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1 In this experiment, you will investigate the motion of a small container in water. 
 

 (a) You have been provided with two glass marbles and a small container with a separate lid. 
 
The dimensions of the glass marbles and the small container are shown in Fig. 1.1. 
 

 
                                                       Fig 1.1 
 

  (i) Measure and record the diameter d of the marble. 

 
 

         d  =  [1] 
    

  (ii) Measure and record the height h and the inner diameter D of the small container. 
   

h  =   
   

D  =  [1] 
   

 (b) (i) Place the small container in the tray. Fill the small container with water.  
You may use the beaker to transfer water.  
 

  (ii) Place one glass marble in the small container. Wait until the water has stopped 
overflowing. Place the lid on the small container. 
 

  (iii) The fraction x of glass in the small container is given by 
 

 
 
where n is the number of marbles in the small container. 
 
Calculate x. 
 

   

x  =  [1] 
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 (c)  (i)    Place the small container containing water and the marble  in the cylinder as shown in 
Fig. 1.2. 

 
 

 
Fig. 1.2 

 
 

  (ii) Release the small container and measure the time t taken for it to fall to the bottom of 
the cylinder. 

    
 
 
 
 
 
 
 
 
 
 

t =  [1] 
    

  (iii) Estimate the percentage uncertainty in your value of t. 
    

 
 
 
 
 

percentage uncertainty  =  [1] 

   
(iv) 

 
Justify the number of significant figures that you have given for your value of x. 

 
 
 

  
 

  
 

   
 [1] 
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 (d) Repeat (b), (c)(i) and (c)(ii) using two marbles. 
    

 
 
 
 
 

x =  [1] 
    

 
 
 
 
 
 

      t  =  [1] 
 
 

 (e) It is suggested that the relationship between t and x is 
 

                                       2 
kt
x

                 where k is a constant.  

 
  (i) Using your data, calculate two values of k. 
    

 
 
 
 
 
 
 
 
 

     first value of k  =   
   

second value of k =  [1] 
 

    
 

 
[1] 

    
 

 

 

   
(ii) 

 
State whether the results of your experiment support the suggested relationship. 
Justify your conclusion by referring to your value in (c)(iii). 
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(f) 
 

(i) State one significant sources of error in this experiment. 

    
 

    
 

    
 

 
[1] 

    
 

 

 
 

 
 

(ii) Suggest an improvement that could be made to the experiment to address one of the 
sources of error identified in (f)(i). You may suggest the use of other apparatus or a 
different procedure. 

 
 

   
 

 
 

   

    
 

    
 

 
[1] 

     
                                                                                   
                                                                                                       [Total : 12 marks] 
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2 In this experiment, you will investigate how the voltage across components in a circuit varies as 
the resistance of the circuit is changed. 
 

 (a) (i) Set up the circuit as shown in Fig. 2.1. 
 

 
 
                                                    Fig 2.1 
 
Attach the crocodile clips to the wire so that the distance x is approximately 20 cm. 

    

  (ii) Measure and record x. 
   

x  =  [1] 
   

 (b) (i) Close the switch. 

  (ii) Record the voltmeter readings V1 and V2. 
    

 
 

V1  =   
   

V2  =  [1] 
   

 
  (iii) Open the switch. 

 
 
 
 
 
 
 
 

20  

10  
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 (c) Change x and repeat (a)(ii) and (b) until you have five sets of readings of x, V1 and V2 till                
x = 90 cm. 
Include values of       in your table. 
 
 
 
 
 
 
 
 
 

      
   

  [2] 
    
 

(d) 
 
(i) 

 
 

Plot a graph of     against x. 

                      
[2]  [2]                                                                                                                                        

                                                                                                         
 
 

 
 

 
(ii) 

 
State the relationship between      and x based on your graph.  

    
 

 
 [1] 

 
 

 
(iii) 

 
On the same axes of your graph in (d) (i), draw another line to represent the 
experimental results if the experiment is repeated using a thinner wire of the same 
material. Label this line Z. 

[2] 
                                                                                                         

   [Total : 9 marks]                                                                                                       

0 20  40   60   80   100  x / cm 
 

[2] 
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  3 In this experiment, you will investigate a metre rule rocking on a beaker. 
 

 (a) Assemble the apparatus as shown in Fig. 3.1 with the beaker placed horizontally. The 
centres of each of the two masses should be at the same distance r  from the centre of the 
metre rule, where r is approximately 30 cm. 
 

 
 
 
  

 
 

(b) (i) Measure and record the distance r. 
 
 
 
 
 
 

  r =                                             [1] 
   

 
  (ii) Explain how you measured r accurately.   
    

 
  

 
                                                                                                                          

[2] 
 

   
 
 

  (iii) Adjust the position of the metre rule on the beaker so that the metre rule is balanced 
and approximately parallel to the bench. 
 

  

Fig. 3.1 
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(c) (i) Hold down the end of the metre rule on A, as shown in Fig. 3.2. 
 

  (ii) Release the metre rule and measure and record the time T for it to move up and then 
down again to its lowest position, as shown in Fig. 3.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

   
 

  T =  s [1] 
 
  

Fig. 3.2 
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 (d) Reposition the two masses at a different distance r  from the centre of the metre rule and 
repeat (b)(i), (iii) and (c) to obtain further sets of values for r and T.  
 
Present your results in a table. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     [6] 
 (e) Theory suggests that T and r  are related by the equation 

 
                         T3 = ar2 + b 
 
where a and b are constants. 
 
Plot a suitable graph to determine the values of a and b. Give appropriate units to your 
values.  
 
 
 
 
 
 
 
 
 
 
 
 

  a =   
    
  b =  [7] 
    
 (f) Comment on any anomalous data or result that you may have obtained. Explain your 

answer. 
 
 

   
 

 
 

   
 

 
[1] 
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 (g) A metre rule can also be made to rock about its centre of mass in a similar mode of oscillation 
via the force from a coiled spring. A student hypothesized that the period T thus obtained would 
be described by the equation  

T2 = cx + d 
 
where c, d are constants and x is the extension of the spring. 
 
You are provided with several coiled springs, each of which have different spring constant.  
 
Design an experiment to investigate whether the equation suggested by the student is valid. 
 
Your account should include: 
 

 Your experimental procedure 
 

 How you would use your results to verify the equation 
 

 Why you might have difficulty in using springs with very small spring constant. 
 
 
 
 
 
 
 
 
 
 
 

   
 

 

   
 

 

   
 

 

   
 

 

   
 

 

   
 

 

   
 

 

   
 

 

   
 

 

   
 

 

   
 

 

  
 

 
 [4] 

    
[Total: 22 marks]   
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4 A student investigates the power dissipated by a lamp connected to a model wind turbine as shown 
in Fig. 4.1. 

          
                                                            

         
 
 
 
 
 

 
 
 
 
 

 
Fig. 4.1 

 
The power P dissipated in the lamp depends on the speed v of the wind and the angle θ between 
the axis of the turbine and the direction of the wind, as shown by the top view in Fig. 4.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Fig. 4.2 
  

 
It is suggested that 

P = k (cos θ)m vn 

 
where k, m and n are constants. 
 
Design a laboratory experiment to determine the values of n and m. Assume that you are given a 
model wind turbine. You should draw a diagram, showing the arrangement of your equipment.  
 
You should pay particular attention to: 

(a) the equipment you would use 

(b) the procedure to be followed, 

(c) the measurements to be taken, 

(d) the control of variables, 

(e) any precautions that should be taken to improve the accuracy and safety of the experiment. 
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 Diagram 
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  [Total : 12 marks] 
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