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Section 1

10 marks

Allow about 15 minutes for this section

Use the multiple-choice sheet for Question 1-10

1 Quentin, Elliott and five friends arrange themselves at random in a circle. What is the

probability that Quentin and Elliott are not together?

@w -
®
© 2
o
2. An examination consists of 30 multiple-choice questions, each question having five

possible answers. A student guesses the answer to every question. Let X be the number of

correct answers. What is E(X)?

A) 5
(B) 6
©) 9
®) 15
3. sin x + v/3 cos x written in the form R sin (x + ) is:
&) 2sin(x+ %)
(B) sin (x + g)
©  2sin(x+ %)
(D) 2 sin (x - g)

Section I continues on next page
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4. Which of the following differential equations could be represented by the slope field
diagram below?

Ay =-xy
B) ¥y =axy
© ¥y =-x%y
D) ¥y =x%y

— 1@ dy
Ify = sin X’ thendx equals:

—a

(A) x2\/x2 — g2
X

®) Vx2 — a2
—-X

© Vx2 — a2
—a

D) xVx2 — a2

Section I continues on next page
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P, Q and R are three collinear points with position vectors p, g and r respectively, where
Q lies between P and R.
If |Q_R)| = % |P_Q)|, then r is equal to:

3 1
A —g — —
B e3P
3 1
B “p4=
B gpt34
3 3
C 22
© ga-3p
1 3
D _p—=
D) gp-34
: _ : : dy
Given that f(x) = e* — 1,and y = f~1(x), find an expression for I
1
A
A =
1
B
®) x+1
©) In x

(D) In(x+1)

Section I continues on next page



Which of the following expressions represents the area of the region bounded by the curve
y = sin3x and the x-axis from x = —m to x = 2m? Use the substitution u = cosx.

2T
(A) —f (1 —u?)du
(B) -3 fn(l —u?)du
0
1
©) —f (1 —u?)du
-1

1
(D) 3f (1 —u?)du
-1

A body of still water has suffered an oil spill and a circular oil slick is floating on the
surface of the water.

The area of the oil slick is increasing by 0.01 m? /minute.

At what rate is the radius increasing when the area is 0.03 m??
(A) 0.006 m/minute

(B) 0.03 m/minute

© 0.0163 m/minute

(D) 0.0017 m/minute

Section I continues on next page



10.

The function y = sin 2x is shown in the diagram.

If this function is transformed using steps I, II and III as below:
I.  Reflected about the x —axis
II.  Vertically translated 1 unit down

III. Dilated horizontally by a scale factor of 2.
Which equation would represent the transformed function?
(A) y=—(sinx +1)
(B) x =2(sin(2y) — 1)
© y = —(sin(4x)) + 2
(D) y = —2sin(2x) — 1

End of Section I



Section 11

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

In Questions 11 — 14, your response should include relevant mathematical reasoning and/or
calculations.

Question 11 (13 marks) Use the Question 11 Writing Booklet.

(a)  Solve the inequality

(b) Find:

i (e*tan1x)

dx

(¢) Consider vectorsa =4i —5j and b = —2i + 4j.
(1)  Find the magnitude and direction of a + b.

(i) Calculate the dot product a - b.

(ii1) Find the projection of a in the direction of b.



(¢) The continuous random variable X has the following probability density function:

ax?(4—x) 1<x<4
fx) =
0 x<lorx>4

(1)  Find the value of a.

(i)  Write an expression that could be used to correctly calculate P(3 < x < 4).

(Do not evaluate your expression)

(iii) The graph of the probability density function f(x) is shown below.

The line x = 2.4 creates an area of 0.5 square units to the right of the line and
under the curve, as shown.

Explain what measure the value of x = 2.4 represents in relation to f(x).

End of Question 11



Question 12 (17 marks) Use the Question 12 Writing Booklet.

(a)

(b)

(c)

(d)

(e)

Find the constant term in the expansion:

2
(4x* - 5)

9

(1) Write an expression for sin 5x sin x in terms of cos 4x and cos 6x.

