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r-------------------------------------iexamln•


5. Describe the processes Involved In generating electricity in a gas fired power station and


explain how this electricity is supplied to consumers efficiently and safely through the Natio.nal
Grid. (6 QER] 
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5. Describe the processes Involved in generating electricity in a gas fired power station and


explain how this electrlclty Is supplied to consumers efficiently and safely through the National
Grid. [6 QER) 
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Question Marking details 
Marks Available 


AO1 AO2 AO3 Total Maths Prac 


5.    Indicative content: 
Generation 
Gas is burned to heat water. Steam turns a turbine which is 
connected to a generator which produces electricity as it rotates.  
 
Efficiency 
The output from a power station is connected to a step-up 
transformer. This increases the voltage and decreases the 
current. Lower current through cables means less energy loss as 
heat. 
 
Safety 
A step-down transformer reduces voltage before it is supplied to 
consumers. Lower voltages are safer.  
 


6 


  


6 


  


    5–6 marks 
Comprehensive description of generation, efficiency and safety. 
There is a sustained line of reasoning which is coherent, 
relevant, substantiated and logically structured. The candidate 
uses appropriate scientific terminology and accurate spelling, 
punctuation and grammar. 
 
3–4 marks 
Comprehensive description of two of the three areas: generation, 
efficiency and safety OR limited description of all 3 areas. 
There is a line of reasoning which is partially coherent, largely 
relevant, supported by some evidence and with some structure. 
The candidate uses mainly appropriate scientific terminology and 
some accurate spelling, punctuation and grammar. 
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Question Marking details 
Marks Available 


AO1 AO2 AO3 Total Maths Prac 


    1–2 marks 
Comprehensive description of one of the three areas: generation, 
efficiency and safety OR limited description of 1 or 2 areas. 
There is a basic line of reasoning which is not coherent, largely 
irrelevant, supported by limited evidence and with very little 
structure. The candidate uses limited scientific terminology and 
inaccuracies in spelling, punctuation and grammar. 
 
0 marks 
No attempt made or no response worthy of credit. 
 


      


    Question 5 total 6 0 0 6 0 0 


 
 
 
 
  












Rectangle



Sticky Note

There is no description of the process of generating electricity. How would you improve this part of the answer? 



Sticky Note

The function of a step-up transformer to increase voltage is described. How does this affect the current? How does this affect the efficiency? 



Sticky Note

The function and purpose of step-down transformers is included here. 



Sticky Note

The answer requires descriptions of 3 aspects; generation - not done; efficiency - partly described; safety - fully described. This is a middle band answer and gains 3 marks. Try to make it a top band answer? What would you add?












Rectangle

This describes the processes in a power station that runs on fossil fuels. It mentions coal instead of gas but this was not penalised on this occassion. The processes are the important part. 



Rectangle

This describes the role played by a step-up transformer. It also explains why less heat is lost in the wires. 



Rectangle

This describes the role of step-down transformers in making the voltage safer for consumers. 



Sticky Note

All of the 3 parts of the question have been addressed fully. This means it is a top band answer. There is no penalty for poor expression, spelling or punctuation so 6 marks is awarded. 












5: 6



Rectangle

This fully describes the processes in a gas fired  power station. 



Rectangle

This describes the role played by a step-up transformer. It also explains why less heat is lost in the wires. 



Rectangle

This describes the role of step-down transformers in making the voltage safer for consumers. 



Sticky Note

All of the 3 parts of the question have been addressed fully. This means it is a top band answer. There is no penalty for poor expression, spelling or punctuation so 6 marks is awarded. 
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5.	 Describe the processes involved in generating electricity in a gas fired power station and 
explain how this electricity is supplied to consumers efficiently and safely through the National 
Grid.	 [6 QER]
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6. A dairy fann was using 15000kWh of electricity every month from the National Grid.
The cost of electricity to the farm was 20 p per unit.
The farmer decided to spend £152 400 on a blogas generator which uses cow dung to
generate electrlclty.
When working at maximum output, it was expected to reduce his demand on the National Grid
to only 3000kWh a month.


(a) (i) Use an equation from page 2 to calculate the expected monthly savings in £. [3]


\S ooo x 0-2..0 = j-�ooo 


:, o oo xo · i. -==- 1: 000


sooo- 600 = c:1240<?> 


Savings = £ .... :t.490 ....


