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General Instructions Structure of the Paper
Write using black or blue pen Section 1 /10 Marks Allow about 15
Graphs can be drawn in pencil minutes for this
No liquid paper or correction tape are to section
be used. Section 2 / 60 Marks Allow about 1 hour
and 45 minutes for

Reading Time 10 minutes this section

Total /70 Marks Weighting: 30%
Working time 2 hours

Special Instructions

NESA approved Calculator may be used.

A reference sheet is provided at the back of this paper.
A separate multiple choice answer sheet is provided.

Attempt all questions

This examination must not be removed from the Examination Room.

In Question 11-14 show relevant mathematical reasoning and/or calculations. Answer each question in a

separate writing booklet.




Section I
10 marks
Attempt questions 1 — 10

Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Question 1-10

1. A drawer contains 12 red and 12 blue socks, all unmatched.
In the dark, a person randomly selects socks.

How many socks must they take out to guarantee having at least two blue socks.

A) 12 (B) 13

©) 14 (D) 15

2. Ifv/8sinx 4+ 2v/6 cosx = R sin(x + a) find the values of R and a.

T
(A) a:gandR:m (B) a=g andR =32
© a=gandR=m (D) a=gandR=\/§
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3. The graph below shows a function y = f(x).

2

y=f(x)

Which of these graphs could represent the inverse function y = f ~1(x) ?

The graph of y = f(x) is shown with a broken line in each graph.

) ®)
yf(X):‘; \
,

©) N . (D)

y=f@f
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\/100-[4x6]
2x3
(A) cos™? <E>+C B)  cos 1<%>+c
C - (2 +C D (2 +C
(C) sin 10 (D) sin 100

5. The graph of y = f(x) is shown below.
y

(

o a

Which equation describes f(x) ?

(A) f(x)=2cos (x—1) B) f() = %sin‘l(x -1)

(C) f(x)=2sin"1(x—1) (D) f(x)=2sin"1(x+1)
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x2y?.

day
dx

Consider the differential equation

6.

Which of the following best represents its direction field?
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Which of these calculations will give the coefficient of x3 y? in the expansion of

(Bx —y)12?

7.

-27x C,

(B)

—-27x C,

(A)

(D) 27x'C,

9x C,

©
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8. Which graph best represents y = asinx —bcosx, given a and b are positive

constants?

y

2/
Y

©

(D)

AN

e

A
VAR

A
VARN

4

9.  The quantity of a substance in a container (in kg) at a time ¢ seconds after the

container is first filled is given by the equation Q(t) = 20000e

—-0.0

25t

Which expression gives the rate of change of the quantity (in kg/s) after two minutes?

500

A ——
e
500
© 20.05

10.

A -3

© 1
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(B)

D)

(B)

D)

500

e0.05

500

e3

5

ull o

Given cos(6 + ¢) = % and cotf cot¢p = %, then cos(8 — ¢) is equivalent to:



Section 11

60 marks
Attempt all questions 11 — 14
Allow about 1 hour and 45 minutes for this section

Answer each question in the appropriate writing booklet. Extra writing booklets are available.
For questions in Section II, your responses should include relevant mathematical reasoning
and/or calculations.

X

Marks
Question 11 (15 marks)  Use the Question 11 Writing booklet.
(a) Eight teachers and seven students are arranged in a straight line on 15 chairs that are 2
bolted to the ground and cannot be moved.
What is the probability that none of the teachers will sit next to each other?
(b)  Solve the inequality ———>5. 3
x —
(¢) LetP(x) =3x3—12x% — x + 8 have roots a, 8 and y.
(1) What is the value of a? + 2 + y?2? 2
.. . a B 14
(i1) Find the value of B + o + e 2
(d) Show thaty = %63" is a solution to the differential equation y" + y = e3%, 2
x2
(e) Use the substitution # = 1 —x° to find _[ = dx 2
I-x
e log, x
(f) Find di(loge x)* and hence, evaluate J-] LI 2
X

End of Question 11
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Question 12 (15 marks) Use the Question 12 Writing booklet

(a)

(b)

(c)

(d)

(e)

The letters of the word A BR A C A D A B R A are arranged in a row.

(1)  Find the number of different arrangements that can be made.

