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All Candidates' performance across questions

Question Title N Mean S D Max Mark F F Attempt %

1 2266 3.6 2.3 8 44.5 98.6

2 2279 5.1 3.3 13 38.9 99.2

3 2262 4.1 2.7 9 45.2 98.4

4 2277 3.9 2.1 9 43.6 99.1

5 2293 5.4 3.4 14 38.8 99.8

6 2262 3 2.6 10 29.8 98.4

7 2292 7.7 3.2 17 45 99
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Question Marking details  Marks available  
AO1 AO2 AO3 Total Maths Prac 


3 (a) (i) 𝑛𝑛 = sin 50.0
sin 29.0


 [= 1.58] or 𝑣𝑣air
𝑣𝑣plastic


=  sin 50.0
sin 29.0


 [or by implication] (1) 


𝑣𝑣 = 1.90 × 108 [m s-1] (1) 
 


1   
 


 
1   


  
2 


 
2 


 


  (ii) 39.3° Accept 39.2o and 39o ecf 1     1 1  


 (b) (i) 𝑛𝑛clad [sin 90°] = 1.530 sin 81°  Give this first mark even if 9° instead 
of 81° (1) 
𝑛𝑛clad = 1.51  (1) 


  
 
2  


  
 


2 


 
 


2 


 


  (ii) 1
cos9°


  or  1
sin81°


  
 


1    1 1  


          
  (iii) Either starting from Δ𝑡𝑡 = 7.5 ns 


𝑡𝑡axial =  ∆𝑡𝑡
0.0125 [= 600 ns]  or by implication (1) 


𝑑𝑑 = 𝑐𝑐𝑡𝑡axial
𝑛𝑛


 used (1) 
d = 118 m, so 150 m is too long. [Accept d = 180 m so 150 m not 
too long, arising from omission of n – already penalised] (1) 
 
or if starting from 𝑑𝑑 = 150 m, 
𝑡𝑡𝑎𝑎xial = 𝑛𝑛𝑛𝑛


𝑐𝑐
 [= 765 ns] or tzigzag = 775 ns or by implication (1) 


Δ𝑡𝑡 = 0.0125 𝑡𝑡axial or equivalent used (1) 
Δ𝑡𝑡 = 9.6 ns, (accept 10 ns) so 150 m is too long. [Accept Δ𝑡𝑡 =
6.25 ns so 150 m not too long, arising from omission of n, already 
penalised.] (1) 
 


   
 
 
 
 


3  
 
 
 
 


 
 
 
 
 


3 


 
 
 
 
 


3 


 


          
   Question 3 total 2 4 3 9 9 0 
          


 












 
 
 
 
 
 
  



roberm

Sticky Note

Method and answer correct. The unjustified number of sig figs is not penalised in this question part, but it shouldn’t be assumed that silly numbers of sig figs are never penalised. This applies to practical questions and in question parts that specifically ask for the answer to be expresssed to a particular number of sig figs.
2 marks



roberm

Sticky Note

Method valid. Answer correct. 1 mark







 


 
 
 
 
   



roberm

Sticky Note

Candidate has right form of equation, with an angle of 90° in the cladding, but has failed to subtract 9° from 90°.  1 mark



roberm

Sticky Note

Candidate may have known how to complete the argument (by taking the reciprocal), but no evidence for this.  0 marks



roberm

Sticky Note

Candidate has determined the shortest and longest times for 150 m of fibre correctly, but has not found their difference nor drawn a conclusion. [The additional pages in the paper were checked.]  2 marks












 


 
  



roberm

Sticky Note

Method and answer correct.  2 marks



roberm

Sticky Note

Method and answer correct.  1 mark







  



roberm

Sticky Note

Candidate shows no understanding of the critical case, using 9° on the ‘cladding’ side of the equation (and even marking the 9° angle of reflection on the diagram.) 0 marks



roberm

Sticky Note

The ‘conclusion’ doesn’t seem to follow from anything written above. 0 marks



roberm

Sticky Note

Everything is fine up to the last step (middle column), when the student appears to confuse powers of 10, and reaches the wrong conclusion.  2 marks












 
 
 
 
  



roberm

Sticky Note

Method and answer correct.  2 marks



roberm

Sticky Note

Method and answer correct.  1 mark







 


 


  



roberm

Sticky Note

Correct method and answer. Rounding to 1.5 rather misses the point, but was not penalised in the mark scheme. 
2 marks



roberm

Sticky Note

Method fine (though needlessly complicated) up to the introduction of 4 cos 9°. The fraction 4.05/3.95 does not work out to be 1.0125.  0 marks



roberm

Sticky Note

Method and working is sound except for failure to take into account slower speed of light in glass. Conclusion gains ecf credit.  2 marks












6


(2420U20-1)06


Examiner
only


© WJEC CBAC Ltd.


