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GCE Physics Unit 3 1420U30-1

All Candidates' performance across questions

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

1ai 1897 1.4 0.7 2 69.2 98.7

1aii 1889 2 1.2 3 67.4 98.2

1aiii 1909 2.1 0.8 3 68.8 99.3

1b 1868 3.2 1.5 5 63.4 97.1

2ai 1912 1.7 0.6 2 85.6 99.4

2aii 1858 1.3 0.7 2 67.5 96.6

2bi 1850 3 1.4 4 74.9 96.2

2bii 1833 0.8 0.4 1 78.9 95.3

2biii 1809 0.8 0.4 1 78.1 94.1

2ci 1791 0.7 1 3 22.7 93.1

2cii 1882 0.8 0.4 1 83.2 97.9

3ai 1916 0.9 0.7 2 43.2 99.6

3aii 1905 2.8 0.7 3 92.2 99.1

3aiii 1911 3.2 1.6 5 65 99.4

3aiv 1871 2 1 3 67.8 97.3

3b 1895 3.3 1.4 6 55.1 98.5

4a 1900 1.6 0.6 2 78.2 98.8

4b 1910 2.5 1 3 81.8 99.3

4c 1786 1.5 0.8 2 76.2 92.9

4d 1766 2 1.2 3 65.2 91.8

4e 1755 1.4 1.4 3 46.8 91.3

5ai 1917 0.9 0.4 1 85.5 99.7

5aii 1918 1.2 0.6 2 62.3 99.7

5b 1921 1.8 0.4 2 90.9 99.9

5ci 1903 1.7 0.5 2 84.4 99

5cii 1903 2.5 0.6 3 82.6 99

5ciii 1866 0.2 0.4 1 21.1 97

5d 1593 0.9 1 3 30.1 82.8

5ei 1731 1.1 1.1 3 35.1 90

5eii 1802 2.2 1.4 4 56.2 93.7

6a 1837 1.6 0.7 2 82.3 95.5

6b 1877 0.4 0.7 2 22.3 97.6

6c 1833 1.6 1 3 52.5 95.3

6d 1865 0.8 0.8 2 39.9 97

6e 1778 0.9 1.1 4 22.4 92.5

6f 1846 0.7 0.4 1 72.6 96

6g 1796 0.3 0.5 2 17.4 93.4

6h 1726 1.1 0.7 2 53.2 89.8

6i 1808 0.5 0.7 2 24.7 94
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


3 (a) (i)  Straight line through the origin [shows that acceleration is directly 
proportional to displacement] (1) 
Negative slope [shows that the acceleration is always directed 
towards the fixed point] (1) 
 


2   2   


  (ii)  Calculating gradient i.e. 60 or obtaining suitable point from graph 
e.g. -0.05, 3.0 (1) 


Gradient = [-] 2 or substitution into equation (1) 


 = 7.75 [rad s-1] (1) 
Allow 1 mark for slips such as: 


𝜔 = √
3


0.5
  


Allow 2 marks for  


𝜔 = √
3


0.5
 = 2.45 or 𝜔 = √


1.5


0.03
 = 7.07 


Allow 3 marks for 


Accept √
1.75


0.03
 = 7.64 [rad s-1] or √


2


0.033
 = 7.8 [rad s-1] or  √


2.4


0.04
 = 


7.85 [rad s-1]  
Allow 1 mark for: 


𝜔 = √
𝑎max


𝐴
= 7.7 i.e. no evidence of data points used or 


substitution but method ok. 
 
Alternative for full marks: 


Using 𝑎 =
𝑣2


𝑟
 (which leads to v = 0.39) (1) 


Using 𝜔 =
𝑣


𝑟
  (1) 


Convincing correct answer e.g. 7.75 or 
0.39


0.05
  (1) 


 


 3  3 2  
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


  (iii) I. 2 2


7.7
T


 



= =   = 0.82 [s] 


 


 1  1 1  


   II. 


