Question One

a)
i)
i)

b)

i)
i)
iD)

In a factory that makes metal containers, it is found that 2% of containers have defects.
Find the probability that a random samples of 20 has no defective containers.
Find the probability that a random sample of 20 has no more than one defective containers.

A committee of ten people, including three teenagers, sit around a round table.
Find the number of different arrangements of the committee around the table if all the three
teenagers want to sit together. Give reasons.

Initially when an object falls from rest through a resisting liquid, the rate of change of its

velocity (v) at time ¢ seconds is given by % = —k(v—600), where k is a positive constant.

Show that v =600+ Pe™™ is a solution to the differential equation for some constant P.
If the velocity of the object at # = 3 is 25m/s, find the values of P and £.
Find the velocity of the object at ¢ = 10.

Question Two (Start a New Page)

a)

i)
i)
i)
b)
i)
i)

The following information relates to parts a) and b).

Two particles are moving in a straight line. x is the displacement in metres from a fixed point
O on the line, ¢ is the time in seconds , v is the velocity in m/s and a is the acceleration in

m/s?.

For the first particle: Its velocity is v m/s and acceleration is given by a = x + E

Initially the particle is 5 m to the right of O and moving towards O with a speed of 6 m/s.

Is the particle initially speeding up or slowing down? Give reasons.
Show that v? = x* +3x—4.
Find where the particle changes direction. Give reasons.

For the second particle: Its velocity v is given by v = Jx and acceleration is @ m/s?.
Initially the particle is 1 m to the right of O .

Show that a is independent of x.

Express x in terms of z.

Question Three (Start a New Page)

a)

i)
i)

b)

i)
i)

After ¢ hours, the number of individuals in a population is given by N =500 —400e %" .

Show that ‘Z—Ztv ~ 0.1(500 N).

Find the population size for which the rate of growth of the population is half the initial rate of
growth.

An isolated insect population (P) is attached to a single plant which has a carrying capacity of
100 insects at time ¢. Its logistic law of growth is given by CZJ—I; =0.001P(100 - P).

Show that P = 100

1_'_(]3-))60.1[ .

If initially P =10, find .
Given that P = 85.85 when ¢ = 40, sketch the graph of the function P(¢).
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Question Four (Start a New Page)

a)

b)

d)

There are 3 red, 3 blue and 2 yellow cars. They are to be parked in line.
If the yellow cars are not parked together, find the number of different arrangements
(assuming cars of the same colour are identical).

Four people visit a town with four restaurants 4, B, C and D. Each person chooses a
restaurant at random.
Find the probability that they all choose different restaurants.

From a deck of 40 cards, there are 10 yellow, 10 blue, 10 green and 10 red.

10 cards are chosen at random.

Find the probability that there is at least one blue chosen if it is known that no yellow cards
were chosen.

The displacement x metres from the origin after # seconds of a particle moving in a straight
line is given by x =sin®3¢, ¢>0.
Show that the particle undergoes simple harmonic motion.

Question Five (Start a New Page)

a)

b)

)
i)
i)

A particle is oscillating between 4 and B, 7m apart, in Simple Harmonic Motion.
The time for the particle to travel from 4 to B and back is 3 seconds.
If O is the centre of 4B and M is the mid-point of OB, find the speed of the particle at M.

The acceleration of a particle moving on the x-axis is given by a = x — 2 where x is the

displacement from the origin in metres after z seconds and a is in m/s?.
Initially the particle is at rest at the position x = 3.

If v is the velocity in m/s at any position x, show that v = (x —1)(x —3)
Describe the motion of the particle.
Find the acceleration of the particle when its velocity is 26 m/s?.

Question Six (Start a New Page)

a)

i)
i)
i)

b)

i)

Ming has a tank containing 10 tagged fish and 50 untagged fish. Each day he selects 4 fish at

random and places them together in a separate tank for observation.
They are returned to the original tank later on the same day.

What is the probability of selecting no tagged fish on a given day?
What is the probability of selecting at least one tagged fish on a given day?
Find the probability of selecting no tagged fish on exactly 3 days of the week.

In a tidal river, the top of an anchorage post measured 0.8 metres below the water level at
high tide and 0.2 metres above the river level at low tide. High tide occurred at 6.30am and
low tide occurred at 12.35pm on the day that the measurements were taken.

The motion of the tide can be assumed to be simple harmonic.

Show that the period of the motion is 730 minutes.

Assuming the day started at 12am, find the first time period of the day when there was at
least 0.5 metres of water above the top of the old anchorage post. Answer to the nearest
minute.
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Question Seven (Start a New Page)

One method to score a home run in a baseball game is to hit the ball over the boundary fence
on the full.

Diagram not to scale

Y Y
A A
75m/s
50m/s ©
2m fence
) ﬁ ‘
0 « g
<+ 200m >< 200m ——

A ball is hit at 50 metres per second with an angle & to the horizontal.
The fence 200 metres away is 2 metres high.

Write down the 6 equations of motion of the ball in the x and y directions (neglect air
resistance and take acceleration due to gravity as 10m/s?).

Show the ball would just clear the 2 metre high boundary fence when
40tan® @ -100tan & + 41=0, where @ is the angle of projection.

In what range must @ lie to score a home run by this method ?
In an adjacent field, another ball which is 200m away from the other side of the fence is hit

at the same instant at 75m/s with an angle « to the horizontal.
The two balls collide as shown in the above diagram.

Assuming @ =30, find the angle of projection « of the second ball .

Find the time when the balls collide.

End of Paper
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