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SECTION A — Multiple-choice questions

Instructions for Section A
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.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the acceleration due to gravity to have magnitude g ms™2, where g=98.

Question 1
The number of asymptotes the graph of the function Jlxy=: 5

A 0 £ = ~
(x-2) Gt

has is

=@)n =
B T O

A%\jmptm-es : Ldzo, X=22 A=~ =5 ece ale _’3_.__

Question 2
; ; 1 .
The solutions to the inequation cos(x) > Ecot(x), where x € (0, 27)\{x} are given by

A. xe(” ’;]u[iﬁ’f%’)u[%’zx) cos(x -':—;-_Cot(i\ Lhere X €(9,22)\§m)

6
B. xe(%,%)u(%ﬂﬁ) :‘]\I\Je-s 'JCT--E‘,:E‘_ ' -E—“— ’ EE ) Th'eh LlS'i\nj
@xe(%,%)u(%,x)u(%,h) Ok GFQP\,\ s dear we \f\ﬂ-\lﬂ
o ool )i X (23U 2m)
e x(0 )55 (=F)

Question 3

The implied domain of the function £ (x)=arcsin (EJ, where a > 0, is
X

A R a ”
(00, —a]ula, ») o _L_-';: -3t = 'X_&(—OO, 6\] UL&’OO) '

e [
D. [-a,a]\{0}
E. R\{0}

SECTION A — continued
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Question 4

A polynomial with real coefficients, defined for a complex variable, has 3—i, 3+, 2 and 4 + 3i amongst its
roots.

The minimum degree of the polynomial is

A. 4
5 The ?O\onﬁm\‘a\ Was Ne rootc

C. 6 ; .

D. 7 =8t 2 T3 & ha Nery \eart by ti
¥ @ Conjugete (0ot tuenrem . \e.

Question 5

In the complex plane, which one of the graphs of the following relations passes through the point 1 —~/3:?
A f=-hi)=4 Subskture 2=1-YF( into ophien D.

B. z+Z=1 \%—-L‘\ :QE
C. Re(z+1)+V3Im(z+1)=1

Iz—4‘=z-(—2*2\/§i)] '}—(“1"2&3 L)J :lﬁ/ So
E. [z-(1-V3i) =z~ (-1++31)]  vaplh of ophon D passes fuagsh (=3¢

Question 6

The number of solutions to the equation z" =7 for z, where n is an integer greater than 1 and z € C, is

A. 0 2=0 I8 & Salaon-.

B. n-1 = — n+|

C. n W B Bl 8. sy ool

D. n+l

(E) n+2 whaickh \nes W+l Sa\uh‘ans%. A—ll‘f\@je-‘-\u “lere
are  n€2 soluhens for 3 ’

Question 7
Given that%:ai_:(i%)’the value of% at the point (e, {EJ is
B Ha-l = -
i T 03265
Ol L -ocests)(x T
 3od SN
o Al =D_ 7 - n
el (e, B,) < e ~ 6 bd_ E)

SECTION A — continued
TURN OVER
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Question 8 .

With a suitable substitution, J. : sin’(x)dx can be expressed as
z s We %+

A. J:r (u*-2u>+1)du = S s (2 (l-—cqas"(xﬁ dx
4 ™y

[P (-2 )t ' x u=csed My = ‘/&]
B, jﬁ( 2t 1) .:_S (1-u e L,,__so,@ gy

R
@ Lﬁ(u“-ZHZH)du VJS_
e TR i
D. *J.]ﬁ (u4—2u2+1)du /2'
E. J.I2 (u4—2u2'+1)du
2
Question 9

A solution to the differential equation g}—) =sin(x+ y)+cos(x~— y) can be obtained from
X

A. ..[sin(y) +cos(y)]dy = I[sin(x) +cos(x)]dx

‘h‘._l____dy='[[sin(x)+cos(x)]dx

J sin(y)+ cos(

58 .——ﬁl—-—w— I[cos (x)-sin(x)]dx

J cos(y)—sin y)
D. 'sec(y)dyzj'zsm(x)dx

E. .sec(y)d_v = J-Zcos(x)dx

j: ST GACOS(g) + coTEISIGY) + coS6Y CasCs) + SGASIAC)
- (su\f\(x\-\-cos(aé) (St\r\CJH- ‘*QS(L‘JJ)
| -
=5 jsmtu\-t-ms(bi oy = j(&m (ﬁ—t—cos()iﬂ obx

