——— WORKSHEETS ——

phys@fcs UK

Smarter practice. Stronger understanding ATTEMPT CHECK CORRECT IMPROVE

Heating and cooling curves mixed calculations

AQA GCSE Combined Science Trilogy 8464 and Separate Physics 8463 | Foundation and Higher | Paper 1
Suggested: 35-40 minutes + 15-20 review | 30 parts | 53 marks

Specification points covered

4.3.1.2/6.3.1.2: physical changes of state and conservation of mass
4.3.2.1/6.3.2.1: internal energy and particle energy changes
4.3.2.2/6.3.2.2: temperature changes and specific heat capacity
4.3.2.3/6.3.2.3: latent heat and heating or cooling curves
4.1.1.4/6.1.1.4: power; 4.1.2.1/6.1.2.1: energy accounting

A mountain rescue station tests a system that turns stored ice into warm water. You will use heating and cooling curves
to check the energy budget, then choose insulation to keep the water usable overnight.

Complete all sections. Show working and units. Use E = mcAB for a temperature change, E = mL for melting or
freezing, and E = Pt. Use these approximate model values: ice ¢ = 2100 J kg™! °C~"; water ¢ = 4200 J kg™' °C~"; fusion
L = 336000 J kg~'. Water freezes/melts at 0°C. No material escapes.

1 Choosing the energy model
A sealed sample contains 300 g of ice at —40°C. Its first stage is warming the ice to 0°C without melting.

1(a) Define the internal energy of the sample. [1 mark]

1(b) The sealed 300 g sample later melts completely. State the mass of the liquid water. [1 mark]

1(c) For the first stage from —40°C to 0°C, choose E = mcAB8 or E = mL and justify your choice. [2 marks]
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PhysicsUK worksheet

2 Heating the rescue water

Figure 1 shows an idealised test of the 300 g sample. A constant 210 W is transferred to the sample. Ignore energy
transferred to the container or surroundings. The sample has a uniform temperature.
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Figure 1
2(a) State what happens to the sample during each section AB, BC and CD. [3 marks]

2(b) Read the sample’s temperature at 12 minutes. [1 mark]

2(c) Use the graph to find how long melting takes. Give the duration in minutes and in seconds. [2 marks]
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2 Heating the rescue water continued
Use Figure 1 and the model data on page 1. The sample mass is 0.300 kg.
2(d) Calculate the energy transferred to warm the 300 g of ice from —40°C to 0°C in AB. [1 mark]

2(e) Calculate the energy transferred to melt all the ice during BC. [1 mark]

2(f) Calculate the energy transferred to warm the water from 0°C to 40°C in CD. [1 mark]

2(g) Add the three stage energies to find the total energy. Use 210 W to calculate the total heating time in
seconds and check it against the graph. [2 marks]

2(h) At 6 minutes the heater has been on continuously since A. Calculate the mass of ice that has melted. Show
how you account for the energy used to warm the ice first. [3 marks]

2(i) A trainee says that no energy is transferred during BC because the line is horizontal. Explain why this is
wrong, using particle energies. [3 marks]
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3 Planning different batches

These are separate trials. Use each question’s stated mass, state and temperature. The same material values apply;
ignore the container and surroundings.

3(a) A fresh 600 g batch starts as ice at 0°C. Calculate the total energy needed to melt it completely and then
warm the water to 20°C. [2 marks]

3(b) Calculate the time for that 252000 J transfer if the useful heating power is 210 W. [1 mark]

3(c) A different 600 g ice sample at 0°C receives only 168000 J. Calculate the mass melted and state what
remains at the end. [2 marks]

3(d) A 300 g portion of liquid water cools from 40°C to 20°C. Calculate the energy it transfers to the
surroundings. [1 mark]

3(e) A separate 200 g portion of water starts at 10°C and gains 25200 J. Calculate its final temperature. It
remains liquid. [2 marks]
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4 Cooling and freezing

Figure 2 is a separate controlled cooling test on 300 g of water initially at 40°C. A cooling unit removes energy FROM
THE SAMPLE at a constant 210 W. This is not its electrical input power or a natural cooling curve.
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Figure 2
4(a) Read the temperature after 2 minutes of controlled cooling. [1 mark]

4(b) Name the change of state during FG and use the graph to find its duration. [2 marks]

4(c) During FG energy leaves the sample but its temperature stays constant. Explain this in terms of particle
potential and kinetic energies. [2 marks]

Continue your physics journey

Videos, practice and support for your next step
www.physicsuk.co.uk




PhysicsUK worksheet

4 Cooling and freezing continued
Use Figure 2 for (d)—(f), then compare the warming sections of Figure 1 in (g).
4(d) Calculate the energy removed from the 300 g of water as it cools from 40°C to 0°C in EF. [1 mark]

4(e) Calculate the energy released when all the water freezes in FG. Use the 210 W removal rate to calculate
the freezing time in seconds. [2 marks]

4(f) At 8 minutes on Figure 2, calculate the mass that has frozen since F and state the mass still liquid. [2 marks]

4(g) Return to Figure 1. AB warms by 40°C in 2 minutes; CD warms by 40°C in 4 minutes. Explain the different
rates despite the same sample mass and constant 210 W heating power. [2 marks]

5 Real heating and overnight storage

The real station heater has a constant electrical input power of 250 W. It takes 16 minutes to turn the same 300 g of ice
at -40°C into water at 40°C. The sample’s required energy gain is 176400 J. No water is lost.

5(a) Calculate the electrical energy supplied by the real 250 W heater in 16 minutes. [2 marks]
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5 Real heating and overnight storage continued
Continue the real test: electrical input 250 W for 16 minutes; the sample gains 176400 J.

5(b) Calculate the difference between the electrical energy supplied and the sample’s energy gain. Suggest
where this energy is transferred. [2 marks]

5(c) Calculate the mean rate of energy transfer into the sample during these 16 minutes. Explain why using
250 W as the sample’s heating power would underestimate the time. [2 marks]

5(d) For overnight storage, 300 g of water starts at 40°C and must stay at or above 5°C. Calculate the energy it
can lose before reaching 5°C. [1 mark]

5(e) Two insulation jackets are tested for 3.0 hours. Their mean energy-loss rates over this period are A: 3.0 W
and B: 5.0 W. Calculate the energy lost with each and choose which keeps the water at or above 5°C. Justify
your choice. [3 marks]

5(f) For jacket B, a pupil uses E = mcA®6 for all 54000 J and predicts liquid water at —2.9°C. Explain the mistake
and state the final temperature and phases for this model. [2 marks]

Review: check the state before choosing an equation; use a temperature change, not a final temperature; account for a
phase change before predicting a negative temperature.
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