(ii) Calculate the payback time for the biogas generator. [1]


only 


I '52. 400 � t.400 -::: 


(b) 


6� ·$ 
Payback time = � ...................... months 


The biogas generator needs to produce 144 000 kWh of electricity per year. 
The farmer owns 160 cows. 
Each cow produces 200 kg of dung per week, but the farmer is only able lo collect 60 kg 
of this. 
Each 1 kg of dung produces 0.05 m3 of methane gas. 
Each 1 m3 of methane gas input to the generator has an energy value of5.3 kWh. 
Each 1 m3 of methane gas when burned produces an output of 1.9 kWh of electricity. 


(I) Use the information above and an equation from page 2 lo calculate the %
efficiency of using methane gas to produce electricity, [2] 


&o 1,9 ;, ':,· Z, )< ,oo::: 2,e; ·'t 


% efficiency= .:56. '/, ..


I 11111 111111111111 
16 t?> WJEC CBAC lid, 
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Question Marking details 
Marks Available 


AO1 AO2 AO3 Total Maths Prac 


6. (a) (i)  Reduction in units = 15 000 – 3 000 = 12 000 [kWh] (1) 


Reduction in cost = 12 000 ecf  20 = 240 000 [p] (1) 
Conversion to £ = [£]2 400 (1) 
 
Alternative: 


15 000  20 = 300 000 [p] (1) 


3 000  20 = 60 000 [p] (1) 
Saving = 3 000 ecf – 600 ecf = [£]2 400 (1) 
 


Award 2 marks for answers of 2.4  10n where n is not 3 
 


  
3 


  
3 


 
3 


 


  (ii)  
Payback time = 


152 400


2 400 ecf
= 63.5 [months] accept 64 [months] 


 


 1  1 1  


 (b) (i)  Selection and substitution into efficiency equation: 


1.9
x 100]


5.3 
(1) [  (1) 


% efficiency = 35.849 or 35.8 or 35.85 or 36 or 40 (1) 
Award 1 mark for 0.36 or 0.4 
 


 


 
2 


 


 
2 


 
2 


 


  (ii)  Weekly mass of dung = 150  60 = 9 000 [kg/week] (1) 


Weekly volume of gas = 9 000 (ecf)  0.05 = 450 [m3] (1) 


Weekly number of kWh = 450 (ecf)  1.9 = 855 [kWh] (1) 


Annual number of kWh = 855 (ecf)  52 (1) 
= 44 460 (ecf) [kWh] [so farmer is incorrect] (1) 
 


  


5 5 5 
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Question Marking details 
Marks Available 


AO1 AO2 AO3 Total Maths Prac 


    Alternative 1 
Weekly mass of cow dung = 9 000 [kg] (1) 
Yearly mass of cow dung = 468 000 (ecf) (1) 


Gas/year = 468 000 (ecf)  0.05 = 23 400 (1) 


Units/year 23 400 (ecf)  1.9 (1) 
= 44 460 (ecf) [kWh] (1) [so incorrect] 
 
Alternative 2 


Weekly gas/cow = 60  0.05 = 3 (1)  


Weekly units/cow = 3 (ecf)  1.9 = 5.7 (1) 


Weekly units for herd of cows = 5.7(ecf)   150 = 855 (1) 


Units/year = 855 (ecf)  52 (1) 
= 44 460 (ecf) [kWh] (1) [so incorrect] 
 
Alternative 3 


Weekly units required = 
144 000


52
= 2 769.23 (1) 


Weekly volume of gas required = 
2 769.23 ecf


1.9
= 1 457.5 (1) 


Weekly mass of dung required = 
1 457.5 ecf 


0.05
= 29 149.8 (1) 


Number of cows required = 
29 149.8 ecf  


60
 (1) 


= 486 (ecf) (1) [so incorrect] 
 
Accept for 4 marks a final answer of 148 200 [kWh] 
Common answer 235 638 award 4 marks or 296.4 award 4 marks 
also or 124 020 
 


  


   


 







 


© WJEC CBAC Ltd. 15 


Question Marking details 
Marks Available 


AO1 AO2 AO3 Total Maths Prac 


 (c)   Any 2  (1) from: 
It reduces the amount of methane added to the atmosphere (1) 
Methane [into the atmosphere] is replaced with carbon dioxide or 
less harmful gas (1) 
Methane has a bigger impact on the greenhouse effect (1)  
so better to use methane as a fuel or better to burn methane (1) 
using the methane (or biogas) reduces demand for other fossil 
fuels (1) 
 


 
 
 
 


2 


  


 
 
 
 


2 


  


    Question 6 total 2 6 5 13 11 0 


 
 


 
  












Sticky Note

The cost per unit has been correctly converted from 20 p into £0.20. 



