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GCE A LEVEL PHYSICS COMPONENT 1 A420U10 

All Candidates' performance across questions

Question Title N Mean S D Max Mark F F Attempt %
1 801 6.1 2 8 76.5 100
2 801 13.3 2.9 16 83 100
3 801 9.5 2.2 12 79.2 100
4 800 9.3 3 12 77.9 99.9
5 801 8.6 3 12 71.4 100
6 801 14.4 4.2 20 72.1 100
7 801 13.5 4 20 67.3 100
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


4 (a)  Falling amplitude (1) 
[Air] resistance or dissipative forces or equivalent (1) 


2   2   


 (b)  
𝑇 = 2𝜋√


0.200


22.0
 [s]  (1) 


= 0.599 [s] (1) 
T read from graph = 0.60 [s] (1) 


Prediction convincing [no significant difference] (1) 


   


 


 


4 


 


 


 


4 


 


 


 


2 


 


 (c)  Point at 0.15 s marked – no tolerance (first displacement zero) 
(1) 


𝑣max = 0.020 ×
2𝜋


0.60
 [m s-1]  (1) 


         = 0.21 m s-1  UNIT (1) 
Too large owing to energy dissipation in first quarter cycle (1) 
Accept less detailed reason, such as ‘because of damping’ 
Alternative for last 3 marks: 


𝑣max = 0.018 ×
2𝜋


0.60
 [m s-1]  (1) 


         = 0.19 m s-1  UNIT (1) 
Too small because amplitude has fallen or equivalent (1) 
Alternative for last 3 marks (mean found): 


𝑣max = 0.019 ×
2𝜋


0.60
 [m s-1]  (2) 


         = 0.20 m s-1  UNIT (1) no comment required 


 


 


1 


 


1 


 


1 


1 
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2 


 


 (d)  Data from one maximum or minimum on the graph (other than 
at t = 0) substituted into the given equation or equivalent 
accept slips (1) 


𝜆 = 0.35 [s−1] [±0.03 s−1]  (1) 


 


 


 


 


2 


  


 


2 


 


 


1 


 


          


   Question 4 total 3 5 4 12 5 0 
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Sticky Note

(4/4) Clear and correct. Again, T from graph needed more sig figs.



Sticky Note

(1/2) “Amplitude decreasing” gets the first mark. The reference to displacement was ignored (benefit of doubt). Stiffness of the spring was given (wrongly) by several candidates as a cause of damping.







Sticky Note

(2/2) Use of only half a cycle definitely not recommended for determining the decay constant, but answer was within tolerance and both marks given.



Sticky Note

(4/4) Clear calculation and explanation. Ideally the minus sign should have been retained in the velocity calculation (rather than being quietly dropped); the speed should then have been given, without the minus sign, in a separate step, but this was pardoned.
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Sticky Note

(4/4) Clear and correct. T read from graph should really have been given to 2 or 3 sig figs to make the evaluation convincing, but we exacted no penalty. Had we done so, almost everyone would have lost the mark!



Sticky Note

(1/2) Decreasing amplitude correctly cited, but weight as force responsible for damping not a contender.







Sticky Note

(2/2) A sure-footed answer. This part was generally done very well.



Sticky Note

(3/4) A good answer, but this is a question about a real set-up, and we did require the speed as a decimal with irrational numbers worked out!
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Sticky Note

(0/4) No attempts to compare actual and predicted periodic times. We saw this more often than we’d expected. In this case there is also a wrong statement.



Sticky Note

(2/2) No doubts here.







Sticky Note

(1/2) Correct method for the decay constant, but inaccurate reading from the graph led to an answer outside tolerance.



Sticky Note

(4/4) Most candidates circled the first zero on the graph as the point of maximum velocity, and were given the first mark for (c). This candidate realised that, because of the damping, the maximum velocity occurs slightly earlier. [A mathematical analysis confirms this.] The use in A x omega of the mean of the first two displacement extrema for A is a very nice touch – full marks whatever the comment.
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(A420U10-1)


Examiner
only


4.	 A metal sphere of mass 0.200 kg, hanging from a light spring of stiffness k = 22.0 N m–1, is set 
oscillating up and down about its equilibrium position. A datalogger records the sphere’s position 
and plots the graph shown below.


