
WJEC 2017 Online Exam Review

WJEC AS/A level Physics - Unit 3

All Candidates' performance across questions

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

1 1312 7.9 2.3 11 71.4 99.9

2 1312 6.6 1.7 10 65.6 99.9

3 1313 10.5 3.2 15 70 100

4 1313 5.8 3.3 13 44.3 100

5 1313 13.2 3.1 18 73.5 100

6 1313 5.4 2.5 13 41.9 100

7 1310 10 3.8 20 49.8 99.8
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


3 (a)  ∆𝑈 increase (or change) in internal energy of a system (1) 
Q heat flowing into the system  (1) 
W work done by the system  (1) 
Reference to system at least once otherwise award a maximum 


of 2 marks 


 


 


3 


   


 


3 


  


 (b) (i) 


 
 


Process Description of process 
Work done on/by 


gas (if any) 


A  B Increase in pressure at 
constant volume 


No work done (1) – 
AO2 


B  C Decrease in volume at 
constant pressure (1) – 
AO1 


Work done on gas 
(1) – AO2 


C  A [Linear] decrease in 
pressure with increasing 
volume (1) – AO1 


Work done by gas 
(1) – AO2 
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  (ii) Work done on the gas is given by the "area" enclosed  


= 
1


2
(8 − 4)10−3(2 − 1)105    (1)  


=
1


2
 (4)(1)102 = 200 [J]    (1) 


 


  


 


2 


  


 


2 


 


 


2 


 


 (c) (i) Use of PV = nRT and note T constant (1) 


At A   𝑃𝑉 = (1 × 105)(8 × 10−3) = 800 [J] 


(or at C   𝑃𝑉 = (2 × 105)(4 × 10−3) = 800 [J])    (1) 


Check any point on curve e.g. 


 


 


 


 


   (1) 


 


If V (m3) P (Pa) 


5.0 × 10−3 1.60 × 105 


6.0 × 10−3 1.33 × 105 


7.0 × 10−3 1.14 × 105 


1  


 


 


1 
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


 


 


 


 


(ii) Attempt at calculation of area – [accept small square count of 


between 170 and 280 i.e. 225 ± ~25%] (1) 
If 225 i.e. 2.25 large squares, work difference = 
2 ∆𝑉 ∆𝑝 ( ∆𝑉 and ∆𝑝 for large square) 
= 2.25 (1 × 10−3)(0.2 × 105) = 45 J with uncertainty of 25%, 
accept a value between 34 and 56 J provided method correct   (1) 
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2 


 


          


   Question 3 total 6 7 2 15 7 0 


          


 
 
  












Sticky Note

top rhs box:  No work done.

bottom rhs box: Work done by the gas.





















Sticky Note

Incorrect calculation.



Sticky Note

No clear evidence of calculation of area, either by approximation or counting squares.












Sticky Note

Increase (or change) in internal energy of a system.

Work done by the system.
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3.	 (a)	 The first law of thermodynamics is given by:


∆U = Q – W


		  State what is represented by:	 [3]


	 	 ∆U	 ............................................................................................................................................................................................................................................................


		  Q	 ............................................................................................................................................................................................................................................................


		  W	 ............................................................................................................................................................................................................................................................


	 (b)	 A fixed mass of gas is taken around the closed cycle A → B → C → A.


4


1.0


1.2


1.4


1.6


1.8


2.0


5 6 7 8


Pressure / × 105 N m–2


Volume / × 10–3 m3


C B


A


	 (i)	 Complete the table by describing each process in terms of pressure and volume.  
The description for process A → B is already inserted. For each process state if 
any work is done, and if so indicate if it is done on or by the gas. No calculations are 
required.	 [5]


Process Description of process Work done
on / by gas (if any)


A → B Increase in pressure at constant volume


B → C


C → A


(1420U30-1)


