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

1ai 1858 2.2 1 3 72.7 97.2

1aii 1838 0.4 0.5 1 42.3 96.1

1bi 1873 1 0.7 2 50.5 98

1bii 1823 0.4 0.6 2 20.7 95.3

2a 1876 2.4 0.9 3 81.1 98.1

2b 1821 2.2 1.3 6 37.2 95.2

3a 1892 1.9 1.1 4 47 99
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3d 1566 0.8 1 4 18.8 81.9

4a 1898 1.8 0.5 2 88.7 99.3

4bi 1842 1.4 0.9 2 68.4 96.3

4bii 1860 1.5 0.7 2 76.3 97.3

4ci 1851 0.6 0.5 1 60.5 96.8

4cii 1834 0.8 0.9 2 39.9 95.9

4ciii 1814 1.5 0.8 2 76.4 94.9

4civ 1646 0.5 0.8 2 25.6 86.1
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5c 1845 0.3 0.6 2 13.4 96.5

5di 1872 0.6 0.5 1 63.5 97.9

5dii 1691 0.5 0.8 2 23.6 88.4

5diii 1452 0.7 1 3 22.3 75.9

5e 1652 0.7 0.6 2 35.2 86.4

6ai 1712 1.9 1.5 4 47.6 89.5

6aii 1588 1.4 1.5 3 47.7 83

6aiii 1768 1.3 0.8 2 66.9 92.5

6aiv 1551 1.4 1.3 3 47 81.1

6b 1704 1 0.9 2 51.1 89.1
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


1 (a) (i) Valid method e.g. 𝐵 = 𝜇0𝑛𝐼 to calculate 𝐵 or 𝐼 or 𝑛 or 𝜇0 (1) 
Gives B = 0.0606 [T] or I = 7.13 [A] or 𝑛 = 26 972 or  


𝜇0 = 2.51  10-6 (1) 
Correct conclusion based on calculation (with ecf) e.g. Lindsay 
wrong (if B or I calculated), Lindsay wrong because 𝜇0 too large or 


real value is 1.26  10-6 or Lindsay wrong because 𝑛 value too large 
or real value is 13 500 (allow ecf on n = 27 000 here) (1) 
 
i.e. Calculating B = 0.121 [T] followed by Lindsay correct is 2 marks 
(1st and 3rd marks) 
 


  


 
 
 


3 


 
 
 


3 


 
 
 
1 


 


  (ii) Iron / ferromagnetic / steel core 
Accept increase permeability 
Don’t accept increase permeability of free space 
 


1   1   


 (b) (i) Use of 𝐵𝐴𝑁𝑐𝑜𝑠𝜃 (1) 1   


2 1 


 


   Correct answer = 0.046 Wb or Wb turn or T m2 **unit mark** (1) 
 


 1   


  (ii) Max when 𝜃 = 90 because flux changing / cutting at max rate 
(accept cutting most lines or similar for max rate) (1) 
When 𝜃 = 0 no emf because flux max or no cutting or rate of 
change is zero (1) 
Alternative for 2nd mark 
Min when 𝜃 = −90, 270 because flux changing / cutting in opposite 
direction (1) 
Allow 1 mark if both angles are correct with no explanation 
Allow 1 mark if angles are wrong but both explanations are correct 
(must refer to flux changing or cutting but no need to insist on 
“rate”) 
 


  
 
 


2 
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   Question 1 total 2 3 3 8 2 0 
  












1. (a)(i) 


 


 


 


1. (b)(i) 


 


  



roberm

Sticky Note

This is an excellent example of a correct answer along with a clear conclusion.



roberm

Sticky Note

This is the correct answer and succinctly worded. A capital letter to start the sentence would have been better but there will never be a penalty for punctuation or grammar outside of the 6 QER questions. 



roberm

Sticky Note

This is an excellent example of a correct answer.







 



roberm

Sticky Note

This is an excellent example of a completely correct answer in terms of rate of change of flux. Most correct answers used the flux cutting approach. 












