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1 (a) (i) Write down the dimensions of force and the dimensions of density. [2]

When a wire, with natural length l0 and cross-sectional area A, is stretched to a length l, the
tension F in the wire is given by

F = EA(l − l0)
l0

where E is Young’s modulus for the material from which the wire is made.

(ii) Find the dimensions of Young’s modulus E. [3]

A uniform sphere of radius r is made from material with density ρ and Young’s modulus E.
When the sphere is struck, it vibrates with periodic time t given by

t = krαρβEγ

where k is a dimensionless constant.

(iii) Use dimensional analysis to find α , β and γ . [5]

(b) Fig. 1 shows a fixed point A that is 1.5 m vertically above a point B on a rough horizontal surface.
A particle P of mass 5 kg is at rest on the surface at a distance 0.8 m from B, and is connected
to A by a light elastic string with natural length 1.5 m.

P

A

1.5 m

0.8 m

B

+

Fig. 1

The coefficient of friction between P and the surface is 0.4, and P is on the point of sliding. Find
the stiffness of the string. [8]
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2 (a) A small ball of mass 0.01 kg is moving in a vertical circle of radius 0.55 m on the smooth inside
surface of a fixed sphere also of radius 0.55 m. When the ball is at the highest point of the circle,
the normal reaction between the surface and the ball is 0.1 N. Modelling the ball as a particle and
neglecting air resistance, find

(i) the speed of the ball when it is at the highest point of the circle, [3]

(ii) the normal reaction between the surface and the ball when the vertical height of the ball
above the lowest point of the circle is 0.15 m. [5]

(b) A small object Q of mass 0.8 kg moves in a circular path, with centre O and radius r metres,
on a smooth horizontal surface. A light elastic string, with natural length 2 m and modulus of
elasticity 160 N, has one end attached to Q and the other end attached to O. The object Q has a
constant angular speed of ω rad s−1.

(i) Show that ω2 = 100(r − 2)
r

and deduce that ω < 10. [4]

(ii) Find expressions, in terms of r only, for the elastic energy stored in the string, and for the
kinetic energy of Q. Show that the kinetic energy of Q is greater than the elastic energy
stored in the string. [4]

(iii) Given that the angular speed of Q is 6 rad s−1, find the tension in the string. [3]

3 A particle is oscillating in a vertical line. At time t seconds, its displacement above the centre of the
oscillations is x metres, where x = A sin ωt + B cos ωt (and A, B and ω are constants).

(i) Show that
d2x

dt2
= −ω2x. [3]

When t = 0, the particle is 2 m above the centre of the oscillations, the velocity is 1.44 m s−1 downwards,
and the acceleration is 0.18 m s−2 downwards.

(ii) Find A, B and ω . [6]

(iii) Show that the period of oscillation is 20.9 s (correct to 3 significant figures), and find the amplitude.
[3]

(iv) Find the total distance travelled by the particle between t = 12 and t = 24. [5]

[Question 4 is printed overleaf.]
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4 Fig. 4.1 shows the region R bounded by the curve y = x
−1

3 for 1 ≤ x ≤ 8, the x-axis, and the lines x = 1
and x = 8.

O
x

y

1 8

R

y x=
1

3

Fig. 4.1

(i) Find the x-coordinate of the centre of mass of a uniform solid of revolution obtained by rotating
R through 2π radians about the x-axis. [6]

(ii) Find the coordinates of the centre of mass of a uniform lamina in the shape of the region R. [8]

(iii) Using your answer to part (ii), or otherwise, find the coordinates of the centre of mass of a uniform

lamina in the shape of the region (shown shaded in Fig. 4.2) bounded by the curve y = x
−1

3 for
1 ≤ x ≤ 8, the line y = 1

2
and the line x = 1. [4]

O
x

y

1 8

y x=
1

3

Fig. 4.2

1

2
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)

4763: Mechanics 3 

General Comments 
 
Most candidates performed well on this paper, and were able to demonstrate a sound working 
knowledge of the topics being examined. Very few seemed to have any difficulty completing the 
paper in the time allowed. Nearly half the candidates scored 60 marks or more (out of 72) and 
very few scored fewer than half marks. 
 