Examiner
only
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4


1.0


1.2


1.4


1.6


1.8


2.0


5 6 7 8


Pressure / × 105 N m–2


Volume / × 10–3 m3


	 (i)	 Show that the temperature is constant along the new path from C to A.	 [3]


	


	


	


	


	


	


	 (ii)	 Estimate the difference in the net work done in the two cycles.	 [2]


	


	


	


	


C B


A


	 (ii)	 Determine the net work done on the gas during the entire cycle.	 [2]


	


	


	


	 (c)	 The same mass of gas is taken around the cycle A → B → C → A for a second time. For 
this cycle the temperature is kept constant between C and A. The new path from C to A 
is shown in red on the graph below, together with the original path.


15
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only
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


4 (a)  Increase in temperature - kinetic theory effects 
Molecules move randomly 
Collisions become more frequent [when heat supplied] 
[No change in volume so heat flowing in] causes increase in U / 
kinetic energy 
No work done [as constant volume] 
T increases with U as temperature proportional to U, or equivalent 


 
Newton's laws of motion 
Momentum of molecules increase 
Force on molecules = rate of change of momentum (during 
collision with wall) 
Force on wall is equal and opposite to force on molecules 
Greater forces during the collisions 
 
Increase in pressure 
Molecules collide with walls exerting force on walls and / or 
pressure 
Pressure increases with temperature 
Pressure = force on walls per unit area 
Mean pressure due to many collisions [and many molecules] 
 


 


6 


   


6 


  


   5-6 marks  
Comprehensive account including reference to increase in 
temperature, Newton's laws of motion and increase in pressure. 
There is a sustained line of reasoning which is coherent, relevant, 
substantiated and logically structured. 
 
3-4 marks  
Comprehensive account including reference to 2 out of 3 of 
increase in temperature, Newton's laws of motion and increase in 
pressure or brief account of all 3 areas. 
There is a line of reasoning which is partially coherent, largely 
relevant, supported by some evidence and with some structure. 
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


   1-2 marks  
Comprehensive account including reference to one of increase in 
temperature, Newton's laws of motion and increase in pressure or 
limited account of 2 areas. 
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) 
rms = √


4002+4252+4502+5502+6252


5
  (1)  


= 497 [m s-1] (1) 


  


 


2 


  


 


2 


 


 


2 


 


  (ii) The expected rms is explained by: 


𝑃𝑉 = 𝑛𝑅𝑇     so    𝑃 =
𝑛𝑅𝑇


𝑉
   


𝜌 = mass 𝑉⁄ =
𝑛 (𝑀𝑟×10−3)


𝑉
   use of both equations by substitution (1) 


substitute these into:  𝑃 =
1


3
𝜌𝑐2̅̅ ̅;        √𝑐2̅̅ ̅ = √


3𝑃


𝜌
;                                


√𝑐2̅̅ ̅ = √3
𝑛𝑅𝑇


𝑉


𝑉


𝑛(𝑀𝑟×10−3)
 =  √


3𝑅𝑇


(𝑀𝑟×10−3)
 


√𝑐2̅̅ ̅  =  √
3(8.31)(293)


(32×10−3)
= 478 [m s-1] (1) 


Valid conclusion with data i.e. yes, the rms speed of the five 
molecules is slightly higher [about 4% above the expected rms of 
the gas] (1) ecf  


Alternative solution:  Use 𝑚𝑐2 = 3𝑘𝑇   


 √𝑐2  = √
3𝑘𝑇


𝑚
= √


3(1.38×10−23)(293)


(32)(1.66×10−27)
  


with sensible substitution (1)= 478 [m s-1]   (1) 
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


  (iii) Density does not change and  
Pressure increases from the original pressure p to 1.2p  (1)  i.e. an 


increase of 20%. 
so 


(√𝑐2̅̅ ̅)
new


= √
3(1.2𝑝)


𝜌
 


(√𝑐2̅̅ ̅)
new


= √1.2√
3𝑝


𝜌
=  √1.2 (478) = 524 m s-1    (1) 


  


 


 


 


 


 


 


2 
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2 


 


          
   Question 4 total 6 5 2 13 7 0 
          


 
 
 
  












Sticky Note

 Gives a limited account of the effects of kinetic theory and mentions particle collisions with the container leading to increased pressure.  There is a basic line of reasoning but with some incorrect/irrelevant information.







