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All Candidates' performance across questions

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

1a 2085 1.4 0.7 2 69.8 99

1b 1983 1.1 1 2 53.6 94.2

1c 1947 2.1 2.1 5 41.8 92.5

2ai 2079 1.2 1 2 62 98.7

2aii 2023 0.9 0.9 2 42.6 96.1

2bi 1897 0.6 0.9 3 18.6 90.1

2bii 1329 1 1.1 3 31.8 63.1

3ai 2077 0.8 0.4 1 80.9 98.6

3aii 2064 0.7 0.9 2 35.7 98

3bi 1990 0.3 0.5 1 34.7 94.5

3bii 2045 1.4 0.9 2 71.3 97.1

3biii 1675 1.2 1.5 4 29.4 79.5

3ci 2071 0.5 0.5 1 53.5 98.3

3cii 1979 2.5 1.4 4 63 94

3d 2055 1.7 0.6 2 84 97.6

4ai 2030 1 0.8 2 51.8 96.4

4aii 1637 0.5 0.5 1 53.8 77.7

4bi 1948 1.2 0.9 2 58.1 92.5

4bii 1436 1.7 1.6 4 42.7 68.2

4c 1492 0.7 0.8 2 34 70.8

4d 1603 0.9 0.9 3 29 76.1

5a 1928 2.9 1.5 6 47.8 91.5

5b 1977 2.2 1 3 73.9 93.9

6a 1898 1.3 1.2 3 43.7 90.1

6bi 2006 0.8 0.4 1 83.7 95.3

6bii 1882 1 1.2 3 33.1 89.4

6biii 1752 1.1 0.9 2 56 83.2

6c 1842 1.1 1.1 3 37.9 87.5

7a 2013 0.7 0.5 1 71 95.6

7bi 1634 0.2 0.5 2 8.6 77.6

7bii 1759 1 1 2 50.5 83.5

7c 1652 2.6 1.5 4 63.8 78.4
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


4 (a) (i) A =   (0.09  10-3)2     


2 2 2 


   A = 2.5  10-8 [m2] (1)  1  


   
% uncertainty = =


2 x 0.01 x 100


0.18
seen or =


0.01 x 100


0.09
 (1) accept 


Accept first principles method leading to 10.8 % or 11.4 % or both 
Or 11.1 % seen  


1   


  (ii) 1 x 100


1940
 (1) ignore sig figs 


(Or 0.05 % seen)  
 


1   1 1 1 


 (b) (i) Substitution: 


E =
-8 -3


9.81 x 1.940


2.5 x 10  x 6 x 10
 (1) (ecf on A) 


 
1 


  


2 2 2 


   E = 1.2688  1011 [Pa] (1) (ecf on slips in powers of 10) 


E = 127 or 130 GPa or 125 GPa if 2.544  10-8 m2 is used 


 1  


  (ii) 
% Unc in extension = 


0.5 x 100


6
= 8.3 [%] (1) 


  
1 


 


4 3 4 


   Total % unc = 8.3 % (ecf if incorrect or omitted) + 5 % + 11 % = 24.3 
% (1) 


Absolute unc =  130  x 
24.3


100
(ecf)  


1   


   = 3.083  1010 (1)  1  


   = 31 G[Pa] (1)  
N.B if 8 % used and 127 answer = 30 GPa 
If 8.3 % and 127 used answer = 31 GPa 
 


 1  
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


 (c)  Jack: 
The metal is made from copper (1) 
 
Karen: 
The metal could be zinc, bronze or copper (1) ecf must be 
consistent with answer to (b) 
 


  


2 2  2 


 (d)  Procedure – Jack may have: (award 2 marks max) 


• Taken repeat readings of diameter (1) 


• Measure mass more accurately (1) 


• Added weights in incremental steps / obtained varying 
extensions [with varying masses] / use a larger mass (1) 


• Use travelling microscope / vernier scale for extension (1) 
 
Don’t accept different lengths 
 
Analysis – Jack may have: (award 1 mark max)  


• Draw a graph of force v extension or stress v strain [to find a 
mean value or gradient] (1) 


 


  


3 3  3 


   Question 4 total 4 5 5 14 8 14 


  












1


1


1



Sticky Note

The cross-sectional area is calculated correctly, as is the % uncertainty in its value. Two marks are awarded.




Sticky Note

The % uncertainty in length is calculated and shown to be negligible. The mark is awarded.