SECTION A — continued
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Question 10

y
B BO0 QU I . SN R U N
bl S s r bt —— gt )
fff////-*—--—#////fff
e R A B e [ S 2 B I
N B A AP i e A 2 B I
A A G e a2 B I B
N A VA e N B I B I
R A £ F S O B R
Lt bty =+=20 010111
—t—t——————t—
| 41312 14 <1y 23,4,
I T T T T T N B o A (O O SO O
I I A VR O O ST O S O TR T A
I U U U S T ) RSN (W N S B
T I R N e T SN O TR
L N i 1 i S NG N (R W
\\\\\\xn-—u-mx\\\\\l
L T T O N i B e U S (O W |
R R N N T

The differential equation which best describes the direction field is

== AY

. >0 Celimwates ophoas B and
/B-/ %?— Ax 1,y » P b

y
dy x
A e A ,
=¥ ﬁ =0 gliminates ophon B
/B./Ez‘? (OJ‘J)
d
A Ey:ff @] > 0 eliminates ophe, C .
| (=)

Question 11

Consider the differential equation 4 = :

arctan(x)’
Using Euler’s method with a step size of 0.1, y(1.7) = y,, correct to four decimal places is

0.7236, and this is an overestimate of y(1.7). kd(\ ﬁ)c:‘..g‘ =1-0.1x _.__L—-— = ONOMR._

where y(2)=y, =1.

B. 0.7236, and this is an underestimate of y(1.7). alctan()

C. 1.2665, and this is an overestimate of y(1.7). ‘J (Is 8)#—'_ J2=0 HO96A8_ ~ .| X

D. 1.2665, and this is an underestimate of y(1.7). - ’ arctan(].s)

E. 1.2823, and this is an overestimate of y(1.7). =0frrbv..,

U=y, —0.81762x. - 0.1x = : s
“ran(|.g
- - &
Note fuat ﬂ_ I Lo = OFaRbie .,
S I P
AxX (=) aletant6y SECTION TI:J Rﬁrglsze;

= Soluioa CWlIR 18 concale down = J,=0.7236 AauereSt'nicto-
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Question 12
Ifu=2i+2j+4k and v=2i + j+ 2k, then the vector resolute of v in the direction of u is

7
121~1 N - (,\L& Q

¥} ~ /] ~
il %B ~ Y
N« WA
14 =W e
C. —v ~
9 l w |'L
? L
D. *3**1;1
p— L3
E 28 b _:I.-_ =1
Question 13
Consider a quadrilateral ABCD.
B C
A D

To prove that ABCD is a rhombus, it would be sufficient to show that
_& 4B || DC and AD || BC * Ophens Aand B are sufficent for a
B AB+CD=Qand BC+DA=0 Qalale| ogram, no¥ a rhombug
—  —> — S +
@ s =L and 45| <|Bc| » Option P couleh desaribe O~ righT—angled Kire

p—

B AC-BD=0D :
— \ i ' -‘“‘
_B- 5| DCand|B|=|c| - Ophlea E i sufhidient for a apLEtom  not
a hoeamloos.
Question 14
The vectors a =3i - 3j+ak,b=i+ j—3kand c=2i- J+4k, where a € R, are linearly independent if
A a=:1 S\ce j_OD,f_; ace Wnet \oarg\\a\, Knear chepenclence
B. a=
(2 [ _

C. aer\y FOr &,b, < ©cwAf When & i Sudh et
3= K+2
@emin o kbeks | -
E. aeR i —S:K,—k.z_

X = 3K, +Y4 Kk,

= XK=\ l<'=.-[, € =9

o
= o) “\z_:v, ¢ are lineqﬂj (nclependent o,
x € R\ { (§

SECTION A - continued




Version 2 (February 2019)

Question 15

A 20 kg object has a velocity of —3i + 4 J ms™" at a particular time. The object moves with constant
acceleration, and after four seconds, its velocity is Sj -2 jms™,

7 TWM - Free Specialist Mathematics Trial Exam 2

The magnitude of the net force, in newtons, that acts on the body during the period of motion is

A Sl = lonna i
b3 T k) = U -2 w2
5 = ~ Y o
2
C. 10v10 = F=VYol -39y N
50
® = Ei=5s
E. 200
Question 16

An object of mass 10 kg is initially at rest on a rough plane inclined at 30° to the horizontal. The object is
pulled along the surface up the plane by a force of 144 N, acting parallel to the inclined plane. A friction
force of 80 N opposes the motion.