Sticky Note

Incorrect method / formula to determine the rms speed.



Sticky Note

No evidence of using the relevant equations. No comparison with answer to b) i).



Sticky Note

No evidence of understanding that the pressure has increased to 1.2 times its original value. Incorrect answer.












Sticky Note

Comprehensive account covering relevant points in:  increase in temperature – kinetic theory effects, Newton's laws of motion, increase in pressure.  Some scope to improve coherence and flow.
















Sticky Note

Gives a limited account of increased temperature - kinetic theory, Newton's laws of motion and increased pressure.  Reasoning is partially coherent and the description has some structure, but information is generally lacking.







Sticky Note

No evidence of understanding rms speed.



Sticky Note

Incorrect working and answer.  Valid conclusion with ecf for both the answer and the answer to b) i).



Sticky Note

No evidence of understanding that the pressure has increased to 1.2 times its original value, and no evidence for the use of the appropriate formula.
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4.	 (a)	 Heat is supplied to an ideal gas in a sealed container of fixed volume. Explain carefully the 
physical processes that cause an increase in the temperature and pressure of the gas.


	 [6 QER]
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only







Turn over.
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	 (b)	 A container of fixed volume contains oxygen gas at a temperature of 293 K.


	 (i) 	 Five oxygen molecules have speeds 400, 425, 450, 550 and 625 m s–1. Determine 
their rms speed.	 [2]


	


	


	


	


	 (ii)	 Using an appropriate calculation, determine whether or not the rms speed calculated 
in part (b)(i) is consistent with the expected rms speed of the molecules of the gas 
at this temperature. (Relative molecular mass of oxygen gas = 32.)	 [3]


	


	


	


	


	


	


	


	


	 (iii)	 If the gas in the container is heated and the pressure of the gas increases by 20% 
of its initial value, determine the rms speed of the molecules of the gas.	 [2]


	


	


	


	


13
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


7 (a)  Microwave laser or amplifier or equivalent (1) 
from water [molecules] or water clouds or steam (1) 
in gas disk around (supermassive) black hole (or quasar) (1) 
pumping or excitation provided by collisions (accept light) (1) 
(em radiation) propagates outwards (away from black hole) or 
reference to population inversion (1) 
Treat as neutral reference to watermaser. 
(Don't award the individual marks if later contradicted) 


1 
1 
1 
 
 


 


 


 


1 


1 


  


 


 


 


5 


  


 (b)  Appropriate wavelength or energy or frequency chosen  


e.g. 400 nm-700 nm or 2-3 eV or 4-8  1014 Hz (1) 
Valid method for obtaining ratio of frequencies, wavelength or 
energy (1) 
Answer 35 m[s] – 80 m[s] (1) 


 
1 


 
 
 


1 
1 


  
 
 
 
3 
 


 
 
 
 


2 


 


 (c)  3 300


68.9
(1) 


48 [Mpc] (1) 
 


  


 


2 


  


 


2 


 


 


2 


 


 (d)  Measure the velocity using Doppler shift or use of Doppler 
equation (1) 
at different times (1) 
acceleration = rate of change of velocity (1) 
Alternative: 
Measure the velocity using Doppler shift (1) 
Obtain vmax  (1) 


2


maxv


r
a  or equivalent e.g. use v and r to calculate a (1) 


   


 


3 


 


 


3 
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Question Marking details 
Marks available   


AO1 AO2 AO3 Total Maths Prac 


 (e) (i) 
Use of 


2



v


r
a


(1) 


Acceleration conversion i.e. /365/24/3600 (1) 


