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All Candidates' performance across questions

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

1a 1995 0.5 0.7 2 27.3 95.4

1bi 1956 0.6 0.7 2 32.3 93.5

1bii 2035 0.6 0.7 2 31.5 97.3

1biii 1828 0.4 0.5 1 42.5 87.4

1ci 2018 0.8 0.4 1 79 96.5

1cii 1891 0.5 0.5 1 53.5 90.4

2ai 2017 0.5 0.5 1 45.3 96.5

2aii 1902 1.9 1.8 4 46.3 91

2aiii 2002 1.3 0.8 2 64.2 95.7

2bi 1977 1.7 1.2 3 56.2 94.5

2bii 1865 2.2 1.2 3 72.3 89.2

2biii 1817 2 1.2 3 68.1 86.9

3 1999 2.9 1.9 6 48.2 95.6

4ai 1940 1.5 1 3 49.2 92.8

4aii 1920 0.5 0.7 2 23.3 91.8

4aiii 2031 1 1 3 34.7 97.1

4b 1704 1 0.8 3 34.9 81.5

5ai 2010 0.9 0.9 2 44.5 96.1

5aii 2001 1.4 0.8 2 71.5 95.7

5aiii 1885 1 1.1 3 33 90.2

5bi 1807 1.5 0.8 2 75.6 86.4

5bii 1789 0.3 0.4 1 26.1 85.6

6a 1983 1.4 0.9 2 69.5 94.8

6b 1673 0.6 0.8 3 19.3 80

6ci 1943 1.6 0.9 3 54.8 92.9

6cii 1731 1.5 1.4 4 37.2 82.8

7ai 1953 0.5 0.5 1 49.2 93.4

7aii 2005 0.6 0.5 1 63.6 95.9

7aiii 1842 0.9 1.1 3 31.6 88.1

7b 1740 1 1.1 3 32.5 83.2

8ai 1694 0.8 0.8 2 38.4 81

8aii 1743 0.4 0.5 1 36.9 83.4

8bi 1804 2.1 1 3 69.4 86.3

8bii 1868 0.8 0.8 2 42.2 89.3
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Answer all questions. 


-- --- -- f:, ;,rn!rH 
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1, Anwen sets up the circuit shown in order to 1nvestigale a cell. The variable resistor is adjusted 
and readings are obtained from the voltmeter and ammeter. 


-- ···-·--------
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The readings are plotted as shown. 
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(a) The manufacturer claims that the emf of the cell is �- Explain, in terms of energy,
what this statement means. [21 
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trnly 
(b) An equation applying lo a cell of emf, £, and internal resistance, r. is:


(c) 


V=E-lr 


(Ii) Calculate the gradient of the line and hence determine a value for the cell's
internal resistance. 


_ 1 4 c; . 
-
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(iii) Evaluate the manufacturer's claim that the emf is 1.S0V.
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(I) Use the graph to determine the greatest CllJWllll lhe cell can supply. [1 I
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(ii) State the resistance of the variable r�r when the current is at its maximum. [1)
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


1 (a)  1.5J [of energy] transferred [from chemical] to electrical [potential] 
(1) 
per coulomb / per unit charge [of charge flowing through the source] 
(1) 
 


 
2 


  
 


2 
  


 (b) (i) Straight line or negative gradient (1) 
Positive intercept on pd axis or points close to best fit line (1) 
 


  
2 2 1 2 


  (ii) Gradient calculated to be - 0.54 ± 0.02 (1) 
r = 0.54 Ω ecf (1) unit mark 
 


 
2  2 2 2 


  (iii) y-intercept = E = 1.45 [V] so claim incorrect / correct plus valid 
comment e.g. correct as close to 1.50  
Accept calculated value of E from gradient ecf in (ii) with comment 
 


  1 1 1 1 


 (c) (i) 2.7 [A] Accept 2.65 [A] 
 


