
 2019 Online Exam Review

GCE Physics Component 1 A420U10-1

All Candidates' performance across questions

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

1 599 7.1 2.4 9 78.6 100

2 598 4.5 1.8 6 75.5 99.8

3 599 7.8 2.3 10 77.6 100

4 599 10.3 3.3 14 73.9 100

5 599 10.9 3.7 16 68.4 100

6 599 9.5 3.6 15 63.3 100

7 597 6 2.5 10 60.2 99.7

8 599 11.5 4.3 20 57.3 100
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Question Marking details  Marks available 
AO1 AO2 AO3 Total Maths Prac 


4 (a) (i) I Use of ω = 2πf even if f is still in revs per minute or by impl [1] 
ω = 0.859 [rad s−1] [1] 
 


1 
 


 
1 


  
2 


 
1 


 


   II Use of v = rω  [= 3.26 m s−1] or equiv or by impl. [1] 
Time = 3.06 [s] [1] ecf 
 


1   
1 


  
2 


 
1 


 


   III 
Use of or a = rω2 or by implication [1] 


a = 2.80 [m s−2] [1] ecf 
 


 
1 


 
 


1 


  
 


2 


 
 


1 


 


  (ii) I Correct substitutions in  (or after transposition) or 
by implication [1] 
2.76 [N] [1] 
[2.55 N indicates error of principle] 
 


  
 


2 


 


2 1 


 


   II [Horizontal component of] tension provides centripetal force [1] 
T sin 16° evaluated [0.761 N ecf on T] or used in calculation [1] 
Conclusion clearly based on calculation e.g. 


Either
o2.76 sin16


0.270
= 2.82 [m s−2]  


or 2.80 ecf from (a)(i)III × 0.270 kg = 0.756 [N] and agreement 
noted ecf [1] 
 


   
 
 
 
 
 


3 


 
 
 
 
 
 


3 


 
 
 
 
 
 


2 


 


 (b)   Example defined e.g. bends in roads or rail lines, spin-drier... [1] 
One factor affecting centripetal acceleration considered in 
context e.g. bends in roads or tracks must not be too sharp, or 
spin speed must be high enough... [1] 
Another factor considered e.g. vehicle speed warnings, drum 
size limited or more intricate measures e.g. banking of tracks 
[1]  


   
 
 
 


3 


 
 
 
 


3 


  


   Question 4 total 3 5 6 14 6 0 
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roberm

Sticky Note

Clear and correct answers. [Full marks]







roberm

Sticky Note

Correct result from equating vertical forces (as no vertical acceleration)  [2/2]



roberm

Sticky Note

The traffic roundabout is a good context, and the candidate has written sensibly about how two factors, radius and speed, can influence design.  [3/3]



roberm

Sticky Note

The rotation of the ride creates a need for a centripetal force on the bob, rather than the centripetal force. Only a small proportion of candidates made this mistake, which clearly prevented further progress on this part. [0/3]












roberm

Sticky Note

Correct. [2/2]



roberm

Sticky Note

This was the most troublesome of the three parts testing understanding of angular velocity and its role. The candidate has made useful progress by calculating the speed of point P. [1/2]



roberm

Sticky Note

Correct. [2/2]







roberm

Sticky Note

Correct. [2/2]



roberm

Sticky Note

Clear and convincing. [3/3]



roberm

Sticky Note

A (rare) example of a candidate not giving a context in which centripetal force is of significance. [0/3]












roberm

Sticky Note

All parts correct. [6/6]







roberm

Sticky Note

cos16° on the wrong side of the equation. Consciously or not, the candidate is equating forces resolved along the string, forgetting that they are not in equilibrium. [0/2]



roberm

Sticky Note

Confusion over what provides the centripetal force, leading to a circular argument. [0/3]



roberm

Sticky Note

The context is a good one and the candidate understands the role of radius and hints at the role of speed in designing railways.  The idea that centripetal force causes trains to derail is a little confused.  [2/3]
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4.	 (a)	 A fairground ride rotates at a rate of 8.20 revolutions per minute.