After the pulling force has acted for 10 s, the magnitude of the momentum, in kg ms™', of the object is

A.

15 R MM

80 g

640 %o :

D. '3 00
E. 950
Question 17

F=144-%0-10g5m (30" = b4-35 N
\Q
= P09) = ] (4= sp)at = \So kg mt.

A particle of mass m kg moves in a straight line due to a resultant force F newtons, where F = f(x).

Given that the particle’s velocity is p ms™ where its position is q m from a fixed point, where p,¢ > 0, an
expression for the particle’s velocity, v ms™, in terms of its position, x m, is given by

A,

B.

C.

®

v :\/::; .xwff(z) dz+p

V= J—% ”./‘(Z)dﬁq
mdp

S 2 ”f(z)dz+p
q

m.
1«'=\/i‘r_}"(z)dz+p2
m

q

v= %J‘:(f(z)-f-pz)dz

aN _
v o—\;L: ‘F(’JQ i \I(CP) = P

=N mj:% o2 = j‘:%c;:) dz

X
= Tl Sa, Ha) oz

2. Eie
= \l:—m-LF(%]ala—rpl

-
= \‘:inr*m dar+p  (SWce y(q)= P>0)
7

SECTION A - continued
TURN OVER
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Question 18

The heights of males in Australia vary normally with a mean of 4 cm and a standard deviation of o =8 cm.
The mean height of 100 randomly selected Australian males is found to be 176 cm.

Based on this sample, a 99% confidence interval for 4, correct to one decimal place, is

A. (175.8,176.2) o g

B. (1603.10.7) (T = (\'ZHO —-2. WH.,,-—};—; ;. . gfﬁﬁm )
C. (1744,177.6)

D. (155.4,196.6)

@(173.9,178.1) = 0:"3-‘:"3 I , IXE.06I.. )

Question 19

Study scores given to students in a VCE subject with a large cohort vary normally with a mean of 30 and a
standard deviation of 7. There are 16 VCE Specialist Mathematics students in a particular class.

The probability that the average study score of this class exceeds 32 is closest to

S S~NGEo 5 SN 0, @)

B,/ 0.1265
C. 0.2498

D. 03854 =) Pf(S 23 =0 VAT, .
E. 0.3875
Question 20
Consider the following statistical test.
Hy: p=20
H, :u#20

A sample of size 36 is found to have a mean of X =19 and a standard deviation of s = 3.

Assuming that s is a sufficiently accurate estimate of the population standard deviation o, then the p value of
the test, in terms of the standard normal variable, Z, is given by

N

C Pr(IZ|<2§ ) =) P= g 4 ?{'(;(—4 £ | M= CLO)

D. 2P z<-1 _ \9-20 g1

@ Pr(|£|>2)3 = Z\E(((%ZLé ___ll)/?' ) (% 'U(O; l))
— i at

e ‘P((l%l )'l) (BO SUMN"*% ‘-"()q %)

END OF SECTION A
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CONTINUES OVER PAGE

TURN OVER
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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 book are not drawn to scale.
Take the acceleration due to gravity to have magnitude g ms ™, where g=98.