 1  1 1 1 


  (ii) Zero  
 


 1  1  1 


   Question 1 total   2 4 3 9 5 7 


 
  












dspea

Sticky Note

Candidate has correctly identified '1.50 J' of energy being transferred to electrical energy per coulomb. 2 marks awarded. They also correctly reference 'chemical for the cell', however, this was not a requirement on the marking scheme. 







dspea

Sticky Note

The first part of the candidate's response is enough for the 'positive intercept' mark through implication. The second part of the candidate's response gets the first mark. It is good to see reference of the 'negative gradient' but a 'straight line' comment alone would have been enough here. 



dspea

Sticky Note

Candidate has correctly calculated the gradient to be -0.54 and shown the internal resistance is 0.54 ohms. 



dspea

Sticky Note

The candidate has realised that the intercept is 1.45 [V] and that this is not the same as the manufacturer's claim. The ohm symbol was not penalised here. 



dspea

Sticky Note

Candidate has used the graph to correctly answer (c)(i) and (ii).












dspea

Sticky Note

Candidate has not shown any detailed understanding of the energy transfers taking place in a cell.







dspea

Sticky Note

Unfortunately, the candidate did not comment on Anwen's graph. Correct answers for this question usually made reference to the 'straight line' and the 'positive intercept'.



dspea

Sticky Note

The candidate has correctly calculated the gradient for the first mark, however, they were not able to arrive at the correct answer for the internal resistance.



dspea

Sticky Note

Candidate response is too vague for credit in this 'evaluate' question.



dspea

Sticky Note

Candidate has used the graph to correctly answer parts (c)(i) and (ii).












dspea

Sticky Note

The candidate is credited with the second mark but misses the first mark as the '1.50 V' should read '1.50 J'. In this question part, the correct unit was required.







dspea

Sticky Note

The candidate correctly identifies the negative gradient and the y-intercept as being 1.50 V. They also rearrange the given equation into the form y=mx+c. This was not awarded direct credit here, but did aid the candidate in the  subsequent question parts.



dspea

Sticky Note

The candidate has made an error in the gradient calculation. They are awarded the second mark with ecf. Please note that the unit is required for the second marking point.



dspea

Sticky Note

'The emf is 1.45' implies it is different to the stated 1.50 V. The mark is awarded with an element of bod.



dspea

Sticky Note

Parts (c)(i) and (ii) are correctly answered by the candidate.
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Answer all questions.


1. Anwen sets up the circuit shown in order to investigate a cell. The variable resistor is adjusted 
and readings are obtained from the voltmeter and ammeter. 


AV


A


 The readings are plotted as shown.


 (a) The manufacturer claims that the emf of the cell is 1.50 V. Explain, in terms of energy, 
what this statement means. [2]
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 (b) An equation applying to a cell of emf, E, and internal resistance, r, is:


  V = E − Ir


 (i) Explain how Anwen’s graph is in good agreement with this equation.  [2]


 


 


 


 (ii) Calculate the gradient of the line and hence determine a value for the cell’s 
internal resistance.  [2]


 


 


 


 (iii) Evaluate the manufacturer’s claim that the emf is 1.50 V. [1]


 


 


 (c) (i) Use the graph to determine the greatest current the cell can supply. [1]


 


 (ii) State the resistance of the variable resistor when the current is at its maximum. [1]
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


4 (a) (i)  ∆𝑦 = 1.6 m[m] or by implication (1)  1  
 
 
 


3 


 
 
 


2 


 
 
 


3 


    Correct use of 𝜆 =
𝑎 ∆𝑦


𝐷
 ignoring slips of 10n. ecf on ∆𝑦 (1) 1   


    𝜆 = 533 n[m] [ecf on ∆𝑦 if between 1.0 and 2.0 mm] (1) 
 


 1  


  (ii)  Diffraction mentioned (1) 
For each slit, intensity falls off with angle from normal or 
doesn’t spread round through 180o or equivalent (1) 
 


