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SECTION A — Multiple-choice questions

Question 1

Consider the following statement.

‘If a number is a multiple of 6, then it is also a multiple of 3.

Which one of the following is the contrapositive of this statement?

moow>

Question 2

The procedure below has been written in pseudocode.

declare
declare
declare
declare

integer
integer
integer
integer

set n to 1

set a to 3

set b to 2

set ¢ to O

for n from 1 to
c = axb
b =c¢
a=a+1
print c

end for

5 QO W

If a number is a multiple of 3, then it is also a multiple of 6.

There exists a number that is a multiple of 6 but not a multiple of 3.
If a number is not a multiple of 6, then it is not a multiple of 3.

If a number is not a multiple of 3, then it is not a multiple of 6.
There exists a number that is a multiple of 3 but not a multiple of 6.

The output of the pseudocode is which of the following lists of numbers?

A 6, 24, 120
B. 0,6,24

C. 0,6, 24,120
D. 120

E. 6, 18,54
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Question 3

The maximal domain and the range of the function f (x) =cos™ (ﬁj are respectively
X

A, R\(-22) and {o,%)

B.  R\[-22] and (ogj

C. 2,2] and |0,Z
[-2,2] an {O 2)

D. [-2,2] and [0, 7]

E. [-1,1] and [0,7]

Question 4

Let cos(x) =a, where « e(%,ﬂj and aeR.

If cos(x) =-a, where x €[0,2x], then the value(s) of x in terms of «, is/are

A X=m—a only

B. X=r—a and X=7r+a
C. X =2z —a only

D. X=27—-a and X=«a
E. X =ca only

Question 5

Consider the vector b =2i — j+ 2k . If the vector resolute of vector a in the direction of

b is equal to 2b, then vector a could be
A.

B.

a=5i—-4j+6kK
a=>51+4j+6k

B,
S

1
i+=j+
2

1D
Il
P —
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Question 6

Consider the triangle OAB, where OA= a and OB = b.

If P is the point on AB such that A_I)D =m P_é , wherem e R, then the value of m such that

- 1 .
the position vector of P is g(g+4p) is

A. m=-5
B. m=-4
C. m=1
D. m=4
E. m=5
Question 7

Let z=a+bi be a complex number, where a,b € R. Which one of the following is not
real?

A Re(z) x Im(z)
B. 2+7

C. 77

D. Im(z) xi®

E. Re(Z)xZ
Question 8

If z=cis(8), where@ = z, then Arg(z+1) is

a2
3
5. 2
2
C. 0
D 20
E 36
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Question 9

The graph givenby |z—-3+i|=|z+2+2i|, zeC, is

A a circle with centre (3,—1) and radius of 2.

B. a straight line through the points (3,-1) and (-2,-2).

C. a straight line which is the perpendicular bisector of the points (-3,1) and (2,2) .

D. a straight line which is the perpendicular bisector of the points (3,-1) and
(-2,-2).

E. a straight line through the points (-3,1) and (2,2).

Question 10

Consider the following two planes,

[1, givenby 2x+3y+z=8
and [I, givenby x+5y-3z=4.

The angle between the planes II, and [1,, correct to two decimal places, is

A. 25.38°
B. 39.23°
C. 50.77°
D. 64.62°
E. 74.97°
Question 11

A plane is perpendicular to the line r(t) =i+ J -k +t(2i + 3j + k) and contains the point

(-2,1,4). A Cartesian equation of this plane could be

moowx

2x+3y+z=3
2X+3y+z=10
X+y—-z=3
X+y—-z=10
-2X+y+4z=0
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Question 12

2
The graph of y = f(x), where f(x)= X o3x+2 and a € R, will have no points of
X—a

inflection when

A. a=1 only.

B. a=2 only.

C. a=1ora=2 only.
D. a=-1or a=-2 only.
E. aeR.

Question 13

The gradient of the tangent to a curve at the point A(x, y) is half the gradient of the line
joining point A and the point B(2, 3). The coordinates of the point A satisfy the
differential equation

dy y-3

A. =0
dx 2(x-2)
s Y29
dx. x-2
c. W _2x-2
dx y-3
D. ﬂ_ X—2 _
dx 2(y-3)
g W _y-3
dx x-2
Question 14

The acceleration of a particle moving in a straight line, in ms™, is given by a = sin‘l(g)

where X, in metres, is the position of the particle from a fixed origin O. If the particle has a

velocity of 2 ms™ at the origin, then its speed when it is 1 metre to the right of the origin,
correct to two decimal places, is