Question 1 (9 marks)

Let f: R >R, f(r)=122% 1)
x°+12
a. i. State the equations of any asymptotes of the graph of f. I mark
=,
ii. Find the coordinates of any stationary points of the graph of f. 1 mark
{' e A | (3(..1—7(‘—\1) T
) = ETENNE L il
= A=—Y,

5 &T&h‘an&(j ponTy . (=R =2) , {HY)

iii.  Find the coordinates of any points of inflection of the graph of £, correct to one decimal
= = —
o 60 = {a%n

3 X=-6.F22... -0.\6S. . 398,

andh Ylese ase all _Po.\:ﬂ” 'Sfj {V\—F(—EC—h'On ;
Fowts of infiechion; (-63,-2.6) (-02,0.F)

¥

(s.4,3.4)

SECTION B - Question 1 — continued
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b.  Sketch the graph of f on the axes provided below from x =0 to x = 10, marking stationary
points, points of inflection and intercepts with the axes, labelling them with their coordinates.
Show any asymptotes and label them with their equations. 3 marks

g

¢.  The part of the graph of f from x =0 to x =10 is rotated about the x-axis to form a volume of
revolution that is to model part of a wine glass, where units are in centimetres.

i.  Write down a definite integral expression that when evaluated, gives the total volume of
the wine glass.

\J =Y (o) AL A
ii.  Hence, find the total volume of the wine glass, in cm’, correct to one decimal place. 1 mark

V= SVE. 1 e’

SECTION B - continued
TURN OVER
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Question 2 (11 marks)
a. Express u =2+ 2i in polar form. 1 mark

=343 Cis (I&)_

b. i. Show that the roots of z*+8i =0 are z=—2+2i and z =2 - 2;. - 2 marks

25=-BL = Qds (.2_*2'nk) < €7

= 2= s (F+ k)

> =22 ds(x) 2 Bds()  (k=0,))

2 2=2h (G A 26 (R v )
B3 T, & (esuved .

ii.  Express the roots of z°+8i = 0 in terms of u. 1 mark

- T T

¢.  Sketch the circle given by |z~ u| =4 and plot the roots of z2+ 8 = 0 on the Argand diagram
provided below, 2 marks

Im(z)

I 3

SECTION B - Question 2 — continued
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d. The equation of the line passing through the roots of z>+ 8i = 0 can be expressed in the form

z=az,where aeC.

Find a. 1 mark

The \We corespopy to Y=
ler =yl

A—2cl = a- (x=xi)
S -xt o

iR Sl T A

The line passing through the roots of z*+ 8i = 0 cuts the circle given by |z —u|=4 into two
segments.

Find the area of the major segment.
>3 2z [ \ 1_1.)
A= .,_f'ﬂ*“u[ —rix‘ix“\xS\r\(L

= 2T+ ¥ units?

2 marks

State the range of values of @, where —7 < a < 7, for which the ray given by Arg(z+u)=a
does mot intersect or touch the circle given by |z —u| =4

The Ygy is Tangent to e drele i f
D=0 or X=2 | Thus i+ does not
intersect nor touch for
o E =N, 0)ul(g 1]

2 marks

SECTION B — continued
TURN OVER
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Question 3 (10 marks)

A large tank initially contains 100 L of pure water. A solution of salt and water with a salt concentration of
0.05 kg/L flows into the tank at 4 L/min. The mixture, which is kept uniform with stirring, flows out of the
tank at 2 L/min.

a.  Letx kg be the amount of salt in the tank at time ¢ minutes,

i.  Write down an expression for the concentration of salt in the tank, in kg/L, in terms of
xand . e - 1 mark

e

C = 100+ -t Wwo~2t

ii. Show that the differential equation relating x and ¢ is given by £+ 2 -

1
dt t+50 5
ax 0 X
— ,O i 17\
dt S X L’ \ QO 4Lt

2 marks

t(7+100)
10(¢ +50)
Verify by substitution that the given solution for x satisfies both the differential equation given
In part a.ii. and the initial L(Jndltlon_.zyo : " | e S 3 marks
_)(Lt‘)‘:: S—"?'Ta - EF~SO :"-) 'X_H:)-— \O - L.t,‘_s—o)l
axX > 1 "5so t&cloot

%__ a2t T =t T rﬂmx_t_—f_lOC‘c-tSO]’-
L (eSO

b. It can be shown that x(t)=

S = o o (Cetrsoy e
e e

- T - o o
—
el 3

o oY Too———— o

e |
Also, (o) = Toxse =O k3.
Heace, e given soluwa, for (8 sehisfieor ng
ODE and e iy Conaih'on, as (Gulceq .,

SECTION B - Question 3 — continued
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Find the time it takes, in minutes, for the concentratio

sl ) n of salt in the tank to reach 0.02 kg/L. 2 marks
t—<loc)
C(_,t) =30 (trSO)* = 02 KkylL