	 (i)	 Calculate the speed of light in the plastic.	 [2]


	


	


	


	


	 (ii)	 Calculate the critical angle for light approaching air from the plastic.	 [1]


	


	


	


3.	 (a)	 A narrow beam of light is observed to refract as shown between clear plastic and air.


50°


29°


AIR
(n = 1.00)


CLEAR 
PLASTIC
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	 (b)	 The diagram shows light being transmitted along a multimode fibre, at the greatest angle 
to the axis for successful transmission.


9.0°


	 (i)	 The refractive index of the core is 1.530. Calculate the refractive index of the 
cladding.	 [2]


	


	


	


	


	 (ii)	 Show that the zigzag route in the diagram is 1.0125 times longer than a straight path 
through the same length of fibre.	 [1]


	


	


	


	 (iii)	 The difference in times of travel for a data pulse by these two extreme routes is 
required to be no more than 7.5 ns. Determine whether or not 150 m of fibre will be 
too long. Set out your reasoning clearly.	 [3]


	


	


	


	


	


	


axis


claddingcore (n = 1.530)


NOT TO SCALE
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Question Marking details] Marks available   
AO1 AO2 AO3 Total Maths Prac 


5 (a)  Work / charge  or  energy / charge or energy / coulomb (1) Don't 
accept joules / coulomb 
Context i.e. energy transferred [or converted] from electrical 
[potential] / work done………. [between the points] not a 
freestanding mark (1)  


 
 
 


2 


   
 
 


2 


  


 (b)  (i) 1.62 [V]  or  emf 1   
 


  1   


  (ii) 
I = 1.38


1.50
 [=0.92 A]  or by implication if answer correct to 2 sf (1) 


𝑉𝑉𝑟𝑟 = 1.62 V − 1.38 V = [0.24 V]  or 𝑅𝑅 + 𝑟𝑟 = 1.62 V
0.92 A


= [1.76 Ω](1) 
𝑟𝑟 = 0.26 [Ω]  (1) 


   
 
 
3 
 


  
 
 


3 


 
 
 


3 


 


  (iii) 𝑡𝑡 = 750 J
𝐸𝐸𝐸𝐸


 (1) or by implication ecf 
𝑡𝑡 = 500 s  [503 s] (1) [590 s indicates wrong pd used so award 1 
mark only] 


  
2 


  
2 


 
2 


 


  (iv) Total circuit resistance = 0.26 Ω ecf + 0.75 Ω or by implication (1) 
𝑉𝑉𝑅𝑅 = 1.20 [V] (1) or 0.3 Ω + 0.75 Ω gives 𝑉𝑉𝑅𝑅 = 1.16 [V] 
 


  
2 


  
2 


 
2 


 


 (c) (i) I = 6.0 V
200 Ω+850 Ω)


 [= 5.71 mA]  or  𝑉𝑉200 = 200
200+850


 6.0 V  (1) 
𝑉𝑉200 = 1.14 [V] (1)VLDR = 4.86 [V] but 𝑉𝑉200 not given award 1 mark 


  
2 


  
2 


 
2 


 


  (ii) No credit for ‘Resistance decreases’ 
Current increases or total circuit resistance decreases or any 
relevant resistance ratio (e.g. 𝑉𝑉200


𝑉𝑉LDR
) stated to increase or decrease as 


appropriate to the ratio (1) 
𝑉𝑉200 goes up, but award mark only if argument presented so that 
this conclusion follows (1) no ecf from (c)(i) 


  
 
 
 
2 


  
 
 
 


2 


  


          
   Question 5 total 3 11 0 14 9 0 
          












 


 
 
  



roberm

Sticky Note

Mark gained for energy per unit charge, but sentence in which it is embedded isn’t correct.  1 mark



roberm

Sticky Note

Correct.  1 mark



roberm

Sticky Note

Clear and correct.  3 marks



roberm

Sticky Note

Very clear.  Correct choice of 1.62 V, rather than 1.38 V. 2 marks







 
  



roberm

Sticky Note

Quite a sophisticated ratio method, using constancy of E and r.  2 marks



roberm

Sticky Note

Not quite the easiest ratio method, and some algebra not shown, but the answer is correct and follows from the equation.  2 marks



roberm

Sticky Note

A valid argument, based again on potential divider theory, and bringing out the role played by the fixed resistor.  2 marks












