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• Answer all the questions.
• Do not write in the bar codes.
• You are permitted to use a graphical calculator in this paper.

• Final answers should be given to a degree of accuracy appropriate to the context.

• The acceleration due to gravity is denoted by g m s
−2

. Unless otherwise instructed, when a numerical value
is needed, use g = 9.8.

INFORMATION FOR CANDIDATES

• The number of marks is given in brackets [ ] at the end of each question or part question.

• You are advised that an answer may receive no marks unless you show sufficient detail of the working to
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Section A (24 marks)

1 At time t a rocket has mass m and is moving vertically upwards with velocity v. The propulsion

system ejects matter at a constant speed u relative to the rocket. The only additional force acting on

the rocket is its weight.

(i) Derive the differential equation m
dv

dt
+ u

dm

dt
= −mg. [4]

The rocket has initial mass m
0

of which 75% is fuel. It is launched from rest. Matter is ejected at a

constant mass rate k.

(ii) Assuming that the acceleration due to gravity is constant, find the speed of the rocket at the

instant when all the fuel is burnt. [8]

2 A particle of mass m kg moves horizontally in a straight line with speed v m s−1 at time t s. The total

resistance force on the particle is of magnitude mkv
3
2 N where k is a positive constant. There are no

other horizontal forces present. Initially v = 25 and the particle is at a point O.

(i) Show that v = 4(kt + 2
5
)−2

. [7]

(ii) Find the displacement from O of the particle at time t. [3]

(iii) Describe the motion of the particle as t increases. [2]

Section B (48 marks)

3 A uniform rod AB of mass m and length 4a is hinged at a fixed point C, where AC = a, and can rotate

freely in a vertical plane. A light elastic string of natural length 2a and modulus λ is attached at one

end to B and at the other end to a small light ring which slides on a fixed smooth horizontal rail which

is in the same vertical plane as the rod. The rail is a vertical distance 2a above C. The string is always

vertical. This system is shown in Fig. 3 with the rod inclined at θ to the horizontal.

A

C

B

a

3a

2a

q

Fig. 3

(i) Find an expression for V , the potential energy of the system relative to C, and show that
dV

dθ
= a cos θ(9

2
λ sin θ − mg). [6]

(ii) Determine the positions of equilibrium and the nature of their stability in the cases

(A) λ >
2
9
mg, [10]

(B) λ <
2
9
mg, [4]

(C) λ =
2
9
mg. [4]
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4 Fig. 4.1 shows a uniform cone of mass M, base radius a and height 2a.

y

x

a

2a

Fig. 4.1

O

(i) Show, by integration, that the moment of inertia of the cone about its axis of symmetry is 3
10

Ma2.

[You may assume the standard formula for the moment of inertia of a uniform circular disc about

its axis of symmetry and the formula V =
1
3
πr2h for the volume of a cone.] [8]

A frustum is made by taking a uniform cone of base radius 0.1 m and height 0.2 m and removing a

cone of height 0.1 m and base radius 0.05 m as shown in Fig. 4.2. The mass of the frustum is 2.8 kg.

Fig. 4.2

0.05 m

0.1 m

0.1 m

The frustum can rotate freely about its axis of symmetry which is fixed and vertical.

(ii) Show that the moment of inertia of the frustum about its axis of symmetry is 0.0093 kg m2. [4]

The frustum is accelerated from rest for t seconds by a couple of magnitude 0.05 N m about its axis

of symmetry, until it is rotating at 10 rad s−1.

(iii) Calculate t. [4]

(iv) Find the position of G, the centre of mass of the frustum. [3]

The frustum (rotating at 10 rad s−1) then receives an impulse tangential to the circumference of the

larger circular face. This reduces its angular speed to 5 rad s−1.

(v) To reduce its angular speed further, a parallel impulse of the same magnitude is now applied

tangentially in the horizontal plane through G at the curved surface of the frustum. Calculate the

resulting angular speed. [5]
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THERE ARE NO QUESTIONS PRINTED ON THIS PAGE.
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General comments 
 

The standard of work seen was, in general, very high. Many candidates found the work on 
equilibrium difficult. 
 
Comments on individual questions 
 
1) (Variable mass – Rockets) 

 
1) (i) Generally well answered, though the majority of candidates failed to account properly 

for the signs of their mδ or mδ  terms. 

 
1) (ii) The technique of separating variables and integrating was well understood and 

executed by most candidates, though a common error in some candidates was to 
treat m as a constant. 
 
 

2)  (Variable force) 
 

2) (i) Again, the process of separation of variables was well understood. This was well 
answered, with only small errors in signs or manipulation. 
 

2) (ii) Most candidates knew that they had to replace v with d
d
x
t
 and integrate again. Errors 

were mostly in signs and manipulation as in part (i). 
 

2) (iii) Candidates who had answered parts (i) and (ii) usually gave good answers here, 
though many discussed only the velocity or displacement. The mark for the velocity 
required candidates to state that the velocity of the particle was tending to zero, not 
just “slowing down”. 
 
 

3) (Equilibrium) 
 

3) (i)  This was almost universally done correctly. Some candidates found the GPE relative 
to the horizontal rail, which gave the correct value for V′, but not for V. 
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3) (ii) This question caused many candidates problems. Though almost all knew how to find 
the positions of equilibrium and their nature, they were not able to follow through the 
process, particularly with regards to the position where θ = λ9

21sin mg− . 

  
(A) The first part was usually well answered by most candidates, with both values of θ 
found and the correct expression for the second derivative. Some candidates included 
extra values for θ. Most candidates knew that they had to find the sign of the second 
derivative for their value of θ. In general the work for θ = π/2 was good, but many 
struggled to make any progress with θ = λ9

21sin mg− , often because they did not rewrite 

their expression for V`` in terms of sinθ. 
 
(B) Almost all candidates that got this far through the question realised that the 
condition resulted in only one position of equilibrium and then successfully determined 
the nature of that position. 
 
(C) Again many candidates found that only one position of equilibrium existed and 
that V′′ = 0 at that point. However, very few realised that this resulted in an ambiguity 
that could be resolved; most labelled this position as a point of inflection and were 
unsure how to proceed. 
 

4) (Rotation - Moments of inertia and dynamics of a rotating body) 
 

4) (i) This part was not well answered in general. Many candidates used an expression of 

the form rr δρπ 2  and those that gave the correct expression for mδ in terms of y and 

xδ  often failed to change variables accurately, or used Islice = 21
2 Mx . As a result, most 

candidates did not get the required expression for the moment of inertia of the cone; 
many then attempted to reverse engineer an extra constant multiple rather than find 
their error. 
Some candidates added unnecessary work by deriving the mass of the cone from first 
principles instead of using the formula provided. 
 

4) (ii) This part was usually done correctly. Many candidates did far more work than was 
necessary by finding the density of the cone and the volumes of each solid to find 
their masses instead of using proportionality. 
 

4) (iii) Almost universally correct. 
 

4) (iv) The concept was often well understood, but many of the candidates did not find the 
centres of mass of the cones relative to the same point 
 

4) (v) This part was not answered well, or at all, by many candidates. The essential concept 
that moment of impulse is equal to the change in angular momentum was often 
quoted, but not used correctly. 

 