1. (a)(i) 


 


 


 


1. (b)(i) 


 


  



roberm

Sticky Note

This is an excellent example of a correct answer but this candidate has forgotten to make a conclusion. This candidate loses the last mark. 



roberm

Sticky Note

A conductor does not receive the mark. Most conductors are non-magnetic.



roberm

Sticky Note

This is also a correct answer but the candidate is penalised for not including a valid unit (Wb turn, Wb and T m2 were all acceptable). 







 



roberm

Sticky Note

This candidate has the correct angles but has no explanation for 1 mark.












1. (a)(i) 


 


 


 


1. (b)(i) 


 


  



roberm

Sticky Note

This was a common example for 2 marks. The candidate has not used the number of turns per metre but has used the total number of turns. This candidate loses the 2nd mark but is awarded the last mark with error carried forward i.e. the conclusion is correct taking into account the previous incorrect answer. 



roberm

Sticky Note

Changing the area of the solenoid will have a small effect on the vector B-field but this  was not deserving of the mark. 



roberm

Sticky Note

This candidate has forgotten to include the number of turns and scores nothing.







 



roberm

Sticky Note

This was a very common wrong answer for zero marks. Candidates were forever talking about the maximum flux rather than the maximum rate of change of flux. 
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Examiner
only


Answer all questions.


1. (a) (i) Lindsey calculates that a current of 3.57 A will produce a magnetic flux density of 
0.121 T inside the long solenoid shown. Determine whether or not she is correct.


     [3]
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2.00 m


 


 


 


 


 


 


  (ii) State how the magnetic flux density inside the solenoid can be increased greatly 
without changing the current or the number of turns per unit length. [1]


 


 


Total number of
turns = 27 000
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 (b) A rectangular coil rotates at a constant angular velocity within a uniform magnetic field 


of 0.121 T. The coil has 70 turns and cross-sectional area 59 cm2. The diagram below 
shows the coil, looking along the axis of rotation.


 (i) Calculate the flux linkage of the coil when θ = 23°. [2]


 


 


 


 


 (ii) As the coil rotates, explain what values of θ provide the maximum and minimum 
values of the induced emf. [2]
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2.(a) 
















2.(a) 
















2.(a) 
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


2 (a)  At least 4 field lines are radial and symmetrical (1) 
At least 2 equipotentials are circles / spheres (1) 
Out of positron and into anti-neutron (1) 
 


3   3   


 (b)  Indicative content: 
 
Differences 
1. electric fields - charges & grav fields – masses (or force per unit 


mass, force per unit charge or forces between charges & masses) 
2. e-fields – into & out, g-fields only into (direction point – also accept 


grav forces only attractive, e-forces attractive & repulsive) 
3. Gravity is far weaker (on small scale) OR electrical negligible on 


large scale (i.e. scale point) 
4. E potential work done per unit charge & G work done per unit mass  
5. E-fields depend on permittivity OR g-fields depend on dark matter 
 
Similarities 
1. Same shape field (for point/spherical masses/charges). Note: this 


point is different from the same shape graph which is the next 
point. 


2. inverse square law (applies to both) 
3. Both fields lead to (concept of) PE  
4. Potential or PE is inversely proportional to distance 
5. Both fundamental force laws 
6. Both have scalar fields OR both have vector fields (or both!) 
7. Anything to do with exchange particles (photon, gluon, bosons) 
 
NOTE: some differences can be viewed as similarities and vice versa 
e.g. energy per unit charge and energy per unit mass could be 
considered a similarity. Also, the different exchange particles could be 
considered a difference. 
 


6   6   
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


   5-6 marks  
Similarities and differences between electric and gravitational fields 
covered comprehensively. 
There is a sustained line of reasoning which is coherent, relevant, 
substantiated and logically structured. 
 
3-4 marks  
Similarities or differences between electric and gravitational fields 
covered comprehensively or limited description of both. 
There is a line of reasoning which is partially coherent, largely 
relevant, supported by some evidence and with some structure. 
 
1-2 marks  
Limited description of either the similarities or the differences. 
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. 
 


      


   Question 2 total 9 0 0 9 0 0 


 
  












2.(a) 


 


 



roberm

Sticky Note

This candidate is a little fortunate to receive 3/3 marks because the arrows are slightly unclear. However, they are just about clear enough and all examiners would allow this with "benefit of doubt" (BOD). 







