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All Candidates' performance across questions

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

1 763 4.4 2.3 7 62.3 100

2 763 9.3 4.1 14 66.1 100

3 763 14.5 3.7 20 72.3 100

4 760 8.7 3.3 13 67.2 99.6

5 746 3.2 1.7 6 52.9 97.8

6 763 6.6 3.4 12 54.6 100

7 763 9.4 4.2 16 58.7 100

8 759 7.2 3.8 12 59.6 99.5
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


3 (a)   Test wire and reference wire made from the same material (or 


identical)  (1)  Do not accept reference to common support. 


[Change in] temperature will affect both equally (1) 


   


 


2 


 


 


2 


  


 


2 


 (b)   A = π (0.08   10-3)2 and conversion to m2 


A = 2.01  10-8 [m2]     (1) 


% Uncertainty = 
16.0


100)01.0( 
 (1) ( = 6.25%) 


 2 [doubling ecf]  (= 12.5% / 13%)  (1) [accept 3 s.f.] 
(award 2 marks if 12.5% or 13% seen) 


 


 


 


 


 


 


3 


  


 


 


 


3 


 


 


 


 


3 


 


 


 


 


3 


 (c)   Correct reference to uncertainty taken as ruler resolution i.e.      


1 mm (or 1  10-3 m)  (1) ecf on same mistake in resolution as (b) 


Calculation of % uncertainty: 0.059% (or 0.06%) (1) 


Answer gains both marks 


 


1 


 


 


1 


  


 


2 


 


 


1 


 


 


2 


 (d) i I 


 


Error bars correctly included for all points ± 2 small divisions on 
extension axis  


 1  1 1 1 


   II Lines for steepest and least steep gradients drawn appropriately 
(1) [do not accept lines through the origin] 
Steepest gradient calculated: [1.5 to 1.6 N mm-1] (1) 
Least steep gradient calculated:  [1.3 to 1.4 N mm-1] (1) 


 3  3 3 3 
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   (ii) Mean gradient calculated correctly using answers to d(i):  expect 
1.4 to 1.5 N mm-1   (1) ecf 
% uncertainty in mean calculated:  expect 6%-10% (1) ecf 


  


2 


  


2 


 


2 


 


2 


 (e)   
Understanding shown that E = gradient  


l


A
 (1) [or by 


implication] [not awarded for use of data point rather than line] 
 
Substitution and value of E found to any sig fig and using any 


unit (does not need to be given).e.g. E = 1.22  1011 N m-2 (1) ecf 
on A. 
 
Total % uncertainty calculated from (b) [+ (c)] + (d)(ii) e.g. 7% + 
12.5% = 19.5%  (1) ecf 
  


Absolute uncertainty calculated: e.g. 2.38  1010 N m-2 (1) 
 
Answer and uncertainty to appropriate sig figs with correct unit: 


e.g. E = (1.22 ± 0.24)  1011 N m-2 or (1.2 ± 0.2)  1011 N m-2 (1) 
 


   


 


 


 


 


5 


 


 


 


 


 


5 


 


 


 


 


 


4 
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 (f)   Diameter  (1) 
Use ‘thicker’ wire or more accurate measuring instrument (or 
instrument with higher/greater resolution) (1) 
Apply ecf if candidate's gradient uncertainty greater than 
candidate's calculation of uncertainty in area: Extension (1); use 
a micrometer for extension 


  2 2  2 


           


    Question 3 total 1 10 9 20 13 20 


           


 
 












roberm

Sticky Note

(a) Candidate does not make reference to the fact that both wires are of the same material. Although temperature is referred to the statement given is incorrect. No marks awarded.



roberm

Sticky Note

(b) The candidate correctly determines the cross-sectional area along with its percentage uncertainty in metres squared as required. BOD is applied  for the (incorrect) 'm' in the answer. 3 marks are awarded.



roberm

Sticky Note

(c) The uncertainty is clearly shown to be negligible. 2 marks awarded.







roberm

Sticky Note

(d). Error bars are correctly added to the graph and the maximum and minimum gradients are correctly determined in units of Newtons per metre- candidate choice regarding units here. The mean uncertainty and the percentage uncertainty in it are correctly determined. Full credit is awarded.



roberm

Sticky Note

(e) The candidate determines the Young modulus correctly to an appropriate number of significant figures and with the correct unit. The uncertainty is not given to the same sig. figs as the Young modulus. 1 mark is deducted.







