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1. A patticle P moves on the positiveaxis. When the displacement®from O is x metres, its
acceleration is (6 4X) m s2, measured in the direction »increasing. InitiallyP is atO and
the velocity ofP is 4 m st in the directiorOx.

Find the distare of P from O whenP is instantaneously at rest. (6 marks)

2. A light elastic stringAB has one end attached to a fixed point on a ceiling. A partiblef
mass 0.3 kg is attached Bo WhenP hangs in equilibrium withAB vertical, AB = 100 cm.

The particleP is replaced by another particeof mass 0.5 kg. Whe® hangs in equilibrium
with AB vertical,AB = 110 cm. Find

(a) the natural length of the string, (5 marks)

(b) the modulus of elasticity of the string. (2 marks)

Fig. 1

A particleP of massmis attached to one end of a light inextensible string of lengtiTi3e
other end of the string is attached to»ed pointA which is a vertical distanca above a
smooth horizontal table. The particle moves on the table in a circle whose Cergre
vertically belowA, as shown in Fig. 1. The string is taut and the spePdo2V(ag).

Find
(a) the tension in th string, (6 marks)
(b) the normal reaction of the table Bn (4 marks)
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Fig. 2

A small smooth beaB of mass 0.2 kg is threaded on a smooth horizontal wire. The Aoint
is on the sam horizontal level as the wire and at a perpendicular disthfrcen the wire.
The pointO is the point on the wire nearestApas shown in Fig. 2. The bead experiences a
force of magnitude 2B) newtons in the directioBA towardsA. Initially B is at rest with
OoB=2m.

(a) Prove thaB moves with simple harmonic motion ab&@ytwith period%[ s. (5marks)

(b) Find the greatest speed®fn the motion. (2 marks)

(c) Find the time wheB has first moved a distance 3 m framinitial position. (4 marks)

In a “test your strength” game at an amusement park, competitors l@hdroé a small lever

with a hammer, causing the other end of the lever to strike a ball which then maaes |
vertical tube whose total height agljustable. The ball is attached to one end of an elastic
spring of natural length 3 m and modulus of elasticity 120 N. The mass of the ball is 2 kg.
The other end of the spring is attached to the top of the tube. The ball is modelled as a
particle, the spng as light and the tube is assumed to be smooth.

The height of the tube is first set at 3 m. A competitor gives the ball an initial speed
of 10 m st.

(a) Find the height to which the ball rises before coming to rest. (6 marks)

The tube is now adjusted by reducing its height to 2.5 m. The spring and the ball remain
unchanged.

(b) Find the initial speed which the ball must now have if it is to rise by the same distance a
in part @). (5 marks)
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6. (a) Show, by integration, that the centre of mass of a uniform right cone, of mdind
heighth, is a distance h from the vertex of the cone.
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Fig. 3

A uniform right coneC, of radiusa and heighth, has vertexA. A solid Sis formed by
removing fromC another cone, of radiudaand height;h, with the same axis &. The

plane faces of the two comeoincide, as shown in Fig. 3.

(b) Find the distance of the centre of masStybm A. (7 marks)

7. A smooth solid hemisphere is fixed with its plane face on a horizontal table anuoviesl
surface uppermost. The plane face of the hemispleredntreD and radiusa. The pointA
is the highest point on the hemisphere. A partitlis placed on the hemisphereAatlt is
then given an initial horizontal speadwhereu? = 1 (ag). WhenOP makes an anglé with

OA, and whileP remains on the hemisphere, the spedeisiv.

(@) Find an expression faf. (3 marks)
(b) Show that, whe = arccos 0.9R is still on the hemisphere. (5 marks)
(c¢) Find the value of co8 whenP leaves the hemisphere. (2 marks)
(d) Find the value o¥ whenP leaves the hemisphere. (2 marks)

After leaving the hemispheRstrikes the table &.

(e) Find the speed d? atB. (2 marks)
(f) Find the angle at which strikes the table. (3 marks)

END
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Alternative Question 2:

2. Two light elastic stringé®\B andBC are joined aB. The stringAB has natural length 1 m and
modulus of elasticity 15 N. The stri8fC has natural length 1.2 m and modulus of elasticity
30 N. The endsA and C are attached to fixed pas 3 m apart and the strings rest in
equilibrium withABC in a straight line.

Find the tension in the combined stridG. (7 marks)
Question Scheme Marks
number

2. 1.0 X B y 1.2
Al I I | |C

Extensions< andy

15¢_ 30y

T 1 Use of Hooke’s law corregtlonce | g1

Tensidhissame| M1
1+x+12+y=3

= y=0.8X yin terms ofx | M1
12

= 18 =24- 3K srlve 1

=x=0.5 Al

HenceT = 22205 _ 75 Al
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