


ATTEMPT ALL 7 QUESTIONS (70 marks)

QUESTION 1 (10 Marks) COMMENCE A NEW PAGE MARKS

a)  Five cards numbered 1, 2, 3, 4, 5 are arranged at random.
1) How many arrangements are there? 1

(ii) ~ What is the probability that the arrangement finishes with a 247 2
(iii) ~ What is the probability that the last number in the arrangement is odd? 2
(b) The equation of motion of a particle moving along the x-axisis x = Zsin(t + §)=

where x is in metres and ¢ in seconds.

(1) Draw the displacement-time graph for 0 < ¢ < %—TE . 2

(ii)  When does the particle first change direction and where is it at this time? 2

(iii)  Find the distance travelled by the particle in the first %ﬂ seconds. 1

QUESTION 2 (10 Marks) COMMENCE A NEW PAGE

(a) A particle moves in a straight line so that its acceleration as a function of

2
displacement is given by ? =1 — 4x. Initially x = 1.25 cm and v = 0.

2
(i) Show that the motion is simple harmonic. 1
(ii) Find the amplitude, period and centre of motion. 3
(iii) Find the velocity when ¢ = (1.2 seconds. 2
(iv) Describe briefly what would have happened if the motion had 1

commenced at x = 0.25 with v = 0.

(b) A container with capacity A litres is being filled with water. After ¢ minutes the 3
volume V litres of water in the container is given by ¥V = A(1 — e~**) for some
constant k > 0.

If one quarter of the container is filled in the first two minutes, find what fraction
of the container is filled in the next two minutes.
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QUESTION 3 (10 Marks) COMMENCE A NEW PAGE MARKS

(a) During a chemical reaction the amount, A grams, of a substance unconverted after ¢
hours is given by the formula 4 = 4 + e~3%¢,
(i) Showthat =2 = —3k(A - 4). 1
(if) Ifinitially A decreases at the rate of 0.04 grams per hour, find the value 2
of k.
(iii) Using k found in part (ii), sketch the graph of A = 4 + ¢~3k¢ 3
and indicate the values that A can take.
(b) Eight people atiend a meeting. They are provided with two circular tables, one seating
3 people, the other 5 people.
(i) How many seating arrangements are possible? 2
(if)  If the seating is done randomly, what is the probability that a particular 2
couple are on different tables?
QUESTION 4 (10 Marks) COMMENCE A NEW PAGE
(a) A container of water, heated to 100°C, is placed in a coolroom where the temperature
is maintained at —5°C. After ¢ minutes, the rate of change of the temperature, T° C,
of the water is given by Z—I = —k(T + 5), where k is a constant.
(i) Assuming the function 7 = Ae™* — 5, where A is a constant, is a 1
solution to the above differential equation, find the value of A.
(ii) After 20 minutes, the water temperature falls to 30°C. Find, to the 2
nearest degree, the water temperature after a further 10 minutes.
(iii) Find, to the nearest minute, the time the water will need to be in the 2
coolroom before its temperature reaches 0°C.
(b) A small cube has one red face, two blue faces and three green faces. It is rolled three
times.
(i)  Find the number of distinct probability values of the possible outcomes. 1
(if) Find the probability that only one colour appeared in three rolls of the cube. 2
(ili) Find the probability that exactly one blue face appeared in three rolls 2
of the cube.
I m
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QUESTION 5 (10 Marks) COMMENCE A NEW PAGE MARKS

(a) Two bags each contain three marbles, one red and two blue. A marble is 2
is drawn at random from the first bag and placed in the second. A marble is
is the drawn from the second and placed in the first.
Find the probability that each bag still contains one red and two blue marbles.
(b)  The letters of the word PERSEVERE are randomly arranged in a row. Find the 2
probability that the E’s are together and the R’s are together?
(c) A particle vibrates in Simple Harmonic Motion, making 100 oscillations per second.
(i) Show that the acceleration is given by ¥ = —40 00072 x. 2
(ii) If the amplitude of the motion is 20 cm, calculate the speed of the particle at
) the centre of its motion. 3
B) the extremities of its motion. 1
QUESTION 6 (10 Marks) COMMENCE A NEW PAGE
(a) A garden hose releases a stream of water with a velocity of 20 m s™ at an angle of &
to the horizontal. The water streams toward a high wall 20 m away on level ground.
Y
/'y
h
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Of¢—20m —»
Given x = 20tcosa and y = 20tsina — 5t%,
where x and y are the horizontal and vertical dlsplacements of the stream of water
from O at any time t, g = 10 m s™ and the coordinate axes are taken as shown.
(i)  Find the equation of the path of the stream of water in terms of x,y and a. 1
(ii) Show that the height k at which the water hits the wall is given by 2
h =20tana — 5(1 + tan? ).
(iii) Using part (ii), show that the maximum value of h occurs when 2
tana = 2 and find this maximum height.
T ] - — — —
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(b) A particle moves in a straight line so that after £ seconds its velocity is
vm s and its displacement is x.

2
(i) Given that %z 10x —2x’ and that v = 0 whenx = —1, find v in 3
terms of x.
(i1) Explain why the motion cannot exist between x = —1 and x = 1. 2
QUESTION 7 (10 Marks) COMMENCE A NEW PAGE

The diagram below shows the path of a projectile fired from the top of a cliff, 0. Its initial
velocity is V m s, its initial angle of elevation is & and it rises to a maximum height h
metres above 0. It strikes a target T situated on a horizontal plane h metres below 0.

y
»
|4
h .........
g
> X
0 \
—-h
T
a) Given that = —g and ¥ = 0, derive equations for y and x as functions of time. 2
VZsin? @ . . .
b) Prove that h = T , where g is acceleration due to gravity. 3
c) Prove that the time taken for the projectile to reach its target is 3
v(1+ v2)sin@
(1+ V2)sin seconds.
g
d) Show that the distance from the target to the base of the cliff is 2
V2(1+vZ)sin28
(1+v2)sin tmetres.
2g
© END OF EXAMINATION ©
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