	 (i)	 Calculate:


	 I.	 the angular velocity in radians per second;	 [2]


	


	


	


	


	 II.	 the time taken to travel an arc of length 10.0 m for a point P on the ride at 
3.80 m from the central axis around which the ride is rotating;	 [2]


	


	


	


	


	 III.	 the acceleration of point P.	 [2]


	


	


	


	


	 (ii)	 Annushka has been given permission to tie a simple pendulum from the ceiling of 
the rotating ride. She finds that, when the pendulum has stabilised, it hangs at 16° 
to the vertical, with its bob at 3.80 m from the central axis (see diagram).


16°


3.80 m


8.20 revolutions
per minute


thread


bob
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	 I.	 The mass of the bob is 0.270 kg. By considering the vertical force components 
on the bob, calculate the tension in the thread.	 [2]


	


	


	


	


	 II.	 State what provides the centripetal force on the bob and show clearly whether 
or not this is consistent with the acceleration calculated in (a)(i)III.	 [3]


	


	


	


	


	


	


	 (b)	 Discuss one way in which our knowledge of the magnitude of centripetal force has been 
applied in the design of roads or railways or a domestic appliance. 	 [3]
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Question Marking details Marks available 
AO1 AO2 AO3 Total Maths Prac 


7 (a)   Energy [entering system] [1] 
by virtue of a temperature difference [or equivalent] [1] 


 
2 


   
2 


  


 (b) (i)  Correct substitutions (ignoring power of 10) into W = p∆V [1] 
W = 1.20 k[J] [1] 


1  
1 


  
2 


  


  (ii)  Indicative content: 
AB Gas does work [or W positive] and internal energy rises [or 
∆U positive] since temp rises [as gas expands at constant 
pressure]. So heat flows in [or Q positive] 
 
BC Gas has work done on it [or W negative]. No change in 
internal energy [or ∆U =0] so heat out [or Q negative] 
 
CA No work [or W = 0] but internal energy falls [or ∆U negative] 
so heat out [or Q negative] 
 
ABCA Net work done on gas [or W negative], no change in 
internal energy [or ∆U =0] so heat out [or Q negative] 
 
5-6 marks  
They have considered Q, W and ∆U well for all stages. 
There is a sustained line of reasoning which is coherent, 
relevant, substantiated and logically structured. 
 
3-4 marks  
They have considered 2 of Q, W and ∆U well for all stages. Or 
they have attempted to consider Q, W and ∆U for most stages. 
There is a line of reasoning which is partially coherent, largely 
relevant, supported by some evidence and with some structure. 
 


 
6 


   
6 


  







12 
© WJEC CBAC Ltd. 


Question Marking details Marks available 
AO1 AO2 AO3 Total Maths Prac 


    1-2 marks  
They have considered Q, W and ∆U well for all stages. Or they 
have attempted to consider 2 of Q, W and ∆U for most stages. 
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 7 total 9 1 0 10 0 0 


 
  












roberm

Sticky Note

“Thermodynamic energy levels” was not considered a clear synonym for temperatures.  [1/2]



roberm

Sticky Note

Correct . [2/2]







roberm

Sticky Note

For AB the candidate has not considered work done, so the statement about heat input, though correct, is not properly justified. For BC the false claim is made that no temperature change implies no heat flow. For CA the candidate does not mention the (zero) work done, so the conclusion about heat input, though correct, is not properly justified. For the cycle as a whole, the candidate recognises that PV at the beginning and end are the same, but considers neither   nor work, coming to the wrong conclusion of no heat flow. Overall little understanding shown of how to apply the first law. [1/6]












roberm

Sticky Note

A good definition.  [2/2]



roberm

Sticky Note

Correct. [2/2]







roberm

Sticky Note

A textbook answer, complete, correct, clearly and logically presented. [6/6]












roberm

Sticky Note

Heat is stated to be energy, but we needed mention of it entering the system because of a temperature gradient, or equivalent. [1/2]



roberm

Sticky Note

Correct.  [2/2]







roberm

Sticky Note

The individual stages are dealt with convincingly (except for a little vagueness over work in BC) For the cycle as a whole there is confusion over work and the wrong conclusion is drawn about heat. A good middle band answer.  [4/6]
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7.	 (a)	 State what is meant by the heat, Q, entering a system.	 [2]


	


	


	


	


	 (b)	 A gas (assumed ideal) is contained in a cylinder with a moveable, leak-proof piston. The 
gas is taken through the cycle ABC shown on the graph. The stage BC takes place at 
constant temperature.