4ai: 2


4aii: 1


4bi: 2


4bii: 4


4c: 2


1


1


1


1


1


1


1


1



Sticky Note

The Young modulus is calculated correctly. Two marks are awarded.




Sticky Note

4 marks are awarded. The % uncertainty in extension is determined and used to calculate the total % uncertainty. The absolute uncertainty in the Young modulus is given in GPa and to an appropriate number of significant figures.




Sticky Note

Both conclusions are correct. 2 marks are awarded.




jonesj

Sticky Note

Unmarked set by jonesj







4d: 3


1


1


1



Sticky Note

Three marks are awarded.
Two marks are related to procedure, these being reference to multiple readings for the diameter and also taking many readings of extension for varying loads. The third mark for analysis is awarded for a correct and valid explanation for the use of an appropriate graph.













1


1


1



Sticky Note

The cross-sectional area is determined correctly and the % uncertainty in its value is confirmed. Two marks are awarded.




Sticky Note

Calculating the % uncertainty in the length shows that it can be considered negligible. The mark is awarded.








4ai: 2


4aii: 1


4bi: 2


4bii: 4


4c: 2


1


1


1


1


1


1


1


1



Sticky Note

The Young modulus is calculated correctly. Two marks are awarded.



Sticky Note

4 marks are awarded.
The final answer is given to an appropriate number of significant figures.




Sticky Note

Both conclusions are valid and consistent with previous answers. Two marks are awarded.







4d: 3


1


1


1



Sticky Note

Three marks are awarded. The first two marks are procedure' related. The response correctly describes two different procedures undertaken by Jack - taking several readings of diameter and a range of extension readings with varying loads. The third mark (analysis) is awarded for reference to an appropriate graph.













Sticky Note

The cross-sectional area is determined correctly. The % uncertainty in its value is not shown. One mark only is awarded.




Sticky Note

The uncertainty in length is shown to be negligible. The mark is awarded.








Sticky Note

The Young modulus is correct. Two marks are awarded.




Sticky Note

The final value given is not based on valid calculations of uncertainty. No marks are awarded.




Sticky Note

Error Carried Forward (ECF) is applied to this part. Jack's conclusion does not depend on ecf. The response given for Jack is incorrect. Ecf can be applied for Karen from the answer to (b)(ii)- +/- 51GPa in this case. On this basis, the answer is also incorrect with aluminum falling outside the range of acceptable values.








Sticky Note

No marks are awarded for this response. The question focus is on procedure differences and methods of analysis rather than changes to experimental set-up. The first two points made are therefore invalid, the third point regarding repeat readings lacks the detail required to be awarded a mark - the question is, what readings are being repeated? No valid comment is made regarding analysis of results.
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Examiner
only


4.	 Karen is an A level Physics student who has been absent for some of her Physics practical 
lessons. During her absence, the other students in the class have been using the apparatus 
below to identify the metal in a wire by finding the Young modulus of the metal and comparing 
it with known values.


secure 
clamp long wire


table metre 
ruler


known 
load, W


pointer


	 In order to catch up with the other students, Karen decides to use the same apparatus to carry 
out a quick experiment to find the Young modulus. Her notes are shown in the box below.


•	 Take single reading of diameter using a micrometer of resolution 0.01 mm. 
Diameter = 0.18 mm


•	 Use a metre ruler of resolution 1 mm to measure the initial length of the wire. 
Initial length = 1.940 m


•	 Set up the apparatus and add a mass of 1.0 kg to the end of the wire. 
Measure extension.  
Extension = 6.0 ± 0.5 mm


	 (a)	 Use Karen’s notes to answer the following questions.


	 (i)	 Calculate the cross-sectional area of the wire in m2 and show that the 
percentage uncertainty in its value is approximately 11%.� [2]


	


	


	


	


	


	 (ii)	 Show, with an appropriate calculation, that the uncertainty in the length reading 
can be considered negligible. � [1]
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Turn over.


	 (b)	 (i)	 Determine the Young modulus of the metal.� [2]


	


	


	


	


	


	 (ii)	 Karen is told by her teacher that the percentage uncertainty in the load is 5%. Use 
this information along with Karen’s notes and your answers to (a) to calculate the 
absolute uncertainty in the Young modulus. Give your answer in GPa and to an 
appropriate number of significant figures.� [4]


	


	


	


	


	


	


	 (c)	 The following table shows Young modulus values of the wires available to the students.


