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1 In this experiment, you will investigate how the power P dissipated in a resistor varies with 
 the resistance R of the resistor. 
 
 Set up the circuit shown in Fig. 1.1. Use the 10 Ω resistor for the value of resistance R. 
 

 
 

 
 

 (a)  (i) Close the switch S. 
 
  (ii) Measure and record the current I. 
 

 
 
 
 

I = ………………………………. [1]   
 
 
  (iii) Open the switch. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.1 

A 

S 
2 V dry cell 

47 Ω 

R 
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 (b) Use the two 10 Ω and three 100 Ω resistors to obtain the value of the resistance  R as 
  shown in the Fig.1.2. For each value of R, repeat (a).  
 
  Also calculate the power dissipated P where P = I2R. 
 
   

R / Ω I / mA P / W 

10   

20   

33   

43   

50   

60   

70   

100   

 
  [4] 

 
 
 (c) Plot a graph of P against R.                  [3] 

 
  
    
 (d) From your graph, state the value of R when P is a maximum.            

 
 
 
 

R = ………………………………. [1]   
            

[Total: 9] 
 
 

                   
 
 
 
 
 
 

Fig. 1.2 
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2 In this experiment, you will investigate the movement of a chain of paper clips. 
 
 (a) (i) You have been provided with a chain of paper clips. 
    
   Measure and record the mass M of the chain. 
 
 
 
 
 
 

M = ………………………………. [1]   
  
 
  (ii) Using your answer in (a)(i), calculate the mass m of one paper clip. 
 
  
 
 
 

 
m = ………………………………. [1]  

 
 
  (iii) Justify the number of significant figures that you have given for your value of m. 
 
   …………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………….. 
 
   ………………………………………………………………………………………….[1] 
 
  
 (b) (i) You have been provided with two identical spheres of modelling clay. 
 
   Measure and record the mass S of one of the spheres.  
 

 
 
 
 

 S = ………………………………. [1]  
 
  (ii) Calculate c where 
 

Sc
m

=  . 

 
 
 
 
 

 c = ………………………………. [1]  
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 (c) (i) You have been provided with a wooden strip on the bench which is fixed in 
   position. One end of the wooden strip overhangs the bench, as shown in Fig. 2.1. 
 
  
 
 
 
 
 
 
 
 
 

Fig. 2.1 
 
 
 
    Place the chain on the wooden strip and place one of the spheres on the paper 
   clip at the end of the chain, as shown in Fig. 2.2. The sphere must not touch the 
   wooden strip. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2.2 
 

   
 
 
   Gradually move the paper clips off the end of the wooden strip so that they hang 
   down, as shown in Fig. 2.3. 

 
 
 
 
 
 
 
 
 

Fig. 2.3 
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   When the chain starts to slip, count and record the number p of paper clips 
   hanging off the end of the wooden strip and the number q of paper clips remaining 
   on the strip.  

 
 
 
 
 

 p = ………………………………. 
 

 q = ………………………………. 
[2] 

 
 
  
  (ii) Estimate the percentage uncertainty in your value of p. 

 
 
 
 
 
 
 
 

 percentage uncertainty = ………………………………. [1] 
 
 

 (d) Replace the chain on the wooden strip and place both spheres on the paper clips at the 
  end of the strip, as shown in Fig. 2.4. 

 
 

 
 
 
 
 
 
 
 
 
 

 
Fig. 2.4 

   
  Determine p and q. 

 
 
 
 
 

p = ………………………………. 
 

 q = ………………………………. 
[1] 
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 (e) It is suggested that the relationship between p, q and c is  
 

p = k (q + nc) 
 
  where n is the number of spheres on the chain and k is a constant. 
 
  (i) Using your data, calculate two values of k. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

first value of k = ………………………………. 
 

second value of k = ………………………………. 
[1] 

 
 

  (ii) Explain whether your results support the suggested relationship. 
 
 
 
 
 
 
 
 
   …………………………………………………………………………………………….. 
    
   …………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………….. 
 
   ………………………………………………………………………………………… [2] 
 

 [Total: 12] 
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3 In this experiment, you will observe the motion of two simple pendulums, and measure the 
 interval between successive times at which the pendulums are moving together.  
 
 You will investigate how this time interval is affected when the length of one of the pendulums 
 is changed. 
 
 (a) Set up two pendulums side by side as shown in Fig. 3.1, with each string clamped 
  between two wooden blocks. 
 
  Set the length of pendulum A to about 0.65 m. Pendulum A should be left at its set 
  length throughout the experiment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3.1 

 
 
 (b) (i) Adjust pendulum B so that its length l is about 0.5 m. 
    
   Measure and record the value of l. 

 
 
 
 
 
 

l = ………………………………. [1] 
 

   
  (ii) Estimate the percentage uncertainty of l.   

