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Infrared absorption required practical

AQA GCSE Combined Trilogy 8464 and Separate Physics 8463 | Foundation and Higher | Paper 2
Suggested: 35-40 minutes +15-20 review | 28 parts | 52 marks

Specification points covered

8463 4.6.2.2 /| 8464 6.6.2.2: investigating infrared absorption by different surfaces
Selected absorption strand of Separate Physics RP10 / Combined Trilogy RP21

A solar water-warmer manufacturer tests two otherwise identical water-filled metal absorber cells: M has a matt black
test face and S a polished silver test face. You will plan fair trials, analyse the heating evidence and recommend a
finish for a prototype.

Complete after teaching. Each cell is tested separately in the same lamp position. Other faces have identical insulation.
Use temperature rise = final temperature — initial temperature and mean rate = temperature rise / elapsed time. Show
working and include units. This sheet develops the absorption investigation, not the whole black-body topic.

1 Defining the investigation

The manufacturer changes only the test-face finish. Water temperature is recorded during equal heating periods; the
first reading is taken before heating starts.

1(a) Identify the independent variable in this surface-comparison investigation. [1 mark]

1(b) Identify the dependent measurement used to compare the two finishes after a fixed heating time. [1 mark]

1(c) In one trial the water warms from 20.0 °C to 29.0 °C in 2.0 minutes. Calculate the temperature rise and the
mean rate of temperature rise in °C per minute. [2 marks]
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2 Making the comparison fair

Figure 1 is a cutaway schematic of one trial, not transparent metal. Replace M with S in the same marked position. The
cells have equal exposed face areas and face the lamp at the same angle.
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2(a) Explain why each test face must be placed the same 30 cm from the lamp opening. [2 marks]

2(b) Explain why the same mass of water is needed in each cell. [2 marks]

2(c) Explain why the probe tip should be immersed in the water but not touch the metal cell. [2 marks]

2(d) Explain why equal exposed areas and the same face angle to the lamp are important. [2 marks]

2(e) State one further control for these sequential trials, other than those in (a)—(d), and explain its purpose.
[2 marks]
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3 Interpreting the heating curves
Figure 2 shows mean water temperatures from controlled trials. M is solid and S dashed. Both start at 20 °C; lamp
output is kept constant. Compare measured points, not the truncated vertical axis with zero temperature.
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3(a) Read M’s and S’s mean water temperatures after 2.0 minutes. [2 marks]

3(b) Calculate the temperature rise of each cell after 6.0 minutes. [2 marks]

3(c) Use M’s readings at 0 and 2.0 minutes to calculate its mean rate of temperature rise in °C per second.
[2 marks]

3(d) Calculate M’s mean rate of temperature rise from 4.0 to 6.0 minutes, in °C per minute. Compare it with the
initial 4.5 °C per minute. [2 marks]

3(e) A trainee says that M’s less steep curve later in the trial shows that it has stopped absorbing radiation.
Explain why that is not justified. [2 marks]
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4 Repeats and measurement quality

Table 1 gives three independent temperature rises after 6.0 minutes. Each trial was reset to the same starting
conditions. These are temperature changes, not final temperatures.

Table 1
Finish Trial 1 rise / °C Trial 2 rise / °C Trial 3 rise / °C
M 15.5 16.0 16.5
S 7.5 8.0 8.5

4(a) Calculate the mean 6.0-minute temperature rise for M. [1 mark]

4(b) Calculate S’s mean temperature rise and the range of its three rises. [2 marks]

4(c) A fourth trial for M gives a rise of 26.0 °C. Describe how the team should investigate and handle this
unusual result before reporting a mean. [2 marks]

4(d) An operator rounds two readings, 31.0 °C and 31.4 °C, to the nearest 1 °C. State the two displayed values
and explain why they do not prove that the surfaces behave identically. [2 marks]

4(e) Explain what close repeat results can show and why repeats do not automatically remove a biased
thermometer reading. [2 marks]
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5 Building a six mark style method

Use the Figure 1 apparatus with otherwise identical cells, equal exposed face areas and the same orientation. Parts
(a)—(c) build one six-mark-style investigation in three separately marked steps.

5(a) Describe how you would make the lamp distance and the amount of water comparable between the two
finishes. [2 marks]

5(b) Describe the starting-temperature and timed-measurement steps for one heating trial. [2 marks]

5(c) Describe the repeats and analysis that would let you decide which finish gives greater heating under the
controlled conditions. [2 marks]

5(d) A new test places M 20 cm from the lamp and S 30 cm away. M heats faster. Explain why this cannot
isolate the effect of finish and state the correction. [2 marks]

5(e) State one hazard from the infrared lamp and a suitable precaution linked to it. [2 marks]
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6 Recommending a solar absorber

The manufacturer needs a finish that heats the water effectively under irradiation. It also wants to know which
conclusions require a different test. Use the stated trial evidence rather than claims about every black or shiny object.

6(a) A colleague turns the lamp off and uses an infrared detector to compare radiation leaving hot surfaces at the
same temperature. Which process is now being tested, and how does it differ from the heating trial? [2 marks]

6(b) Recommend M or S as the absorber finish for the prototype under the stated lamp-test conditions. Support
the recommendation with the 6.0-minute mean temperature rises. [2 marks]

6(c) M’s mean temperature rise is twice S’s. Explain why this alone does not prove that M absorbs exactly twice
the fraction of the incident radiation. [2 marks]

6(d) The manufacturer also wants to retain hot water after sunset. Describe a different controlled test needed to
compare that performance. [2 marks]

6(e) Why should the manufacturer also test the complete prototype outdoors before claiming the same

performance in everyday use? [1 mark]

Review: name the quantity held constant and explain why; compare temperature rises over the same time; support
conclusions with data and state their limits.
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