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Figurel

A particle P of mass m is attached to one end of a light string. The other end of the string is
attached to a fixed point A. The particle moves in a horizontal circle with constant angular speed @
and with the string inclined at an angle of 60° to the vertical, as shown in Fig. 1. The length of the
stringisL.

(&) Show that the tension in the string is 2mg.

1)
(b) Find wintermsof gand L.

(4)
The string is elastic and has natural length 2 L.
(c) Find the modulus of elasticity of the string.

@)

A particle P moves along the x-axis. At time t seconds its acceleration is (-4 ) ms? in the
direction of x increasing. When t = 0, P is at the origin O and is moving with speed 1 ms ™ in the
direction of x increasing.

(8) Find an expression for the velocity of P at timet.
©)
(b) Find the distance of P from O when P comes to instantaneous rest.

(6)
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Above the earth’s surface, the magnitude of the force on a particle due to the earth’s gravity is
inversely proportional to the square of the distance of the particle from the centre of the earth.
Assuming that the earth is a sphere of radius R, and taking g as the acceleration due to gravity at the
surface of the earth,

() prove that the magnitude of the gravitational force on a particle of mass mwhen it is a distance
mgR’
X

X (x> R) from the centre of the earth is
©)

A particle is fired vertically upwards from the surface of the earth with initia speed u, where
w’= 2 gR Ignoring air resistance,

(b) find, intermsof g and R, the speed of the particle when it is at a height 2R above the surface of
the earth.
(7)

A particle P of mass m is attached to one end of a light elastic string of length a and modulus of
elasticity %mg The other end of the string is fixed at the point A which is at a height 2a above a

smooth horizontal table. The particle is held on the table with the string making an angle £ with the
horizontal, wheretan g= 2.

(&) Find the elastic energy stored in the string in this position.
©)

The particleis now released. Assuming that P remains on the table,

(b) find the speed of P when the string is vertical.
3

By finding the vertical component of the tension in the string when P is on the table and AP makes
an angle @ with the horizontal,

(c) show that the assumption that P remainsin contact with the tableis justified.
)
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A piston in a machine is modelled as a particle of mass 0.2 kg attached to one end A of a light
elastic spring, of natural length 0.6 m and modulus of elasticity 48 N. The other end B of the spring
is fixed and the piston is free to move in a horizontal tube which is assumed to be smooth. The
piston is released from rest when AB = 0.9 m.

(&) Prove that the motion of the piston is simple harmonic with period 11 S.

(5)
(b) Find the maximum speed of the piston.
@)

(c) Find, intermsof 7, the length of time during each oscillation for which the length of the spring
islessthan 0.75 m.

()

N13892A 4

PMT



Figure2

A uniform solid cylinder has radius 2a and height ga. A hemisphere of radius a is removed from

the cylinder. The plane face of the hemisphere coincides with the upper plane face of the cylinder,
and the centre O of the hemisphere is aso the centre of this plane face, as shown in Fig. 2. The
remaining solidis S.

(&) Find the distance of the centre of mass of Sfrom O.

(6)

The lower plane face of Srestsin equilibrium on a desk lid which is inclined at an angle 6to the
horizontal. Assuming that the lid is sufficiently rough to prevent S from dlipping, and that Sis on
the point of toppling when 6= «,

(b) findthevalueof a.
©)

Given instead that the coefficient of friction between Sand the lid is 0.8, and that Sis on the point
of dliding down the lid when 6= g,

(c) findthevaue of £.
©)
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Figure3

A particle P of mass mis attached to one end of a light inextensible string of length a. The other
end of the string is fixed at a point O. The particle is held with the string taut and OP horizontal.

Itis then projected vertically downwards with speed u, where u? =§ga. When OP has turned

through an angle 6 and the string is still taut, the speed of P isv and thetension inthe string is T, as
shown in Fig. 3.

(a) Find an expression for Vv in terms of a, g and .

)
(b) Find an expression for T interms of m, g and 6.

3
(c) Provethat the string becomes slack when 6= 210°.

@)
(d) State, with areason, whether P would complete avertical circleif the string were replaced by a

light rod.
@)

After the string becomes slack, P moves freely under gravity and is at the same level as O when it
is at the point A.
(e) Explain briefly why the speed of P at Ais \/(% ga).

(1)
The direction of motion of P at A makes an angle ¢ with the horizontal.

() Find ¢.
(4)

END
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