 
 
 
 
 
 
 

 percentage uncertainty = ………………………………. [1] 
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 (c) Set both pendulums into motion with small oscillations. 
 
  Start the stopwatch when the two pendulums are lined up as shown in Fig. 3.2 and are 
  moving in the same direction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.2 
 
 
 (i) Determine the time t that elapses before the next occasion when the two      

 pendulums are lined up and moving in the same direction. 
 
 

 
 
 
 
 
 
 

 t = ………………………………. [1] 
 
 

  (ii) Calculate the percentage uncertainty of t. 
 
 
 
 
 
 
 
 

 percentage uncertainty = ………………………………. [1] 
 
 
 
 
 
 
 
 
 

side view 
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 (d) Change the length of l to about 0.4 m. 
   
  Repeat (b)(i) and (c)(i). 
 
 
 
 
 
 
 
 

l = ………………………………. 
 

 t = ………………………………. 
[2] 

 
 
 (e) It is suggested that 

 
1 k
t

=
l

  

   
  where k is a constant. 
 
  (i) Use your values from (b)(i), (c)(i) and (d) to determine two values of k. Give your 
   values of k to an appropriate number of significant figures.   

 
 
 
 
 
 
 
 
 
 
 

first value of k = ………………………………. 
 

second value of k = ………………………………. 
[2] 

 
 

  (ii) Justify the number of significant figures that you have given for your values of k. 
 
   …………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………….. 
 
   ………………………………………………………………………………………….[1] 
 
 
 
 
 



13 
 

 
© DHS 2023  9749/04 [Turn over 

 

  (iii) Explain whether your results support the suggested relationship. Justify your 
   conclusion by referring to your values in (b)(ii) and (c)(ii). 
 
 
 
 
 
 
 
 
   …………………………………………………………………………………………….. 
    
   …………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………….. 
 
   ………………………………………………………………………………………… [2] 
 
 
  (iv) Using the results obtained in (e)(i), calculate the number of times pendulum B 
   which is initially in phase will go out of phase and back in phase again in 1 minute 
   when l is 10 cm.  
 
 
 
 
 
 

number of times = ………………………………. [1] 
 
 
 (f) Describe a source of uncertainty or limitation of the procedure for this experiment. 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  ……………………………………………………………………………………………….. [1] 
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 (g) In a separate investigation, the length L of pendulum B was varied. The results of  1
t
 

  and 1
L

 were recorded in Fig. 3.3. 

 
1
t

/ s-1 0.03 0.05 0.08 0.13 0.18 

1
L

 / m-1/2 1.29 1.35 1.40 1.50 1.60 

 
Fig. 3.3 

 
 

  (i) Plot a graph of 1
t

 against 1
L

on the grid in Fig. 3.4 and draw the line of best fit.  

[2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
Fig. 3.4 
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  (ii) Determine the gradient of your graph in (g)(i). 
 
 
 
 
 
 
 
 
 
 

 
 gradient = ………………………………. [1] 

 
  (iii) With reference to your graph in (g)(i), state and explain if 1

t
 is directly proportional 

    to 1
L

. 

 
 
 
 
 
 
 
 
 
 
 

   …………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………….. 
 
   ………………………………………………………………………………………….[2] 
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 (h) A student wishes to investigate if the period T of a simple pendulum when it oscillates 
  with small oscillations is directly proportional to the mass m of the pendulum.  
 
  Design an experiment to investigate this relationship. 
 
  You are provided with pendulums of different masses. 
 
  Your account should include: 
 

• a diagram 
• your experimental procedure 
• control of variables 
• how you would use your results to investigate the relationship. 

 
 

 
 
 
 
 
 
 
 
 
 
  …………………………………………………………………………………………………… 

   
  …………………………………………………………………………………………………… 

 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  …………………………………………………………………………………………………… 
 
  ……………………………………………………………………………………………….. [4] 
 

[Total: 22] 
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4 A student is investigating the angle at which a glass cylinder containing oil topples, as shown 
 in Fig.4. 

 

                          
Fig. 4 

  
 A cylinder of diameter d containing a mass m of oil can be tilted through a maximum angle 
 of φ  from the vertical before it topples. 
 
 It is suggested that the relationship between d, m and φ is 

 
tan φ = k d p m q 

 
 where k, p and q are constants. 

 
 Design an experiment to determine the values of p and q. 
  
 You are provided with several glass cylinders of different diameters.  
 
 Draw a diagram to show the arrangement of your apparatus. Pay particular attention to:
  

• the equipment you would use  
• the procedure to be followed 
• the control of variables 
• safety precautions 
• any precautions that should be taken to improve the accuracy and safety of the 

 experiment. 
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 Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
  
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 .…………………………………………………………………………………………………………. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
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 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
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 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 

 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………………….. 

 
 …………………………………………………………………………………………………..… [12] 
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