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1 (i) Write down the dimensions of velocity, acceleration and force. [3]

The force F of gravitational attraction between two objects with masses m, and m,, at a distance r
apart, is given by

Gmlm

72

2

F =

where G is the universal constant of gravitation.
(ii) Show that the dimensions of G are M ~'L3T 2. [2]

(iii) In SI units (based on the kilogram, metre and second) the value of G is 6.67 x 107!

Find the value of G in imperial units based on the pound (0.4536 kg), foot (0.3048 m) and
second. [3]

(iv) For a planet of mass m and radius r, the escape velocity v from the planet’s surface is given

by
2Gm
V= .
r
Show that this formula is dimensionally consistent. [3]

(v) For a planet in circular orbit of radius R round a star of mass M, the time ¢ taken to complete
one orbit is given by

t = kG*MPRY
where k is a dimensionless constant.

Use dimensional analysis to find «, B and y. [5]
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2 (a) Alight inextensible string has length 1.8 m. One end of the string is attached to a fixed point O,
and the other end is attached to a particle of mass 5 kg. The particle moves in a complete
vertical circle with centre O, so that the string remains taut throughout the motion. Air
resistance may be neglected.

(i) Show that, at the highest point of the circle, the speed of the particle is at least 42ms!.
[3]

(ii) Find the least possible tension in the string when the particle is at the lowest point of the
circle. [5]

(b) Fig. 2 shows a hollow cone mounted with its axis of symmetry vertical and its vertex V
pointing downwards. The cone rotates about its axis with a constant angular speed of
o rads™!. A particle P of mass 0.02kg is in contact with the rough inside surface of the cone,
and does not slip. The particle P moves in a horizontal circle of radius 0.32 m. The angle
between VP and the vertical is 6.

Fig. 2

In the case when @ = 8.75, there is no frictional force acting on P.

(i) Show that tan 6 = 0.4. [4]

Now consider the case when o takes a constant value greater than 8.75.
(ii) Draw a diagram showing the forces acting on P. [2]

(iii) You are given that the coefficient of friction between P and the surface is 0.11. Find the
maximum possible value of @ for which the particle does not slip. [6]
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3 Ben has mass 60 kg and he is considering doing a bungee jump using an elastic rope with natural
length 32 m. One end of the rope is attached to a fixed point O, and the other end is attached to
Ben. When Ben is supported in equilibrium by the rope, the length of the rope is 32.8 m.

To predict what will happen, Ben is modelled as a particle B, the rope is assumed to be light, and
air resistance is neglected. B is released from rest at O and falls vertically. When the rope becomes
stretched, x m denotes the extension of the rope.

(i) Find the stiffness of the rope. (2]
(i) Use an energy argument to show that, when B comes to rest instantaneously with the rope
stretched,
x*—16x—512 = 0.
Hence find the length of the rope when B is at its lowest point. [6]

(iii) Show that, while the rope is stretched,

d2
S 4 1225r =98
dr

where ¢ is the time measured in seconds. [4]

(iv) Find the time taken for B to travel between the equilibrium position (x = 0.8) and the lowest
point. [3]

(v) Find the acceleration of B when it is at the lowest point, and comment on the implications for
Ben. [3]
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4 In this question, a is a constant with a > 1.

1
Fig. 4 shows the region bounded by the curve y = — for I < x < a, the x-axis, and the lines x = 1
X

and x = a.

Fig. 4

This region is occupied by a uniform lamina ABCD, where Ais (1,1),Bis (1,0), Cis (a,0) and

Dis (a,%). The centre of mass of this lamina is (X, 7).
a
o e A _ a—1
(i) Find x in terms of a, and show that y = T o [8]
6(a®—a?)

(ii) In the case a = 2, the lamina is freely suspended from the point A, and hangs in equilibrium.
Find the angle which AB makes with the vertical. [3]

The region shown in Fig. 4 is now rotated through 27 radians about the x-axis to form a uniform
solid of revolution.

(iii) Find the x-coordinate of the centre of mass of this solid of revolution, in terms of a, and show
that it is less than 1.5. [7]
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