A 212 ms™
B. 2.36 ms™
C. 2.78 ms™
D. 451 ms™
E. 5.56 ms™
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Question 15

3
Using a suitable substitution, J.(x— 2)N/2x+1 dx can be expressed as
1
1 7
A Zfu-5udu
2 3
1 3
B. = [(u-5)u du
4 1
1 7
C. —j(u—s)JE du
4 3
1 7
D. —j(u—z)JJ du
4 3

E. %E(u—z)\/ﬁ du

Question 16
jsin(%)sin(%j dx is equivalent to

A. %jsin(5x) —sin(2x) dx

B. %J'cos(Sx) —cos(2x) dx
C. _[cos(Zx) —cos(5x) dx

D. % [sin(2x) —sin(5x) dx
E. %Icos(Zx) —cos(5x) dx
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Question 17
y
A
S S S m e —— L —— ——~ ~~NNN N\
////////’——3_-—\\\\\\\\\
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S S S S s m—— L —— NN N NN
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/S S S s —— L —~~~ NN NN AN
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=31 1-27/7-1,-1~~N1\\2V)\ 3
Lrrrnly /&"\\\\\\\\\\
L T Y L W O W O N O 2 A B Y B A I |
VAV VANNANANNNST =/ /7770001
VANNNNANNNN Ly =777 07 011
VANNANANANNNSN~F =~/ /777711
AN\ \AN\NN\NN\NSNNSN~F ——crrr 27711
AN\~ ——rrrr7 7777
N\N\N\N\NNNN~—d —ecrr /77777

The differential equation that best represents the slope field shown above is

A dy__x
dx y+1
5 W_v
dx x+1
C. ﬂ:__y
dx x+1
D. ﬂ:__x
dx y+1
e W_Xx
dx vy
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Question 18

A continuous random variable X has the probability density function f given by

f()()— — 4<Xx<6

X
0 otherwise.

If Y =2X -1, then Pr(Y <8) is closest to

A 0.18
B. 0.33
C. 0.5
D. 0.6
E. 0.67
Question 19

The daily number of airline passengers who travel from Melbourne to Sydney is normally
distributed with a standard deviation of 3000.

The daily number of passengers is collected for a random sample of 30 days and a C%
confidence interval for the actual mean daily number is calculated.

If the sample mean of the daily number of passengers is within 1000 of the actual mean,
the value of C is closest to

A. 1.8%
B. 46.7%
C. 93.2%
D. 95%
E. 98.2%
Question 20

A battery company claims that their Type A battery has an average lifetime of 1000 hours
and a standard deviation of 100 hours.

Unconvinced of the company’s claim, a consumer rights organisation conducts a one-
tailed statistical test at the 1% level of significance and obtains a random sample of 50
Type A batteries.

If the actual average lifetime of a Type A battery is 950 hours, the probability of making a
type Il error is closest to

A 0.01
B. 0.1133
C. 0.4321
D. 0.5

E. 0.8867
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SECTION B

Question 1 (9 marks)

2
. . 4
Consider the function f :R > R, f(x) = 6X2 g
X°+2
a. State the equation(s) of any asymptotes of f (x). 1 mark
b. State the coordinates of the stationary point of f. 1 mark
C. Determine the coordinates of any point(s) of inflection of f . 2 marks
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d. The part of the graph of f for x €[0,a], where a > 0, is rotated about the x-axis
to form a solid of revolution.
The volume of the solid formed is equal to 50z cubic units.
Find the value of a, correct to three decimal places. 2 marks

. . 6x° +4
Consider the function g:R — R, g(x) = o where b e R\{0} .
X+

e. Find the value(s) of b, such that
i the stationary point of g is a local minimum. 1 mark
ii. the two points of inflection are a distance of three units apart. 2 marks
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Question 2 (11 marks)

Let the complex number z, = \/g—i .

a. If z, is one of the solutions to the equation P(z) =0, where P(z) = z° +az® +bz +12
and a,b e R, find the values of a and b. 3 marks
b. Express z, in polar form. 1 mark

z, is also a solution to the equation z°+w=0, weR.

