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Mathematics

General Instructions

* Reading time — 5 minutes

» Working time — 3 hours

» Write using black pen

» Board-approved calculators may be
used

» A rreference sheet is provided with this
paper

» Leave your answers in the simplest
exact form, unless otherwise stated

» All necessary working should be shown
in every question if full marks are to be
awarded

» Marks may NOT be awarded for messy
or badly arranged work

e In Questions 11-16, show relevant
mathematical reasoning and/or
calculations

Total marks — 100

(Sectionl | pages 2-6
10 marks

» Attempt Questions 1-10
e Allow about 15 minutes for this section

Section Il Pages 8-19

90 marks
o Attempt Questions 11-16

e Allow about 2 hour and 45 minutes for this
section
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Section |

10 marks
Attempt Questions 1-10

Allow about 15 minutes for this section

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

1. A bag contains 10 green balls and m yellow balls. If a ball is drawn at random from the

bag, the probability of drawing a yellow ball is % . The value of mis

(A) 5
(B) 10
(C) 15
(D) 20

2. If f(x)=log,(2x), then f’(1) isequal to

1
(A) 2
B) 1
(C) log,2
D) 2



3.

A primitive of e +M is

e”  cos(3x)

) 3 9

(B) e¥*—cos(3x)
(C) 3e*+3co0s(3x)

(D) ¥ +cos(3X)

The number of fish in an inlet is estimated using the equation N =500- 250 cos[%)

where t is the number of hours since low tide. Which statement is FALSE?

(A)  The rate at which the number of fish is changing with respect to time is given

by
dN 1257z . 7t
d 3 6

(B)  The rate at which the number of fish is changing is increasing in the first 3
hours after low tide.

(C)  The rate of change of the number of fish is positive in the first 6 hours.

(D)  The maximum number of fish in the inlet at any time is 250.



5. The graph of y=g(x) is shown. Let f (x) =sinx.

A‘..

7

—%X

o4
Then g(x) is given by
(A)  g(x)="f(2x)+1
®  90)=1()+1
©  9(0=f(x)+1
(D) 9g(x)=2f(x)+1
6. The formula V = 3x(9—4x*) expresses the volume of an irregular solid as a function

of one of its dimensions, X.
The volume of the solid is a maximum when the value of x is

3
(A) 2
®

NE
© 3

3
O =



7. 1f y:%—Ze‘““,then g—y is equal to
X

X

(A) -6 +2e7H

X

(B) _—§ — 2
X

(C) 5 20
X

(D) _—f +2e7H
X

8. The shaded area bounded by the curve y = x(x—2) and the x-axis, shown below,

is equal to
y
y=x(x- ZV
2 4 '

1
A) 5=
A 53

52
B i
® 3

2
C 6—
©) 3
(D) 8



4
9. An approximate value of J (x*+1) dx is calculated using the trapezoidal rule using
1

4 function values. The value of this approximation is

(A) 49
(B) 245
(C) 20

(D)  None of the above.

1
10. J L dx =log_ k where k is equal to
o 3x+1

(A) 1

(B) 2
©)
D) g



Section 11

90 marks
Attempt Questions 11-16

Allow about 2 hour and 45 minutes for this section

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 11-16, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (15 Marks) USE A SEPARATE WRITING BOOKLET

a) If p =0.42, evaluate, correct to 2 decimal places,
2

1-
P (1)
1+p
b) Factorise completely: 54a®+16 2)
c) Convert 24° to radians, giving your answer in terms of 7 Q)
d) Express 0.27 as a rational number in simplest form. (1)
e) One date is taken at random from those in May and another from (2)
those in June.
What is the probability that both are the 13" of the month?
(Leave your answer as a fraction)
f) Solve [2x+1<x+3 (2)
g) The nth term of an arithmetic sequence is given by T =7+4n. 2

Find the last term which is less than 1000.



h) Differentiate with respect to x

® 7);’)(_2 @
(i) e**sinx 2)
(iii) tan(5x —3) (1)



Question 12 (15 Marks) USE A SEPARATE WRITING BOOKLET

a) Solvefor 0<@<2x

(i) cos26= —% 2
(ii) cosec(9+%)= J2 2)
b) Differentiate y = (3x—1)*(2x+5)’ 2)
c) Write down the domain of the function f(x)=In(2x-3) Q)

d) Find the following integrals:

0 J %dx &
(ii) J % 1)
i | 2% ®
(iv) J (5x+7)° dx 1)
(v) J (1-e™)? dx (2)
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e) Find the co-ordinates of the points of contact of the tangents to the curve (2)
y = x> — 2x+3 which have an angle of inclination of 45° to the positive
direction of the x-axis.

11



Question 13 (15 Marks) USE A SEPARATE WRITING BOOKLET

a) For what value of k will the equation x* —(k +2)x+(k —4) = 0 have
one root that is the reciprocal of the other?

b)

d)

Find chos(ﬂx) dx

Find the equation of the normal to y = (In x)* at the point where x=e.

Find the area enclosed between the curves y =sinx and y =+/3cosx for

0<x<2r.

A particle moves in a straight line such that its distance, x metres,

from a fixed point O at any time t seconds is given by x=5+log, (1+2t).

(i)

(i)

(i)

e —1
2

Show that the particle will be 10 metres from O when t =

Find the velocity and acceleration of the particle when it

is 10 metres from O.

Hence describe the position and velocity of the particle as t — .

12
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Question 14 (15 Marks) USE A SEPARATE WRITING BOOKLET

a) Ross decides to borrow $150 000 to buy a luxury car.
For a 10-year loan, interest is compounded monthly on the balance still
owing at a rate of 9% p.a.
The loan is to be repaid in equal monthly repayments of $M at the end
of each month.

