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you do not have any unauthorised notes or other items of a non-personal nature in the
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Structure of this paper

Number of Number of Waorking Marks Percentage
Section questions questions to time available of exarr?

available be answered (minutes)
Section One: 7 7 50 52 35
Calculator-free
Section Two: 13 13 100 98 65
Calculator-assumed

Total 150 100

Instructions to candidates

1.

The rules for the conduct of examinations are detailed in the school handbook. Sitting this
examination implies that you agree to abide by these rules.

Write your answers in this Question/Answer Booklet.

You must be careful to confine your response to the specific question asked and to follow
any instructions that are specified to a particular question.

Spare pages are included at the end of this booklet. They can be used for planning your

responses and/or as additional space if required to continue an answer.

e Planning: If you use the spare pages for planning, indicate this clearly at the top of the
page.

e Continuing an answer: If you need to use the space to continue an answer, indicate in
the original answer space where the answer is continued, i.e. give the page number.
Fill in the number of the question that you are continuing to answer at the top of the

page.

Show all your working clearly. Your working should be in sufficient detail to allow your
answers to be checked readily and for marks to be awarded for reasoning. Incorrect
answers given without supporting reasoning cannot be allocated any marks. For any
guestion or part question worth more than two marks, valid working or justification is
required to receive full marks. If you repeat any question, ensure that you cancel the
answer you do not wish to have marked.

It is recommended that you do not use pencil, except in diagrams.

The Formula Sheet is not to be handed in with your Question/Answer Booklet.

See next page
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Section Two: Calculator-assumed 65% (98 Marks)

This section has thirteen (13) questions. Answer all questions. Write your answers in the spaces
provided.

Working time for this section is 100 minutes.

Question 8 (6 marks)

Two even functions are defined by f(x)=x? -2 and g(x) =4 —%xz. The region between them is
shaded on the diagram below.

}}

Show that the exact volume of the solid formed by rotating the region enclosed by f(x) and g(x)
about the y-axis is 127 cubic units.

See next page
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Question 9 (5 marks)

Two small objects, A and B, have initial positions of i+ 2j—2k and 5i —10j+ 6k respectively.
They are moving with constant velocities of v, =2i—j+k and v, =i+2j-Kk.

Show that their paths intersect, stating the point of intersection and whether or not they collide at
this point.

See next page
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Question 10 (7 marks)

An internet service provider plans to sample the volume of content downloaded per day by
customers subscribing to their ADSL20 plan. From recent research, the company knew that the
standard deviation of the volume of downloads per customer was 1.4 GB.

(a) Determine how large a sample the company should take in order to be 90% confident that
the mean volume of downloads per customer calculated from their sample is within 0.25
GB of the true population mean. (2 marks)

(b) A random selection of 25 subscribers was made and the total volume downloaded by
these customers over a 24 hour period was 120GB. Calculate a 95% confidence interval
for the mean volume of content downloaded per day by a customer. (3 marks)

(© If the company repeated the random sampling process and subsequent 95% confidence
interval calculations from part (b) a total of 40 times, how many of the intervals calculated
would you expect to contain the true population mean? Explain your answer. (2 marks)

See next page
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Question 11 (7 marks)
As water slowly leaks out of a hole in the bottom of a cylindrical tank, the rate of change of the

depth of water in the tank, h cm, can be modelled by the differential equation ﬁz—k\/ﬁ,

0<t <900 where t is the time in seconds and k =0.003.

Initially, the depth of water in the can was 36 cm.

2
(&  Showthat h= (6 - %) . (4 marks)

(b) Determine the rate at which the depth of water in the tank is decreasing after ten minutes.
(3 marks)

See next page
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Question 12 (7 marks)
The graph of the function f , defined by f(x)=In(x+2)+1, is shown below.

Y

A
&

_4__

(a) Determine the function f ™, the inverse of f , and add a sketch of the graph of y = f (x)
to the axes above. (4 marks)

(b) Determine the area of the region bounded by the graphs of f and f . (3 marks)

See next page
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Question 13 (14 marks)
(@) Three points have coordinates P(2, 1, 1), Q(1, 0, -2) and R(2, -1, 0).