(1))  Find the number of different arrangements in which the 2 B’s are next to each
other, the 2 R’s are next to each other, exactly 4 of the A’s are next to each
other, and the C is next to the D.

(i11)) Given that the 11 letters are arranged randomly, find the probability that all

5 A’s are together.

A snowball in the shape of a sphere is melting such that its radius is decreasing at a rate
of I cm/min.

At what rate is the volume of the snowball decreasing when its radius is 8 cm?

Find [ sin? 5x + sin x dx .

(i)  Find the remainder, R, when P(x) = x3 + 2x? + 3x + 10 is divided by x + 2.

(i)  Find the polynomial Q(x), such that P(x) = (x + 2).Q(x) + R and express
P(x) in that form.

Use mathematical induction to prove 5" +31 is divisible by 4, for all integers n>1.

End of Question 12
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Question 13 (15 marks) Use the Question 13 Writing booklet Marks
(a) Letvector u =+ 3j and vector v = 4j. Find proj,p. 3

(b) Express cos® + /3 sin 0 in terms of 7, where t = tan% and hence solve the equation 3

cos® ++/3sin®=1for 0 <0< 2m.

(¢) A curve is described by the parametric equations given below: 3
x =12q
y =6(q+1)*

Find the gradient of the tangent to the curve at the point where ¢ =1%

(d) Forces of 60N and 20N act on an object, at point 4, as shown in the diagram.

NOT TO SCALE
60N 20N

30°

v

The vector sum of these forces acting on the object at point 4 is called the resultant 3
force. Find the magnitude of the resultant force vector, correct to 3 decimal places,

and its direction as a true bearing, correct to the nearest minute.

(e) () Show that <292 — ot h — tana. 1
cosasinb
(1))  Hence, find the exact value of the following definite integral. 2

dx

f% cos (x + %)

7 os Ko
3 COS6SII’1.X,'

End of Question 13
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Question 14 (15 marks) Use the Question 14 Writing booklet

(a) Please refer to the separate page for this question.

(b) The diagram shows the graph of the function y =tan™' (1—x). The region in the first

quadrant bounded by the curve and the coordinates axes is rotated through 27 radians
about the y axis. Find, in simplest exact form, the volume of the solid formed.

1o

A
3
*’{g"\&
4 \
%\\ > X
0 B
K3 ™
4 y = tan" {1-x)
i
S

(¢) A tank initially contains 1000 litres of water and 20 kg of dissolved salt.

Fresh water is pumped into the tank at a rate of 10 L/min. The solution is thoroughly
mixed at all times and is drained from the tank at a rate of 5 L/min.

Let A be the amount of salt in the tank, in kg, at time t, in minutes.

(1) By considering the volume of liquid in the tank at time t, show that C, the
concentration of salt in the tank, in kg/L, at time t can be given by

. A
~ 1000 + 5t

(i) Explain why 5> = —5C.

(111) Hence find A as a function of' t.

Question 14 continues on page 10
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Question 14 (continued) Marks

(d) A motorcycle stunt rider is positioned on top of a 4.8 m high wharf and will ride off 4
the end of the wharf at a constant speed with the intention of landing on a barge
positioned in the water 25 m from the wharf. The barge is 3.6 m wide and sits 1.6 m
above the water level.

NOT TO

%“ SCALE

S LL LT T

4.8 m

1.6 m

AN AAAAAAAAAAAAAAAAANAAN

25m 3.6 m
To stop safely, she needs to land in the centre of the barge.

For our calculations, we will use the point at which she leaves the wharf as the origin,
gravity as g = 10 ms™ and treat the bike and rider as a single particle.

Using ¢ as the time in seconds after leaving the edge of the wharf, the position vector
of the particle #(¢) is given by:

r(t) = (_‘giz) [Do not prove this]

where V is the velocity in ms™ when she leaves the wharf,

Find the initial velocity required for her to land exactly in the centre of the barge

and calculate the vertical component of her velocity when she lands.

End of paper
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Use this page to answer Q14 (a), and place it inside your Question 14 answer booklet

(a) The graph of a function f(x) is graphed below, which has a vertical asymptote at x = 0.

Sketch the graph of] y2 = f(x) on the same axes.

4 y= (7B tren v

. . —AX\S
o e Hlethon w the X =Xt
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