Substitution: 2T
m


k
=  so 2


0.30


k
=0.82  or ma = kx (1) 


k = 17.8 N m-1 unit mark (1) 
 


 
1 


 
 


1  2 2 


 


   III. Substitution: v = wA = 7.7  0.05 (1) if sint or cost used then the 
angle must be correct 
v = 0.39 [m s-1] (1) 
 
Alternatives for the first mark: 


Substituting into 𝑚𝑎 = 𝑘𝑥 e.g. 0.3  3 = k  0.05 (1)   


OR substituting into 𝜔 = √
𝑘


𝑚
  e.g. 7.8 = √


𝑘


0.3
  (1) 


 


1  
1 


  
2 


 
2 


 


  (iv)  


 
Shape and start point of PE sketch (1) 
Shape KE sketch and starting at zero (1) 
KE out of phase with PE and same size peaks and one complete 
cycle i.e. 2 KE peaks (1) 


 3  3 1  
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


 (b)   Indicative content: 
 
Damping:  
Damping linked to resistive force. 
It dissipates energy or linked to energy loss. 
Amplitude decreases with time.  
Link to energy loss to surroundings. 
Critical damping. 
 
Resonance: 
Periodic force.  
Happens when frequency is equal to the natural frequency.  
Amplitude of oscillation becomes large. 
Damping lowers the resonance peak. 
Reasonable resonance graph. 
 
Real systems: 
Any sensible real system e.g. bridges / structural /swings, tuning 
circuit  
Example of damping e.g. car suspension  
With a description of the driving force 
Explanation of whether resonance is good or bad. 
 


6   6   
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


    5-6 marks  
All 3 areas answered well. 
There is a sustained line of reasoning which is coherent, 
relevant, substantiated and logically structured. 
 
3-4 marks  
2 areas answered well or limited answers to all 3 areas. 
There is a line of reasoning which is partially coherent, largely 
relevant, supported by some evidence and with some structure. 
 
1-2 marks  
1 area answered well or limited answers to 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. 
 


      


    Question 3 total  10 9 0 19 8 0 


 
 
  












3b: 5



Sticky Note

This is a good example of the answer expected for this question. The graphs illustrate a clear understanding of the concepts required.  This is reflected in the text from the candidate.  The answer could have included a discussion on the energy changes involved to score full marks.  This a good response and is clearly laid out. 5 marks were awarded.












3b: 3



Sticky Note

This is an example where the candidate has been able to discuss all 3 areas required in the question.  The answers are limited e.g. no discussion of critical damping; periodic force for resonance and therefore the answer is in the mid range. 3 marks were awarded.












3b: 2



Sticky Note

There is a good discussion of damping in this answer but the explanation of resonance is not correct.  There is some attempt to describe systems but overall the answer is in the lower band. 2 marks were awarded.












8
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19


	 (b)	 Explain what is meant by the terms damping and resonance and discuss their 
importance in real systems giving an example for each.	 [6 QER]
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


5 (a) (i) Absorb alpha and beta or only allow gamma through. Accept absorb beta 
only [due to 40 cm gap] 
 


  1 1  1 


  (ii) Background radiation (1) 
To check for consistency / check for variations (1) 
Don’t accept for a mean 
 


  2 2  2 


 (b)  


Distance, r / m 


Count Uncertainty 
in mean 
count 


First 
reading 


Second 
reading 


Third 
reading 


Mean 
count 


Without source 19 22 25 22 3 


1.000 110 130 136 125 13 


0.800 195 165 178 179 
15 or 14 or 


16 


0.600 270 316 300 295 
23 or 21 or 
22 or 24 or 


25 


0.400 661 604 651 639 29 


Without source 20 20 25 22 3 


1 mark per column. 
 