roberm

Sticky Note

(f) The candidate does not refer directly to diameter. An incorrect reason to reduce the uncertainty is given. No credit is awarded.












roberm

Sticky Note

(a) although the candidate does refer to the fact that temperature will affect both wires, it is not clearly stated that any temperature change affects both wires equally. No reference is made to the material requirements of both wires. No credit is awarded.



roberm

Sticky Note

(b) The CSA is not determined in metres squared as required, though the percentage uncertainty is determined correctly.



roberm

Sticky Note

(c) The percentage uncertainty in length is clearly shown to be negligible.







roberm

Sticky Note

(d) The addition of error bars, the determination of maximum and minimum gradients and the calculation of the mean gradient and the percentage uncertainty in it are all correct. The candidate chooses to work in Newtons per mm which is acceptable. Full marks are awarded. 



roberm

Sticky Note

(e) ECF is applied to the CSA. A correct conversion to N per metre squared is made. However the final uncertainty is given to an incorrect number of sig. figs. 1 mark is deducted. 







roberm

Sticky Note

(f) Diameter is correctly identified and a correct suggestion is given as to how to reduce the uncertainty in the diameter. Two marks are credited.












roberm

Sticky Note

(a) The candidate clearly explains that temperature changes will affect the two wires equally. No reference is made to the material of the wire. One mark is awarded.



roberm

Sticky Note

(b) The CSA and the percentage uncertainty in it is correctly determined. Full marks are awarded.



roberm

Sticky Note

(c) The percentage uncertainty is clearly shown to be negligible.







roberm

Sticky Note

(d) Error bars, the lines of maximum and minimum gradients, the mean gradient and the percentage uncertainty in its value are determined correctly. Full marks are awarded.



roberm

Sticky Note

(e) The Young modulus and the uncertainty in it are determined correctly and to the correct number of sig. figs. A correct unit is given and full marks are awarded.







roberm

Sticky Note

(f) Diameter is not clearly stated as the measurement which contributes the most to the overall uncertainty. A correct suggestion to reduce this uncertainty is given. One mark is awarded.
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3.	 Kiera uses the following apparatus to find the Young modulus of a metal alloy in the form of a 
wire.


	 (a)	 Explain how the choice of a suitable comparison wire minimises the effect of a change in 
temperature.	 [2]


	


	


	


	 (b)	 Kiera uses a micrometer of resolution 0.01 mm to measure the mean diameter of the wire. 
She determines the mean diameter to be 0.16 mm. Calculate the cross-sectional area of 
the wire in m2, along with its percentage uncertainty. 	 [3]


	


	


	


	


	 (c)	 Kiera then uses a metre ruler with a resolution of 1 mm to measure the initial length of the 
wire. She determines the length to be 1.680 m. Show, with an appropriate calculation, that 
the percentage uncertainty in this reading can be considered negligible.	 [2]


	


	


	


support beam


comparison wire test wire


variable load


Vernier
arrangement to
measure the
extension of the test
wire


small fixed weight
to keep wire straight


A
4


2
0


U
2


0
1


0
7
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	 (d)	 Kiera adds various masses to the test wire and measures the extension. The table shows 
the extension of the wire for increasing load.


		  Kiera plots a graph (shown opposite) of load against extension from her data, but does not 
include error bars. 


		  (i)	 I.	 Add error bars for the extension on the plotted points. 	 [1]


	 II.	 Draw lines of maximum gradient and minimum gradient and determine the  
gradients of both lines. 	 [3]


	


	


	


	


	 (ii)	 Hence, calculate the mean gradient and the percentage uncertainty in its value.
				   [2]


	


	


	


	


	 (e)	 Determine the Young modulus of the metal alloy, along with its absolute uncertainty. Give 
your answer to an appropriate number of significant figures.	 [5]


	


	


	


	


	


	


	


	


Load (negligible
absolute uncertainty) / N


Mean extension / 
mm


Absolute uncertainty in 
extension / mm


1.96 1.4 ± 0.2
3.92 2.7 ± 0.2
5.89 4.1 ± 0.2
7.85 5.5 ± 0.2
9.81 6.8 ± 0.2
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20


	 (f)	 State which of the measurements contributes most to the overall uncertainty in your 
answer and suggest one change Kiera could make to her experiment which would reduce 
the size of this uncertainty.	 [2]
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


6 (a)  
capacitance = 


charge (on either plate)


pd (between the plates)
              


 Accept charge per unit pd / voltage  [between plates] (1) 


Accept 
Q


C
V


 if Q and V defined   


 


