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THERMODYNAMICS LAB EXERCISE #1: ENERGY BALANCE USING FIRST LAW OF THERMODYNAMICS 

Objective 

To estimate the losses involved when boiling a kettle and hence find the kettle's efficiency. 

Apparatus  

You will need: a measuring jug1, cold water, an electric kettle2, a plug-in power meter3, a digital kitchen 

probe thermometer4 and a timer5. 

Procedure 

1. Ensure that everything is at room temperature, i.e. that the kettle has not been used for some time.  

Switch off the kettle and unplug from the electricity supply. 

2. Use the measuring jug to fill the kettle to the maximum level with water from the cold tap. 

3. Switch on the digital thermometer, open the lid on the kettle and measure the temperature of the 

water by place the probe deep into the water.  Wait a short time to allow the temperature to 

stabilise.  Note down the temperature. 

4. Remove the digital thermometer from the kettle and replace the lid. 

5. Plug-in the power meter to the electricity supply and set it to read the power used, i.e. to read kWh.  

Note the kWh reading on it, which for a new meter should be zero. 

6. Plug-in the kettle to the power meter and switch on the kettle and the timer. 

7. While the kettle is heating the water, switch the power meter to read the power being transmitted, 

i.e. the number of Watts, and note down this value. 

8. Switch off the kettle when it boils, if it does not do so automatically, and stop the timer then read 

the power used on the power meter and note both values. 

Analysis 

We can express the first law of thermodynamics for a system undergoing a process as  

                                                        (1) 

where the terms on the left side of the equation represent energy flows across the system boundaries during 

the process and the terms on the right side represent the change in the energy content of the system during 

the process.  Specifically, Q represents heat transfer across the system boundary, W work transfers and Emass 

energy transfers occurring as a consequence of mass flows.  U, KE and PE are internal, kinetic and potential 

energies of the system respectively.   is the symbol for 'change in', while the subscripts 'in' and 'out' refer to 

energy transferred into and out of the system respectively. 

For this experiment, it is appropriate to define the kettle and water as the thermodynamic system 

undergoing a process, i.e. being heated from room temperature to boiling point.  The kettle and the water 

are stationary throughout the process and so the changes in kinetic energy and potential energy are zero, i.e. 

         .  Consequently, equation (1) can be simplified to  

                                                           
1
 I used a 0.5litre Pyrex Glass Measuring Jug from our kitchen cupboard that is similar to this one: 

http://www.amazon.co.uk/Pyrex-Glass-Measuring-Jug-0-
5L/dp/B000KGALJE/ref=sr_1_1?s=kitchen&ie=UTF8&qid=1427964132&sr=1-1&keywords=pyrex+measuring+jug+0.5l 
2
 I used a 1.7litre, 3kW kettle in our kitchen that is similar to this one: http://www.amazon.co.uk/Russell-Hobbs-18278-

Deluxe-Stainless/dp/B0055426XK 
3
 I used this one which cost £9.99: http://www.clasohlson.com/uk/Plug-In-Energy-Meter/18-

2027?LGWCODE=182027000;83827;4797&gclid=CJbCqfHwn8QCFXTMtAodgwoAsg&gclsrc=aw.ds 
4
 I used this one which cost £2: http://www.amazon.co.uk/dp/B007CJR67C/ref=pe_385721_37986871_TE_item 

5
 I used the one in my mobile phone. 

http://www.amazon.co.uk/Pyrex-Glass-Measuring-Jug-0-5L/dp/B000KGALJE/ref=sr_1_1?s=kitchen&ie=UTF8&qid=1427964132&sr=1-1&keywords=pyrex+measuring+jug+0.5l
http://www.amazon.co.uk/Pyrex-Glass-Measuring-Jug-0-5L/dp/B000KGALJE/ref=sr_1_1?s=kitchen&ie=UTF8&qid=1427964132&sr=1-1&keywords=pyrex+measuring+jug+0.5l
http://www.amazon.co.uk/Russell-Hobbs-18278-Deluxe-Stainless/dp/B0055426XK
http://www.amazon.co.uk/Russell-Hobbs-18278-Deluxe-Stainless/dp/B0055426XK
http://www.clasohlson.com/uk/Plug-In-Energy-Meter/18-2027?LGWCODE=182027000;83827;4797&gclid=CJbCqfHwn8QCFXTMtAodgwoAsg&gclsrc=aw.ds
http://www.clasohlson.com/uk/Plug-In-Energy-Meter/18-2027?LGWCODE=182027000;83827;4797&gclid=CJbCqfHwn8QCFXTMtAodgwoAsg&gclsrc=aw.ds
http://www.amazon.co.uk/dp/B007CJR67C/ref=pe_385721_37986871_TE_item
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                                                  (2) 

The system does not do any work, i.e.       , but electrical work was supplied, i.e.      electrical 

energy obtained from the power meter.  There is an unknown amount of heat transfer from the kettle as the 

temperature of the water is raised above that of the surroundings, i.e.       and      is unknown.  No 

additional water is added to the system, i.e.            but an unknown amount of steam escapes, i.e. 

          is unknown.  We can combine these two unknown terms together and called them energy losses, 

   and then write equation (2) as  

                    (3) 

The temperature of the water, T is a measure of its internal energy, U and by definition the specific heat 

capacity, cv is the amount the temperature changes with internal energy, i.e. 

      
  

  
         (4) 

I used differentials here to indicate that actually this is the gradient of line on a graph of U plotted as 

function of T.  The c is lower case because this is the change per unit mass, and the subscript 'v' indicates the 

value for constant volume - there is different value if the pressure is constant instead; and both of these are 

material properties.  The above equation can be rewritten as 

                    (5) 

where, m is the mass of water.  And, substituting in equation (3) leads to the following expression for the 

energy losses: 

                       (6) 

Use your data from the experiment in equation (6) to find the energy losses during boiling of your kettle by 

substituting your measured values of the mass of water, m temperature change T and electrical work, Win 

used during the boiling process.  You will need to look up values of the density of water and its specific heat 

capacity6. 

Hence, find the efficiency of your kettle if we define efficiency as the ratio of what we want to what we have 

to supply. 

Conclusions 

What were the losses from the kettle during the boiling process? 

How efficient was your kettle? 

How long did the kettle take to boil?  Was there agreement between the data from the power meter for 

power output and energy used? 

What steps could be taken to make the kettle more efficient?  Are they practical and cost-effective? 

How accurate was your experiment?  What steps could you take to achieve greater accuracy? 

 

                                                           
6
 I suggest using the following website where you will also find an alternative explanation of this analysis.  

http://www.engineeringtoolbox.com/specific-heat-capacity-d_339.html 

http://www.engineeringtoolbox.com/specific-heat-capacity-d_339.html