 2  2  2 


  (iii) I. 𝜆𝑖−𝑟 > 𝜆𝑣𝑖𝑠 or 𝜆𝑖−𝑟 > 700 mm or 𝜆𝑖−𝑟 > 533 mm (1) Accept 
wavelength has increased or infra-red has a longer 
wavelength 
∆𝑦 ∝  𝜆 or equivalent e.g. ∆𝑦 increases because a and D are 
constant [so student is right] (1) 
 


 
 
 


2 
 


 
 


2 
 


 
 


2 


   II. Increase D or decrease a  
 


 1  1 1 1 


 (b)   Light is a wave / wave-like (1) 
Repetition of experiment by other scientist(s) (1) 
Other experiments completed to check on the nature of light 
(1) 
 


  


 
3 


 
3 


  


    Question 4 total   1 7 3 11 3 8 


  












dspea

Sticky Note

Candidate has incorrectly calculated the fringe separation and is not awarded the first mark. They correctly use the double slit equation so are awarded the second and third mark with ecf.



dspea

Sticky Note

The first mark is awarded as the candidate has mentioned diffraction. There was not enough for the tougher second mark here. The candidate needed to expand on 'slightly diffracted'. We were looking for reference to each slit, where intensity falls off with angle from normal or doesn't spread through 180 degrees. 







dspea

Sticky Note

Candidate correctly states that infra-red has a longer wavelength than visible. They also state that the fringe separation increases. This alone is not enough for the second mark, however, the candidate stating 'a and D' being constant does allow for the second mark to be awarded.



dspea

Sticky Note

Correct as per mark scheme.



dspea

Sticky Note

Candidate states that 'light must be a wave' for the first mark. 'Scientists must repeat the experiment according to Young's method' is correct for the second mark. 'Other experiments' [to check nature of light]' gets the third mark.












dspea

Sticky Note

Candidate has incorrectly calculated the fringe separation and is not awarded the first mark. Candidates should be encouraged to find where max/min intensities correspond to the vertical grid lines. They correctly use the double slit equation so are awarded the second and third mark with ecf.



dspea

Sticky Note

Candidate has not made reference to diffraction here and is not awarded any credit.







dspea

Sticky Note

Candidate only mentions a 'change in wavelength'. This is too vague to be awarded credit.



dspea

Sticky Note

A decrease in 'a' is required here. The candidate incorrectly stated 'increase distance between the slits'.



dspea

Sticky Note

The first marking point is awarded for 'light has wave like qualities'. The second and third marks was not awarded. There was no reference to 'repetition of experiments' or 'other experiments to check the nature of light'.












dspea

Sticky Note

Using a large range can be of benefit but here the candidate has not been accurate when reading from the diagram. Candidates should be encouraged to find where max/min intensities correspond to vertical grid lines. They correctly use the double slit equation so are awarded the second and third mark with ecf.



dspea

Sticky Note

No credit awarded here.







dspea

Sticky Note

Candidate correctly states that infra-red has a larger wavelength [than visible] and is awarded the first mark. There is no evidence of the link between fringe separation and wavelength required for the second mark.



dspea

Sticky Note

Correct response.



dspea

Sticky Note

Candidate was unable to state Young's conclusion and did not access the 'repetition of his experiment' or the completion of 'other experiments'.
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4. (a) A modern version of Young’s double slit experiment is set up as shown.


1.50 m


Laser


Two slits (centres 
0.50 mm apart)


Array of closely 
spaced light sensors


A
B


Diagrams not 
drawn to scale


 (i) Calculate a value for the wavelength of light from the laser. [3]


 


 


 


 


 


 


 


 (ii) Each slit is several wavelengths wide. Suggest why the intensity of the bright 
fringes decreases the further the fringes are from the centre of the pattern. [2]


 


 


 


  The array of light sensors is connected to circuitry that displays a graph of light intensity 
along the line AB.


0 1 2 3 4 5 6 7 8 9 10


Intensity


Distance along AB / mm


A B
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 (iii) A student suggests that replacing the laser with one that emits near infra-red (that 
is infra-red just beyond the end of the visible spectrum) will increase the fringe 
separation.