 2  2 2 2 


 (c) (i) 
Distance, 𝑟 /m Corrected mean count, N 


Uncertainty in corrected 
mean count 


1.000 103 16 


0.800 157 18 


0.600 273 26 


0.400 617 32 


1 mark per column ecf on previous table 
 


 2  2 2 2 
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


  (ii) 


 
All 4 points correct (2) ecf 
3 points correct (1) 
One smooth curve passing through all points ± ½ small square (1)  
 


 3  3 3 3 


  (iii) Error bars in the corrected mean count are large enough to be shown 
on the graph [approx. 2 units min], but the uncertainty in r is too small 
[less than one unit] 
 


  1 1  1 
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


 (d)  ln 119 = 4.78 or ln 87 = 4.47 (1) 
ln 103 = 4.63 or the other extreme (1) 


4.78 - 4.63 or 4.66 - 4.47 = [approx. 0.15] or
0.31


2
(1) 


No ecf allowed (since 103 and 16 are given) 


Award 1 mark for =
16


103
0.15. 0.155, 0.16  


Award 2 marks for statement absolute uncertainty in log = fractional 
uncertainty in count 
 


 3  3 3 3 


 (e) (i) Taking logs: ln(𝑁) = −𝑛 ln(𝑟) + ln (𝑘) (1) (accept ln 𝐼 in lieu of ln 𝑁) 


Plotting ln(𝑁) on the y-axis against ln(𝑟) on the x-axis or comparison 


with 𝑦 = 𝑚𝑥 + 𝑐 (1) 


Gradient = −𝑛 (1) 
 


  3 3 3 3 


  (ii) Minimum gradient =  
3.94−7.00


0.50−(−1.30)
= [−]1.69 ± 0.03 (1) 


 


Maximum gradient =  
3.40−7.00


0.50−(−1.17)
= [−]2.16 ± 0.03 (1) 


Mean gradient = [−]1.93 ± 0.03 (1) ecf 


Uncertainty = 
1


2
 (−1.69 − (−2.16)) = 0.20 - 0.28 (1) ecf accept 0.2 


No sig fig penalty 
 


 4  4 4 4 


   Question 5 total   0 14 7 21 17 21 


 
 
  












5ai: 1
5aii: 1


1


1



Sticky Note

Part (a)(i) is correct.  In part (a)(ii); the candidate refers to background radiation but the measurements at the start and the end are for checking consistency and variations in its value.







1 1


1 1



Sticky Note

The data analysis and calculations are both correct.







5b: 2


5ci: 2
5cii: 3
5ciii: 0


3



Sticky Note

Full marks for the graph with a smooth curve through the data points.



Sticky Note

The candidate did not refer to the error bar in the corrected mean count to gain the mark for this part.











5d: 3
5ei: 3


5eii: 4


1


1 1


2


1


1


1


1


1



Sticky Note

Full marks for this part and determination of the uncertainty in the log counts.



Sticky Note

Also full marks for this part to explain the plotting of the graph.  lnI was accepted in lieu of lnN.



Sticky Note

Full marks for this part and the values are within the accepted range as the graph had the lines drawn in the exam paper.












5ai: 1
5aii: 1


1


1



Sticky Note

Correct answer to part (a)(i).  The candidate did not refer to the fact that the background count was measured at the start and end to check for variations or inconsistency in its value.







1 1


1



Sticky Note

Part (b) is correct but part (c)(i) did not gain full marks as the uncertainty in the corrected mean count has not been correctly determined.







5b: 2


5ci: 1
5cii: 2
5ciii: 0


2



Sticky Note

The candidate lost the final mark for the graph due to the drawing of the curve.  It should have been a smooth curve through all the points.



Sticky Note

There is no reference to the error bar for distance or compared with the error bar in the corrected mean count.











5d: 0
5ei: 2


5eii: 4


2


1


1


1


1



Sticky Note

An attempt at this part; the candidate should have determined the ln of the limits i.e. ln 119 or ln 87 and then determined the range of i.e. ln 119 - ln 103 or uncertainty in the max and min values if the extremes were used.



