
Dynamics 
 
Questions 
 
Q1. 
  

A light elastic spring has natural length l and modulus of elasticity 4mg. A particle P of  
mass m is attached to one end of the spring. The other end of the spring is attached to a  

fixed point A. The point B is vertically below A with AB = l. The particle P is  
released from rest at B. 

(a)  Show that P moves with simple harmonic motion with period  

(7) 

(b)  Find, in terms of m, l and g, the maximum kinetic energy of P during the motion. 

(3) 

(c)  Find the time within each complete oscillation for which the length of the spring is less 
than l. 

(5) 

  

(Total for question = 15 marks) 

  

 
 
Q2. 
  

 

A particle P of mass 0.75 kg is attached to one end of a light inextensible string of length  
60 cm. The other end of the string is attached to a fixed point A that is vertically above  
the point O on a smooth horizontal table, such that OA = 40 cm. The particle remains in  
contact with the table, with the string taut, and moves in a horizontal circle with centre O,  
as shown in Figure 4. 
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The particle is moving with a constant angular speed of 3 radians per second. 

(a)  Find 

(i)  the tension in the string, 
(ii)  the normal reaction between P and the table. 

(7) 

The angular speed of P is now gradually increased. 

(b)  Find the angular speed of P at the instant P loses contact with the table. 

(4) 

  

(Total for question = 11 marks) 

  

 
 
 
 
Q3. 
  

A particle P of mass 0.5 kg is moving along the positive x-axis in the direction of  
x increasing. At time t seconds (t ≥ 0), P is x metres from the origin O and the  
speed of P is v m s−1. The resultant force acting on P is directed towards O and has  
magnitude kv2 N, where k is a positive constant. 

When x = 1 , v = 4 and when x = 2 , v = 2 

(a)  Show that v = abx , where a and b are constants to be found. 

(6) 

The time taken for the speed of P to decrease from 4 m s−1 to 2 m s−1 is T seconds. 

(b)  Show that  

(4) 

  

(Total for question = 10 marks) 
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Q4. 
  

At time t = 0, a small stone P of mass m is released from rest and falls vertically through the 
air. At time t, the speed of P is v and the resistance to the motion of P from the air is 
modelled as a force of magnitude kv2, where k is a constant. 

(a)  Show that  where  

(4) 

(b)  Give an interpretation of the value of V, justifying your answer. 

(2) 

At time t, P has fallen a distance s. 

(c)  Show that  

(4) 

  

(Total for question = 10 marks) 

  

 
 
 
Q5. 
  

A cyclist and her cycle have a combined mass of 60 kg. The cyclist is moving along a 
straight horizontal road and is working at a constant rate of 200 W. 

When she has travelled a distance x metres, her speed is v m s–1 and the magnitude of the 
resistance to motion is 3v2N. 

(a)  Show that  

(4) 

The distance travelled by the cyclist as her speed increases from 2 m s–1 to 4 m s–1 is D 
metres. 

(b)  Find the exact value of D 

(3) 

  

(Total for question = 7 marks) 
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Q6. 
  

A particle, P, of mass 0.4 kg is moving along the positive x-axis, in the positive x direction  
under the action of a single force. At time t seconds, t > 0, P is x metres from the origin O 
and the speed of P is v m s–1. The force is acting in the direction of x increasing and has  
 

magnitude  newtons, where k is a constant. 

At x = 3, v = 2 and at x = 6, v = 2.5 

Show that v3 =  

(6) 

The time taken for the speed of P to increase from 2 m s–1 to 2.5 m s–1 is T seconds. 

(b)  Use algebraic integration to show that T =  

(4) 

  

(Total for question = 10 marks) 

  

 
 
Q7. 
  

A cyclist and her bicycle have a combined mass of 75 kg. The cyclist travels along a straight 
horizontal road. The cyclist produces a constant driving force of magnitude 150N. At time t 

seconds, the speed of the cyclist is vms−1, where v < . As the cyclist moves, the total 
resistance to motion of the cyclist and her bicycle has magnitude 3v2 newtons. The cyclist 
starts from rest. At time t seconds, she has travelled a distance x metres from her starting 
point. 

Find 

(a)   v in terms of x, 

(7) 

(b)   t in terms of v. 

(5) 

  

(Total for question = 12 marks) 
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Q8. 
  

Two points A and B are 6 m apart on a smooth horizontal surface. 

A light elastic string of natural length 2 m and modulus of elasticity 20 N, has one end 
attached to the point A. 

A second light elastic string of natural length 2 m and modulus of elasticity 50 N, has one 
end attached to the point B. 

