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 Section A 
 

1 In this experiment, you will investigate an electrical circuit containing a light-
emitting diode (LED). 
 
You are provided with 

• a power supply (consists of two 1.5 V batteries with battery holders),  

• a switch,  

• a light-emitting diode (LED), 

• 1500 Ω and 6200 Ω resistors, 

• a voltmeter,  

• 6 connecting leads, 

• a digital micrometer. 

 (a) The LED has two legs, one labelled positive, and the other labelled 
negative. Measure and record the diameter of any one leg.  

   
 

diameter = …………………………. [1] 

 Assemble the circuit shown in Fig. 1.1, where R = 1500 Ω.  
 

 
Fig. 1.1 

 (b) (i) Connect the voltmeter across junctions Y and Z to measure the 
potential difference (p.d.) VR across R.  
 
Close the switch and record VR.  

    
 

VR = …………………………. [1] 

R 
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  (ii) Open the switch and disconnect the voltmeter. 
 
Calculate the current 𝐼 in the circuit using the relationship 
 

𝐼 =
𝑉𝑅

𝑅
 

 
where R is the resistance of the resistor that is in the circuit. 

    
 
 

𝐼 = …………………………. [1] 

    
  (iii) Connect the voltmeter across junctions X and Y to measure the p.d. 

V across the LED.  
 
Close the switch and record V.  

    
V = …………………………. [1] 

    
  (iv) Calculate the power P dissipated in the LED using the relationship 

 
𝑃 = 𝐼 𝑉 

    
 
 

P = …………………………. [1] 

 (c) Disconnect the 1500 Ω resistor and replace it with the 6200 Ω resistor.  
 

  (i) Repeat (b) and record the new values of VR and V. 
    
      VR = …………………………. 

 
    V = …………………………. [1] 
    
  (ii) Calculate new values of 𝐼 and P. 
    

 
 
 

 
 
 
 

         𝐼 = ………………………….  
 

    P = …………………………. [1] 
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[Total: 10] 
 

 

  (iii) R is increased from 1500 Ω to 6200 Ω. 
 
Compare the increase in R with the change in  𝐼 and with the change 
in P. 

    
.……………………………………………………………………..……… 
 
.…………………………………………………………………………. [1] 

 (d) Describe how modifications can be made to the circuit in Fig. 1.1 to 
measure 𝐼 directly and for a range of values of R.  

   
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………………….... [2] 

   

2 In this experiment, you will investigate how the speed of a water wave changes 
as the depth of the water is altered.  
 
You are provided with 
 

• a tray, 

• a beaker 

• a marked stick, 

• a stopwatch, 

• a half-metre rule. 
 
Set up the apparatus shown in Fig. 2.1.  
 
With the tray flat on the bench, carefully pour water into it so that the depth, d, 
is 10 mm. Use the marked stick provided to help you measure this depth.   
 

 
 

Fig. 2.1 
 

 (a) Measure and record the length L of the tray. 
   

L = ………………………….. [1] 

L 

tray water 

d 
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 Raise one side of the tray, A, by about 15 to 20 mm, as shown in Fig. 2.2 and 
then let it drop back to the bench. 
 

 
Fig. 2.2 

 
You should see a wave move forward and backward across the surface of the 
water several times, as shown in Fig. 2.3. 
 

 
 

Fig. 2.3 
 
One cycle consists of a wave crest traveling from side A of the tray to side B and 
back again to side A. 
 

 (b) Determine an accurate time t taken for a wave crest to complete 3 cycles.  
   

 
 
 

t = ………………………….. [2] 
   
 (c) Calculate the average speed of the wave, c, using the formula 

 

𝑐 =
6𝐿

𝑡
 

 
   

 
c = ………………………….. [1] 

A 
B 

15 to 20 mm 

wave crest moves from side A to side B 

wave crest moves from side B to side A 

wave  
crests one 

cycle 

A B 
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 (d) Plan 
 
It is suggested that the average speed c and depth d are related by the 
expression: 
 

𝑐 =  𝐴√𝑑 + 𝐵 
 
where A and B are constants. 
 
Using the same apparatus given in this experiment, plan an experiment to 
investigate this relationship. 
 
In your plan, you should: 
 

• state one key variable to control. 

• explain briefly how to do the experiment. 

• describe how to vary d. 

• draw a table, with column headings, to show how to display the 
range of readings.  

• write a statement of the graph to plot to test this relationship. 

• explain how to determine A and B if the relationship is valid. 
 
 
 
 
 
 
 
 
 
 
 

  ……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
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[Total: 10] 
  

 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
…………………………………………………………………………………. [6] 
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Section B 
 

3 In this experiment, you will investigate how the energy transferred to the 
surroundings from a beaker of hot water depends on the insulation of the beaker.  
 
You have been provided with 
 

• a thermometer, 

• two 250 ml beakers, 

• a folded sheet of newspaper, 

• two rubber bands, 

• a square piece of card,  

• a stopwatch. 
 

 (a) Measure room temperature θ0. 
   

θ0 = ………………………….. [1] 
   
 (b) Pour hot water into one of the beakers until it reaches the 200 ml mark. 
   
 (c) (i) Place the thermometer in the water.  
    
  (ii) When the thermometer reads 65.0 oC, start the stopwatch.  

 
Measure and record the temperature θ1 and the time t at appropriate 
intervals for six minutes.  

    
  (iii) Describe the process and techniques used to ensure the 

temperature is measured accurately with time.  
    

……………………………………………………………………..……… 
 
……………………………………………………………………..……… 
 
.……………………………………………………………………..……... 
 
.………………………………………………………………………… [2] 
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 (d) (i) Insulate the empty beaker by wrapping the folded newspaper around 
the sides of the beaker. Secure the newspaper to the beaker using 
one or two rubber bands as shown in Fig. 3.1. 

 
 

Fig. 3.1 
 

  (ii) Pour the hot water into the beaker until it reaches the 200 ml mark. 
 
Place the cardboard lid on the beaker and gently insert the 
thermometer through the hole in the lid so that the thermometer is in 
the water. 
 

  (iii) Repeat (c)(ii), recording the temperature θ2 at the same time 
intervals for six minutes.  

    
 (e) Record all values of θ1 and θ2 for the corresponding times in a table. 

 
Include a column for (θ2 – θ1). 

   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[5] 
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 (f) It is suggested that θ1 and θ2 are related by the expression 
 

(θ2 – θ1) = kθ1 + c 
 

where k and c are constants. 
 
Using the grid provided, plot a graph of (θ2 – θ1) against θ1.  
 
Draw the line of best fit.  

  [4] 
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 (g) From your graph, determine the values of k and c. 
 
 
 
 
 
 
 
 

        
 

    k = …………………………….  
     
    c = ……………………………. [3] 
   
 (h) Use your values from (a) and (g) to determine the value of θ2 when θ1 

reaches room temperature. 
   

 
 
 
 
 
 

θ2 = ……………………………. [1] 
   
 (i) State two significant sources of error. 
   

1. …………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
2. …………………………………………………………………..……………… 
 
…………………………………………………………………………………. [2] 

   
 (j) Suggest two improvements that could be made to the experiment to 

address the errors identified in (i). You may suggest the use of other 
apparatus or different procedures. 

   
1. …………………………………………………………………..……………… 
 
……………………………………………………………………..……………… 
 
2. …………………………………………………………………..……………… 
 
…………………………………………………………………………………. [2] 

 
[Total: 20] 

END OF PAPER 