C. Show that w = 64. 1 mark
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d. The point representing z, lies on the circle‘z —\/5‘ =1.

Graph the circle ‘z —\/5‘ =1 and the point z, on the Argand diagram below.

It is not necessary to label the axis intercepts of the graph. 2 marks

Im(z2)
A

—— é ’\\

-2
-3
e. The line L passes through the point z, and through the solution to z° +w =0 in
the second quadrant.
Draw the line L on the Argand diagram in part d. above. 1 mark
f. The line L divides the circle into two segments.
Determine the area of the minor segment. 3 marks
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Question 3 (9 marks)

Aplane, I1,, is described by the parametric equations

X=2+3s+t

y=-1+2s+3t

z2=3-4s-2t
where s,teR.
a. Find a vector equation of IT, inthe form r(s,t)=a+su+tv. 1 mark
b. Hence show that a Cartesian equation of I1, is 8x+2y+7z=35. 2 marks
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C. Find the coordinates of the point where the line L with equation
r(1)=2i+j-3k+A(i-5j+Kk), 12 R, intersects the plane II, . 2 marks
d. Find the angle between the line L and the plane 11, in degrees, correct to two
decimal places. 2 marks
e. A second plane, I1,, is parallel to I1,. The two planes are a distance of 2 units apart.
Find an equation of the plane IT, . 2 marks
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Question 4 (10 marks)

In a small forest, a native animal population is being studied. The number of animals in
the population, P, t days after the study begins, is modelled by the logistic differential
equation

aP =0.05P 1—L where P(0) =20.
dt 2000

a. If P=20whent =0, use Euler’s method with a step size of 1 to estimate the
value of P when t =2. Give your answer correct to the nearest whole number. 2 marks
b. Show that the rule for the population of animals after t days is given by
t
2000e?
P= —. 3 marks
99 + 2
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C. How many animals are in the forest after 100 days? Give your answer correct to
the nearest whole number. 1 mark
d. On the set of axes below, sketch the graph of P against t, labelling any axis intercepts
with coordinates and any asymptotes with their equation.
2 marks
P
A
2000
1500
1000
500
0 > ¢
0 100 200 300 400
e. After how many days is the population increasing most rapidly? Give your answer
correct to the nearest whole number. 2 marks
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Question 5 (10 marks)

A rabbit in a forest is tracked over a ten second time period. Its position, in metres, relative
to a fixed origin O, is given by

r(t)=(0-2t)i+ (-t +6t-8)j  for 0<t<10

a. I. Find the Cartesian equation of the path of the rabbit. 1 mark

ii. State the domain of the relation found in part a.i. 1 mark
b. Find the distance the rabbit travels in the 10 second period. Give your answer in

metres and correct to two decimal places. 2 marks
C. Find the speed of the rabbit at the point when it is closest to the origin. Give your

answer in metres per second and correct to two decimal places. 2 marks
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A fox is also being tracked in the forest over the same 10 second period. Its position
relative to the origin O is given by

f(t) = (10—at?)i+(bt-10)j] 0<t<10 and a,beR.

d. State the values of a and b, such that the rabbit and the fox collide after four seconds.1 mark
e. If b =0, state the possible values of a such that the paths of the rabbit and the fox
intersect. 3 marks
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Question 6 (11 marks)

A company manufactures plastic pop-up sprinkler sprays used in irrigation systems.
The height of these sprays is normally distributed with a mean of 75 mm and a standard
deviation of 4 mm.

A random sample of 20 sprays is taken.

a. Find the probability that the mean height of this random sample of 20 sprays is

between 73 mm and 77 mm. Give your answer correct to three decimal places. 2 marks
b. Four independent random samples of 20 sprays are now taken. Find the

probability that more than two of these four samples have a mean height between

73 mm and 77 mm. Give your answer correct to three decimal places. 1 mark

To protect these sprays during transport, a cap is attached to the top and to the bottom of
each spray.

The height of a cap is independent of the height of a spray and is normally distributed with
a mean of 10 mm and a standard deviation of 3 mm.

