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Answer both questions.

You are advised to spend no more than 30 minutes on Question 1.

 1 The device shown in Figure 1 transforms heat energy from a radiant heat source (not shown) 
into gravitational potential energy.

Figure 1

A

C

B metal strip, ABC

hacksaw blades

pieces of tinplate

  Two hacksaw blades are mounted parallel to each other to form an incline.  A metal strip, 
ABC, is bent into an arc and narrow pieces of tinplate are fixed at ends A and C.  The pieces 
of tinplate rest against the teeth of the hacksaw blades so that ends A and C stay in the same 
positions on the incline.

 If a radiant heat source is directed at point B on the metal strip, the shape of ABC becomes 
 less curved.  End A advances up the incline but end C is held at the same position by the 
 teeth of the hacksaw blades.

 When the heat source is removed, the metal strip cools and slowly returns to its original 
 shape.  This time, end C advances up the incline and end A is held at the same position.

 This sequence is explained in Figure 2.
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Figure 2

 

A student suggests that there might be a quantitative link between the ability of the device to 
transform heat energy into gravitational potential energy, and the angle, α, between the incline 
formed by the hacksaw blades and the horizontal bench, as shown in Figure 3.

Figure 3

bench

The teacher points out that there is no reliable way of measuring how much heat energy is 
transferred to the device but tells the student that the suggestion can still be tested provided a 
heat source of constant power output is used.

Design an experiment that the student could perform to determine if the suggestion is correct.  
You should assume that a radiant heat source of constant power output is available, as is the 
normal laboratory apparatus used in schools and colleges.

Your answer should:
  identify the quantities the student should measure and explain how these measurements 

will be made
  explain how the student should use these measurements to determine whether the ability  

of the device to transform heat energy into gravitational potential energy depends on α
  list any factors that should be controlled during the student’s experiment and explain 

how this will be done
  identify any diffi culties in obtaining reliable results that the student might encounter and 

explain safe and relevant procedures that will enable these diffi culties to be overcome.

Write your answer to Question 1 on pages 4 and 5 of this booklet. (8 marks)

 

The metal strip is placed on the incline.  
Ends A and C are held in position by the teeth 
of the hacksaw blades.

Heat is applied to the metal strip at point B 
causing it to become less curved.
End A advances up the incline while end C 
remains in the same position.

The heat source is removed and the metal strip 
slowly returns to its original shape.
End A remains in the same position while end 
C advances up the incline.
Finally the metal strip returns to its original 
shape coming to rest in a position further up 
the incline.
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 2 You are provided with a tube down which a ball bearing may be rolled.
  Do not make any adjustment to the position of the tube.

  No description of the experiment is required.

  Using the retort stand to which a boss and clamp are fitted, clamp a metre ruler vertically, 
as shown in Figure 4, so that the end of the ruler is in contact with the floor and the 
(horizontally) projecting part of the card at the lower end of the tube passes in front of the 
graduated face of the ruler.

  The metre ruler must not obstruct the exit of the ball bearing.

Figure 4

 
 2 (a) (i) Measure the vertical height y0 from the top surface of the (horizontally) 

projecting part of the card to the floor.

y0 = ..........................................

 2 (a) (ii) Measure the vertical height h0 as shown in Figure 4.

h0 = ..........................................

(1 mark)
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 2 (b) Release a ball bearing from rest at the top of the tube so that it rolls straight down the 
tube before landing in the sand tray.

   You are also provided with a horizontal pointer held in a boss fixed to a retort stand.  
Arrange the stand so that the direction of the horizontal pointer is parallel to the edge 
of the bench then adjust the position of the stand until the ball bearing, when released 
as before, strikes the pointer, as shown in Figure 4.

   Use the clamped metre ruler to measure the vertical distance, y, from the top surface of 
the pointer to the floor.  (You may move the sand tray to make this measurement.)  Use 
the additional metre ruler to measure the corresponding horizontal distance, x, from the 
pointer to the point of projection of the ball bearing, as shown in Figure 4.

   Repeat this procedure to find additional values of x corresponding to four larger values 
of y.  Record your data below.

   Note that it may be necessary to place the retort stand on a laboratory stool in order to 
cover the whole trajectory of the ball bearing.

   Measurements and observations

(4 marks)
 

Question 2 continues on the next page
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 2 (c) Plot a graph with (y0 – y) on the vertical axis and x2 on the horizontal axis.  
   Tabulate the data you will plot on your graph.

(8 marks)

 2 (d) (i) Measure and record the gradient, G, of your graph.

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

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

 G = ...................................

 2 (d) (ii) Evaluate Gh0.

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

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

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

Gh0 = ...................................
(3 marks)
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 2 (e) (i) Describe the procedure you used to measure the distance x.  
    You may wish to use a diagram to illustrate your answer.

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

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

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

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

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

 2 (e) (ii) State two measures in the procedure that you were required to carry out that 
made the ball bearing have the same kinetic energy each time it left the card.

  first measure ..............................................................................................................
 
   ...................................................................................................................................
 
  second measure ..........................................................................................................
 
   ...................................................................................................................................

 2 (e) (iii) A student performs the experiment but fails to ensure that the end of the clamped 
ruler is in contact with the floor when measuring y0.

  State and explain what affect, if any, this will have on the graph that the student 
produces.

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

   ...................................................................................................................................
(6 marks)

____
22

END  OF  QUESTIONS
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