Metal Young modulus / GPa


aluminium 70


zinc 100


bronze 103


copper 117


nickel 166


		  Karen’s friend Jack determined the Young modulus of the metal to be 126 ± 20 GPa. 
They both use the above table to determine the metal in their wires. Discuss how Jack’s 
conclusions differ from Karen’s.� [2]
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	 (d)	 Jack had more time to carry out this experiment than Karen. Suggest differences in the 
way Jack carried out the experiment (i.e. procedure) and in the way that he analysed his 
results which led to him reaching a different conclusion to Karen.� [3]


	


	


	


	


	


	


	


	


	


14
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


5 (a)  • Hadrons are made up of quarks 


• Quarks / hadrons feel the strong force.  


• Hadrons can be split into two groups, baryons and mesons 
[Accept three groups and reference to anti-baryons] 


• Baryons contain three quarks. Protons and neutrons are 
baryons. 


• Protons contain 2 up quarks and 1 down quark.  


• Neutrons contain 1 up quark and 2 down quarks. 


• Up quarks carry a charge of + 2
3


, down quarks carry a charge 


of − 1
3


. 


• For protons: + 2 2 1
3 3 3
+ - = +1 For neutrons: + 2 1 1


3 3 3
- - = 0 . 


• Mesons contain a quark and an antiquark or detail e.g π+ is ud  


(+ +2 1
3 3


) etc 


• There are 3 generations of hadrons / quarks. 


• Hadrons have a lepton number of 0, baryons have a baryon 
number of 1, anti-baryons -1 and mesons 0. 


 
5-6 marks  
A comprehensive analysis of baryons and mesons. 
There is a sustained line of reasoning which is coherent, relevant, 
substantiated and logically structured. 
 
3-4 marks  
A comprehensive account of either baryons or mesons or a limited 
account of both.  
There is a line of reasoning which is partially coherent, largely 
relevant, supported by some evidence and with some structure. 


 


 
 


6 
  


 
 


6 
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


   1-2 marks  
A limited account of either baryons or mesons. 
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. 
 


      


 (b)  Charge: 
+1 -1 = 0 +1 -1 (1) 
 
Baryon: 
1 + 0 = 1 + 0 + 0  (1)  
Accept:  


uud + ud = udd + ud + ud  


 
Lepton: 
0 + 0 = 0 + 0 + 0 (1) 
N.B. Charge and lepton number must be present and either 
baryon or quark number 
 


 


3  3 


  


   Question 5 total 6 3 0 9 0 0 


  












5a: 5


5b: 2


1


1



Sticky Note

This is a higher band response. A description is given of how hadrons can be sub-divided along with a quark analysis of the sub-divided groups. Reference is made to anti-particles within these groups. A charge analysis is given, however charge summations for individual particles are not given e.g. proton- uud: +2/3 +2/3 - 1/3 = +1.
The strong force is identified as the prominent force associated with hadron interactions. 




Sticky Note

Charge and lepton number are shown to be conserved. The response shows an analysis of quark conservation, which again is shown to be correct and is an alternative to baryon number conservation, a more commonly seen response. Three marks are awarded.













5a: 4


5b: 3


1


1


1



Sticky Note

This is a strong middle band response. Reference is made to the quark make up of baryons, anti-baryons and mesons and the strong force is identified as being the most prominent force. A quark based analysis of charge would allow access to the upper band. e.g, for protons (uud): +2/3 +2/3 - 1/3 = +1




Sticky Note

A correct analysis of baryon and lepton number and charge is given. 3 marks are awarded.













Sticky Note

This is a lower band response which is awarded 2 marks. Whilst there are aspects of the answer which are correct (e.g. a baryon is a particle made up of 3 quarks), the response contains a number of factual inaccuracies (e.g. a lepton is a particle made up of two quarks). The inaccuracies limit this response to the lower band. 