(i1) Hence, find

N

f sin 5x sinx dx
0

0

X
Evaluate f dx using the substitutionu = 1 — x.
—-gV 1—x
(i) uti x x
Use the substitution t = tanz to show that cosec x + cotx = cotE.
(i1) 7

2

Hence, evaluate f (cosec x + cotx) dx.
YA
3

(Answer in simplest form)

A restaurant knows from past experience that 27% of customers will order a dessert
after the main course. For next week, the restaurant has taken 288 customer bookings.

Determine the probability that less than 100 will order dessert.

A normal distribution table is included overleaf.
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0.477
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0.478
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0.484
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0.491
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0.494
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0.494
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0.494

0.494
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0.496
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0.496
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0.497
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0.497
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0.499
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0.499
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End of Question 12
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Question 13 (15 marks) Use the Question 13 Writing Booklet.

(a) Use mathematical induction to prove that
n(3n+5)

4+7+10+--+GBn+1)= 5

for all integers n > 1.

(b) The diagram shows the graph of y = f(x).

Draw a half-page diagram for the following function, showing all asymptotes and

intercepts.
1

ey

Question 13 continues on next page
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(c)

Sienna intends to row her boat from the south bank of a river to meet with her friends
on the north bank. The river is 100 metres wide. Sienna’s rowing speed is 5 metres
per second when the water is still. The river is flowing east at a rate of 4 metres per
second. Sienna’s boat is also being impacted by a wind blowing from the south-west,
which pushed the boat at 8 metres per second. She starts rowing across the river by
steering the boat such that it is perpendicular to the south bank.

(i)  Show that the velocity of Sienna’s boat can be expressed as the component
vector:

(4+4V2)i+(5+4V2) )

(i1)) Calculate the speed of the boat, correct to 2 decimal places.

(iii) Determine the distance rowed from Sienna’s starting point to her landing point
and how long it will take her to reach the north bank.

Question 13 continues on next page
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(d)  Part of the graph of x3 + 8y = 64 is shown below. A tangent is drawn to the curve,
at the point T(2, 7), intersecting the curve again at the point P.

The equation of the line PT is
3
= — 10.
y ? X+

(i)  Find the coordinates of P.

(i) The shaded region shown in the diagram above is rotated about the x-axis.
Calculate the volume of the resulting solid.

End of Question 13

-14 -



Question 14 (15 marks) Use the Question 14 Writing Booklet.

(a) Two chemicals A and B are poured into a mixing machine. Initially the machine has
40 L of chemical A. Then chemical A is poured in at a rate of 2 L/min and at the
same time chemical B is poured in at 6 L/min. The mixing machine constantly mixes
the chemicals and the mixture flows out at 4 L/min.

(i)  Show that the expression for the rate of change of the volume of chemical B in

the mixing machine t minutes after the pouring commences is given by:
dB B

a0 10+t

(i) Find values of m and n, real numbers, such that

mt? +nt

B(t) =
© 10+¢

is a solution to the differential equation in part (i).

(iii) A useable mixture is roughly two parts chemical A to three parts chemical B.
How many minutes should elapse before the outflow is the required mix?

(b) If the sum of two unit vectors is a unit vector, ( a, b and a + b are all unit vectors)

prove using vector properties that the magnitude of their difference

|a—b|=v3

Question 14 continues on the next page
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(c)

A particle is projected from O, with speed V ms™~! at an angle of elevation of « to the
horizontal on a flat plane.
You may assume the following equations of motion of the projectile:
a=-—gj
v = (Vcosa)i + (—gt + Vsina)j
2

t
r = (Vcosat)i + (_gT + V sinat)j

(i)  Prove that the horizontal range of the projectile is given by

V?sin2a
metres

A garden sprinkler sprays water symmetrically about a vertical axis at a constant
speed V ms~1. The initial direction of spray varies continuously between angles of
15° and 60° to the horizontal.

(i) Prove that, from the fixed position O on the level ground, the sprinkler will wet

. s .. V2
the surface of an annular region with internal and external radii % metres and

v? .
5 metres respectively.