 


1 


   


 


1 


  


 (b) (i) Q = - 75 nC, 
R = + 75 nC, 
S = - 75 nC  
All numerical values stated as 75 [nC] (1) 
Correct signs and unit, i.e. nC (1) 
One of: (1) 


 Capacitors in series carry equal charges when joined 
to common pd  


 Conservation of charge applies for series circuit 


[hence if +75 C moves from A to plate P, the same 


moves from Q   R etc] 


 Opposite charge to P (accept R), since connected to 
negative potential [Accept: battery transfers electrons 
from P to Q] 


 


 


 


 


 


3 


   


 


 


 


 


3 


  


  (ii) Total capacitance = 7.5 nF (1)        


V 


-9


-9


75 x 10


7.5 x10
 (ecf on total C) 


V = 10 V (1)        
Alternative: 


Application and substitution into 
1 2


Q


C


Q


C
   


i.e. 
-9 -9


-9 -9


75 x 10 75 x 10


30 x10 10 x10
 (1)        


V = 10 V (1)        


  


 


2 


  


 


2 


 


 


2 
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  (iii) Either: 
Q same on both capacitors (1)        


21


2


Q


C
 is bigger on smaller capacitor  (1)        


(Award 2 marks for correct numerical analysis)  
Or:  


V  
1


C
 so V bigger across smaller capacitor (1)        


½ CV2 bigger across smaller capacitor (V2 factor) (1)        
(Award 2 marks for correct numerical analysis)                   
Or 


Q same on both capacitors and V  
1


C
 so V bigger 


across smaller capacitor  (1)                            
½ QV is bigger on smaller capacitor  (1)          
(Award 2 marks for correct numerical analysis 


   
 


2 


 
 


2 


  


 (c)  New C = 0.47 pF (1) 
New d = 3.0  103 m  (1)                                 
∆d = 5.2  10-3 – 3.0  103 = 2.2  103 m  (1) (ecf from 
new d) 
Application of F = k∆d ecf 
k = 91 N m-1  so spring of k = 90 N m-1 suitable [conclusion 
consistent with value of F](1)  
 
Alternative ‘Trial and Error’ :     


Application of 
F


x
k


 for each spring constant, showing 


that for: 
 k = 120 N m-1, x = 1.67  103 m 
 k = 150 N m-1, x = 1.33  103 m 
 k = 90 N m-1, x = 2.22 x 10-3 m  (All required for1)      
New C = 0.47 pF (1) 


Application of 0 A
C


d



  for each value of x above to show 


that, for x = 2.22  103 m, C = 0.475  1012 F,  
so k = 90 N m1 suitable.   (1)    


   
 


 
 


4 


 
 


 
 


4 


 
 


 
 


3 


 


          
Question 6 total 4 2 6 12 5 0 
       


  












roberm

Sticky Note

(a) A correct definition is given. One marks is awarded.



roberm

Sticky Note

(b)(i) Charge values, signs and units are correctly given. The explanation is incomplete in terms of terminal voltage. Two marks are awarded.



roberm

Sticky Note

(b)(ii) The total capacitance and the pd across A and B are correctly determined.







roberm

Sticky Note

(b)(iii) A correct numerical analysis is given using an appropriate equation for the energy stored in a capacitor. In this case the candidate uses the crossed-out equation appropriately. Two marks are awarded.



roberm

Sticky Note

(c) A correct and logical analysis is given. The correct spring is determined. Four marks are credited.












roberm

Sticky Note

(a) An acceptable definition is given.



roberm

Sticky Note

(b)(i) Correct charges (including signs) are given. Conservation of charge is referred to correctly. Three marks are awarded.



roberm

Sticky Note

(b)(ii) The total capacitance is correctly determined. However the candidate, having given a correct equation for V, substitutes incorrectly. One mark only is awarded.







roberm

Sticky Note

(b)(iii) A correct explanation is given in terms of voltage and charge, referring to an appropriate equation for the energy stored in a capacitor. Two marks are awarded.



roberm

Sticky Note

(c) The candidate correctly determines the new capacitance and the change in distance between the plates. The spring constant is determined correctly. Full marks are awarded.












roberm

Sticky Note

(a) Although C=Q/V is given, the candidate does not refer to it. Instead an attempt is made to define capacitance (incorrectly) using the equation for a parallel plate capacitor. No credit is given.



roberm

Sticky Note

(b)(i) Correct charges, signs and units are given. A correct explanation in terms of conservation of charge is given. Three marks are awarded.



