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You have three hours to complete this examination.

QUESTION ONE (8 marks)
(a) We are always looking for more efficient ways to store and stack
things.

Cross sections tell us a lot about the stack and the space being filled.
Figure 1 shows the cross section of a hexagonal stack.

Show that the area of a regular hexagon with edge length s millimetres

. 3, .
is TS square millimetres.

Hence show that the total area of the hexagonal stack in Figure 1

Figure 1

is 24\/§s2 square millimetres.

(b)  Although a single cell of a bee’s honeycomb has a hexagonal base, it
is not a hexagonal prism. The complete cell more commonly has the
shape shown in Figure 2.

The surface area of this cell is given by

A=6hs+%s2(ﬂ+£J

sin@ sin@

where 4, s, 6 are as shown in Figure 2.

Keeping % and s fixed, for what angle, 6, is the surface area a
minimum?

You do not need to prove it is a minimum. e

R G

(c) Another cell, as described in part (b) above, has s not fixed, but . ‘
Figure 2

. : . . T
increasing at a rate proportional to sinf, where 0 <6 < 5

This rate is equal to \/5 when 60 = %

Keeping / fixed, at what rate is the surface area decreasing when 6 is equal to the value found in
part (b) above? Give your answer in surd form, in terms of / and s.



QUESTION TWO (8 marks)

(a)

(b)

(©)

Solve the equation (z + 1)* = 8, where z is a complex number.
Give your answers in terms of w, where w is a complex number and w? = 1.
Hence, or otherwise, show that the sum of the roots of (z + 1)* = 8 is -3.

Solve the equation (z + 1)} = 8 (z — 1), giving exact answers in the form a + ib, where i= J-1.

Plot the three solutions to the equation in part (b) in the complex plane as the points A, B, and C.

Plot the three solutions to the equation

Y 1Y
(_Hj :8(__1]
z z
in the complex plane as the points E, F, and G.

Show that the ratio of the areas of the two triangles ABC and EFG is given by:

AABC 81

AEFG 49



QUESTION THREE (8 marks)

é N B 1
@) x P-x x(P-x)
Find 4 and B in terms of P,

where x is a variable, and P is a constant.

(b)  When a rumour about a teacher is started in a school of size P students, it spreads at a rate (in
students per day) that is proportional to the product of the number of students who know the
rumour, N, and those who do not.

Find an expression for the number of students, N, who know the rumour after 7 days.

(c) For a particular rumour about a teacher, 0.5% of the students know the rumour initially. The
principal will need to act to stop the rumour once more than half the school’s students know it.

1 .. .
When 3 of the students know the rumour, the number who know the rumour is increasing at a rate
of 0.08P students per day.

How long will it be before the principal must act?



QUESTION FOUR (8 marks)

(a) Iff(x), g(x), and A(x) are real functions of x, show that

when h(x)=[ f(0)]"”

f'(x))

then ') =[ f(x) ] [g’(x)ln[f(x)]+g(x) o

(b) Using the ‘Super-Power rule’ in part (a) above, or otherwise, find
=Inx)"p'(x)dx
when p(x) = xIn(Inx).

(c) Find the condition for g(x) to be exactly divisible by x — 1, for
gx)=—(2x—a)*+bx+c
where a, b and ¢ are constants.
Hence or otherwise, fully factorise g(x) and find ALL solutions of the equation

—(2x-1)*+8x-7=0.



QUESTION FIVE (8 marks)

A curve is defined by its parametric equations

x=secH—1,y=2tan6 + 2, where -1 <60 <m,and 6 | :g.

(a) Find the Cartesian equation of the curve.

(b) The normal at the point P, where 0 = %, meets the curve again, at the point Q,

in the region where x < 0.

Find the y-coordinate of Q in the form % , where a and b are integers.

(c) The tangent at the point R is parallel to the tangent at P.

Find the y-coordinate of the point S where the normal at R meets the curve again, in the region
where x > 0.