(iii) Deduce that by locating the sprinkler at O, a rectangular garden bed of size
6m by 3m can be completely watered only if

VZ
—>1+V7
2g

End of Examination
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Question 14 Solution Marker’s Feedback

(i)

Total Volume of liquid in the tank at time t =
(40 + 2t + 6t) ~— (4t) = 40 + 4t Litres

Proportion of B in the container =

B

40 + 4t
Amount of B flowing out per minute =

X4 =
40 + 4t
B

10 4¢ /min

B
n = Rate of inflow of B — rate of outflow of B

=6 L/ min ~ — L/min

1 mark: Proves the
expression for rate of
outflow and subtract from
& L/Min

Must have this expression
to get the mark for this
guestion

Outflow=
B

40 + 4t
Many students are adding
rate with time. Can’t add
L/min + minutes). Parity of
units must be maintained

x4

5t% + 100t = 400 + 80t + 42
t24+20t—-400=0
t=10vV5~-10=~1236 t>0

expression for B from {ii)
and solves the quadratic
to give the time.

10+t
—— § =—
dt 10+¢
(ii) _mt?+nt
10+t
dB (10 +t)(2mt +n) — (mt* + nt) Very poorly done.
dt (10 + t)? 2 marks: Correctly Students did not make the
2mt+n  mtA +nt differentiates and connection between the
T 10+t (10+ t)? evaluates.m and “ given %g-expression from
Equating, 1 mark: Differentiates and (i) and the derivative of
2mt+n  mE? +nt B equates coefficients mt2 + nt
- =6 — —— —
104+t (10 + ¢t)? 10+t T 10+t
2mt+n
10+¢
2mt +n = 60 + 6t
n=60 2m=6, ie. m=3
_ 3t + 60t
T 10+t
{iii)
B 3
40 +4t° 5 1 mark: Equates the ratio | Very few students
of B in the liquid in the attempted this question
2
3t + 60t — §_ container to%
4(10+t)2 5
2
_Lﬂ = .1_ 1 mark: Uses the
4(10+¢t)%2 5




b)

{ >
A
2
a é = ial[blcos—a—
-1 1
=1><1><—2—'=-—-~2—
Cansider
(a-2).(a-1)=|(e-2)[

|
Ka @r—ga—%é-gg+g§
-Jaf + lblz 2a.b
z1+1~2x—5m3
|a—5| =

1 mark: correctly finds a. b

1 mark: expresses

(=) s o
product

1 mark: correctly expands
the expression for

(2-5)-(a =) and

evaluates the result

Question clearly tells you
t0 use the vector
properties.

Addition and Scalar Multiplication
L d@+b=0+a

2 d++d=(@+Hre
3. a+l=&

4 E4(-@) =0

.

cf{d-+ E) o= i 4 e
6. {c+d)d=ci+di
7. (ed)@ = o(did)

=
-
]
>,
oy

c)
(i)

X
x=Vcosat -t =

Vcosa
gt? .
y= ——2—~ +V sinat
2 x
) + V sina
V cosa

Y= "7 Wcosa
Hence, the Carte5|an equation is

gx?

y = xtana — 2V2cos2a
Butwheny =0,x = R

gR?
2V2cos?a
2V2Rsinacosa = gR?
Visin2a

Rtana =

R+0, R=

1 mark: Derives the
Cartesian equation

1 mark: Derives the result
for the range

Well done

The maximum range is attained when a = 45°
The sprinkler water annual region for the angles
between 15° and 45°

2 marks: correctly explains
and reasons the result

You need to explain why
@ = 15° gives the
minimum range and g =
45° gives the maximum
range




When a = 159,

1 mark: Substitutes into

the range R = Visinso _v? the range expression and
: _ 450 g 29 attempts to explain why
When a = asinso 2 the maximum range is
the range R = = %
g
{ifl)
P
/ Very few students
3 attempted this question.
o 7 N 1 mark: Represents the
i B annular sprinkler and the
garden bed with

In the right-angled triangle ONP,

ON? = Op%Z — NP?

y2)\?
= (———) ~9 1 mark
g

The entire garden bed will be wet when
2

14
ON>—+3
2g

Hence,

1 mark

dimensions, showing
clearly the internal and
external range

1 mark: forms the
inequality

1 mark: solves the

quadratic to give the
result