Sticky Note

Three marks are awarded. Whilst the baryon number total is incorrect, the individual baryon number allocation is correct and BOD is applied. Additionally a quark number analysis is given which is correct and reinforces the baryon analysis. 
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5.	 (a)	 Hadrons are a group of particles. Write a detailed account of hadrons, including how 
they may be subdivided into other groups of particles, giving examples.�  [6 QER]


	


	


	


	


	


	


	


	


	


	


	


	


	


	


	


	 (b)	 A high energy interaction between a proton and a pion is shown below.


		  p + π− ➝ n + π+ + π−


		  Use conservation laws to show that the interaction is possible.� [3]


	


	


	


	


	  


	


9
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


7 (a)  A black body [is a body or surface which] absorbs all the 
[electromagnetic] radiation that falls upon it / no body is a better 
emitter of radiation [at any wavelength] than a black body at the 
same temperature  
 


1   1   


 (b) (i) Valid strategy e.g. IR2 = constant (1) 
Data from graph used to validate relationship 


e.g. (2  1011)2  0.8 = 3.2  1022 


       (4  1011)2  0.2 = 3.2  1022 (1) 
Award both marks for correct use of data only 
 


  


2 2 2 


 


  (ii) Correct substitution of corresponding pairs of values into              


I = 
24 R


P



regardless of units used (1) 


1 


  


2 2 


 


   Correct re-arrangement and correct unit conversions to show 


clearly that P ≈ 4  1026 W  e.g. 


P = 1.4  103  4 x (1.5  1011)2 (1) 
 


 


1 


  


 (c)  peak found from graph (= 500±10  10-9) [m] (1)  1  


4 4 


 


   
Wien’s law to find Tsun i.e. 


-3


-9


2.9x10


500x10
 [= 5 800 K] (1) (ecf on peak)  


Substitution into P = 4πR2
sunσT4 (ecf on T) 


e.g. 4  1026 = 4  π  R2
sun  5.67  10-8  (5 800)4 (1) 


Rsun = 7.0  108 m (1) unit mark    
 


 
 
 
 


1 


 
1 
 
 
 


1 


  


   Question 7 total 3 4 2 9 8 0 


 












7a: 1


1


1


1


1


1



Sticky Note

A full and correct explanation of the term 'black body' is given. 




Sticky Note

A valid strategy is employed to confirm an inverse square relationship. Two marks are awarded.




Sticky Note

The Sun's luminosity is correctly confirmed and both marks are awarded.








7bi: 2


7bii: 2


7c: 4


1


1


1


1



Sticky Note

Full marks are awarded. The first two marks are awarded for using Wien's law to determine the surface temperature. The second two marks are awarded for determining the diameter using Stefan's law. The candidate uses the correct formula for the surface area of a sphere.













7a: 1


1


2


1


1



Sticky Note

A correct explanation is given for the term 'black body'. The mark is awarded.




Sticky Note

A valid strategy is adopted and the inverse square relationship is confirmed. 2 marks are awarded.




Sticky Note

The Sun's luminosity is calculated and shown to approximate the given value. Two marks are awarded.








7bi: 2


7bii: 2


7c: 4


1


1


1


1



Sticky Note

Two marks are awarded for using Wien's law to determine the surface temperature of the Sun. Two additional marks are awarded for using Stefan's law to determine the surface area and hence the radius of the Sun. 'A' is identified as the surface area in this response. 4 marks are awarded in total.













Sticky Note

A correct explanation of the term 'black body' is given.




Sticky Note

Although a description is given in terms of increasing I when d decreases, this is not a valid strategy. No marks are awarded.




Sticky Note

Values of d and I are taken from the graph, however the substitution into the inverse square law equation is incorrect. The value of d is divided by 2 and the factor 4 is missing. No marks are awarded.




jonesj

Sticky Note

Unmarked set by jonesj







Sticky Note

The surface temperature of the Sun is determined and two marks are awarded. Stefan's law is attempted, however the factor 4 is missing from the equation for surface area. The numerical answer given is not consistent with the attempted use of Stefan's equation. No further marks can be awarded. 
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7.	 (a)	 Stars are very good approximations of black bodies. Explain what is meant by the term 
black body.� [1]


	


	


	 (b)	 The graph shows how the intensity of electromagnetic radiation, I, from the Sun varies 
with the distance from its centre, d.


0


1


2


3


4


0 1 2 3 4 5


I / kW m−2


d (× 1011) / m


	 (i)	 Confirm that the graph shows an inverse square relationship between I and d.� [2]


	


	


	


	


	


	 (ii)	 Show that the Sun’s luminosity is approximately 4 × 1026  W.� [2]
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	 (c)	 The graph shows how the intensity of the radiation incident on the Earth from the Sun is 
distributed across the spectrum.


100 300 500 700 900 1100


Spectral 
intensity


Wavelength / nm


		  Use information from this graph, along with your answer to (b)(ii), to calculate the radius 
of the Sun.� [4]


	


	


	


	


	


	


END OF PAPER
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