© WJEC CBAC Ltd.
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	 (a)	 State what feature of the graph shows that the sphere’s oscillations are damped and 
identify the force responsible for this feature.	 [2]


	


	


	


	 (b)	 Evaluate whether or not ordinary simple harmonic motion theory predicts the actual 
periodic time as shown on the graph convincingly.	 [4]
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	 (c)	 Mark with a small circle the point on the graph where the sphere’s speed is the greatest. 


Use shm theory to calculate a value for this speed and explain whether this value is likely 
to be too high or too low.	  [4]


	


	


	


	


	


	


	


	 (d)	 The amplitude, A, (in m) of the oscillations at time t is given by the equation: 


A = 0.020 e–λ t 


		  Determine the value of λ.	 [2]


	


	


	


	


	


	


© WJEC CBAC Ltd.


12





		Blank Page












		Blank Page












		Blank Page












		Blank Page






7 
© WJEC CBAC Ltd. 


Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


5 (a)  Indicative comments: 
A: Why the gas exerts a pressure 
A1  Molecules collide with walls (or by implication). 
A2  Collisions exert (outward) forces on walls. 
A3  Molecules undergo changes in momentum [or in velocity or 
undergo acceleration] when colliding with walls. 
A4  Newton’s third law applied correctly [even if not named] 
A5  Collisions distributed randomly over wall area. Accept reference to 



F


p
A


. 


A6  Collisions between molecules and walls [on average] elastic 
 
B: Why the pressure increases with temperature 
B1  Mean KE of molecules [or rms speed, or mean speed or mean 
[magnitude] of momentum] increases with temperature. 
B2  Hence increases pressure [or force] exerted on walls. 
B3  On average each collision contributes more to pressure [or exerts 
greater force or has a greater momentum change] if molecules moving 
faster. 
B4  There’ll also be more collisions per second if molecules are moving 
faster. 
 
5-6 marks  
Comprehensive account of why the gas exerts a pressure along with 
why pressure increases with temperature typically: 
Typical example A1 + A2 + A3 + (A4 or A5 or A6) 
B1 + B2 + (B3 or B4) 
There is a sustained line of reasoning which is coherent, relevant, 
substantiated and logically structured. 
 
3-4 marks  
Either comprehensive account of why the gas exerts a pressure or why 
pressure increases with temperature or account given of why the gas 
exerts a pressure and why pressure increases with temperature 
typically: 
Typical example A1 + A2 + (A3 or A4 or A5) 
B1 (but no mention of ‘mean’ needed) + B2 
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  
Limited account of why the gas exerts a pressure and/or why pressure 
increases with temperature typically: 
Typical example A1, A2 
B1 (but no mention of ‘mean’ needed) 
Any other point from A3, A4, A5, A6, B2 
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) (i) 𝜌 =
0.091


0.020
 [= 4.55 kg m-3]  𝐨𝐫 𝑁𝑚 = 0.091 [kg] or by implication  (1) 


𝑐rms = √
3×3.9×105×0.020


0.091
  𝑜𝑟  𝑐rms


2 = 
3×3.9×105×0.020


0.091
 or by implic (1) 


[transposed and data inserted or vice versa] 


510 m s
-1 


(1) 


Single arithmetical slips, including by a factor of 1 000, attract a 1 mark 


penalty. An error factor of NA, (which may arise when 𝑝𝑉 = 1


3
𝑁𝑚𝑐rms


2  is 


misapplied) loses 2 marks (error of principle).  


  


  


 


 


 


 


3 


  


 


 


 


 


3 


 


 


 


 


 


3 


 


  (ii) 𝑛 =
91


28
= [ 3.25 mol]  or by implication (1) 


 


𝑇 =
3.9×105×0.020


3.25×8.31
  or by implication ecf on n for this mark only (1) 


 
= 290 K  UNIT (1) 


  


 


 


 


3 


  


 


 


 


3 


 


 


 


 


3 


 


    
Question 5 total 
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6 


 


0 


 


12 


 


6 0 
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Sticky Note

(1/3) Density ‘upside down’.



Sticky Note

(1/6) Candidate understands that pressure is caused by gas molecules hitting the wall, and that molecules’ KE increases with temperature. Beyond that, there is little else that is useful. There is confusion between speed and velocity and between momentum and kinetic energy.







Sticky Note

(1/3) n wrongly evaluated.
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Sticky Note

(2/3) Correct apart from failure to take the square root.



