
Thermal Energy Transfer and Temperature 
 
Q1. 
  
Aluminium is one of the most widely recycled metals. Aluminium cans are heated from room 
temperature until all the aluminium has melted. The molten aluminium is then used to make 
new cans. This process uses only 5% of the energy needed to extract aluminium from raw 
materials. 

On a website it is claimed that recycling one aluminium can of mass 14 g saves enough 
energy to listen to music on a mobile phone continuously for 7 days. 

Assess the validity of this claim. 

melting point of aluminium = 660 K  
specific heat capacity of aluminium = 902 J kg−1 K−1 
specific latent heat of aluminium = 396 kJ kg−1 
room temperature = 293 K  
mobile phone p.d. = 3.7 V  
mobile phone current = 120 mA 

(6) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 6 marks) 
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Q2. 
A student investigated how the volume of a fixed mass of air varies with the temperature of 
the air. She used the apparatus shown. 

 

A glass tube was sealed at one end. A plug of oil trapped a length l of air in the tube. The 
water in the beaker was heated to a temperature θ. The corresponding value of l was 
measured. This was repeated for a range of temperatures. 

The thermometer had a resolution of 0.5 °C. The scale had mm divisions. 

The student's results are shown in the table. 

 

The student plotted a graph of l against θ as shown. 
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(i)  Explain the significance of the intercept on the x-axis. 
(3) 

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

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

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

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

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

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

 

(ii)  The student wrote a report of the investigation in her lab book. In the conclusion she 
wrote: 

 
Discuss the student's conclusion. 

(4) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
(Total for question = 7 marks) 
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Q3. 
  
Latte is a type of coffee made with hot frothy milk. The milk is heated by pumping steam into 
it. 

Calculate the maximum mass of milk that could be warmed to a temperature of 65 °C by 
absorbing 15 g of steam at 100 °C. 

initial temperature of milk = 4.0 °C  
specific heat capacity of milk = 3900 J kg−1 K−1 
specific heat capacity of water = 4200 J kg−1 K−1 
specific latent heat of vaporisation of water = 2.3 × 106 J kg−1 

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

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

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

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

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

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

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

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

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

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

Maximum mass = ...........................................................  

  
(Total for question = 4 marks) 
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Q4. 

A data book contains the following information for ethanol. 

latent heat of fusion = 109 kJ kg–1 

latent heat of vaporisation = 838 kJ kg–1 

545 J is transferred from a sample of ethanol when it condenses. 

Which of the following shows how to calculate the mass of ethanol that condenses? 
(1) 

   A    545 ÷ 109 000 

   B    545 ÷ 838 000 

   C    109 000 ÷ 545 

   D    838 000 ÷ 545 

 
  

(Total for question = 1 mark) 
  
Q5. 
  
It was suggested on an online forum that it would be possible to cook a chicken by 
repeatedly slapping the chicken with one hand. 

It was claimed that the energy transferred to a chicken in 8000 slaps would be sufficient to 
raise the temperature of the chicken from 23 °C to 165 °C. 

In an investigation to test the claim, the effective mass of the hand was taken as 1.75 kg and 
the speed of the hand just before impact with the chicken as 6.25 m s-1. 

Deduce whether the data confirms that 8000 slaps would be sufficient. 

Assume that no energy is transferred from the chicken to the surroundings. 

mass of chicken = 0.875 kg 

specific heat capacity of chicken = 1770 J kg-1 K-1 

efficiency of energy transfer from the hand = 65% 
(5) 

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

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

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

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

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

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

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

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

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

  
(Total for question = 5 marks) 

  
 
 
Q6. 
  
An electric iron rated at 2600 W contains a steel plate which is heated to a working 
temperature of 215°C. Room temperature is 18°C. 

Deduce whether the plate could reach its working temperature in less than 1 minute. 

mass of steel plate = 890 g 

specific heat capacity of steel = 450 J kg–1 K–1 
(3) 

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

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

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

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

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

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

  
(Total for question = 3 marks) 
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Q7. 
  
A cup contains 180 g of black coffee at a temperature of 82 °C. 68 g of milk at a temperature 
of 2.7 °C is added to the coffee. An ideal temperature range for drinking coffee is said to be 
50 °C to 60 °C. 

Deduce whether the coffee will be within the ideal temperature range when the milk is 
added. 

initial temperature of milk = 2.7 °C 

specific heat capacity of black coffee = 4.2 × 103 J kg−1 K−1 

specific heat capacity of milk = 3.9 × 103 J kg−1 K−1 
(3) 

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

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

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

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

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

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

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

  
(Total for question = 3 marks) 

  

Q8. 
  

The apparatus shown can be used to determine a value for the specific latent heat of 
vaporisation of water. 
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(a)  In one experiment the current in the heater was 8.20 A, and the potential difference 
across the heater was 230 V. 

(i)  Show that the power of the heater was about 2 kW. 
(2) 

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

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

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

(ii)  There was 0.655 kg of water in the flask at an initial temperature of 22.5 °C.  
      The heater was switched on, and the water in the flask was heated to boiling point. 

      Calculate the minimum time taken for the water to be heated to 100.0 °C. 
      specific heat capacity of water = 4190 J kg−1 K−1 

(3) 
 .............................................................................................................................................  

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

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

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

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

Minimum time taken for water to be heated = ...........................................................  

(b)  The heater was left on and water continued to boil in the flask. The water was allowed to 
boil for a few minutes. The conical flask was then placed under the heat exchanger and 
water was collected in it. 

(i)  Give a reason why the water was left boiling for a few minutes before the conical flask 
was put in place. 

(1) 
 .............................................................................................................................................  