=N T= %({ﬁ—_E) Min

d. Find the total amount of salt that flows out of the tank in the first 20 minutes

20 LE)
_%mﬂ:_: . 4D Az

o —= \\/':}. Ka

2 marks

L]

N —TN T N e —

Akresnathely

1001‘ - 'x'LtJ _'I(-w)

B = A0x = - %(z0) = LD

SECTION B — continued
TURN OVER
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CONTINUES OVER PAGE
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Question 4 (11 marks)

The diagram below shows an inclined plane that makes an angle of 45° with the horizontal. A projectile is
fired at time ¢ = 0 seconds from the top of the inclined with an initial speed of 10 ms™ at an angle of 30°to
the horizontal. The projectile travels in the air for 7 seconds before landing on the inclined plane.

Let the origin, O, of a cartesian coordinate system be the point where the projectile is fired.
Let i and j be unit vectors in the positive x and y directions respectively.
All displacements are measured in metres and time is in seconds.

=
>

inclined plane

a. Show that the initial velocity of the projectile is Sﬁi +5jms™. 1 mark

_{;’ (o) = 10 (_ @S(20°) ,';; i SW\C%O“),Q_)

=wo(Ber44)

= SRL+ Sy MS™, s reguired

SECTION B - Question 4 — continued
TURN OVER
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b.  The acceleration vector of the projectile at time 7 seconds is given by i(¢)=~kti +(kt - g)],

where k>0and 0<r<7. i
Show that the position vector of the projectile at time # seconds is given by

[(t)=(5wf?:t—£t3J (’6{!3~§r’+5:) 3 marks

LC it = \J. ( —KT L L+ (kT- g)J ) AT + Y?FL 1—5‘_,
-KT-} g
i "C (.l__-—aLyk\l —t—-S&LTS—J

N = ( ﬁ%J—t—S‘JTgL.-i—S-J

‘(R& “t‘)k—+(‘ eogbes)) '
= f‘(Jc) I ((?@——tz)v*(—T fﬂ-*?)))o‘“

- [(sre-£ 3k~ (£73-37 V"C)ﬂt
= (SRt-££3) L + (—-—t3 41 thosH)

as res,u-lred
c. ShowthatT=§(«/§+l). 2 marks
’Une Proechiie lands on e Slepe 7 '
> g3t st= - SRt 5
= ‘—ﬁ‘t +(S+SR)t =0
M.’E‘-ﬁ;i"o SO
| "—3'\“—\— SN =
=) ——8) =—\o(\('“+1\
= (Fs—r\ &S (esuodl.

SECTION B - Question 4 — continued
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The value of k varies day-to-day depending on the wind conditions.
d. Suppose that on a particular day, k =0.2.

i.  Find the distance from O to the point on the inclined plane where the projectile lands.
Give your answer in metres, correct to two decimal places.

1 mark
L] = 3800 0w
ii. Find the speed at which the particle lands on the inclined plane. Give your answer in
ms™', correct to two decimal places. 1 mark

L2y = 32,99 e

The projectile is fired under the same launch conditions on another day where the value of k has changed.

e. After travelling in the air for T seconds, the projectile lands at an angle of 45° to the inclined
plane, as shown below.

inclined plane

Find the value of £ on this particular day, correct to two decimal places. 3 marks
) \oOK ) (o0 K .
L= (G- =)l + (S5 (B dor—¢)s

Here Mo prayechie lands wit, O herizonda) Velacthk,
> - Lf@Eh)=o0
)

=y K= 99 (m 8“3)

SECTION B - continued
TURN OVER
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Question 5 (10 marks)

The diagram below shows a block of mass 6 kg on a frictionless plane inclined at & to the horizontal. This
block is connected by a light, inextensible rope via a frictionless pulley at the top of the inclined plane to
another block of mass 4 kg, placed on another frictionless surface inclined at 26 to the horizontal.

Take acceleration, @ ms™, to be positive in the direction as indicated and assume that 0° < 0 < 45°,
The 6 kg block is released from rest and allowed to accelerate up the plane.