Sticky Note

Part (e)(ii) gains full marks and the values are within the range expected for this question.



Sticky Note

Good attempt at part (e)(i).  The candidate has not included the constant k to to eliminate the need for the proportional sign to give lnI = -nlnr + lnk which was expected for the first mark.  lnI was accepted in lieu of lnN.












5ai: 0
5aii: 1


1



Sticky Note

For part (a)(i); the candidate has not discussed the fact it also stops the alpha coming through or that it only allows the gamma radiation.  
In part (a)(ii); the reference to background radiation is correct but the candidate should have explained in more detail that this is to check for consistency.







1 1


1



Sticky Note

Data for part (b) is correct as well as the corrected mean count in part (c)(i) .  The uncertainty in this is incorrectly calculated but there is ecf through the question for this.







5b: 2


5ci: 1
5cii: 2
5ciii: 0


2



Sticky Note

The candidate did not draw a smooth curve for the final marking point.



Sticky Note

The answer here should have referred to the error bars in the mean count as well as the distance.











5d: 0
5ei: 0


5eii: 3


1
1ECF


1



Sticky Note

Unfortunately the expansion of the logs is incorrect as it should be -nlnr due to the inverse power.  lnI was accepted instead of lnN which is the correct axis on the graph.  There is no comparison with y = mx +c in this answer and no ecf on the gradient being equal to n.



Sticky Note

Good attempt at the gradient and the values lie outside the accepted range for the question.
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5.	 A student says that the radiation intensity, I, of gamma rays increases with decreasing 
distance, r, from a source such that:


	 She wishes to determine the value of n.


	 The student uses a source of alpha, beta and gamma radiation. She measures the intensity 
of the rays at set distances from the source by determining the count over intervals of one 
minute. She also takes measurements without the source at the start and at the end of the 
experiment.


	 (a)	 (i)	 Suggest why a thin aluminium plate is placed near the source.	 [1]


	


	


	


	 (ii)	 Explain why readings are taken without the source, at the start and at the end of 
the experiment.	  [2]


	


	


	


	


Aluminium
plate Detector


Counter


Source
(α, β and γ)


I ∝ 1
rn


00316r
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	 (b)	 At each distance, r, the counts were measured over one minute intervals three times. 
The uncertainty in r is ± 0.005 m. The measurements are recorded in the table.


		  Complete the table. 	 [2]
		  Space for calculations.


Distance, r / m
Count


Uncertainty in 
mean countFirst 


reading
Second 
reading


Third 
reading Mean


without source 19 22 25 22 3


1.000 110 130 136 125 13


0.800 195 165 178 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


0.600 270 316 300 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


0.400 661 604 651 639 29


without source 20 20 25 22 3


	 (c)	 (i)	 The student subtracts the mean count without the source from the mean count 
for each distance to obtain the corrected mean count, N. She also determines the 
uncertainty in each of these corrected mean counts. 


			   Complete the table.	 [2]
		  Space for calculations.


Distance, r / m Corrected mean 
count, N


Uncertainty in corrected 
mean count


1.000 103 16


0.800 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


0.600 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


0.400 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 (ii)	 Plot a graph of the corrected mean count, N, against distance, r. Error bars are 
not required.	 [3]


Corrected mean count, N


r / m


	 (iii)	 The student claims that error bars may be shown on the graph for the corrected 
mean count, but not the distance. Justify her claim. Calculations are not required.


				   [1]


	


	


0


200


400


600


800


0.000 0.200 0.400 0.600 0.800 1.000
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	 (d)	 Her friend suggests using a logarithmic graph. She calculates the logarithmic values in 
the table below.


