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General Instructions Structure of the Paper

e Write using a black pen Section I 10 marks | Allow about 15 minutes

e Graphs may be drawn in pencil pages2—5 for this section

e No liquid paper or whiteout tape

Reading Time | 5 minutes Section I1 60 marks | Allow about 1 hour 45
pages 6 — 9 minutes for this section

Working Time | 120 minutes Total 70 marks | Weighting 30%

Special Instructions

NESA approved Calculator may be used.

Attempt all questions

This examination must not be removed from the Examination Room.

Use the multiple choice answer sheet for section I

In Section II show relevant mathematical reasoning and/or calculations.

The mark allocation for each question provides a guide for the expected length of response.
Full marks may not be awarded for correct answers without working.

In section II answer each question in a separate writing booklet. Extra writing booklets are
available if you need them. Number your answers clearly.




Section I

10 marks

Attempt Questions 1-10

Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1 — 10.

l. Peter draws a vector from the origin to the point A(—2,5) . He then draws a vector
-3i + 2j from 4, ending at point B.

How far is point B from the origin?

A. V10 units
B. V74 units
C. V13 units
D. /34 units

2. Consider the graph of y = f(x) shown here:

Which one of the following would have 2 more roots than f(x)?
A, y=-2X f(x)
B. y=/()+3
-1
C. y=f
D. y=f(x+3)



The volume of the solid formed when the area enclosed between the curve

y = x3 — 1, the y-axis, and the lines y = 1 and y = 2 is rotated about the y-axis is
given by:

2

A nj (x3 — 1Ddy
1

2

B. fl(f/y+1)dy
2

C. = fl Cfy+1) dy
2

D. nf Y+ 1)2dy
1

Which one of the following differential equations is y = 5xe?* a solution?

d’y _dy
A, —-2—==0
dx? dx

d? d
B. 2-4Z2=0
dx? dx

2
c. L_ 4y = 20e**

dx?

D. 2 —4y=¢*

dx?

The vectors 41 — j and 3t + xj are perpendicular. What is the value of x?

A, =12

B. -1

C. 12

D. 13

Which of the following is an anti-derivative for — L ?

11X
A. y=tan (EJJFC
B. y=si1f1 3x +C

C. y=cos_] [3 +C

D. y= cos ' 3x+C



A direction field for the volume of water, " megalitres, in a reservoir ¢ years after
2021 is shown below.
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According to this model, for k > 0 what is the value of —7?

dt
A, —kV?
B. —X
74
k
174
D. kV?

A company has a board of twelve directors. Six of these were selected at random to
be candidates in the election for the positions of President, Vice-President and
Treasurer.

In how many ways can these three senior positions be filled?

A. 2P,
12!
B. —
3!
12P6
C. —3!
121)6
D.

3131



1
t+e’

A particle is initially positioned at x = —2. Its motion has velocity of v

Which of the following will be true when the particle reaches the origin?

1

2+e

2,v

t

A.

1

2e

t=e,x

B.

1

2
e t+e

-3

3

=e —e,v=e

t

D.

Which of the following best represents the direction field for the differential equation
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Section 11

60 marks

Attempt 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.

Question 11 (15 marks) Start a new Writing Booklet

(a) Given P(x) = x3+ 11x2 —=56x + 60 and P'(2) = 0
(i) Fully factorise the polynomial P (x)

(i1) Hence, solve P(x) < 0

X
(b) For what values of x is | = 27

X —

(c) Find the angle between the vectors a = ( 3 ] and b= [—lj , correct to the
~ -5 ~ 4

nearest degree.

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

y

\ /.

3 3

-5

(1) Sketchy=f ! (x) after making an appropriate restriction on the domain of

Jx).

(i) Sketch y=——.
1) Sketch y f](x)

(e) By expressing sinx — \/E cos x in the form 4 sin(x — a), solve

sinx —« 3 cosx = —ﬁ,for 0<x<2m.