0
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piston 
cylinder


Volume / 10–3 m3


Pressure / kPa


	 (i)	 Calculate the work done by the gas in the stage AB.	 [2]
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	 (ii)	 For each of the stages AB, BC and CA separately, and for the cycle as a whole, use 


the first law of thermodynamics to explain whether heat flows into the system or out 
of the system. Calculations are not required.	 [6 QER]
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SECTION B 
 


Question Marking details Marks available 
AO1 AO2 AO3 Total Maths Prac 


8 (a)   Nebula, protostar, mid star, red giant, planetary nebula, white 
dwarf, black dwarf 
 


 1  1   


 (b)   Radiation/light not absorbed by atmosphere 
 


  1 1   


 (c)   Any one of these 4 marked [with a cross]. If more than one 
marked then follow the rule 1 right + 1 wrong = zero 
 


 
 


 1  1   


 (d)   Photons collide with matter in star (or equivalent) [1] 
Force is rate of change of momentum [1] 


Light has momentum (or ) [1] 


 
1 
 


1 


1 
 
 
 
 


  
 
 


3 


  


 (e)   More massive linked to greater gravitational force [hence 
density greater] [1] 
Greater density linked to increased [rate of] fusion [1] 
Reference to energy released by fusion e.g. more energy 
released [1] 
 


  
 
 
 


3 


  
 


 
 


3 


  


hp
λ


=
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Question Marking details Marks available 
AO1 AO2 AO3 Total Maths Prac 


 (f) (i)  
T


λ =
0.0029 used [1] 


Answer = 145 n[m] or 0.0029
20 000


 seen (accept 17 000 K to  


22 000 K from the graph) [1] 
 


 
1 


 
 
 
 
 


1 


 
 
 


 
 
 
 
 


2 


 
 
 
 
 


1 


 


  (ii)  Better to use UV or more radiation in UV or peak emission is 
not in visible range [1] 
[But] hot stars also emit visible light [more than colder stars] [1] 
 


   
 


2 


 
 


2 


  


 (g)   Choice of equation 1 e.g. 0.23 × 0.22.3 (=0.0057) [1] 
In (approximately) correct place (don’t allow as a guess) [1] 
 


   
2 


 
2 


 
2 


 


 (h)   Correct use of equation 3 e.g. 1.5 × 103.5 or 4 743 [1] 
Stated that luminosity or power or rate of use of fuel is 5 000× or 
4 743× greater [1] 
Relevance of factor of 10 understood [1]  
Factor of 10 Mʘ and 5 000 Lʘ combined for a conclusion [1] 


e.g. 10
5 000


seen or 10
4 743


or worded answer 


e.g. although burning 5 000× faster, it has 10× more fuel so 
500× less lifetime  
 


  
 
 


 
 


4 


  
 


 
 


4 


 
 


 
 


2 


 


 (i)   As mass increases radius decreases or vice versa 
 


1   1   


   Question 8 total 4 11 5 20 5 0 


 
  












roberm

Sticky Note

This very straightforward ‘warm-up’ question called for extraction of information from a diagram, but we did require the whole lifecycle to be given.  [0/1]



roberm

Sticky Note

Absorption by the atmosphere was a good reason.  ‘Ozone layer’ was ignored. [1/1]



roberm

Sticky Note

Correct. [1/1]







roberm

Sticky Note

The candidate gave the gist of Newton’s second law (hence the mark) but did not apply the law to photons. [1/3]



roberm

Sticky Note

The higher density was not attributed to gravitational forces, nor was the role of nuclear fusion appreciated. [0/3]



roberm

Sticky Note

A correct Wien’s law calculation. [2/2]



roberm

Sticky Note

A mark was gained for realising that 150 nm was not in the visible part. There would still be plenty of visible light emitted (especially bearing in mind Stefan’s law) and this was not pointed out. [1/2]







roberm

Sticky Note

Correct calculation and adequate justification of correct plotting. [2/2]