C. State the mean and the standard deviation, in millimetres, of the total height of a
spray with two caps attached. 2 marks
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d. Each spray with two caps attached is packaged in a cardboard box with an internal
height of 110 mm.
Find the probability that a spray with two caps attached will not fit into one of these
cardboard boxes. Give your answer correct to three decimal places. 1 mark

The company uses a new contractor to service the machine that produces the sprays.
To check whether the machine has been properly serviced, that is, to check whether the
machine is still producing sprays with a mean height of 75 mm, a random sample of 60
sprays is taken.

The mean height of this sample of sprays is found to be 76 mm.

The company conducts a two-tailed test at the 5% level of significance.

Assume that the standard deviation of the height of the sprays remains at 4 mm.

e. Write down suitable hypotheses H, and H, for this test. 1 mark
f. Find the p value for this test, correct to three decimal places. 1 mark
g. State, with a reason, whether or not this sample of 60 sprays suggests that the

machine has not been properly serviced. 1 mark
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h. What is the largest value of the mean height of the sample of 60 sprays for

H , not to be rejected? Give your answer correct to three decimal places.

1 mark
I. Using this sample of 60 sprays which has a mean height of 76 mm, find an

approximate 98% confidence interval for the mean height of all the sprays

produced by the machine after it was serviced. Express the endpoints of the

interval in millimetres correct to one decimal place. 1 mark

© THE HEFFERNAN GROUP 2023 Specialist Maths 3 & 4 Trial Exam 2



Mensuration

Calculus Calculus - continued
d . 1 d du
7(Xn):nxnl J‘X i = X" ie ne-1 product rule — (W) =u—+Vv—
dx n+1 dx dx
d ( ax) ax j ax 1 ax dv
—\e " )=ae e'dx==e +cC . _
dx a quotient rule

d
&(Ioge(x))

1
X

J‘%dx = logg x| + ¢

area of a 2 . volume of 4 3

circle segment | 5 (@ =Sin(®)) | 3 sphere 3

volume of 2 area of 1, .

a cylinder nreh a triangle Ebcsm(A)

a b c

volume of 1, sine rule = =

acone 5’“ h sin(A) sin(B) sin(C)
1 2 _ 2 2

Z(:)I;:gren?df Zan cosine rule ¢ =a +b” —2abcos(C)
3

i (sin (ax)) = acos(ax)

dx

Isin(ax)dx = 7%cos(ax) +C

Algebra, number and structure (complex numbers)

z =X+ iy = r(cos(0) + isin(0)) = rcis(0)

lz|=4x"+y" =r

i(cos(ax)) = —asin(ax)
dx

J.cos(ax)dx = %sin(ax) +C

di(tan (ax)) - asec’ (ax)
X

J.sec2 (ax)dx = %tan (ax) +c¢

—-n<Arg(z) <n 2,2, = 11,Cis(0; +6,)

z r — n_.n.
i:icis(e ~0,) de Moivre’s z =r cis(nb)
z, T, 1 theorem

d
&(cot(ax)) — _acosec’ (ax)

1

Icosecz (ax)dx = —gcot(ax) +C

Data analysis, probability and statistics

d
&(sec(ax)) = asec (ax) tan (ax)

jsec(ax)tan (ax)dx = %sec(ax) +C

for independent
random variables

Xy) Xpe X,

E(@X; +b)=aE(X;)+b
E(alX1 +aZX2 + .+ aan)

=a E(X1)+a,E(X2)+..+a E(Xp)

di (cosec (ax)) = —acosec (ax) cot(ax)
X

IcoseC(ax) cot(ax)dx = — % cosec(ax) + ¢

dx

i(sin_l(ax)) =

+c,a>0

1 _
J.idx:sin 1(xj
\/ﬁ a

a —x

Var(aX; +b) = aZVar(Xl)

Var(alxl +a2X2 +...+aan)

=a12Var(X1) + aZZVar(XZ) +o.+ anZVar(Xn)

dx

i(cos_l(ax)) -t

-1 1 X
J.idx:cos — |+c,a>0
/2 2 a
a —x

dx

i(tanfl(ax)) e

a af x
J.ﬁdx=tan l(j+c
a +Xx a

for independent
identically distributed
variables

Xy, Xpe X,

E(X1+X2 +...+ Xn)=np

2
Var(X1+X2 +...+Xn)=nc

approximate confidence
interval for p

distribution of sample
mean X

mean E(X)=p

x|

variance Var(

)