Sticky Note

This method has calculated the cost of electricity before installing the biogas generator and after installation. 



Sticky Note

The savings is the difference between the costs. 



Sticky Note

Payback time has been calculated correctly.



Rectangle

The correct values have been selected from the information above. 



Sticky Note

It is clear that the expected equation has been selected from page 2. However it is sensible to always write down the equation you chose. Substituting numbers into the equation is the next step. 



Sticky Note

The x 100 has been included in the calculation. The answer has been rounded corectly. 







Sticky Note

The weekly mass of cow dung collected is correct.



Sticky Note

This step calculates the yearly mass of cow dung collected. 



Sticky Note

This step calculates the gas produced per year. 



Sticky Note

This final step calculates the number of units generateted per year. 



Sticky Note

This is a correct conclusion. Full marks are awarded. 



Sticky Note

This is an acceptable answer for 1 mark. For the second mark, a comment about methane is required. Can you think of a reason not to add methane to the atmosphere?  



Line



Line












Rectangle

The cost per unit has been correctly converted from 20 p into £0.20. 



Sticky Note

This method has calculated the cost of electricity before installing the biogas generator and after installation. 



Sticky Note

This is the cost after installing the biogas generator. It is not the savings. What should have been done with the answers of £3000 and £600?



Sticky Note

The answer from part (i) is used here. This is called allowing an ecf (error carried forward). This is the correct payback time using that error as the savings. 



Sticky Note

Most of the data above has been used in the space. It is unclear where the number 3 has come from. The answer is incorrect and there is nothing in the workings worthy of credit. Only 2 of the values above are required for this calculation. Do you know which they are? 







Sticky Note

This is the yearly cow dung collected from 1 cow.



Sticky Note

This is the gas collected per year from 1 cow.



Sticky Note

These are 2 calculations of the units produced by each cow per year. One of these is correct and the other is incorrect. Do you know which is the correct calculation?



Sticky Note

In this conclusion, it makes it clear which answer for the number of units is being used and because of that, it is not up to the examiner to decide. The correct answer for number of units has been chosen. The conclusion is correct. 



Sticky Note

This answer has not gained 5 marks. Which step in the calculation has been forgotten? 












6ai: 1


6aii: 1


1


1



Rectangle

The cost per unit has been correctly converted from 20 p into £0.20. 



Sticky Note

This is the correct anjswer for the cost before the biogas generator is installed. 



Sticky Note

This is the correct calculation for the savings in units after installing the biogas generator. 



Sticky Note

This is the correct answer for the savings made. 



Sticky Note

This calculation finds the cost of buying units after installation. This is the answer that the student has decided to use because £600 appears on the answer line. This is not what the question asks for. 



Sticky Note

The answer from part (i) is used here. This is called allowing an ecf (error carried forward). This is the correct payback time using that error as the savings. 



Sticky Note

The correct equation has been selected. It is good practice to show this every time you are asked to select an equation from page 2. 



Sticky Note

An incorrect pair of values has been selected. One of these values should have been selected but it is substituted in the wrong place. Are you able to correct the substitution? 







6bi: 0


6bii: 5


6c: 0


5



Sticky Note

The weekly mass of cow dung collected is correct.



Sticky Note

This step calculates the yearly mass of cow dung collected.



Sticky Note

This step calculates the gas produced per year.



Sticky Note

These are 2 calculations of the units produced per year. One of these is correct and the other is incorrect. Do you know which is the correct calculation?



Sticky Note

In this conclusion, it does not make it clear which answer for the number of units is being used. Usually a mark would be withheld but on this occasion full marks were awarded. The conclusion is correct. 