 I. Explain whether or not the student is right. [2]


 


 


 


 II. State one way in which the fringe separation could be increased without 
changing the laser. [1]


 


 (b) More than 200 years ago Thomas Young drew a conclusion from his ‘fringes’ 
experiment. It was not generally accepted for several years. State what conclusion 
Young drew, and suggest what needed to be done by the scientific community for the 
conclusion to be accepted.  [3]
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


7 (a) (i) More electrons occupy Level U than Level L  
Accept more electrons in higher state than lower state. 


1   1   


  (ii) All 3 arrows correct.  


 
 


 1  1   


  (iii) Greater probability of stimulated emission [of photon] ... (1) 
...than absorption [of photon] (1)  
So extra photon produced (1) 
 


3   3   


 (b)  Calculation of 1.92  10-19 J (1) 


Use of E = hf or 
hc


E



=  (1) 


f < 2.9  1014 Hz ecf or λ > 1.0  10-6 m ecf so visible light not 
produced (1) 
 
Alternative: 


Use of 
hc


e
(1) 


eV values calculated at 400 nm and 700 nm i.e. 3.1 eV and  
1.78 eV (1) 
Lasing transition less than 1.20 eV so visible light not produced (1) 
Alternative: 
Lasing transition <1.20 eV (1) 
Red photon is ≈2 eV (1) 
Therefore infra-red photon produced (1) 
 


  3 3 2  


   Question 7 total 4 1 3 8 2 0 












dspea

Sticky Note

Candidate understands that there are more electrons occupying level U than level L and is awarded the mark.



dspea

Sticky Note

All three arrows correctly drawn.



dspea

Sticky Note

Candidate gains the first two marks for 'increases the probability of simulated emission and decreases the probability of absorption'. The final two sentences show good detail and is more than enough to get the third mark. 



dspea

Sticky Note

Candidate correctly converts the 1.20 eV into J for the first mark. They then use E=hc/λ to correctly calculate a corresponding wavelength of 1036 nm. The candidate then makes the link back to the lasing transition from U to L stating that 'even ground to P is higher' and 'U to L will be further away' implying it is infra-red and further from visible. We awarded the third mark with bod. The lasing wavelength would be greater than 1036 nm so visible light would not be produced.












dspea

Sticky Note

Candidate correctly states that there are more electrons in U than L.



dspea

Sticky Note

Candidate has drawn three transition arrows correctly.



dspea

Sticky Note

The candidate has referenced stimulated emission, however, this alone was not awarded credit. 'More chance' or 'greater probability' was also required.  



dspea

Sticky Note

Candidate is awarded the first mark for the correct conversion of eV into J.












dspea

Sticky Note

Candidate has written 'more electrons on higher energy level than ground'. This is enough. We are looking for the link between level U and level L.



dspea

Sticky Note

Candidate has correctly drawn the three transitions.



dspea

Sticky Note

The third marking point is awarded here as candidate has shown an understanding of an extra photon being produced.



dspea

Sticky Note

Candidate correctly converts the 1.20 eV into J.They then use E=hc/λ correctly.Candidate then indicates that the lasing energy is lower than 1.2 eV and so the wavelength would be greater than 1035 nm.  They say visible light would not be produced and so all 3 marks are awarded.
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7. A simplified energy level diagram for the amplifying medium of a 4-level laser is shown below. 
The lasing transition occurs between level U and level L.


 (a) (i) The laser is pumped to create a population inversion between level U and level L. 
State what is meant by a population inversion for this laser.  [1]


 


 


  (ii) Draw three arrows on the diagram to show the transitions required for this 
population inversion to be sustained.  [1]


  (iii) Explain why a population inversion is needed for light amplification to take place.
 [3] 


 


 


 


 


 (b) Determine whether or not visible light will be produced by the lasing transition from 
level U to level L, giving your reasoning. [3]


 


 


 


 


 


Level P


Level U


Level L


Ground state


1.20 eV


0
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