 


  



roberm

Sticky Note

The first part of the sentence, though true, isn’t how pd is defined. There is a serious mistake in the second half.  0 marks



roberm

Sticky Note

The “–r” is clearly intended. Bod not given.  0 mark



roberm

Sticky Note

The “0.261”, though crossed out, is not replaced and follows from the (correct) working. Bod given.  3 marks



roberm

Sticky Note

Calculation done logically in two steps, though using wrong pd.  1 mark







 
 


  
 
  



roberm

Sticky Note

The 2.25 W possibly arises from misreading the question. A far more serious mistake is retaining the ‘old’ current (rather than the old r).  0 marks



roberm

Sticky Note

Candidate has found pd across LDR rather than across resistor.  1 mark



roberm

Sticky Note

Pointing out that Rtotal decreases is a useful step, but it needs to be explained why this makes the voltmeter reading increase.  1 mark












 
  



roberm

Sticky Note

Energy converted per coulomb is worth credit. But the energy conversion quoted is for emf of a battery, not pd.  1 mark



roberm

Sticky Note

Correct.  1 mark



roberm

Sticky Note

Candidate correctly calculates the pd across r, but becomes confused.  1 mark



roberm

Sticky Note

Complete confusion.  0 marks







 


 
 
  



roberm

Sticky Note

The new load resistance is multiplied by the previous current. A common mistake, but a serious error of principle. 0 marks



roberm

Sticky Note

Candidate has found the current. A useful step. 1 mark



roberm

Sticky Note

Apart from claiming that the resistance increases (a misreading of the question?) candidate seems to think that the current stays the same. No credit can be given.  0 marks
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5.	 (a)	 Define the potential difference between two points in an electric circuit.	 [2]


	


	


	


	 (b)	 A cell of emf 1.62 V and internal resistance, r, is included in the circuit shown.


V


	 (i)	 State the expected reading on the voltmeter when the switch is open. ......................................


	 [1]


	 (ii)	 With the switch closed the voltmeter reads 1.38 V. Show in clear steps that the cell’s 
internal resistance, r, is approximately 0.3 Ω.	 [3]


	


	


	


	


	


	 (iii)	 750 J of the cell’s energy is dissipated in total while the switch is closed. Calculate 
the time for which the switch is closed.	 [2]


	


	


	


	


1.50 Ω
r
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	 (iv)	 Calculate the voltmeter reading when the 1.50 Ω resistor is replaced by a 0.75 Ω 
resistor, and the switch is closed.	 [2]


	


	


	


	


	 (c)	 The circuit shown includes a light-dependent resistor (LDR), whose resistance decreases 
as the intensity of light falling on it increases. A 6.0 V supply of negligible internal


		  resistance is used.


V


LDR


6.0 V


200 Ω


	 (i)	 Calculate the voltmeter reading when the resistance of the LDR is 850 Ω and the 
switch is closed.	 [2]


	


	


	


	 (ii)	 Explain, in clear steps, whether the voltmeter reading will increase or decrease 
when the intensity of light is increased.	 [2]
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Question Marking details Marks available   
AO1 AO2 AO3 Total Maths Prac 


7 (a) (i) Circuit sends current that can be varied through lamp (1) 
Accept series variable resistor correctly drawn, variable potential 
divider, or any recognisable symbol for variable (dc) power 
supply. 
Ammeter and voltmeter correctly connected and shown by 
correct symbols (1) 


 
 
 
 


2 


   
 
 
 


2 


  
 
 
 


2 


  (ii) Choose 200 mA as better resolution (accept precision, accuracy) 
Accept 0.16 A is closer to maximum of range for that meter 


 1    1  1 


  (iii) More points needed [for lower voltages] (1) accept smaller 
intervals or more readings 
pd range needs extending [beyond 2 V (to 3 V)] (1) 
Don't accept take evenly spaced readings or take repeat 
readings or equivalent  


   
 


2 


 
 


2 


  
 


2 


 (b) (i) 5.0 [Ω]  or  𝟎𝟎.𝟓𝟓𝟓𝟓
𝟎𝟎.𝟏𝟏𝟏𝟏 [Ω]  or by implication (1) 


13.8 [Ω]  or  𝟐𝟐.𝟎𝟎𝟎𝟎
𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏 [Ω]  or by implication (1) 


