _sin(B) sin(C)

cosine rule

= d +b° - 2abcos(C)

Circular functions

cosz(x) + sinz(x) =1

1+ tanz(x) = secz(x)

cotz(x) +1= cosecz(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)

an(x+y)= 1 —tan(x)tan(y) tan(x—y) = 1 + tan(x)tan(y)
cos(2x) = cos (x) — sin’(x) = 2c0s>(x) — 1 = 1 — 2sin’(x)
sin(2x) = 2sin(x)cos(x) tan(2x) = —g—@n—(ix—)—

1 —tan"(x)

2 SMUB4EX2_FS_2020.FM
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Circular functions — continued

Function sin71 or arcsin COS = Or arccos tanflor arctan
Domain [-1, 1] [-1, 1] R
T T
: o, 33
ange [ 5 2} [0, 7] 22

Algebra (complex numbers)

z=x+1iy=r(cos(d) + isin(9)) = rcis(9)

o] = /x2+y2= , -r<Arg(z) <«

, 2N
212y = 11Cis( 0+ 6,) —==
L N

cis(0, - 6,)

"= r”cis(n 0) (de Moivre’s theorem)

Calculus
i(x"):nxn_1 x'dx = xn+1+c,n¢—l
dx J n+1
i(eax) =ae™* edx = leax +c
dx a

d _1 1, _

E(loge(x)) == | xdx =log,|x| + ¢

d,. _ [ 1

—(sin(ax)) = acos(ax) sin(ax)dx = —=cos(ax) + ¢

dx J a

d : [ 1.

d_( cos(ax)) =—asin(ax) cos(ax)dx = c—lsm(ax) +c
X

di(tan(ax)) = asec2(ax) secz(ax)dx = Clltan(ax) +c
X

d, . -1 1 [ 1 . -1 x

—(sin "(x)) = ———dx=sin |=)+c,a>0

dx a

1-x * ’\/az—x2
-1 [ 1

All—xz ¢ /\/az—x2

-

i(cos_l(x)): dx:cos_l(z) +c,a>0
dx a

Copyright © 2020 Neap Education Pty Ltd SMU34EX2_FS_2020.FM 3
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Calculus - continued

d -l 1 [ -
tan” (1)) = sdv=tan'(2) 4o
X 1+x Ja +x a
| (ax +b)"dx = a(n1+ 1)(ax+b)n+ Yy nz-1
[ 1, 1
(ax+b) dx= alogeIax +bl+c
d (=l o
product rule a(uv) =u~ +v I
du dv
_ VY——u—
quotient rule d (’_4) __dx dx
dx\v 2
v
chain rule % = %Z—z
Euler’s method If % =f(x),xy=aand y,=b,thenx, , =x,+handy, =y, +hf(x)
2
acceleration a=dX_dv_ dv_ i( lvz)
a4 dr dx dx\2
t
Xy l’2
/ 2 ! 2 ’ 2
arc length J- N1+ (f'(x)) dx or «/(X ()" +(y'(1))dt
X 1

Vectors in two and three dimensions Mechanics
r=xi+yj+zk momentum p=my
2.2, .2 equation of motion R=m
L=nNx +y +2 =7 q R =ma

[-0,= ri7,€08(0) =x X5 +y,V, + 242,

END OF FORMULA SHEET
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