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

The period, t, of a vibrating wire depends on its tension, F, its length, l, and its mass per unit
length, .

(ii) Assuming that the relationship is of the form where k is a dimensionless
constant, use dimensional analysis to determine the values of and [6]

Two lengths are cut from a reel of uniform wire. The first has length 1.2 m, and it vibrates
under a tension of 90 N. The second has length 2.0 m, and it vibrates with the same period as
the first wire.

(iii) Find the tension in the second wire. (You may assume that changing the tension does not
significantly change the mass per unit length.) [4]

(b) The midpoint M of a vibrating wire is moving in simple harmonic motion in a straight line,
with amplitude 0.018 m and period 0.01s.

(i) Find the maximum speed of M. [3]

(ii) Find the distance of M from the centre of the motion when its speed is 8 m s–1. [4]

g .a , b
t � kF a l b s g ,

s
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2 (a) A moon of mass moves round a planet in a circular path of radius 
completing one orbit in a time of Find the force acting on the moon. [4]

(b) Fig. 2 shows a fixed solid sphere with centre O and radius 4 m. Its surface is smooth. The point
A on the surface of the sphere is 3.5 m vertically above the level of O. A particle P of mass 
0.2 kg is placed on the surface at A and is released from rest. In the subsequent motion, when
OP makes an angle q with the horizontal and P is still on the surface of the sphere, the speed
of P is v ms–1 and the normal reaction acting on P is R N.

Fig. 2

(i) Express in terms of [3]

(ii) Show that [4]

(iii) Find the radial and tangential components of the acceleration of P when [4]

(iv) Find the value of at the instant when P leaves the surface of the sphere. [3]q

q � 40°.

R � 5.88 sin q � 3.43.

q .v2

A

4m

q

3.5m

v

O

P

2.4 � 10 6 s.
3.8 � 10 8 m,7.5 � 1022 kg
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3 A light elastic rope has natural length 15 m. One end of the rope is attached to a fixed point O and
the other end is attached to a small rock of mass 12 kg.

When the rock is hanging in equilibrium vertically below O, the length of the rope is 15.8 m.

(i) Show that the modulus of elasticity of the rope is 2205 N. [2]

The rock is pulled down to the point 20 m vertically below O, and is released from rest in this
position. It moves upwards, and comes to rest instantaneously, with the rope slack, at the point A.

(ii) Find the acceleration of the rock immediately after it is released. [3]

(iii) Use an energy method to find the distance OA. [5]

At time t seconds after release, the rope is still taut and the displacement of the rock below the
equilibrium position is x metres.

(iv) Show that [4]

(v) Write down an expression for x in terms of t, and hence find the time between releasing the
rock and the rope becoming slack. [4]

4 The region between the curve and the x-axis, from to , is occupied by a
uniform lamina. The units of the axes are metres.

(i) Show that the coordinates of the centre of mass of this lamina are [9]

This lamina and another exactly like it are attached to a uniform rod PQ, of mass 12 kg and length
8 m, to form a rigid body as shown in Fig. 4. Each lamina has mass 6.5 kg. The ends of the rod are
at and The rigid body lies entirely in the plane.

Fig. 4

(ii) Find the coordinates of the centre of mass of the rigid body. [5]

The rigid body is freely suspended from the point and hangs in equilibrium.

(iii) Find the angle that PQ makes with the horizontal. [4]

A(2, 4)

y

xP O Q4m 2m 2m

4m

A

(x, y)Q(4, 0) .P(�4, 0)

(0.75, 1.6).

x � 2x � 0y � 4 � x 2

d2x

dt2 � �12.25x .
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General Comments 

 
The scripts were generally of a high standard, with half the candidates scoring 60 marks or more out of 72. 
The questions were usually answered confidently and accurately, and the only topics which caused 
significant difficulty were circular motion and simple harmonic motion. 
 
Comments on Individual Questions 
 
1) This question, on dimensions and simple harmonic motion, was very well answered, and 

the average mark was about 16 out of 18. 
In part (a), almost all candidates knew the dimensions of force, and understood how to 
find the indices γβα and, , although some made errors when solving the equations. 
The tension in the second wire was very often found correctly, although some 
candidates assumed that the mass, rather than the mass per unit length, remained 
constant. 
The simple harmonic motion problem in part (b) was usually answered correctly, with 
most candidates using )( 2222 xAv −=ω . Those working from tAx ωsin=  were more 
inclined to make arithmetic errors. 

  
2) This question, on motion in a circle, had an average mark of about 14 out of 18. 

In part (a), about two-thirds of the candidates found the force correctly. The principles 
required were very well known, but many candidates made errors in the calculations, 
especially when finding the angular velocity. 
In part (b)(i), some candidates did not realise that conservation of energy was needed, 
but generally this was well answered apart from frequent errors in the potential energy 
term. 
In part (b)(ii), most candidates correctly considered forces in the radial direction, the 
most common error being omission of the weight. 
In part (b)(iii), very many candidates did not know what was required, and correct 
answers for the tangential acceleration were not at all common. 
In the final part (b)(iv), the condition for the particle to leave the surface was well 
understood. 

  
3) This question, on elasticity and simple harmonic motion, was the worst answered 

question, with an average mark of about 12 out of 18. 
In part (i), the modulus of elasticity was correctly obtained by almost every candidate. 
In part (ii), about one third of the candidates omitted the weight when calculating the 
acceleration. 
In part (iii), some candidates made errors when calculating the elastic energy, but the 
majority set up the energy equation correctly. Having found the vertical distance moved 
by the rock, a significant number omitted the final calculation of the distance OA. 
In part (iv), the correct expression )8.0(147 x+  for the tension usually appeared, and 
about half the candidates derived the differential equation correctly. There was some 
confusion over signs, but the main reason for failure was not writing down an equation 
of motion with three terms. 
Part (v) was rarely answered correctly. Although the form tAx ωcos=  was well known, 
many had 5=A  instead of 2.4=A  or 25.12=ω  instead of 5.3=ω . Only the best 
candidates realised that the rope became slack when 8.0−=x . 



  
4) This question, on centres of mass, was very well answered, with an average mark of 

about 15 out of 18. 
In part (i), the methods for finding the centre of mass of a lamina were well understood, 
and the integrals were evaluated accurately. Most candidates scored full marks. 
In part (ii), the principles were very well understood, although the centre of mass of the 
second lamina was often taken to be )6.1,5.1(  instead of )6.1,75.2( . 
In part (iii), almost all candidates realised that the centre of mass was vertically below 
A, but most were unable to obtain the required angle accurately. Some gave the angle 
between PQ and the vertical instead of the horizontal. 

 