2.8 (1) Accept correct answer expressed as a fraction  
14.2 [Ω] or 14.3 [Ω] are from graph mis-readings deduct 1 mark 
only 


  
 


3 
 


  
 


3 


 
 


3 


 
 


  (ii) Marking points  
M1 [Free] electrons make collisions 
M2  …..with ions or atoms or lattice (accept particles) 
M3  Increasing the pd increases the current / drift velocity / 
energy of electrons 
M4  Electrons hit ions harder or transfer more energy [or 
equivalent] when I [or V] larger 
M5  Increased vibration [amplitude] [of ions/atoms] 
M6  Therefore temperature increases  
M7  Collisions more frequent or more probable [when T larger]  
M8  Smaller current / drift velocity [for a given pd] 
M9  Resistance increases in context 
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Question Marking details Marks available   
AO1 AO2 AO3 Total Maths Prac 


   5-6 marks  
7 – 9 of M1 – M9 are present 
There is a sustained line of reasoning which is coherent, 
relevant, substantiated and logically structured. 
 
3-4 marks  
4 - 6 of M1 – M9 are present 
There is a line of reasoning which is partially coherent, largely 
relevant, supported by some evidence and with some structure. 
 
1-2 marks  
1 - 3 of M1 – M9 are present 
There is a basic line of reasoning which is not coherent, largely 
irrelevant, supported by limited evidence and with very little 
structure. 
 
0 marks  
No attempt made or no response worthy of credit. 


6     6   


 (c)  No marks for unsupported ‘Spend’ or ‘Don’t spend’. 
Worth following up because: 
Any 2 × (1) from: 
- Use of superconductors avoids energy wastage (accept 


reduced resistance to zero) or equivalent or specific example 
pointing out advantage  


- Room temperature superconductivity means no cooling 
costs or makes systems simpler or cheaper or equivalent  


- Advancing scientific knowledge 
But original claim very likely to be wrong, so hard to defend 
spending more (1) 


   
 
 
 
 
 


3 


 
 
 
 
 
 


3 


  


          
   Question 7 total   8 4 5 17 3 5 
          












 


 
 
  



roberm

Sticky Note

Marking points clearly achieved: M1, M3. This puts candidate into the lowest band (1 or 2 marks). There is more than one misconception and no clear picture emerges of any of the processes involved. 1 mark awarded












 
 


  



roberm

Sticky Note

Marking points achieved: M1, M2, M5, M7, M9. Although the connection is confusedly explained, temperature increase is related to ‘particle’ vibrations, so M6 might also (charitably) be included. The candidate is clearly in the middle band (3 or 4 marks). The answer, though partial, is coherent and clearly-worded so 4 marks awarded












 
 


 
 
 



roberm

Sticky Note

Marking points achieved: 1, 2, 3, 5, 6, 7, 9. This point-score puts the candidate into the top band (5 or 6 marks). There are faults (for example the answer reads as if ions aren’t vibrating before the pd is increased) but the ideas are presented in a logical fashion without wasted words – a neat summary which needs little correction.
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7.	 (a)	 (i)	 Draw the circuit diagram for an investigation of how the current through a filament 
lamp varies with the applied potential difference.	 [2]


	 (ii)	 The lamp is labelled “3 V, 0.16 A”. The ammeter to be used is a multimeter with a   
0 – 200 mA range and a 0 – 10 A range. State which range should be selected, and 
justify your choice.	 [1]


	


	


	 (iii)	 The lamp has already been investigated by a student, Sion, who plotted the graph 
reproduced below. State two ways in which his investigation (not his graph plotting) 
could have been improved.	 [2]


	


	


	


	


Current / A


pd / V
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	 (b)	 (i)	 Use the graph to calculate the ratio:	 [3]


	


	


	


	


	


	 (ii)	 Explain, in terms of free electrons, why the temperature and the resistance of a 
metal wire increase when the potential difference across the wire is increased. 
	 [6 QER]


	


	


	


	


	


	


	


	


	


	


	


	


	


	


	


	


	


TURN OVER FOR THE LAST
PART OF THE QUESTION


Resistance of lamp at 2.00 V
Resistance of lamp at 0.50 V


Turn over.
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	 (c)	 A scientist claims to have made a material which is superconducting at room temperature. 
He publishes his procedure. Several research teams try to follow the same procedure, 
but without success. Discuss the arguments for and against spending more public money 
following up the scientist’s claim.	 [3]


	


	


	


	


	


	


	


	


END OF PAPER