Distance, r / m ln r ln N


1.000 0.00 4.63


0.800 –0.22 5.06


0.600 –0.51 5.61


0.400 –0.92 6.42


		  The data are plotted on the graph.


ln r


ln
 N


0.5
3.0


4.0


5.0


6.0


7.0


0.0– 0.5– 1.0
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		  For a distance of r = 1.000 m use the table in part (c) to show that the uncertainty 
in the logarithmic counts for this distance is approximately 0.15.	 [3]


	


	


	


	


	


	


	 (e)	 (i)	 Starting with intensity:              justify how the logarithmic graph can be used to 
			   determine n.	 [3]


	


	


	


	


	


	


	


	 (ii)	 Use the maximum and minimum gradients to determine n and the absolute 
uncertainty in its value.	 [4]


	


	


	


	


	


	


	


	


	 21


I ∝ 1


rn
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


6 (a)  1 clockwise arrow (1) 
1, 2, 3, 4 in correct positions     1   (1) 
                                               4     2 
                                                  3 
 


 2  2   


 (b)  True because clockwise OR process 1 has greatest work than 3 (1) 
No work done for 2 & 4 (1)  
Apply ecf if needed 
 


  


2 2 


  


 (c)  Attempt made at any area under the graph or enclosed or counting 
squares (1) 


9.25ish large squares or 9  25 small squares or correct trapezium / 
enclosed area method (1) 
Answer = 4 600 ± 400 [J] (1) 
 


  3 3 3  


 (d)  Heat flows from gas to surroundings (through piston) OR conduction 
through metal (1) Accept molecules collide with container 
[Thermal] equilibrium or same temperature as surroundings (1) 
 


  
 


1 


 
1 


2 


  


 (e)  Any 4  (1) from: 


• Volume increases [for expansion part] 


• Work done by gas [for expansion but not compression] 


• Internal energy decrease [for expansion but not compression] 


• Increased PE linked to lower temperature or expansion  


• KE or internal energy decrease linked to cooling or lower 
temperature or expansion  


• [Process] too quick for heat transfer 
 


 


 4 4 
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths Prac 


 (f)  Nitrogen boils OR heat transferred to LN2 OR high pressure inside 
bottle. Accept gas expands 
 


1   1   


 (g)  Force on bottle / nozzle is equal and opposite to force on gas / nitrogen 
(1) 
Provides [anticlockwise] moment / torque [for rotation] (1) 
For 2nd mark, do not accept “principle of moments” because this is 
relevant to equilibrium or adding moments. 
Don’t accept equal and opposite forces acting on the walls  
 


1  
 


1 


 


2 


  


 (h)  Sound [waves] produced (or implied) (1) 
Implication of pressure release / molecule or gas release / energy 
release OR displacement of particles/molecules OR vibration of 
particles / molecules (1) 
 


1  
 
 


1 
 2   


 (i)  Nitrogen escapes from the container OR nitrogen escapes into lift (1)  
ACCEPT pressure in lift builds up  
DON’T ACCEPT container explodes OR container acts like rocket 
Leading to suffocation / anything to do with breathing N2 (1)  
 


  


2 2   


   Question 6 total 3 5 12 20 3 0 


 


 
  




















6a: 2
6b: 1


1


1


1



Sticky Note

Full marks for the graph showing the processes correct and labelling.



Sticky Note

This answer does not quite gain full marks as the comparison between stage 1 and 3 is not quite complete.







6c: 3


6d: 1
6e: 1
6f : 1


1


1


1


1


1


1



Sticky Note

A really good example of an answer in part (c).  This is an extremely able candidate who has attempted an integration method of analysing the curve.  The final value is correct within the accepted range.  Well done!



Sticky Note

For the final mark; there should have reference to thermal equilibrium being established with the surroundings.



Sticky Note

Correct answer for this part as the nitrogen boils or there is high pressure in the bottle.  This is implied by the fact that the gas expands.



Sticky Note

There is only 1 mark for this part and the candidate could have referred to the volume increasing; work done by the gas; decrease in internal energy; KE is decreased due to cooling and the process is too quick for heat transfer.