J.(ax+b)ndx= (ax+b)n+l+c,n¢—1

a(n+1)

1 1
jax+bdx:gloge|ax+b|+c

d dy d
chain rule l:lx—u
dx du
integration by J‘ dv J‘ du
parts u&dx—uv— v&dx
d
If d—i: f(x,y),x, =aandy, =b
Euler’s
method thenx, , = x, +hand
Yo = Yo Hhx f0xy,)
arc length
parametric

surface area
Cartesian
about x-axis

surface area
Cartesian
about y-axis

surface area
parametric
about x-axis

surface area
parametric
about y-axis

Kinematics

acceleration

dZX dv

dtz - dt a

v _df1
dx — dx| 2

constant

V=u-+at

—ut+ Lat?
s_ut+2at

acceleration
formulas

2 2
Vo =u" +2as

_1
572(u+v)t




Vectors in two and three dimensions

MO =xOi+y® i+zOk | [r®]=yx®% + yO)? +2(t)?

d
iy = oL Oy Y Az
W T T w

vector scalar product
n.r,= ‘[1HI’Z‘COS(9) =XX, + VY, T 42,

for n=xi+y j+zKk vector cross product
and r, =X, i+Y, j+ 2,k ij ok
Lxr =% Vi Zl=(yi2, - ¥,2)i+(%,2, - Xizz)j"' (%Y =%, ¥ )K
X2 y2 ZZ
vector equation of a line r(U) =r+tr, = + %) i+ (yy + Yot) j+ (2 + 2.t )k
parametric equation of a line X(t) = X, + X,t yt)=y, +y,t 2(t) =2z, +2,t

r(s,t)y=ry+sr +tr,

vector equation of a plane . i
= (X + XS+ Xt )i+ (Yo + V1S + Yot ) j+ (2o + 235 + 2,1 ) K

parametric equation of a plane | X(S,t) =X, + XS+ X,t, Y(S,t) =Yy, +Y;S+Y,t, z(s,t) =27, + 75+ 7,t

Cartesian equation of a plane | ax+by+cz=d

Circular 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(Xx + y) = cos(x) cos(y) —sin(x)sin(y) cos(x —y) = cos(x) cos(y) +sin(x)sin(y)
tan(x+ y) = tan(x) + tan(y) tan(x— y) = tan(x) — tan(y)

1-tan(x) tan(y) 1+ tan(x) tan(y)
sin(2x) = 2sin(x) cos(x)
c0s(2x) = cos®(x) —sin*(x) = 2c0s*(x) ~1=1-2sin*(x) | tan(2x) = _2tan(x)

1—tan?(X)

sin’(ax) = %(1— cos(2ax)) cos’ (ax) = %(1 +c0s(2ax))

Mathematics Formula Sheets reproduced by permission; © VCAA. The VCAA
does not endorse or make any warranties regarding this study resource. Past
VCAA VCE® exams and related content can be accessed directly at
www.vcaa.vic.edu.au
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SPECIALIST MATHS

TRIAL EXAMINATION 2

MULTIPLE - CHOICE ANSWER SHEET

INSTRUCTIONS

Fill in the letter that corresponds to your choice. Example:

0
a
o
i

E

The answer selected is B. Only one answer should be selected.

1. A (B) (C) (D) (BY 11. (cJ) (D)
2.(A) (B) (C) (D) (B) 12. (cJ) (D)
3.(A) (B) (CJ) (DJ (BJ 13. (cJ) (D)
4.(A) (B) (CJ) (DJ (EBEJ 14. (B) (CJ (D) (EY
5.(A) (B) (C) (D) (BJ 15.(A) (B) (CJ (DI (EBEJ
6. (A) (B) (CJ) (D) (B) 16. (A) (B) (CJ) (DI (EBEJ
7.(A) (B) (CJ) (D) (BJ 17.(A) (B) (C) (DI (EJ
8.(A) (B) (CJ (D) (EJ 18. (A (BJ (CJ (D) (EJ
9.(A) (B) (CJ (D) (B 19.(A) (BJ (CJ (DJ (E)
10. (D) 20. (B) (C) (D) (EJ
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