End of Question 11



Question 12 (15 marks) Start a new Writing Booklet

(a) Use the principle of mathematical induction to show that for all integers n > 1,
n
13+23+33+...+n3=1(n+ 1.

(b) Use the substitution x = u? — 1, find the exact value of
ox
f dx
o Vx + 1

(c) Use the pigeonhole principle to determine how many integers must be selected
from the numbers 5, 6, 7, 8, 9 and 10 so that at least 2 of the numbers will have a
difference of 3?

(d)  Two straight roads, Lagoon Road and Mitchell Street, intersect at an angle of
120°.
Audrey leaves the intersection at 9:00 am and travels on Lagoon Road at a
constant speed of 50 kilometres per hour.
Braxton leaves the intersection at 10:00 am, travelling along Mitchell Street at
a constant speed of 60 kilometres per hour.
The diagram below shows the direction of Audrey and Braxton’s travels.

Audrey

Braxton

greet

witchel

Taking ¢ = 0 at the time of Braxton’s departure from the intersection:

(1) Show that the distance between Audrey and Braxton at time, t hours

can be expressed as D = 10\/ 917" + 80¢ + 25 kilometres .

(1) Find the rate of change in the distance between Audrey and Braxton at
12:00 noon, correct to the nearest km/h.

(e)

1 T
It is known that sinx = 5 , where 5 < x < m. Find the exact value of cot 2x?

End of Question 12

3

2



Question 13 (15 marks) Start a new Writing Booklet

(a)

(b)

(©)

Water is poured into a container at a rate of 8 cm’s™! and the volume of the
water in the container is given by:

3
V= 3 (h? + 8h) where h cm is the depth of the water.
Find the rate of change of the depth of the water when V=72 cm®.

Using the substationu = x — 1,
(1) show that:

f ~_ _dx= f ©du+ f L 4
2—2x+20 " )1 ™ el
(i1) Hence or otherwise find

| m—ara
x2—2x+2%

Mick hits a tennis ball from a height 2.8 metres above the ground. The angle
of elevation as the racket hits the ball is 5° and the velocity is 202 km/h.

202 km/h is approximately 56.1 m/s.

The ball lands at a horizontal distance of d metres from Mick’s feet.

d metres >

(1) Using g=9.8 ms ° as acceleration due to gravity, show that the vector
displacement of the tennis ball is:

s(t) ~ 55.9t i+ (4.9t — 4.9t% + 2.8) j.

(1) Ifd is greater than 26.2, the ball will be called “out”.

Find the value of d and determine if the ball will be called “out”.

Question 13 continues on page 9



Question 13 (continued)

(d) A piece of hot metal is placed in a room with a surrounding air temperature of 4
15°C and allowed to cool. It loses heat according to Newton’s law of cooling:

dT
—= k(@ —4)

where 7 is the temperature of the metal in degrees Celsius at time ¢ minutes, 4 is
the surrounding air temperature and k is a positive constant.

After 5 minutes the temperature of the metal is 75°C, and after a further 3
minutes it is 45°C.

Solve the differential equation, expressing your answer in the form T = f(t)
and giving all constants in exact form.

End of Question 13

Question 14 (15 marks) Start a new Writing Booklet

(a) . . . . dy _ 3x%+4 3
Consider the differential equation: —— =
dx 2y

Find a solution to the equation in the form y = f(x), given that f(2) = 1.

(b) (i) Differentiate x cos x with respect to x. 1
(i1) Hence find f cos 'x dx 2
() Given the function f(x) = sin®? x + 2 cos x
(1) Determine if the function y = f(x) is odd, even or neither. 2
(ii) Show that the x-intercepts of f(x) = sin? x + 2 cos x in the domain 3

—m<x<marex = +cos ' (1—+2)

(i11) Hence or otherwise show that the exact area enclosed by the curve, 4
—cos H(1—=+v2) < x < cos™}(1 —2) and the x-axis is

cos (1 - \/E) +(3+ \/E) 22 -2

End of Paper
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