roberm

Sticky Note

The factor of 5000 was not justified using equation 3, but a mark was given for associating the factor with a greater rate of fusion. No clear understanding was shown of the total available energy being 10 times greater, nor was the factor of 500 deduced. [1/4]



roberm

Sticky Note

The meaning of ‘negatively correlated’ was understood. [1/1]












roberm

Sticky Note

One stage omitted.  [0/1]



roberm

Sticky Note

Benefit of doubt was given on ‘blocked’. [1/1]



roberm

Sticky Note

Correct [1/1]







roberm

Sticky Note

No hint as to why there is a change in momentum. [2/3]



roberm

Sticky Note

Reason for higher density explained, but no mention of fusion or its consequences. [1/3]



roberm

Sticky Note

Wien’s law applied correctly. [2/2]



roberm

Sticky Note

150 nm wrongly stated to be in the visible region. [0/2]







roberm

Sticky Note

Correct use of equation 1 and adequate justification of where point was plotted. [2/2]



roberm

Sticky Note

An essentially sound explanation, slightly marred by omission of ‘per unit time’ (or equivalent) from the statement about luminosity. [3/4]



roberm

Sticky Note

‘Negatively correlated’ explained correctly. [1/1]












roberm

Sticky Note

All correct.  [3/3]







roberm

Sticky Note

Radiation pressure in a star well explained. Ideally Newton’s third law should also have been applied to, but there was enough here for full marks. [3/3]



roberm

Sticky Note

Larger gravitational pull leads to higher density, hence to increased fusion rate and greater [rate of] energy release. All here. [3/3]



roberm

Sticky Note

Correct use of Wien’s law. [2/2]



roberm

Sticky Note

Candidate knew that 150 nm is in the ultraviolet, but the conclusion that using visible light is inappropriate is too strong. [1/2]







roberm

Sticky Note

Correct calculation of L and position of star on graph justified. [2/2]



roberm

Sticky Note

Correct use of equation 3 to justify the luminosity factor of 5000. Showed good understanding of the role of luminosity and of 10 times the mass implying 10 times the available energy. [4/4]



roberm

Sticky Note

’Negatively correlated’ well understood. [1/1]
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SECTION B


Answer all questions.


8.	 Read through the following article carefully.


	 A little bit of information about stars by Ignasi Lluis Marxuach


	 Figure 1 shows the three different routes for the life cycle of different sized stars, from small 
stars, through medium (Sun-like) stars to explosive high mass stars. For some reason, 
exam boards tend to ignore the smallest category of stars (red dwarfs) because their cores 
never become hot enough to produce red giant stars. 


© WJEC CBAC Ltd.


Protostar


Star-forming nebula


White
dwarf


Blue
dwarf


Red
dwarf


Red giant


Planetary
nebula


Mid-sized
star


Massive star Red supergiant


Supernova


Neutron star
Black
dwarf


Black hole


Figure 1


	 Stars are formed from the gravitational collapse of gas clouds called nebulae. Gravitational 
potential energy is converted to internal energy of hot gases which then emit radiation. 
This means that the search for new stars usually involves the use of infra-red telescopes in 
space.


	 The images on the next page show the same gas clouds but the image on the right
	 (Figure 3) is taken with visible light while the image on the left (Figure 2) is taken with 


infra-red. Notice how the gas clouds are transparent to infra-red so that stars behind the 
gas clouds become visible at infra-red wavelengths. The areas where stars are forming are 
those areas of the gas cloud that appear to be emitting radiation at both infra-red and visible 
wavelengths. 


1


2


3


Paragraph
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	 Once the core of a young star is hot enough to initiate hydrogen fusion it is called a main 
sequence star. Such stars are stable, lasting for millions or billions of years and account 
for around 90% of all stars. They are stable because the outward pressures due to hot 
gases and electromagnetic radiation are balanced by the inward pressure due to gravity. 
Larger main sequence stars have denser cores which means that the rate of fusion and the 
temperature are also greater. A graph of luminosity against temperature for main sequence 
stars is rather useful, although slightly less useful than it should be because astronomers, 
apparently, don’t realise that values should increase going to the right on normal graphs.


© WJEC CBAC Ltd.