Positive acceleration

a, i.  Write an equation of motion, in the direction of motion, for each block. 2 marks

o é)CL = - 633‘\" (©) — WO

- Yo= Y5sm O - T {9

ii. Hence, show that g = wmcos(&) -3) ms, 1 mark

M+ qves 10a = 45 5 (28) —bgsh(®
= Sa = §({she1wos(6) —3sn(s)
=) a=_¥‘(wwﬁe)~3), of (egutec]

SECTION B - Question 5 — continued
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b. Find the value of 6, in degrees, for which the system is in equilibrium, correct to one decimal
place.

aEd P a(_ccos(%).—_— i, y°

1 mark

¢. Consider the situation where @ is fixed at 30°,

i.  Find the tension in the rope, in newtons, expressing your answer in the form b(\/_ +d )
where b,c,d € Q. 1 mark

T:.-'_ (’JCL* bﬁ%\n(@)
~ =3B ) N (e fores pasig

ii. Find the magnitude of the momentum of the 6 kg block, in kg ms™, after it has moved

2+/3 + 3 metres up the plane. Express your answer in the form —}ﬁ , where p,g,r e N. 2 marks

h(30%)
VY = I (ey309-3) = 2 (2R -3)
V(&) |‘:lr3-f'5j_
= L ZEox | ™ Ll@-{g) S
5 =B ¢ (\no)

= 7o) =28 kg mg-

The 6 kg block and the 4 kg block are replaced by blocks of mass m kg and n kg respectively.

d. Ifthe system accelerates in the positive direction of motion for all 0°< @ <45° it can be
shown that n > km, where k > 0.

Find the smallest possible value of k. 2 marks
Mo ="T— MGIMES) gnck o= ngshae)—T
ﬁ Sw(e)
aes o= “pae @ cos(8)~ M).

The Svaltest walue of K arises when a=o as
B- 45°7 ana s0
ANCS(HE) M 20 = N2FEm.

.
‘:“) 'Krhin o

L = R

SECTION B - continued
TURN OVER
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Question 6 (9 marks)

A neurologist is investigating the effects of a new drug designed to improve reaction times. It is known that
the reaction times of humans responding to visual stimuli vary normally with a mean of 280 ms and a
standard deviation of 60 ms.

To test whether the drug results in lower reaction times, a one-tailed statistical test is carried out using a
random sample of 100 patients. The mean reaction time of the patients in the sample is found to be 272 ms.

Let X denote the mean reaction time of a random sample of 100 patients.

a.  Write down suitable null and alternative hypotheses for this test. 1 mark

N -HO‘. ]LK:Q_S’O MS .
H-,'- M L LEDO ms

b. Find the p value of the test, correct to four decimal places, and hence, state with a reason
whether the null hypothesis should be rejected at the 5% level of significance. 2 marks

P = P(X <212 | m=250) XN, (E2)Y
= P(z < EE29)

=P (2 & 1)
=0.012 = Donst eject Mo as pso.0F,

¢.  Find the largest value of the sample mean that could be observed for the null hypothesis to be
rejected, correct to two decimal places. 1 mark

Pr(X¢c | m=270) = 0.0
= C=270.13 .

d. If the truc mean reaction time of a patient who has taken the drug is in fact 265 ms, find the
probability that the null hypothesis will be accepted at the 5% level of significance, correct to
three decimal places. Explain whether this result indicates a type I error, a type Il error, or no

erTor. 2 marks
=P (2> 03551us. )

= 0.196 :
This cepresents Pr(Accept He / RN ‘F‘a\S‘e)*
wwch s a Tyee I ecor

SECTION B - Question 6 — continued
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e. In future clinical trials of sufficiently large sample sizes, it was found that the reaction times
of patients who took the drug were in fact lower, and varied with amean of 265 ms and a
standard deviation of 50 ms.

Find the probability that the reaction time of a randomly selected patient, who took the drug,
is lower than the reaction time of a randomly selected patient who did not take the drug. Give
your answer correct to three decimal places. 3 marks

DA N(CLBS", Sob) ) N~ NLQ.SO, O?)
Then, E(D-N)= 265-230 = .15, 4o
air (D) = S5+ b = Lo
= S(D-N) = \og, . B
Twes, Tr(De N) = Pr(D-N<0)
=0 576
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