roberm

Sticky Note

(b)(ii) The total capacitance is determined and used correctly to calculate the pd across A and B. Two marks are awarded.







roberm

Sticky Note

(b)(iii) A logical and correct line of reasoning is given in terms of charge and voltage. An appropriate equation for the energy stored in a capacitor is referred to and a correct conclusion is given. Two marks are awarded.



roberm

Sticky Note

(c) The candidate adopts a trial and error approach which is perfectly acceptable. The correct spring constant is chosen based on its effect on capacitance. Full credit is given.
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6.	 (a)	 Define the capacitance of a capacitor.	 [1]


	


	


	 (b)	 Two capacitors, initially uncharged, are arranged in series as shown. When a battery is 
connected across A and B, the charge on plate P is found to be +75 nC.


	 (i)	 Write down the charges on each of the plates Q, R and S. Give a reason for your 
answer to the charge on plate S.	 [3]


		  Charge on Q:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


		  Charge on R:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


		  Charge on S:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


		  Reason:


	


	


	


	 (ii)	 Calculate the pd across A and B.	 [2]


	


	


	


	


A


P


10 nF 30 nF


RQ S


B
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	 (iii)	 A Physics student makes the following comment:


		  For capacitors in series, a capacitor of higher capacitance stores more energy than 
a capacitor of smaller capacitance.


		  By considering this combination of capacitors, investigate whether or not the student 
is correct.	 [2]


	


	


	


	 (c)	 Some computer keyboards work on the principle of varying capacitance. When a key 
is pressed, a spring is compressed and the separation of two parallel metal plates is 
decreased. The computer responds if the increase in capacitance of the plates is 0.20 pF 
or more.


		  The diagram shows how a single key is constructed.


		  The designers of a keyboard require that the increase in capacitance of 0.20 pF occurs 
when a force of 0.20 N is exerted on a key. Different springs are available, of spring 
constant 90 N m–1, 120 N m–1 and 150 N m–1. Determine which (if any) of these springs 
would be suitable in meeting the designer’s requirements. The capacitor is filled with air.


			   [4]


	


	


	


	


	


	


	


	


Spring


Moveable metal plate


Fixed metal plate


Fixed keyboard base


Initial separation of plates = 5.2 × 10–3 m
Initial capacitance = 0.27 pF
Plate area = 1.6 × 10–4 m2


12
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Question Marking details 
 Marks available  


AO1 AO2 AO3 Total Maths Prac 


7 (a)  Electric field strength, E, is the force per unit charge [on a small 


positive test charge placed at the point]. (1) 


Electric potential, V, [at a point] is the work done per unit charge [in 


bringing the charge] from infinity [to that point]. (1)                      


E- vector and V- scalar (both needed) (1)                      


 


 


 


3 


   


 


 


3 


  


 (b) (i) 


 
 
 
Both arrows seen. Ignore length of arrows. [Must be along dotted 
lines] 


1   1   


  (ii) 


  
 
 
R correctly drawn and labelled [ecf]. Ignore length of arrow.                    


 1  1   


  (iii) E at P due to A (12.0 nC) = 7 500 N C-1 (1)                      
E at P due to B (+8.0 nC) = 28 800 N C-1 (1)                      
(Deduct 1 mark for powers of 10 error) 
Resultant field strength at P = (7 5002 + 28 8002)1/2 = 29 760 N C-1 
(1) (ecf on both values of E) [or using horizontal and vertical 
components] 
Correct trigonometric relationship applied e.g. between R and A: 


1cos   
  


 


7500


29760
= 75.4° (or 14.6° between R and B) [accept 2 sf 


and different ways of expressing directions]  (1)                      
 


  


 


 


 


 


 


4 


  


 


 


 


 


 


4 


 


 


 


 


 


 


4 


 


  


R 
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 (c) (i) VP due to A (12.0 nC) =[  ] 900 V     
VP due to B (+ 8.0 nC) = [+ ] 1 440 V  Both potentials regardless 
of signs (1)                      
Correct sign convention [and addition clearly shown] (= + 540 V)    
(1) 
Alternative 


𝑉𝑃 =
1


4
{


−12×10−9


12×10−2 +
8 ×10−9


5×10−2
}  values(1) and signs (1) 


                 


 2  2 2  


  (ii) Correct substitution into W = q∆V i.e -1.6  10-19 (+540 – 0)   (1)                      


Or W = - 8.64  10-17 J seen  ( accept 540 eV converted into J) 


Hence gain in Ek = (+) 8.64  10-17 J (1) (+) can be awarded by 
implication                 


1  


1 


  


2 


 


1 


 


 (d)  
de Broglie 


h


p
    (1)                      


Electron accelerates (or velocity or Ek increases) towards point P, 
so momentum increases (need to explain why momentum 
increases here)  (1)                      
So λ decreases (1) 


Ecf from (c) on marks 2 and 3: If Ek < 0 then opposite answer 
required.                 