 
Comments on Individual Questions 
 
1)  This question (on dimensional analysis and elasticity) was very well answered. 

About 40% of candidates scored full marks, and the average mark was about 15 
(out of 18). 

   
 (a) In part (i), the dimensions of force were almost invariably given correctly, but quite 

a few candidates gave the wrong dimensions for density. 
In part (ii), the dimensions of Young’s modulus were usually found correctly, 
although some thought that  was dimensionless.  ( 0ll −
In part (iii), the method for finding the powers was well understood and frequently 
carried out accurately. Previous errors often trivialised the problem, so that follow-
through marks could not always be awarded. 

   
 (b) Those who wrote down the correct equations from resolving horizontally and 

vertically were usually able to manipulate these, together with the condition for 
limiting friction and Hooke’s law, to obtain the stiffness of the string correctly. 
However, a very common error was to assume that the normal reaction was equal 
to the weight of the particle P. 

   
2)  Only about 10% of candidates scored full marks on this question (on circular 

motion), and the average mark was about 14 (out of 19). 
   
 (a) In part (i), the speed of the ball at its highest point was very often found correctly, 

although the weight often appeared in the equation of motion with the wrong sign, 
and was sometimes omitted altogether. 
Part (ii) caused many difficulties for the candidates. Although the correct methods 
were seen fairly often, sign errors and other careless slips frequently spoilt the 
work. Some candidates did not consider energy at all, assuming either that the 
speed was constant or that the vertical forces were in equilibrium. 

   
 (b) Most candidates had no difficulty obtaining the result in part (i), although the 

deduction that ω < 10 was often missing or incomplete; it was not sufficient just to 
show that →ω 10 as r . ∞→
In part (ii), the expression for elastic energy was usually found correctly, although 
some forgot the factor ½ and some forgot to square the extension. It was quite 
common for the kinetic energy to be taken as ½  instead of ½ . Even 
when both expressions were correct, many candidates could not show that the 
kinetic energy was greater than the elastic energy. 

2ωm 2)( ωrm

In part (iii), most candidates were able to find the tension correctly. 
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3)  About 20% of the candidates scored full marks on this question (on simple 
harmonic motion), and the average mark was about 12 (out of 17). 
Most candidates obtained the result in part (i) correctly. 
In part (ii), the values of A, B and ω  were usually found correctly. The most 
common error was to obtain A = +4.8 instead of A = -4.8, resulting from an 
incorrect sign for the initial velocity. 
In part (iii), almost all candidates obtained the given period. The majority also 

found the amplitude correctly. The most common methods were to use 22 BA +  
or apply  to the initial values; a third method, finding the 
maximum value of x by differentiation, was occasionally used successfully. Some 
candidates did not seem to know how to find the amplitude, or assumed that it 
was A. 

)( 2222 xav −= ω

In part (iv), most candidates evaluated x when t = 12 and when t = 24 (although 
some were working in degrees instead of radians). However, very many simply 
subtracted these values to calculate the distance travelled. Those who did 
consider the change in direction of the particle’s motion quite often obtained the 
correct answer. Some candidates rather strangely integrated the expression for x 
between t = 12 and t = 24. 

   
4)  This question (on centres of mass) was answered very well, with about 40% of 

candidates scoring full marks, and an average mark of about 15 (out of 18). 
The techniques for finding the centre of mass of a solid of revolution in part (i), 
and of a lamina in part (ii), were very well understood and usually applied 
accurately (although there were some errors in integration and evaluation). 
In part (iii), most candidates knew how to find the centre of mass of the shaded 
region obtained by removing a rectangle from the lamina R. However, a very 
common error here was to take the area of the rectangle to be 4 instead of 3.5. 
This led to 1=y , which is very obviously wrong, but the candidates did not 
appear to be at all concerned. 
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