Sticky Note

(3/6) There was no discussion of momentum changes or randomness of collisions, indeed it wasn’t even stated clearly that collisions between gas molecules and wall were the relevant ones, though benefit of doubt was given. The effect of increasing the temperature was handled rather better, bringing the answer into the ‘middle band’.







Sticky Note

(1/3) Incorrect evaluation of n.
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Sticky Note

(0/3) Very confused, with two appearances of the mass of gas in the equation, and inclusion of NA. So use the kinetic theory equation in the form unless there’s good reason not to!



Sticky Note

(5/6) Well argued, with full discussion in terms of momentum changes. A small omission: the pressure increase with temperature is due to the increased number of hits per second, as well as to the increased momentum change per hit. Grammatically, there was some tendency to slip from singular to plural or vice versa!







Sticky Note

(3/3) Clear and correct. Excessive sig figs not penalised here.
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(A420U10-1)


Examiner
only


5.	 (a)	 Explain, in terms of molecules, how a gas exerts a pressure on the walls of its container, 
and why this pressure increases with temperature.	  [6 QER]


	


	


	


	


	


	


	


	


	


	


	


	


	


	


	


	 (b)	 A cylinder of volume 0.020 m3 contains 0.091 kg of nitrogen gas (relative molecular mass 
= 28) at a pressure of 3.9 × 105 Pa. Calculate:


	 (i)	 the rms speed of the molecules;	 [3]
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Examiner
only


	 (ii)	 the temperature of the gas.	 [3]
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


6 (a) (i) Circuit that will supply power to heating coil. Accept cell or 


battery symbol for power supply or unclear symbol for power 


supply if labelled. (1) 


Ammeter and voltmeter correctly connected.  (1) 


 


 


 


2 


 


   


 


 


2 


  


 


 


2 


  (ii) Heat loss [begins to show at higher temperatures] (1) 
Insulate (lag) the cylinder (1) 


   


2 


 


2 


  


2 


  (iii) Reasonable max gradient line drawn through error bars and 
triangle or pair of points ≥ half grid width shown (1) 
Same for min gradient (1) 
Maximum gradient between 0.200 and 0.230 [°C s-1] (1) 
Minimum gradient between 0.170 and 0.190 [°C s-1] (1) 
No sig fig penalty 


  


 


 


4 


  


 


 


4 


 


 


 


4 


 


 


 


4 


  (iv) 𝑉𝐼𝑡 = 𝑚𝑐 (𝜃 − 𝜃0)     or     𝑉𝐼(Δ)𝑡 = 𝑚𝑐 Δ𝜃  (1) 


𝜃 =
𝑉𝐼


𝑚𝑐
𝑡 + 𝜃0     or     


Δ𝜃


Δ𝑡
=  


𝑉𝐼


𝑚𝑐
  (1) 


[Hence gradient = 
𝑉𝐼


𝑚𝑐
] 


  


 


2 


  


 


2 


 


 


2 


 


 


2 


  (v) Values of V, I, m and gradient(s) (max and min or mean) put into 


𝑐 =
𝑉𝐼


𝑚×gradient
  or by implication (1) 


Mean of extreme gradients taken or mean of extreme c values. 
(ecf on values whose mean is taken; this is a process mark) No 
sig fig penalty (1) 
Mean c value consistent with gradients and to max of 3 sig figs 
(ecf) and with correct units  
[e.g. 448 J kg-1 °C-1or 450 J kg-1 °C-1 ]  (1) 
Extreme gradients put into % unc equation or half range of 
extreme c values calculated or by implication (1) 
Value of absolute unc evaluated correctly to 1 sig fig ecf  (1) 
Accept 2 sig figs  


 


 


 


 


1 


 


 


 


1 


 


1 


 


 


 


 


 


1 


 


1 
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


 (b) (i) ∆𝑈 = 3


2
 ×  0.031 ×  8.31 × (424 − 295) [J]  or by implication [U 


= 49.85 J](1) 


𝑊 = 95 × 103 × (1.15 − 0.80) × 10−3 [J]  or by implication [W = 


33.3 J] (1) 


𝑄 = 83 [J] ecf on U or W (1) 


1 


 


 


1 


 


 


 


 


 


1 


 


  


 


 


 


3 


 


 


 


 


3 


 


 


 


 


3 


  (ii) Heat inflow depends on work done [as well as temperature rise] 
or equivalent (1) 
Work related to volume change e.g. [if no volume change no 
work done] (1) 


   


 


2 


 


 


 


2 


  


 


2 


          


   Question 6 total 6 10 4 20 14 20 
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Sticky Note

(4/4) Maximum and minimum gradient lines well chosen, and gradients within tolerance. No sig fig penalties on this part.