Sticky Note

This just states that using methane in a biogas generator would reduce impact but there is no explanatuon as to why. What would you include in an explanation? 
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6.	 A dairy farm was using 15 000 kWh of electricity every month from the National Grid.
	 The cost of electricity to the farm was 20 p per unit. 
	 The farmer decided to spend £152 400 on a biogas generator which uses cow dung to 


generate electricity. 
	 When working at maximum output, it was expected to reduce his demand on the National Grid 


to only 3 000 kWh a month.


	 (a)	 (i)	 Use an equation from page 2 to calculate the expected monthly savings in £. � [3]


	 Savings = £ 	 .


	 (ii)	 Calculate the payback time for the biogas generator.� [1]


	 Payback time = 	  months


	 (b)	 The biogas generator needs to produce 144 000 kWh of electricity per year.
		  The farmer owns 150 cows. 
		  Each cow produces 200 kg of dung per week, but the farmer is only able to collect 60 kg 


of this.
		  Each 1 kg of dung produces 0.05 m3 of methane gas. 
		  Each 1 m3 of methane gas input to the generator has an energy value of 5.3 kWh.
		  Each 1 m3 of methane gas when burned produces an output of 1.9 kWh of electricity.


	 (i)	 Use the information above and an equation from page 2 to calculate the % 
efficiency of using methane gas to produce electricity. � [2]


		  % efficiency =                     .
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	 (ii)	 The farmer thinks that there will be enough cow dung to produce the required 
amount of electricity (144 000 kWh).


		  Use the information opposite to explain whether the farmer is correct.
		  Show all your workings in the space below. (1 year = 52 weeks)� [5]


	


	


	 (c)	 When cow dung decomposes it produces methane gas.
		  When methane gas burns, it produces the greenhouse gases carbon dioxide and water 


vapour.
		  An online article contains this information about methane:


		  “While carbon dioxide is said to be the major contributor to the greenhouse effect, 
methane is roughly 30 times more effective as a heat-trapping gas.”


		  Explain whether collecting cow dung to use in a biogas generator benefits efforts to 
reduce human impact on the greenhouse effect. � [2]


	


	


	


	


END OF PAPER
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Answer all questions, 


1. A group of pupils Investigate the current-voltage (/-V} characteristics of different components.


(a) The first component they Investigate is a lamp.
Part of the circuit used Is shown below.
Add a variable resistor and voltmeter to the circuit diagram.


A 


(b) They draw a graph from their results for the lamp. It is shown below.


Current (A) 


• 


0 2,0 4,0 


I llllll 1111111111111 
04 


0 WJEC CBM lid 


6,0 8.0 


(343-0UC0-11 


10,0 12.0 
Voltage (V) 


[2] 


Examlr 


only 


l 


I 
I 


11 







5 I 
,-------------��---------------------�ExamJnet


(\Ot 


(i) One. student suggests that as the. current through the lamp doubles the voltage
triples.
Use pairs of data within the range 0.5A to 2.0A from the graph to explain whether
you agree with the student. [3) 
O • ? A - I S v' /O. - l-• l.v I , ':, A - -4 · 4 1., 


(ii) Use the equation:


power " voltage x current 


and information from the graph to calculate the maximum power produced by the 
�� 


/ 2 v X Z. · � A :::: .1 1- ·G


(c) The experiment is repeated with a 6 Q resistor but the results are lost.


(i) Use the equation:


voltage 
current = resistance


to calculate the current through the 6Q resistor at 12V. 


, z.. 


G 


,:: 7.. Current= ...... . 


(Ii) Draw the line for this resistor on the grid on the previous page. 


'2.. .A 


[1 I 


1111111111111 llll 
05 <!:, WJEC CB-AC ltd, (J4:'JO\JCD-1) Turn over. 
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(d) The students are given a sealed box containing another component.


/
sealed box 


connecting 
wire 


They are asked to confirm whether the hidden component is a diode. 


(i) Describe how they would use the circuit shown In part (a) to confirm whether or
not it is a diode. [3] 


1 .C. .... . , \- . '.."'? °' ...... d..�A .. �.'.'l: ........... tb� ... ..... v.o.H:.9.:.��
. 
····.·.·.", ...... 1·.--.. · .. •.·• 


.
. 


0,,,)q lA\ Cl ...... ········b·�··· ....... h, .. 1(1.b.M:': , ....... TI:'.:\�... 


