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Question 1

MATHMET CAT3

Steffi has a die which is loaded, that is, it is biased. When the die is rolled, the probability of obtaining a
particular number of dots (the score), X, on the uppermost face is shown in the following table.

X

2

3

4

5

Pr(X =x)

2p

3p

4p

5p

a. Ifp= —2—1(—) , find the exact value of g.

2 marks
b. Steffi rolled the die twice.
i.  Find the exact probability that both the scores were sixes.
ii. Find the exact probability that the sum of the scores was 9.
iii.  Find the exact probability that, if the sum of the scores was 9, then one of the scores was 6.

143+ 3=T7marks

Question 1 — continued
. TURNOVER
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c.  Steffi rolled the die 5 times. What is the 2xact probability of obtaining at least 2 scores of two?

3 marks

d.  Steffirolled the die n times. Find the least value of n for which the probability of obtaining at least 1 score
of two is greater than 0.5.

4 marks

Total 16 marks
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Working space

TURN OVER
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Question 2

On the island of Shtam, the populations (in thousands) of two different types of insect, the Green, Admiral
butterfly and the Blue Captain moth, can be modelled by the following relations

Green Admiral butterfly: G(f) = a + bsin(mr)
Blue Captain moth: B(1) = ¢ — dsin(n?)

where ¢ is the time in years from when the observations of the populations started and a, b, ¢, d, m and n are
positive constants.

The graphs of G(z) and B(#) for the first 2 years are shown on the axes below.

P
A

300

250
—— P = B(1)

200

population in

thousands — P =0G(1)

150

100

50

o 0.5 - 1 1.5 2

years

a. i. State the values for a, b and m and hence write down the rule for G(f).

ii. State the values for ¢, d and n and hence write down the rule for B(f).

2 + 2 =4 marks
Question 2 — continued



7 MATHMET CAT 3

b. How many times over a 20-year period will B(r) reach its maximum value?

1 mark

c.  Use the graphs to determine the times between ¢ = 0.25 and ¢ = 0.75 when the populations are equal, and
state the values of the populations at these times. -

3 marks

d. By solving an appropriate trigonometric equation, find after how many days the populatlon of Blue Captain
moths is first less than 180 000. Give your answer correct to threedecimat-places. \Lk- s P’V’

3 marks

Total 11 marks

TURN OVER
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Question 3

Tasmania Jones intends to build a super roller-coaster ride, a part of the plan of which is shown on the-diagram
below. The ride is different from other rides in that part of the ride (from O to B) is through an underground
tunnel. He has submitted his plan to the local council and he wishes to name the ride ‘Tasmania’s Devil’.

y
C A
)
entrance
to tunnel
id ground level > x
I 0 B
D

The track of ‘Tasmania’s Devil’ ride follows the curve with equation
=L
720

from A to B. C is the highest point of the ride and D is the lowest point in the tunnel. All distances are measured
in metres and the equation of the curve is based on the pair of axes shown in the diagram above.

y (x> + 20x* - 1500x)

a. i. Factorise x> +20x* — 1500x.

ii. Hence state the coordinates of A and B.

2 + 2 = 4 marks

Question 3 - continued
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b. Show that the maximum height above the ground reached by the roller coaster is 50 metres.

3 marks -

¢. Find the greatest depth below the ground of the roller coaster as it passes through the tunnel from O to B.
State your answer to the nearest metre.

2 marks

d. Find the average gradient of the roller-coaster track between C and O.

1 mark

Question 3 - continued
TURN OVER
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e. Find the gradient of the track as it
i. enters the tunnel at O

ii. leaves the tunnel at B.

2 marks

To-advertise the ride, Tasmania Jones plans to erect a sign on the ride as shown below.

~

Tasmania determines the approximate area of the canvas to be used for the sign by finding the area of an

appropriate triangle.

f. i. Draw an appropriate triangle on the diagram and use it to find an approximation to the area of the
sign.

Question 3 — continued
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ii.  Use integration to find the area of the sign to the nearest square metre.

2+3¥5marks

Unfortunately, the council does not approve Tasmania’s plan because the track is too steep at A. Tasmania has
to alter the track so that the gradient of the track does not exceed 4 at any point.

He changes the shape so that the equation of the curve from A to B is
1
y = — (x> + 20x% —1500x),
N .
where N is the least number which will allow the ride to satisfy the council requirement.

g. Find N.

2 marks

h. Explain, without carrying out the calculations, how this change will affect the results of f.

2 marks
Total 21 marks

TURN OVER
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Question 4

The current, I microamperes, passing through a particular microchip ¢ seconds after a switch is closed, 1
modelled by the equation :

I=—g(* =111+ 32)e" +10, 0< 1<6, where g is a positive constant.
q

a. Find the initial current in terms of g. -

1 mark

dl . . . P
b. Find an expression for o and hence find the time r, 0<1 < 6 when the current is maximum. Briefly justify

that this time corresponds to a local maximum.

7 marks

Question 4 — continued
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¢. The maximum current in the microchip is measured to be 5 microamperes. Find the value of g correct to
three decimal places.

2 marks

d. Determine whether the least value for I occurs when 1 = 2. Give reasons for your answer.

2 marks

Total 12 marks

END OF QUESTION AND ANSWER BOOKLET
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