A particle P of mass 3.5 kg is attached to the free end of each string. 

The particle P is held at the point on AB which is 2 m from B and then released from rest. 

In the subsequent motion both strings remain taut. 

(a)   Show that P moves with simple harmonic motion about its equilibrium position. 

(7) 

(b)   Find the maximum speed of P. 

(2) 

(c)   Find the length of time within each oscillation for which P is closer to A than to B. 

(5) 

  

(Total for question = 14 marks) 

  

Q9. 

The points A and B lie on a smooth horizontal surface with AB = 4.5 m. 

A light elastic string has natural length 1.5 m and modulus of elasticity 15 N. One end of the  
string is attached to A and the other end of the string is attached to B. A particle, P, of mass  
0.2 kg, is attached to the stretched string so that APB is a straight line and AP = 1.5 m. The  
particle rests in equilibrium on the surface. 

The particle is now moved directly towards A and is held on the surface so APB is a  
straight line with AP = 1 m. 

The particle is released from rest. 

(a)  Prove that P moves with simple harmonic motion. 

(5) 

(b)  Find 

(i)  the maximum speed of P during the motion, 
(ii)  the maximum acceleration of P during the motion. 

(3) 

(c)  Find the total time, in each complete oscillation of P, for which the speed of P is greater 
than 5 m s–1. 

(5) 
(Total for question = 13 marks) 
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Q10. 
  

A light elastic string, of natural length l and modulus of elasticity 2mg, has one end attached 
to a fixed point A and the other end attached to a particle P of mass m. The particle P hangs 
in equilibrium at the point O. 

(a)  Show that  

(2) 

The particle P is pulled down vertically from O to the point B, where OB = l, and released 
from rest. 

Air resistance is modelled as being negligible. 

Using the model, 

(b)  prove that P begins to move with simple harmonic motion about O with period  

(5) 

The particle P first comes to instantaneous rest at the point C. 

Using the model, 

(c)  find the length BC in terms of l, 

(4) 

(d)  find, in terms of l and g, the exact time it takes P to move directly from B to C. 

(5) 

  

(Total for question = 16 marks) 
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Q11. 
  

Throughout this question, use g = 10 m s–2 

A light elastic string has natural length 1.25 m and modulus of elasticity 25 N. 

A particle P of mass 0.5 kg is attached to one end of the string. The other end of the string is 
attached to a fixed point A. Particle P hangs freely in equilibrium with P vertically below A 

The particle is then pulled vertically down to a point B and released from rest. 

(a)  Show that, while the string is taut, P moves with simple harmonic motion with period 

 seconds. 

(6) 

The maximum kinetic energy of P during the subsequent motion is 2.5 J. 

(b)  Show that AB = 2 m 

(3) 

The particle returns to B for the first time T seconds after it was released from rest at B 

(c)  Find the value of T 

(5) 

  

(Total for question = 14 marks) 
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Q12. 
  

 

Figure 6 

The fixed points A and B are 4 m apart on a smooth horizontal floor. One end of a light 
elastic string, of natural length 1.8 m and modulus of elasticity 45 N, is attached to a particle 
P and the other end is attached to A. One end of another light elastic string, of natural length 
1.2 m and modulus of elasticity 20 N, is attached to P and the other end is attached to B. 
The particle P rests in equilibrium at the point O, where AOB is a straight line, as shown in 
Figure 6. 

(a)   Show that AO = 2.2 m. 

(4) 

The point C lies on the straight line AOB with AC = 2.7 m. The mass of P is 0.6 kg. The 
particle P is held at C and then released from rest. 

(b)   Show that, while both strings are taut, P moves with simple harmonic motion with 
centre O. 

(5) 

The point D lies on the straight line AOB with AD = 1.8 m. When P reaches D the string PB 
breaks. 

(c)   Find the time taken by P to move directly from C to A. 

(8) 

  

(Total for question = 17 marks) 

  

 
Q13. 
  

A particle P of mass m kg is initially held at rest at the point O on a smooth plane which is 
inclined at 30° to the horizontal. The particle is released from rest and slides down the plane 

against a force of magnitude mx2 newtons acting towards O, where x metres is the 
distance of P from O. 

(a)   Find the speed of P when x = 3 

(7) 

(b)   Find the distance P has moved when it first comes to instantaneous rest. 

(2) 
(Total for question = 9 marks) 
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Mark Scheme - Dynamics 
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Q2. 
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Q3. 
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Q4. 
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Q5. 
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Q6. 
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Q7. 
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Q8. 
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Q9. 
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Q10. 
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Q11. 
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Q12. 
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Q13. 
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