(ii) Sketch the l-V graph that you would expect to obtain for a diode on the grid below.
[1) 


Current 


0 
Voltage 


I llllll 111111111111 
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Question Marking details 
Marks Available 


AO1 AO2 AO3 Total Maths Prac 


1. (a)   Variable resistor added in series with lamp (1) accept any size 
box with an arrow through it 
Voltmeter added in parallel with lamp (1) 
 


 
2 


  
 


2 
 


 
2 


 (b) (i)  When current is 0.5 [A] the voltage is 0.9 ± 0.1 [V] (1) 
When current is 1 [A] the voltage is 2.4 ± 0.1 [V] (1) 
Triple would give 2.7 [V] or this is not triple (1) so not true 
To award 3 marks conclusion must be present 
 
Alternative 1: 
When the current doubles from 0.5 to 1 [A] (1)  
The voltage changes from 0.9 to 2.4 [V] (1)  
which is 2.7 times bigger or this is not triple (1) so not true 
To award 3 marks conclusion must be present 
 
Alternative 2: 
When current is 1 [A] the voltage is 2.4 ± 0.1 [V] (1) 
When current is 2 [A] the voltage is 8.4 ± 0.1 [V] (1) 
Triple would give 7.2 [V] or which is 3.5 times bigger or this is 
not triple (1) so not true 
To award 3 marks conclusion must be present 
 
Alternative 3: 
When the current doubles from 1 to 2 [A] (1)  
The voltage changes from 2.4 to 8.4 [V] (1)  
which is 3.5 times bigger or this is not triple (1) so not true 
To award 3 marks conclusion must be present 
 


   
 


3 


 
 


3 


  
 


3 







 


© WJEC CBAC Ltd. 4 


Question Marking details 
Marks Available 


AO1 AO2 AO3 Total Maths Prac 


    N.B. 1 
When current is 0.5 [A] the voltage is 0.8 [V] (1) 
When current is 1 [A] the voltage is 2.4 [V] (1) 
This is 3 times bigger or this is triple (1) so true 
To award 3 marks conclusion must be present 
 
N.B. 2 
When voltage triples from 2 [V] to 6 [V] (1) 
Current changes from 0.9 [A] to 1.7 [A] (1) 
This is not double (1) so not true 
To earn credit voltages must be withing the range of 0.9 V to  
8.4 V 
 
N.B.3 
A correct conclusion based on incorrect voltage readings taken 
from the graph award 1 mark. 
 


      


  (ii)  Voltage = 12 [V] (1)  
Current = 2.25 ± 0.05 [A] (1) both readings from graph 
Power = 27 [W] or 26.4 [W] or 27.6 [W] (1) 
 


 


3  3 3 3 


 (c) (i)  
Substitution: 


12
(1)


6   
 = 2 [A] (1) 


 


 
1 


 
 
 


1 


 
 


2 2 
 


2 


  (ii)  Straight line from origin through (12,2 ecf)  
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Question Marking details 
Marks Available 


AO1 AO2 AO3 Total Maths Prac 


 (d) (i)  Connect in series one way and see if lamp lights or the 
resistance will be low or current will be high (1) 
Reverse the cell / battery / + and - / connection / box (1) 
See if the lamp still lights or the resistance will be much higher 
or diode only lets current flow one way or current will be zero 
(very small) (1) 
 
Alternative: 
Replace lamp with sealed box / add in series [with lamp] (1) 
Vary R and take series of reading of current and voltage (1) 
Reverse box / polarity of cell and repeat step 2 (1) 
 


   
 
 
 


3 


 
 
 
 


3 


  
 
 
 


3 


  (ii)  


 
Don’t accept S shapes or curve with a decreasing gradient 


 


1   1  1 


    Question 1 total 4 5 6 15 6 15 


 
 
  












Sticky Note

The correct symbols have been used. The voltmeter has been correctly connected in parallel to the lamp. The variable resistor is correctly connected in series. 







Sticky Note

3 current values are shown. The voltage values shown are not read correctly from the graph. Can you see what mistake has been made? 1 A is double 0.5 A and is within the range. Also 4.4 V is almost 3 x 1.5 V. Either of these gets the first mark. The second mark is lost due to misreading the graph. However, for the data values, the conclusion is correct so the third mark is awarded. 