Figure 2 (infra-red image) Figure 3 (visible light image)
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M	 = mass of the Sun
L	 = solar unit (luminosity 
	    of the Sun)


	 Notice that nearly all main sequence stars have surface temperatures in the range 3 000 K 
to 20 000 K. This makes them suitable for analysing using visible light. 


Paragraph
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	 Another thing to note from the luminosity against surface temperature graph is that these 
factors seem to depend on the mass of the star. It turns out that there is only one factor that 
determines a star’s position on the graph – its mass. The relationship between mass and 
luminosity for a star is quite complicated and comes in four parts.


© WJEC CBAC Ltd.


6


7


8


9


Note that these equations have 
been simplified by having the 
mass of the star (M) in units 
of the solar mass (M ), and 
luminosity in units of the solar 
luminosity (L  ).


L = 0.23 M 2.3	 for	 M < 0.43	 Equation 1


L = M 4 	 for  0.43 < M < 2	 Equation 2


L = 1.5 M 3.5	 for       2 < M < 20	 Equation 3


L = 3 200 M 	 for	 M > 20	 Equation 4


	 These relationships are rather useful and should explain why large mass stars can be found 
more easily using ultraviolet telescopes, but they can do so much more when combined 
with Einstein’s equation.


E = ∆mc2                   Equation 5


	 You might, in the first instance, be excused for thinking that a 10 M   star will burn 10 times 
longer than the Sun. This, however, could not be further from the truth. Use of Equation 
3 should tell you that a 10 M  star will burn approximately 5 000 times brighter. By using 
Einstein’s equation and making a few simplifying assumptions, we find the expected lifetime 
of a 10 M   star to be, in fact, approximately 500 times less than that of the Sun. Some might 
say that a large star “burns the candle at both ends” but it’s more accurate to say that it 
burns the candle at 5 000 ends simultaneously.


	 It should be reasonably clear that there is a negative correlation between the mass of a star 
and its lifetime. Another two star variables that are (bizarrely) negatively correlated are the 
mass of a white dwarf and its radius. However, that is a completely different story which is 
beyond the remit of this 2019 Space Odyssey. 


Paragraph







(A420U10-1) Turn over.


23
Examiner


only


© WJEC CBAC Ltd.


	 Answer the following questions in your own words. Extended quotes from the original article will 
not be awarded marks.


	 (a)	 Write down the complete life cycle of a mid-sized star (see Figure 1).	 [1]


	 (b)	 Suggest an advantage of placing telescopes in space to observe new stars (see
		  Paragraph 2).	 [1]


	


	


	


	 (c)	 In Figure 2 or 3 below, mark with an X one area where new stars are forming 
		  (see Paragraph 3 and Figures 2 & 3).	 [1]


Star-
forming
nebula


Figure 2 (infra-red image) Figure 3 (visible light image)
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	 (d)	 Explain, using Newton’s 2nd law, how electromagnetic radiation exerts pressure inside a 
main sequence star (see Paragraph 4).	 [3]


	


	


	


	


	


	


	 (e)	 Explain why a more massive star has a higher density in its core and why this leads to a 
higher temperature (see Paragraph 4).	 [3]


	


	


	


	


	


	


	 (f)	 (i)	 Show that the wavelength of maximum emission for the hottest main sequence 
stars is approximately 150 nm (see Paragraph 5 or Graph 1).	 [2]


	


	


	


	


	 (ii)	 Discuss whether or not it is appropriate to analyse the hottest main sequence stars 
using visible light when their wavelength of maximum emission is 150 nm 


		  (see Paragraph 5).	 [2]


	


	


	


	


© WJEC CBAC Ltd.
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	 (g)	 Determine whether or not the star of mass 0.2 M   is plotted at approximately the correct 


luminosity in Graph 1 (see Equations 1–4 and Graph 1).	 [2]


	


	


	


	


	


	 (h)	 Explain why a 10 M  star has a lifetime that is 500 times shorter than that of the Sun, 
including any simplifying assumptions (see Paragraph 8 and Equations 1–5).	 [4]


	


	


	


	


	


	


	


	


	 (i)	 Explain briefly what the author means when he states that a white dwarf’s mass and 
radius are negatively correlated (see Paragraph 9).	 [1]


	


	


	


END OF PAPER
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