0] Determine the vector equation of the straight line through P and Q. (2 marks)

(i) Determine a unit vector that is perpendicular to the plane containing P, Q and R.
(3 marks)

(i)  Show that the plane containing P, Q and R is parallel to the plane with Cartesian
equation 10x+2y—4z=1. (3 marks)

See next page
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(b) Consider the following system of linear equations, where k is a constant:

X+y+kz=6
—-X+Yy+2kz=0
2X+Yy+2kz=6

() Clearly show that the system of equations has a unique solution provided k = 0.
(4 marks)

(i) Describe briefly the geometric interpretation of the system of equations when
k=0. (2 marks)

See next page
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Question 14 (8 marks)

(8 A student carried out a simulation to select a random sample of 100 packets of nails and
to record the mean length of the 40 nails in each packet. The nails were assumed to have
a mean length of 25 mm and a standard deviation of 2.5 mm.

0] Describe the expected features of a frequency graph showing the distribution of the
100 sample means. (3 marks)

(i) Sketch a possible frequency graph with the features described in (i). (2 marks)

(b) Another student obtained a random sample of 100 journey times, in minutes, made by
students on their way to school and calculated a 99% confidence interval for the mean
journey time to be (17.46, 20.14). Determine the sample mean and estimate the standard
deviation of the all journey times. (3 marks)

See next page
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Question 15 (8 marks)

@)

(b)

Sketch the following regions in the complex plane.

(i) 2<|z+2|<4 (3 marks)

}::}::III::{Rg(z)

(i) Z2-7>2i (3 marks)

I::}::::I::{Re(z)

The set of points in the complex plane that satisfy z—7 > 2i can also be described by
|z-2+i|>|z+a+bi |, where a and b are real constants. State the values of a and b.
(2 marks)

See next page
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Question 16 (7 marks)

The position vector r of a particle at time t seconds, t >0, is r(t) = 53in(%tji +5005(%tjj :

(a) Determine the velocity of the particle at any time t. (2 mark)

(b) Sketch the path of the particle on the axes below, clearly indicating the initial position of

the particle and the direction of motion. (3 marks)
y
X
(©) Show that the particle moves with a constant speed. (2 marks)
(d) Determine the distance travelled by the particle in the first four seconds. (2 mark)

See next page
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Question 17 (6 marks)

(a) If z=2cos| Z |+ 2isin| = , determine the reciprocal, l in polar form. (2 marks)
3 3
z

z

(b) Let the non-zero complex number z =r -Cisé . Show that " = |
r-cis z

(2 marks)

-

(© Describe the geometrical relationship between any non-zero complex number and its
reciprocal. (2 marks)

See next page
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Question 18 (9 marks)

The expected uptake of a new model of smartphone in a country, currently with one million

X _ X(20 — x)

: - . d .
models in use, can be modelled by the logistic equation pr 50 where X is the total

number of models in millions and t is the time in weeks.

(a) Express x as a function of t in the form x = where a, b and ¢ are positive

1+b-e™®’
constants. (5 marks)
(b) Calculate
0] the expected number of models in use after 30 weeks. (1 mark)

(ii) the week during which the number of models in use is increasing at the greatest
rate. (3 marks)

See next page
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Question 19 (7 marks)
A simple pendulum has a point mass on the end of a long string.

The mass, initially stationary, is released from position A. The mass swings a
total distance of 48 cm away from A and then swings back again, returning to
its initial position after a total of six seconds. The pendulum repeats this
motion, with no measurable loss in amplitude from swing to swing.

The horizontal distance, x cm, of the point mass from A, t seconds after
release, can be modelled by the equation x=c —acos(nt), where a, n and c
are positive constants.

2
(a) Express the acceleration (jjtzx

in terms of X, nand c. (2 marks)

(b) Determine the values of the positive constants a, n, and C. (3 marks)

(©) At what time(s) during the first ten seconds is the mass moving with maximum speed?
(2 marks)

See next page
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Question 20 (7 marks)

At 0830 on a windless day, a light aircraft takes off from an airport and flies due east at a
constant 300 km/h. At the same instant, a passenger aircraft is 50 km due south of the airport
and is flying directly towards the airport at a constant speed of 400 km/h.

Determine the rate, to the nearest km/h, that the distance between the two aircraft is changing at
the instant the passenger plane is 30 km from the airport.

End of questions
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