Sticky Note

(2/2) Apart from the very beginning this is a good answer.



Sticky Note

(2/2) Benefit of doubt given on ammeter symbol.







Sticky Note

(2/5) Too many sig figs in value of c – candidate is claiming that value is useful to 1 part in 4 000. No attempt at uncertainty calculation.



Sticky Note

(0/2) No useful attempt.







Sticky Note

An increased pressure (for the same n) would make no difference to the heat input for an isobaric change through the same ΔT. However, many candidates did know that less heat would be needed if the gas were heated at constant volume. Someone suggested bringing about the temperature rise wholly by compressive work – perfectly acceptable.



Sticky Note

(1/3) Work calculated correctly, but wrongly given as (whole) heat input.
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Sticky Note

(4/4) Reasonable maximum and minimum gradient lines drawn, and gradient values within tolerance. No sig fig penalty on this part.



Sticky Note

(1/2) A partial answer. Most candidates did recommend insulation.



Sticky Note

(2/2) Correct circuit diagram. This was the norm, though meters were occasionally misplaced.







Sticky Note

(3/5) Calculations essentially correct, but both the value of c and its uncertainty given to silly numbers of sig figs – not unusual.



Sticky Note

(0/2) Candidate didn’t seem to understand the difference between energy and power.







Sticky Note

(0/2) Confused. The candidate ignores work, even though he or she had calculated it in the previous part.



Sticky Note

(1/3) Work done by the gas calculated correctly. This is offered as the heat supplied – not an uncommon mistake. In this case the candidate plainly (and wrongly!) states that internal energy is constant.
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Sticky Note

(2/4) Good choice of maximum and minimum gradient lines, but slips in evaluation of both gradients.



Sticky Note

(1/2) Good answer about heat loss, but remedy omitted.



Sticky Note

(1/2) We expected some indication of the power supply.







Sticky Note

(4/5) Well done, though unit of c was wrong and value of c was given to too many sig figs.



Sticky Note

(2/2) Clear answer. Some candidates tied themselves in knots.







Sticky Note

(0/2) Confused answer that couldn’t be given any credit.



Sticky Note

(2/2) Excellent answer.
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6.	  (a)	 Alice performs an experiment to determine the specific heat capacity, c, of a metal in 
the form of a cylinder with holes drilled in it for a heating coil and a thermometer. She 
determines the mass, m, of the cylinder using a digital balance. Alice sets up a circuit to 
provide constant power to the heating coil and to enable the pd, V, across it and current, 
I, through it to be measured. The graph of temperature against time for the cylinder, as 
well as her other measurements, are given below.


© WJEC CBAC Ltd.


m = 0.570 kg,  V = 12.20 V,  I = 3.81 A


38°Cthermometer
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(A420U10-1)


Examiner
only


	 (i)	 Draw a circuit diagram of the circuit required. [Show the heating coil as a resistor.]
	 [2]


© WJEC CBAC Ltd.


	 (ii)	 Suggest why the points for the highest temperatures show significant deviations 
from the trend of the points at lower temperatures, and what could have been done 
to reduce the deviation. 	 [2]


	


	


	


	 (iii)	 Using an appropriate portion of the graph, determine the maximum gradient 
and the minimum gradient.	 [4]
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Examiner


only
	 (iv)	 Show clearly that the graph gradient should be:


[2]


	


	


	


	


	


	 (v)	 Hence determine a value for the specific heat capacity of the metal of the cylinder, 
together with its absolute uncertainty. Assume that the percentage uncertainties 
in m, V and I are negligible.	 [5]
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mc
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(A420U10-1)


Examiner
only


	 (b)	 In another experiment, 0.031 mol of helium (a monatomic gas) is heated so that it expands 
at constant pressure (see diagram). Its temperature rises from 295 K to 424 K.


© WJEC CBAC Ltd.


0
0.80 1.15


95
Pressure
/ 103 Pa


Volume / 10–3 m3


	 (i)	 Calculate the heat flow into the gas during this change.	 [3]


	


	


	


	


	


	


	 (ii)	 Discuss whether or not this amount of heat would be needed in all circumstances 
to raise the temperature of 0.031 mol of helium from 295 K to 424 K. 	 [2]
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