Answer = 8.8  1014 [m] or 8.8  1011 k[m] (1) 


  
 


 
 
 
3 
 


 
 
 
3 


 
 
 


3 


 


  (ii) 
Approximation used i.e. 






r
D (1) 


Answer = 7.8  1014 [m] (1) 
Hence consistent (since overlap) i.e. valid conclusion based on 
calculations (1) 
Comparing e.g. 1.53 ± 0.15 and 1.73 ± 0.17 but also accept 


combined error = 20% or 8.8  1014 is less than 20% bigger than 


7.8  1014 (1) 
 


   


 


 


 


 


 


4 


 


 


 


 


 


 


4 


 


 


 


 


 


 


2 


 


 


 


 


 


 


          


   Question 7 total 4 6 10 20 9 0 


          


 












Sticky Note

Reference made to three of the relevant points, but not to water (molecules) or population inversion.



Sticky Note

Incorrect method and no evidence of using appropriate wavelength/frequency for visible light.







Sticky Note

No mention of measuring velocity using Doppler shift and of measuring the velocity at different times.  Mark given for the definition of acceleration.







Sticky Note

Uncertainties in both parameters were not combined to give an overall uncertainty of 20%.  Conclusion consistent with the use of 10%.












Sticky Note

Almost all points covered, but no mention of population inversion.



Sticky Note

Incorrect method and no evidence of using appropriate wavelength/frequency for visible light.







Sticky Note

No mention that the velocity required for the centripetal acceleration formula is the maximum velocity measured using the Doppler shift.







Sticky Note

Uncertainties in both parameters were not combined to give an overall uncertainty of 20%.  Conclusion not consistent with using 10%.












Sticky Note

Almost all points covered, but no mention of population inversion.







Sticky Note

No mention that the velocity required for the centripetal acceleration formula is the maximum velocity measured using the Doppler shift.



Sticky Note

Mark given for the conversion of the unit of acceleration. Converted value was not substituted, and no result given.







Sticky Note

Correct working but it was not possible to comment if consistent with part e) i).
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7.	 Answer the following questions in your own words. Direct quotes from the original article will not 
be awarded marks.


	 (a)	 In your own words explain what a megamaser is and how it works. (See paragraphs 1, 4, 
7 and 8.)	 [5]


	


	


	


	


	


	


	


	


	


	


	 (b)	 If the lifetime of a metastable level leading to visible light is 2 μs, estimate the lifetime of a 
22.235 GHz maser transition. (See paragraph 2.)	 [3]


	


	


	


	


	


	


Examiner
only







Turn over.
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	 (c)	 The recessional velocity of the galaxy used in paragraph 10 is 3 300 km s–1. Use Hubble’s 
law to calculate the distance of the galaxy in Mpc. (N.B. use the value of H    in paragraph 
10. There is no need to change the units.)	 [2]


	


	


	


	


	 (d)	 What does the author mean by “We can also measure the centripetal acceleration, a, of 
maser clouds by observing how the Doppler shift velocity changes over time”? (See 
paragraph 9.)	 [3]


	


	


	


	


	


	


	 (e)	 (i)	 Doppler shift measurements are obtained for a gas disk orbiting a black hole. 
The orbital velocity of gas around the black hole is measured as 410 km s–1 and 
the acceleration of the gas disk is measured as 6 km s–1 per year. Calculate the 
distance of this region of the gas disk from the black hole. (See paragraph 9.)	 [3]


	


	


	


	


	


	


© WJEC CBAC Ltd. (1420U30-1)
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only
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	 (ii)	 The angular size (θ ) in radians of the gas disk is measured as 5.1 × 10–9 rad 
		  ± 10% and its distance from Earth is measured as 1.53 × 1023 m ± 10%. Evaluate 


whether or not these values are consistent with your calculation in part (e)(i). (See 
Diagram 2.)	 [4]


	


	


	


	


	


	


	


	


END OF PAPER


(1420U30-1)
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