6g: 0
6h: 2


6i: 1


1


1


1



Sticky Note

This answer has all the marking points.



Sticky Note

Candidate should have referred to the breathing difficulties with the increase in nitrogen to complete the answer.



Sticky Note

This is simply a re-statement of Newton's 3rd law.  There should have been reference to the force on the nozzle being equal and opposite to that on the gas.  This creates a torque or anticlockwise moment.




















6a: 2
6b: 2


2


1


1



Sticky Note

Candidate has scored all marks for the graph.  Labeling the processes at the corners was accepted.



Sticky Note

Full marks for this part and covers the points in the scheme.







6c: 3


6d: 1
6e: 0
6f : 1


1


1 1


1


1



Sticky Note

Good attempt at calculating the area and the answer lies within the accepted range for this part - so full marks.



Sticky Note

The first mark is covered in this answer.  The candidate needed to expand further and state that thermal equilibrium will be reached.



Sticky Note

Full marks and covers the answer in the scheme.



Sticky Note

The candidate should have referred to the energy changes in this answer.  Work is done by the gas as volume increases.  There is a decrease in internal energy which means that KE is reduced and therefore temperature.  The process is too quick for heat transfer.







6g: 0
6h: 0


6i: 0



Sticky Note

Good attempt at the first mark; it should have stated that the force on the bottle is equal and opposite on the gas.  This creates a moment or torque for rotation.



Sticky Note

The answer should have stated that a sound is produced due to the pressure/gas/energy release.



Sticky Note

This answer refers to the temperature change which is incorrect.  The correct answer should be based on the fact that the pressure or nitrogen gas will build up leading to breathing difficulties.




















6a: 1
6b: 1


1


1



Sticky Note

The processes are labelled correctly but there is no direction given for the changes as required in the question.



Sticky Note

The first mark has been given in relation to stage 2 and 4.  There should have been comparison between stage 1 and 3 to gain the full mark i.e. more work in process 1 than process 3.







6c: 2


6d: 2
6e: 0
6f : 1


1


1


1


1


1



Sticky Note

Good attempt to calculate the area under the graph but the final answer lies outside the accepted range of 4600 +- 400 J.



Sticky Note

Full marks for this part and reference to thermal equilibrium.



Sticky Note

Good attempt at explaining the cooling process.  The candidate should have explained in more detail that the KE of the molecules will decrease leading to cooling due to work being done by the gas.



Sticky Note

Good answer in that heat is transferred to liquid nitrogen and that it boils.







6g: 0
6h: 1


6i: 01



Sticky Note

Good attempt at using Newton's 3rd law but the candidate should have referred to force on bottle being equal and opposite to force on gas.  This provides a moment or torque.



Sticky Note

Good attempt and gains a mark for reference to sound. This sound is created by the pressure difference which should have been included in the answer.



Sticky Note

The answer should have referred to the build up of nitrogen in the lift which could result in breathing difficulties.
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SECTION B 


Answer all questions.


6.	 Read through the following article carefully.


How do you produce really low temperatures and can you then do some cool stuff with it?
Paragraph


1


2


3


4


5


6


The first thing you have to do is to produce low 
temperatures and this is usually achieved by 
taking a gas through a closed cycle such as that 
shown in Figure 1.


1.	 Air, initially under high pressure, is expanded 
at constant temperature.


2.	 Heat is allowed to escape at constant volume.


3.	 The gas is compressed at a constant low 
temperature.


4.	 The gas is heated at constant volume to a 
high pressure.


The end result is that the gas does a large amount 
of work in each cycle. This means that the gas 
must have heat flowing into it leading to the 
cooling of whatever it is that requires cooling.


