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Question 1 (6 marks)

Figure 1 shows rhombus OPQOR with OP = p and OR =r.

Figure 1

(@) (i) Find @ in terms of p and r.

(1 mark)

(i) Find PR in terms of pandr.

(1 mark)
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(b) (i) Show thatOQ+PR =|r[* ~|p[".

(2 marks)

(i) Hence prove that the diagonals of the rhombus OPQR are perpendicular, giving reasons.

(2 marks)
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Question 2 (7 marks)

A curve has the following parametric equations:

t)=+~ t
x( ) .COS where OStSE_
y(t)=sint 2

(a) Draw a graph of this curve on the axes in Figure 2.

y

3

Figure 2 (3 marks)

(b) Show that all points (x,y) on the curve that you drew in Figure 2 satisfy the equation

xt+yt =1

(1 mark)
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3
d—y:A, where y # 0.

y

(c) Use implicit differentiation to show that

(2 marks)

(d) Find the slope of the tangent to the curve at ¢ = %

(1 mark)
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Question 3 (6 marks)

(a) (i) Write J2 +iV2in polar form.

(1 mark)
(ii) Write J2-i2in polar form.
(1 mark)
(\/§+l\/§)nl
(b) (i) Write z=-——————-in simplest polar form, where m and n are integers.
(V2-iv2)
(2 marks)
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(i) State a positive integer value for m and a positive integer value for n such that z is real.

(1 mark)

(iii) State a positive integer value for m and a positive integer value for n such that z is purely
imaginary.

(1 mark)
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Question 4 (7 marks)

(a) Use mathematical induction to prove that 2*” —3" is divisible by 13 for all positive integers x.

(5 marks)
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(b) Explain why 22°2° —3°% is divisible by 13.

(2 marks)
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Question 5 (7 marks)

A cone is formed as grain is poured into a large
cylindrical container of fixed radius.

The volume of the cone of grain (in cubic metres)
is given by

v =;7rh3 tan> 0

where / is the height of the cone in metres and
0 (in radians) is the angle shown in Figure 3.

Note that ¥, &, and 0 are all functions of time.

Figure 3

(a) Show that ar = l7r112 (2h tan 0 sec” 9% + 3%tan2 6)
de 3 dt dt

(3 marks)
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(b) Consider the instant when 0 =% radians and V' =37 cubic metres.

(i) Find £ at this instant.

(1 mark)

de
(ii) At this instant, o = % radians per second and the height of the cone is decreasing at

approximately 1.81 metres per second.

Find dl
dt

(3 marks)
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Question 6 (10 marks)

1
a) Show that — = .
@ x—2 x+3 (x—2)(x+3)

(1 mark)
5
Letf(x)=—(x_2)(x+3) .

(b) (i) Draw the graph of y = /(x) on the axes in Figure 4.

>

Figure 4 (3 marks)
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(i) Draw the graph of y = ‘f(x)‘ on the axes in Figure 5.

>

=

Figure 5 (1 mark)

(iii) Draw the graph of y = ‘f(x)‘ — f(x) on the axes in Figure 6.

>

\

> X

Figure 6 (2 marks)
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(c) Find the exact area between the graph of y = ‘f(x)‘ —f(x), the x-axis, and the lines x = -2
and x =1.

(3 marks)
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Question 7 (8 marks)

(a) (i) Use integration by parts to find fxez"dx.

(3 marks)
(i) Use integration by parts to show that

1 1 1 .
szezxdx = Exzezx - Exezx + Zezx + ¢, where ¢ is a constant.

(2 marks)
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(b) Let f(x)=xe".
The graph of y = f(x) for x > 0 is shown in Figure 7.

y

—_———— - - —_— — — =

Figure 7

Find the exact volume of the solid obtained when the region bounded by the graph off(x) on the
interval [0, 1] is rotated about the x-axis.

(3 marks)
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You may write on this page if you need more space to finish your answers to any of the questions in
Question booklet 1. Make sure to label each answer carefully (e.g. 7(a)(i) continued).
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