 



roberm

Sticky Note

This is an example of an excellent answer with plenty of content and set out clearly. This candidate was deservedly awarded 6/6. 












2.(a) 


 


 



roberm

Sticky Note

This candidate has probably forgotten that the positron is positively charged and the electric field lines should be coming out of it. 







 



roberm

Sticky Note

This is typical of an average response and only just gained 2 marks. The candidate realises that electrical forces can be repulsive or attractive whereas gravitational can only be attractive. There are also some sensible comments about equipotentials which takes this candidate towards the top of the bottom band (i.e. 2 marks). Had the candidate mentioned the inverse square law then it would have deserved 3 marks. 












2.(a) 


 


 


 



roberm

Sticky Note

This candidate probably thinks the anti-neutron has a negative mass. There is no such thing as negative mass and so the field lines must go inwards for the anti-neutron. 



roberm

Sticky Note

This candidate has almost got the point about electrical forces being both repulsive and attractive whereas gravitational can only be attractive. Unfortunately, it is poorly worded and is discussing the fields. There is a misunderstanding here regarding the charge of an anti-neutron and what does "distance of the equipotentials" mean? Your guess is as good as mine. Nonetheless, there is the tiniest bit of valid physics here and the candidate gains a generous 1 mark. 
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Examiner
only


2. (a) Draw 2 equipotentials and 4 field lines for both the electric field of the positron and the 
gravitational field of the anti-neutron shown. [3]


 (b) Describe and explain the similarities and differences between electric and gravitational 
fields. [6 QER]
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3. (a)
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OR 


Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


3 (a)  Vector diagram roughly as shown (1) 
 
 
 
OR 
 
 
 


 
Vertical components cancel (1) Accept forces due to +ve charges 
cancel 
 
Field is right OR attractive force towards positives (1) 
 
Electron is negative linked to F (or a) left OR repulsive from -ve (1) 
 


 


 
 
 
 
 
 
 
 
 
 
 
 
 


4 


 


 
 
 
 
 
 
 
 
 
 
 
 
 


4 


 
 
 
 
 
 
 
 
 
 
 
 
 


2 


 


 (b)  
Use of  𝐹 =


𝑘𝑄𝑞


𝑟2  OR 𝐹 = 𝐸𝑄 and 
2


kq
E


r
= (1) (expect to see  


9.6  10-18 [N]) 


 
1 


  


 
 


4 


 
 


3 


 


   2Ecos60 +E or 2Esin30 + E OR 2Fcos60 + F or 2Fsin30 + F (1) 


(expect to see 1.92  10-17 [N] or 120 [N C-1]) 


 1   


   Use of 𝐹 = 𝑚𝑎 (1) (can be awarded for any valid  


force ÷ 9.11  10-31)  


1    


   Correct answer = 2.1  1013 [m s-2] (no ecf for this, must be correct) 
(1) 
 


 1   
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


 (c)  
Substitution into PE


kQq


r
= e.g. 


9×109×2.4×10−9×1.6×10−19


0.6
 (1)   


 
1 


  
 
 
 
 
 
 
 


2 


 
 
 
 
 
 
 


1 


 


   9×109×2.4×10−9×−1.6×10−19


0.6
+


9×109×2.4×10−9×−1.6×10−19


0.6
+


9×109×2.4×10−9×1.6×10−19


0.6
     seen or equivalent or 


9×109×2.4×10−9×−1.6×10−19


0.6
 seen with statement that the other 2 


potentials cancel (1) 
 


  
 
 
 
 


1 


  


 (d)  Valid method e.g. considering potential energy/potential (1) 


New PE = 2  -5.76  10-18 + 2.88  10-18 = -8.64  10-18 [J] 
OR new potential = 54 [V] 
OR PE must be lower because -ve values are the same but the 
positive is smaller (doesn’t need a calculation)  
OR new potential is higher than original because +ve potentials are 
the same but negative is smaller (36V / 37.5 [V] to 54 [V]) (1) 
Can travel to lower PE OR will gain KE OR can travel to higher 
potential because electron is negative (1) 
Correct conclusion based on correct physics (yes is sufficient if the 
explanation is clear) (1) 
 