A different and simpler method of cooling gases is called the Joule-Thompson method, 
which does not involve a gas going through a cycle. A gas is compressed to a pressure of 
two thousand times atmospheric pressure. The gas is then allowed to cool back to room 
temperature. After that, it is allowed to expand quickly through a nozzle to atmospheric 
pressure leading to a tremendous amount of further cooling. In the expansion, the gas does a 
very large amount of work but the non-ideal gas molecules also have an enormous increase in 
potential energy because of the attractive forces between molecules. Both these factors cool 
the gas by a huge factor.


Okay, so now we have the basic physics for producing low temperatures. Apply this low 
temperature to air and we can make a product that can give hours of fun – liquid nitrogen 
(LN2).


Most of the fun that can be obtained from LN2 is based on the fact that it boils at a temperature 
of –195.8 °C and, in doing so, expands by a factor of approximately 1 000. For example, a cool 
rotating rocket can be built using a simple plastic water bottle.
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Paragraph


7


8


9


The boiling nitrogen makes the nozzle of the plastic water bottle into a jet engine. When you 
then place the plastic water bottle on a nicely polished wooden floor it will rotate far more 
quickly than you would ever anticipate, providing a great demonstration for even the most 
ardent physics-hating pupil. What can be even more spectacular is when the bottle accidentally 
hits something solid (like the leg of a lab desk). The wall of the plastic water bottle will be at 
around –200 °C and fragile. This, combined with the high pressure inside the bottle, leads to 
rather a loud and impressive bang.


Although LN2 can be fun, it can also be dangerous. For instance, when transporting a large, 
open container of LN2 (see Figure 3), you should not remain in the confined space of a lift 
with the container in case the lift becomes stuck. Most of the danger from LN2 arises from its 
200 °C temperature difference from its surroundings. Nonetheless, it is always amusing when 
TV chefs wear safety goggles and gloves when making ice cream using LN2 but never bother 
with any safety equipment when using litres of boiling fat above a gas fire. I promise you that 
the boiling fat is far more dangerous even though the temperature difference, compared with 
human body temperature, is around 200 °C for both LN2 and boiling fat.


In conclusion, low temperatures and LN2 can be dangerous for some obvious reasons but they 
can also lead to some amusement and even some Michelin-starred ice cream.


Jet of nitrogen gas Jet of nitrogen gas


View from above


Figure 2


Figure 3


Loose lid to let out
nitrogen gas without
pressure build up
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	 Answer the following questions in your own words. Direct quotes from the original article will 
not be awarded marks. 


	 (a)	 Label the diagram with the processes 1–4 along with an arrow to show the direction of 
the cycle (see paragraph 2).	 [2]


	 (b)	 The author states that work is done by the gas in the cycle. By considering the four  
stages of the cycle, explain whether or not this statement is correct (see paragraph 3 
and Figure 1).	 [2]


	


	


	


Examiner
only
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	 (c)	 Estimate the work done during the cycle.	 [3]


	


	


	


	


	


	 (d)	 When a gas is compressed in a metal cylinder it will become hot. Explain why the gas 
will then cool to room temperature (see paragraph 4).	 [2]


	


	


	


	 (e)	 Explain whether or not the author is correct to state that the gas expanding quickly 
through the nozzle will cool greatly (see paragraph 4).	 [4]


	


	


	


	


	


	


	


	 (f)	 Explain very briefly why nitrogen gas escapes through the nozzle of the plastic water 
bottle (see Figure 2 and paragraph 7).	 [1]
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	 (g)	 Starting from Newton’s 3rd Law, explain why the plastic water bottle shown will rotate 
anti-clockwise.	 [2]


20


	


	


	


	 (h)	 An exploding bottle produces a “loud bang” (see paragraph 7). Explain briefly why this 
“loud bang” can be heard more than 100 m from the exploding bottle.	 [2]


	


	


	


	


	 (i)	 Justify the author’s statement that it would be dangerous to share a confined space (like 
a lift) with a large container of liquid nitrogen (see paragraph 8 and Figure 3).	 [2]


	


	


	


	


END OF PAPER
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