Let A, be the amount owing at the end of n months.

(i)  Show that A =150000(1.0075)*— M (1+1.0075) (1)
(if)  Write down an expression for A interms of M . (@)
(iii)  Calculate the value of M to 2 decimal places (2
(iv)  Atthe end of the 5" year, the interest rate changes to 8% p.a. 3)

compounding monthly.

Assuming he does not change his repayments, how much sooner
will he be able to pay off the loan?

(Answer to the nearest month)

b) A box of rectangular cross-section sits on a train luggage rack as shown (2
with the point C touching the wall.
P, the point in contact with the rack, is the midpoint of AD.
If D is 8 cm from the wall and P, the edge of the rack, is 20 cm from the wall,
find how far A is from the wall.

Hint: Draw parallels to the wall through A, P and D.

14



(c) The graph below is of the function y = f(x), where f(x)=x"-8x*+10.

(i)

(i)

(iii)

(iv)

y

VARV

Find the coordinates of B.

Find f’(x).

Show that the solutions of the equation f’(x)=0 are x =0, x =-2
and x = 2.

Hence find the coordinates of A and C and confirm that they are
minimum stationary points and that B is a maximum stationary point.

15
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Question 15 (15 Marks) USE A SEPARATE WRITING BOOKLET

a) Find constants A, B and C such that x*+x+1= A(x+3)*+B(x+3)+C.

b) For the parabola y* =-2(x-2), find
(i) The vertex, V, and the focus, S.

(i) The latus rectum is the chord through the focus that is
perpendicular to the axis of symmetry of the parabola.
Find the length of the latus rectum of this parabola.

c) Find the area of the minor segment PRQ as shown in the diagram if the

radius and the area of the sector OPRQ are 12 cm and 487 cm? respectively.

Let .POQ=86.

d) A particle is moving in a horizontal straight line. At time t seconds it has

displacement x metres to the right of a fixed point O on the line,
given by x=t(t—3)?, velocity, v m/s, and acceleration a m/s?.

(i) Find expressions for v and a in terms of t.

(i1) Find when the particle is moving towards O.

(iii) Find when the particle is moving towards O and slowing down.

16
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e) (i)

(i)

Differentiate xlog, (x*)—2x and hence find J log, (x*) dx

The diagram below shows the curve y = log, (x*), x>0,

which meets the line x=5 at Q.

Find the area of the shaded region.

17
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Question 16 (15 Marks) USE A SEPARATE WRITING BOOKLET

a) The probability that a biased coin lands heads up is p . | have a pair of
identical biased coins. The coins show heads more often than normal coins

show heads.
(i) Draw atree diagram to show the possible outcomes when | toss the (@)

pair of biased coins together.
Write the probabilities on each branch of the tree.

(i) When I toss the coins, 25% of the time they land showing a head 3)
and a tail. Determine the probability that, on the next toss of the
pair of coins, they will land with at least one of the coins showing
a head. Give your answer correct to 3 decimal places.

b) In the diagram the square ABCD, whose diagonals AC and BD meet at X,
is the base of a right, square-based pyramid with apex T which is inscribed
in a sphere of radius 1 metre with centre O. The vertices of the pyramid touch
the inside of the sphere and OX = x metres.

Note: The volume of a pyramid is %xArea of the base x Height.

(i) Show that the volume V m® of the inscribed pyramid is given by 3

v =§(l+x—x2—x3)

(if) Hence find the maximum volume of the pyramid. 3)

18



¢) The diagram below on the left shows part of the graph of y =+/x*—a?
in the first quadrant intersects the x-axis at A.

P is the point on the curve such that OP = 3a and ZPOA=86.
B is the foot of the perpendicular from P to the x-axis.
The region bounded by AB, PB and the curve is rotated about the x-axis to

obtain the volume of liquid that can be placed in the conical bowl of a brass cup.

Y
A P
|
l
|
I
3a I
y i
| 1
[
[
¥
4 L
0 A B
(i) Show that the volume of liquid that can be placed in the conical bowl is 3)
3
Y, :%(2700539—90056#2)
(ii) Given that the height OB of the conical bowl is 3\/§ cm and the diameter 2

of its rim is 12 cm, find the volume of liquid that the cup will hold when
it is full.

End of paper
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Question 15 Solutions

Marker’s comments

- Common error was silly mistakes.

Marker’s Comments

Most candidates were able to find
the vertex correctly.

However, quite a number of
candidates struggled to find the
focus. Candidates whom drew a
quick sketch of the graph were
more successful in finding the focus.

Marker’s Comments

- Candidates whom used the formula to find the length of the latus rectum correctly (4a) were given full marks.
- No half marks were given in this question.



Marker’s comments
Majority of all candidates were able to find © correctly.

Many candidates did not read the GENERAL INSTRUCTIONS on the front page of the question booklet, where it
states, “Leave your answer in the simplest EXACT form, unless otherwise stated”.

Marker’s comments

Candidates whom expanded out the displacement
function and differentiated to find the velocity and
acceleration were more successful than candidates using
the product rule to find the derivative.

Marker’s Comments

Most candidates were successful in this
question.

Marker’s Comments

Poorly done by many candidates, as
candidates need to follow the rule
that if acceleration is in the
opposite direction to velocity than
the object will be slowing down. In
part ii), since velocity is negative
than we must have acceleration to
be positive.

No half marks were given if
candidates took acceleration as
negative.



Marker’s comments
Quite a number of candidates were unable to differentiate xlog, (x*) successfully.

Candidates need to not forget the constant C when integrating.

Marker’s Comments

Candidates were able to successfully get the correct answer if they got part i) correct.



Note:
p> asheadsis

more likely