Sticky Note

The maximum current and maximum voltage have been read correctly from the graph and the calculation is correct. 



Sticky Note

Substitution into the equation is correct and the calculation has been completed correctly. 



Sticky Note

See graph. A straight line has been drawn which is the expected line for a resistor. However it should end at (12,2). 







Sticky Note

The voltage could not be higher since the same voltage supply is being used. Does a diode allow current to pass equally in both directions? How could you test this using the circuit?



Sticky Note

This line is acceptable.



Sticky Note

The line here is ignored and just taken as an attempt to draw a line over the x-axis. 












1a: 2


1


1


1



Sticky Note

The correct symbols have been used. The voltmeter has been correctly connected in parallel to the lamp. The variable resistor is correctly connected in series. 







1bi: 3


1bii: 3


1ci: 2


1cii: 1


1


1


1


3


1


1



Sticky Note

0.5 A doubling to 1 A and 1 A doubling to 2 A are shown. This gets the first mark. The voltage values for these currents have been read correctly from the graph for the second mark. The conclusion matches with the data for the third mark. 



Sticky Note

The maximum current and maximum voltage have been read correctly from the graph and the calculation is correct. 



Sticky Note

Substitution into the equation is correct and the calculation has been completed correctly. 



Sticky Note

See graph. A straight line has been drawn which is the expected line for a resistor. It also passes through the correct point (12,2). 







1di: 3


1dii: 1


1


1


1


bod


1



Sticky Note

The placement of the diode in the circuit is correct. 



Sticky Note

This statement describes the 'flipping'of the diode. 



Sticky Note

This states that the current will be low. This was accepted in this example. So all 3 marks were awarded.



Sticky Note

This line is acceptable.



Sticky Note

The line here is ignored and just taken as an attempt to draw a line over the x-axis. 












1a: 1


1



Sticky Note

The correct symbol has been used for the voltmeter. The voltmeter has been correctly connected in parallel to the lamp. The variable resistor is correctly connected in series but the symbol is incorrect. There should be an arrow through it not a straight diagonal line.  







1bi: 0


1bii: 3


1ci: 2


1cii: 0


3


2



Sticky Note

8 V is not triple 2 V. Also 1.95 A is not double 0.9 A. The instructions in the question have not been followed despite certain words being underlined by the candidate. In this example no marks are awarded. 



Sticky Note

The maximum current and maximum voltage have been read correctly from the graph and the calculation is correct. 



Sticky Note

Substitution into the equation is correct and the calculation has been completed correctly. 







1di: 0


1dii: 0
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Answer all questions.


1.	 A group of pupils investigate the current-voltage (I-V) characteristics of different components. 


	 (a)	 The first component they investigate is a lamp.
		  Part of the circuit used is shown below. 
		  Add a variable resistor and voltmeter to the circuit diagram. � [2]


A


	 (b)	 They draw a graph from their results for the lamp. It is shown below. 


0


0.5


1.0


1.5


2.0


2.5


0 2.0 4.0 6.0 8.0 10.0 12.0


Current (A)


Voltage (V)


Lamp
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	 (i)	 One student suggests that as the current through the lamp doubles the voltage 
triples. 


		  Use pairs of data within the range 0.5 A to 2.0 A from the graph to explain whether 
you agree with the student. � [3]


	


	


	 (ii)	 Use the equation: 


		  power = voltage × current


		  and information from the graph to calculate the maximum power produced by the 
lamp. � [3]


Power =                  W


	 (c)	 The experiment is repeated with a 6 Ω resistor but the results are lost. 


	 (i)	 Use the equation: 


current = 
voltage


resistance


		  to calculate the current through the 6 Ω resistor at 12 V. � [2]


	 Current = 	  A


	 (ii)	 Draw the line for this resistor on the grid on the previous page.	 [1]







6
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15


	 (d)	 The students are given a sealed box containing another component.


connecting
wire


sealed box


		  They are asked to confirm whether the hidden component is a diode. 


	 (i)	 Describe how they would use the circuit shown in part (a) to confirm whether or 
not it is a diode. � [3]


	


	


	


	


	


	 (ii)	 Sketch the I-V graph that you would expect to obtain for a diode on the grid below.
� [1]
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