Alternative based on forces: 
Attractive forces (or forces due to +ve charges) are the 
same/symmetrical for both points OR oscillating with SHM if attractive 
forces only OR would just reach R with attractive forces only OR 


force at R is 7.2  10-18 [N] (→) (1) 
Repulsive force / force due to negative charge helps OR repulsive 


force at end is 2.4  10-18 [N] OR force at P is 19.2  10-18 [N] () (1) 
Overall of these is to the left (1) 
Conclusion – yes (1) 
 


  


4 4 2 
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


   Award 3 marks for: 
Yes it gets there with 16.5 / 18 eV of KE (with no reasoning) 


Yes it gets there with 2.88 / 2.64  10-18 J of KE (with no reasoning) 


Yes it gets there with a speed of 2.5  106 m s-1 (with no reasoning) 
Award 2 marks for: 
Yes it gets there because the force due to -2.4 nC always repels  
Yes because acceleration left is greater than acceleration right  
Award 1 mark for: 
Yes / don’t know / No because positive charges provide force to right 
at the end. 
 


  


   


 


   Question 3 total 3 7 4 14 8 0 


  












3. (a) 


 



roberm

Sticky Note

This is a particularly rare example of a candidate obtaining full marks. The candidate knows the directions of the fields and can relate these to the acceleration of the (negative) electron. 







 


 



roberm

Sticky Note

This is an excellent answer - the fields are resolved horizontally and the acceleration obtained correctly. 



roberm

Sticky Note

This candidate has obtained full marks by adding the potentials and then multiplying by e for the final correct answer. 







 



roberm

Sticky Note

Here, the correct potential is obtained for R. Conservation of energy is applied correctly. The final KE calculated is also correct as is the initial potential (36 V). This is a completely correct answer. 












3. (a) 


 



roberm

Sticky Note

This was a very popular answer for 3 marks. The directions of the fields are wrong - these are the directions of the forces on the electron. However, the candidate realises that the "verticle" components cancel and completes the remainder of the explanation. 







 


 


 



roberm

Sticky Note

This candidate has found a "resultant" charge which will not work when we are dealing with vectors. However, this is half way towards obtaining the correct answer- a correct force has been calculated and an acceleration has been obtained based on this force. 



roberm

Sticky Note

This candidate only substitutes for one potential energy due to one charge. Although there is no value here for the PE, the mark is awarded because only the substitution was required for the 1st mark. 







 



roberm

Sticky Note

This candidate has provided what is nearly an outstanding answer. The final PE is not 8.6 x 10-18 J but is in fact -8.6 x 10-18 J. The candidate should have said that the final PE is lower than the original PE (-6 x 10-18 J) and so the electron will get there.












3. (a) 


 


 



roberm

Sticky Note

Most candidates who showed the correct field directions then struggled because they did not realise that the negative electron will accelerate in the opposite direction of the field. This particular candidate was rather fortunate to obtain 2 marks - 1 for the field directions and another, with "benefit of doubt", for the vertical forces cancelling. 







 


 


 



roberm

Sticky Note

This candidate has not calculated the force acting on the electron. This is the force between the two 2.4 µC charges. The candidate is awarded a mark for using the wrong force and obtaining an acceleration. 



roberm

Sticky Note

Bizarrely, this was quite a common howler of a mistake. The PE due to 3 charges is obtained by adding the PE due to the individual charges. Multiplying all three charges is completely pointless.







 



roberm

Sticky Note

This was a reasonably common mistake. The suvat equations cannot be used because the acceleration is not a constant. The candidate has made an attempt using EPE and so gains a mark.
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Examiner
only


3. Three stationary charges are located at the corners of an equilateral triangle and an electron 
is located at the centre, P, of the triangle as shown. The electron is exactly 0.60 m from each 
charge.


 (a) Draw arrows to show the 3 electric fields at P due to the 3 charges. Use these to explain 
why the electron will accelerate in the direction shown. [4]
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 (b) Calculate the initial acceleration of the electron. [4]


 


 


 


 


 


 


 


 


 


 


 (c) Show clearly that the initial potential energy of the electron is approximately
  –6 × 10–18J. [2]
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Examiner
only


 (d) Determine whether or not the electron (initially at rest) will reach point R, shown in the 
diagram below (both positive charges are 0.60 m from R). Explain your reasoning. [4]
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