
Questions 
Q2.  A gymnast bounces on a trampoline. 

For part of each bounce, the gymnast is in contact with the trampoline. For the rest of each bounce the 
gymnast is in the air, as shown. 

 

(a)  The trampoline gives the gymnast a maximum upward acceleration of 14.2 m s–2. 

Calculate the maximum upward force of the trampoline on the gymnast. 
mass of gymnast = 58 kg 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Maximum upward force = ...........................................................  

(b)  The trampoline is made of a sheet of material attached to a frame by springs. 

The vertical components of the tension in the springs provide the upward force on the gymnast. 
The vertical component of the tension in one spring is 68 N when the spring makes an angle to the 
horizontal of 14°, as shown below. 

 

(i)  Show that the tension in the spring is about 300 N. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  



(ii)  The extension of the spring was 4.6 × 10–2 m. 
Calculate the stiffness of the spring. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Stiffness = ...........................................................  

*(c)  The vertical acceleration of the gymnast varies while she is in contact with the trampoline. 

Explain how the forces on the gymnast affect the vertical acceleration while she is in contact with the 
trampoline. 
Your answer should identify the forces acting on the gymnast and the directions of the forces. Ignore 
air resistance. 

(6) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  



Q3.  A cyclist is moving up a slope at a constant speed. The angle of the slope to the horizontal is 4.0°, 
as shown. 

 

As the cyclist pedals, there is a constant forward force on the bicycle of 150 N. The cyclist travels 215 m 
along the slope. 

(a)  Show that the work done by the cyclist is about 3 × 104 J. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(b)  The cyclist must do work against the force of gravity and air resistance. 

(i)  Calculate the work done by the cyclist against air resistance. 
mass of cyclist and bicycle = 90 kg 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Work done against air resistance = ...........................................................  

(ii)  State one assumption that must be made when calculating the work done against air resistance. 
(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 

 

 



(c)  At the top of the slope, the road becomes horizontal. The cyclist continues to pedal with the same 
force. 

Explain how the speed of the cyclist changes as the road becomes horizontal. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 Q4.  A toy car is released from rest and rolls down a slope, as shown. 

 

mass of car = 0.160 kg  
speed of car at bottom of slope = 2.6 m s–1 

(a)  Calculate the increase in kinetic energy of the car as it accelerates down the slope. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Increase in kinetic energy = ...........................................................  

(b)  As the car accelerates down the slope, the work done against frictional forces is 0.26 J. 

Calculate the vertical displacement of the car. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Vertical displacement of car = ...........................................................  

  

(Total for question = 4 marks) 

  

 



 
Q5.  A child's slide has a vertical height of 1.7 m as shown. 

 

(a)  A child starts from rest at the top of the slide and moves down the slide. 

The resistive forces acting on the child can be ignored. 
(i)  Explain why the equations of motion should not be used to determine the maximum speed of the 
child. 

You should consider the shape of the slide. 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  The child has a mass of 24 kg. 
Determine the maximum speed v of the child on the slide. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

v = ...........................................................  

(b)  Two slides, X and Y, have the same height. 

Slide X is longer than slide Y, as shown. 

 

A child moves from rest down slide X and reaches a maximum speed vX. 
A second child moves from rest down slide Y and reaches a maximum speed vY. 



The child on slide Y has a greater mass than the child on slide X. 
The resistive forces acting on both children can be ignored. 
Explain how vX compares with vY. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 (Total for question = 9 marks) 

 Q6. 
 The diagram shows a lift system for moving people up and down a tall building. There is a counterweight 
to balance the weight of the lift. An electric motor is used to raise and lower the lift. 

 

(a)  Explain how the counterweight affects the amount of work required from the electric motor to raise the 
lift. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  



(b)  The electric motor raises the lift through a height of 40.0 m in a time of 30.0 s. 

Show that the output power of the electric motor is about 12 kW. 
total mass of lift and people = 2 250 kg  
mass of counterweight = 1 300 kg 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(c)  The electric motor dissipates energy to the surroundings at a rate of 3 600 W. 

Determine the efficiency of the electric motor. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Efficiency = ...........................................................  

 (Total for question = 8 marks) 

  



Q7.  A boy was throwing a ball towards a wall. The wall was 5.00 m from the boy. The top of the wall was 
3.00 m above the point where the boy released the ball. 

The boy tried to throw the ball over the wall but sometimes the ball hit the wall. 

In one attempt, the boy threw the ball with an initial velocity of 9.70 m s–1 at an angle to the horizontal of 
49.0°, as shown. 

 

(a)  Show that the ball travelled the distance to the wall in about 0.8 s. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(b)  Deduce whether or not the ball went over the wall for this attempt. 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 7 marks) 
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