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

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

 .............................................................................................................................................  
(ii)  Water with a mass of 95.0 g was collected in a time of 125 s. 
      Calculate the rate of energy transfer in the heat exchanger. 
      specific latent heat of vaporisation of water = 2.26 × 106 J kg−1 

(3) 
 .............................................................................................................................................  

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

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

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

Rate of energy transfer in the heat exchanger = ...........................................................  
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(iii)  Discuss your answers to (a)(i) and (b)(ii). 
(3) 

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

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

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

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

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

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

  
(Total for question = 12 marks) 

  
 
Q9. 
  
The apparatus shown can be used to determine a value for the specific latent heat of 
vaporisation of water. 

 

State how the apparatus could be modified to minimise the effect of a significant source of 
error. 

(1) 
 .............................................................................................................................................  

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

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

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

  
(Total for question = 1 mark) 
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Q10. 
  

A student determined the latent heat of vaporisation of a liquid using an electrical heater to 
boil the liquid in a Pyrex beaker. 

The apparatus used is shown below. 

 

She connected the heater into a circuit and took measurements of the potential difference V 
and the current I for the heater. 

The student monitored the mass of the beaker and the liquid m over the time t for which the 
liquid was boiling. Her results are plotted on the graph. 

 

The student used her graph to determine a value for the latent heat of the liquid in the 
beaker. She concluded that the liquid was pure water. 
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The student's conclusion was 

V = 20.5 V 

I = 10.5 A 

Explain how this method might be modified to improve the accuracy of the student's 
conclusion. 

(2) 
 .............................................................................................................................................  

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

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

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

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

  
(Total for question = 2 marks) 

  
 
 
Q11. 
  
A student carried out an experiment to determine the specific latent heat of vaporisation of 
water using the apparatus shown. 

 

The water in the flask was heated and steam was forced out of the flask and through the 
glass tubing into the cold water in the insulated cup. The steam condensed as it passed into 
the cold water. 

(i)  Explain why the water was heated to boiling point and left boiling for a few minutes before 
the insulated cup of cold water was put in place. 

(2) 
 .............................................................................................................................................  
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 .............................................................................................................................................  

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

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

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

(ii)  Identify a significant source of error in this experiment and the steps that should be taken 
to minimise its effect on the calculated value of the specific latent heat of vaporisation of 
water. 

(2) 
 .............................................................................................................................................  

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

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

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

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

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

  
(Total for question = 4 marks) 

 Q12. 

A student determined the specific heat capacity of aluminium. 

She used an electrical heater to heat an aluminium block and measured the temperature of 
the block with a digital thermometer. 

The student monitored the temperature θ of the aluminium block over the time t for which the 
heater was switched on. 

Her results are plotted on the graph. 
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(i)  Determine the specific heat capacity of aluminium. 
power of heater = 37.5 W  
mass of aluminium block = 0.986 kg 

(3) 
 .............................................................................................................................................  

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

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

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

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

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

Specific heat capacity of aluminium = ...........................................................  

(ii)  The student looked up the accepted value for the specific heat capacity of aluminium. 
Using this value, the student predicted that it should have taken 240 s for the temperature of 
the aluminium block to increase by 10 °C. 

Explain the difference between the predicted time and the student's actual observations. 
(2) 

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

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

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

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

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

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

  
(Total for question = 5 marks) 
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Q13. 
  

A student carried out an experiment to determine the specific latent heat of vaporisation of 
water using the apparatus shown. 

 

The water in the flask was heated and steam was forced out of the flask and through the 
glass tubing into the cold water in the insulated cup. The steam condensed as it passed into 
the cold water. 

The initial temperature of the cold water was 18.5°C and the mass of water in the cup was 
255.0 g. After steam had been passed through the water for some time the temperature had 
risen to 26.0 °C and the mass of the water in the cup was 258.3 g. 

the specific latent heat of vaporisation of water. 
(3) 

specific heat capacity of water = 4190 J kg−1 K−1 

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

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

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

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

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

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

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

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

Specific latent heat of vaporisation of water = ...........................................................  

  
(Total for question = 3 marks) 
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Q14. 
  
A wet handkerchief is dried in 56 s using a hot iron rated at 2400 W. 

Determine whether energy is transferred to the water in the handkerchief at a greater rate 
than it is transferred to the iron. 

initial temperature of wet handkerchief = 18 °C 

initial mass of wet handkerchief = 35.9 g 

final mass of dry handkerchief = 18.2 g 

specific heat capacity of water = 4.19 × 103 J kg–1 K–1 

specific latent heat of vaporisation of water = 2.26 × 106 J kg–1 
(5) 

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 5 marks) 
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Q15. 
  
A student determined the latent heat of vaporisation of a liquid using an electrical heater to 
boil the liquid in a Pyrex beaker. 

The apparatus used is shown below. 

 

The student monitored the mass of the beaker and the liquid m over the time t for which the 
liquid was boiling. Her results are plotted on the graph. 

 

The student used her graph to determine a value for the latent heat of the liquid in the 
beaker. She concluded that the liquid was pure water. 

 

Comment on the validity of the student's conclusion. 

V = 20.5 V 

I = 10.5 A 
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(7) 
 .............................................................................................................................................  

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

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

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

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

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

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

  
(Total for question = 7 marks) 
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Mark Scheme – Thermal Energy and Temperature 
 
Q1. 
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Q2. 
  

 

 Q3. 
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Q4. 
  

 

  
 
 
Q5. 
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Q6. 
  

 

  
 
 
Q7. 
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Q8. 
  

 

 

  
 
 
Q9. 
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Q10. 
  

 

  
 
 
Q11. 
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Q12. 
  

 

 Q13. 
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Q14. 
  

 

  
 
 
Q15. 
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