1  


 


 


1 


1 


  


 


 


 


3 


  


          


   Question 7 total 6 10 0 16 7 0 


          


  












roberm

Sticky Note

(a) All definitions and the vector nature of the quantities are incorrectly given. No credit is given.



roberm

Sticky Note

(b)(i) and (ii) All arrows are drawn and labelled correctly. Both marks are awarded.







roberm

Sticky Note

(b)(iii) The magnitude of the electric field at P is calculated correctly. Various directions are determined, all of which are correct. All four marks are awarded.



roberm

Sticky Note

(c)(i) and (ii). The potential at P and the gain in kinetic energy are determined correctly and all available marks are awarded.



roberm

Sticky Note

(d) Although the candidate correctly states that the wavelength would decrease and does make reference to the increasing speed of the electron, the reason given, with reference to Doppler shift, is incorrect. No reference is made to the de Broglie equation and the momentum of the electron. No credit is awarded.












roberm

Sticky Note

(a) E and V are defined correctly. The vector nature of both quantities are incorrectly stated however. Two marks are awarded.



roberm

Sticky Note

(b)(i) and (ii) All arrows are correctly drawn and labelled. Both marks are awarded.







roberm

Sticky Note

(b)(iii). This is a well laid out response. The magnitude and direction of the electric field strength at P is determined correctly. Had the direction been given only as a bearing it would have been accepted and full credit given.



roberm

Sticky Note

(c)(i) The candidate substitutes correctly into an appropriate equation and shows clearly that the potential at P= 540V. Two marks are awarded.



roberm

Sticky Note

(c)(ii) The gain in potential energy is calculated correctly. Two marks are awarded.



roberm

Sticky Note

(d) The de Broglie equation is given and the candidate uses it to explain that the wavelength of the electron decreases. However, in doing so, the candidate does not fully explain, in terms of increasing velocity, why the momentum of the electron increases. Two marks are awarded.












roberm

Sticky Note

(a) Both definitions are incorrect- no reference is made to 'unit' charge in either definition. The vector nature of both quantities is correctly given.



roberm

Sticky Note

(b)(i) and (ii). All arrows are correctly shown. However 'R' is not labelled. Only one mark is awarded.







roberm

Sticky Note

(b)(iii) The magnitude of the electric field strength at P is correctly calculated. No credit is awarded for the crossed-out attempt at determining the direction of the resultant field strength. Three marks are awarded.



roberm

Sticky Note

(c)(i) and (ii). Both the potential at P and the gain in kinetic energy are correctly calculated. A total of 4 marks are awarded.



roberm

Sticky Note

(d) The candidate incorrectly attempts an answer based on photon energy. No credit is given.
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7.	 (a) 	 Complete the following table:	 [3]


	 (b)	 Point charges of –12.0 nC and +8.0 nC are placed at A and B, 13.0 cm apart as shown. P 
is a point in space which is 12.0 cm from A and 5.0 cm from B.


	 (i)	 Draw on the diagram two arrows to show the directions of the field strength at  
P due to each charge. 	 [1]


	 (ii)	 Hence draw on the diagram one arrow to represent the direction of the resultant 
field strength at P. Label this arrow R.	 [1]


Quantity Definition Vector or Scalar


Electric field strength, E


........................................................................


........................................................................


........................................................................


........................................................................


.........................................


Electric potential, V


........................................................................


........................................................................


........................................................................


........................................................................


.........................................


A B


P


12.0 cm
5.0 cm


13.0 cm–12.0 nC +8.0 nC
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	 (iii)	 Calculate the magnitude and direction of the electric field strength at P.	 [4]


	


	


	


	


	


	


	


	 (c)	 (i)	 Show that the potential at P is + 540 V.	 [2]


	


	


	


	


	 (ii)	 Calculate the gain in kinetic energy in joules of an electron as it moves from infinity 
to P.	 [2]


	


	


	


	 (d)	 Without calculation, explain how the de Broglie wavelength of the electron changes as it 
moves towards P.	 [3]


	


	


	


	


16











