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Smarter practice. Stronger understanding ATTEMPT CHECK CORRECT IMPROVE

Half life and decay graphs

AQA GCSE Physics 8463 and Combined Science Trilogy 8464 | Paper 1 | Tier routes below
Suggested 35-40 minutes independent work + 15-20 minutes review | 44 marks per route

Specification points covered

8463 4.4.2.1 and 4.4.2.3 / 8464 6.4.2.1 and 6.4.2.3: random decay, count rate and half-life
8463 4.4.2.3 / 8464 6.4.2.3: decline ratios after several half-lives are Higher only
Optional Separate Physics only: 8463 4.4.3.2, hazards associated with different half-lives

An industrial laboratory tracks independent radioactive test samples to decide when their count rates are low enough
for its next measurements. Curves and tables show expected large-sample rates; short measured counts can fluctuate.

Everyone: Questions 1-4. Foundation: then 5; Higher: then 6. Do not complete both. Separate Physics: optional 7 adds
4 marks; Combined pupils omit 7. Show working and units. Corrected count rate = measured count rate - supplied
background count rate.

1 Checking the meaning of half life

1(a) Define the half-life of a radioactive isotope. [1 mark]

1(b) A technician follows one unstable nucleus. Explain why its exact decay time cannot be predicted. [1 mark]

2 Halving and reading a decay curve

For (a)-(b), use the stated data. Figure 1, used in (c)-(g), shows Sample A after the background count rate has already
been subtracted.

2(a) One test sample has a corrected count rate of 640 counts/s and a half-life of 4.0 min. Calculate its expected
corrected rate after 8.0 min. [1 mark]

2(b) Another sample initially gives 90 counts/s after correction. Its half-life is 5.0 min. Calculate its expected
corrected rate after 15 min. [1 mark]
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2 Halving and reading a decay curve continued
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2(c) Use Figure 1 to read the corrected count rate at 4.0 min. [1 mark]

2(d) Read the corrected count rate at 12 min. [1 mark]

2(e) Use the decrease from 320 to 160 counts/s in Figure 1 to determine the half-life of Sample A. [1 mark]

2(f) Now use the decrease from 80 to 40 counts/s to determine the half-life again. [1 mark]

2(g) Calculate the elapsed time for Sample A to decrease from 80 to 20 counts/s. Show the number of half-lives.
[2 marks]
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2 Halving and reading a decay curve continued

2(h) A separate sample decreases from a corrected rate of 120 counts/s to 15 counts/s in 18 min. Determine its
half-life. Show the number of halvings. [2 marks]

3 A detector reading includes background

Figure 2 is a different sample, B. With this sample removed, the measured rate is 20 counts/s. Treat this supplied
background rate as constant. Subtract it from every measured rate to find the corrected rate from Sample B.
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3(a) Use Figure 2 to read the measured count rate at 2.0 h. [1 mark]

3(b) Calculate the corrected count rate from Sample B at 2.0 h. [1 mark]
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3 A detector reading includes background continued
3(c) Calculate the corrected rates at 4.0 h and at 6.0 h using Figure 2. [2 marks]

3(d) Use the corrected rates at 2.0 h and 4.0 h to determine the half-life of Sample B. Give the half-life in hours
and in minutes. [2 marks]

3(e) A trainee halves the initial measured rate of 180 counts/s and looks for 90 counts/s to find the half-life.
Explain why the correct measured target is 100 counts/s. [2 marks]

3(f) Predict the measured rate for Sample B at 10 h, including the unchanged background. Show your working.
[2 marks]

3(g) After many half-lives, should the expected measured curve approach zero or 20 counts/s? Explain your
answer. [2 marks]
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4 Checking a third sample and the measurements

Table 1 gives expected corrected rates for Sample C. Two entries are missing. Background has already been
removed.

Table 1
Time / min 0 3.0 6.0 9.0 12
Expected corrected
rate / counts per 192 96 24
second

4(a) Complete the two missing corrected count rates in Table 1. Use the pattern of successive halvings.
[2 marks]

4(b) Determine the half-life of Sample C from Table 1. [1 mark]

4(c) Compare Samples A and C. Which takes less time for its corrected rate to halve? Justify your choice with
both half-lives. [2 marks]

4(d) Near 6.0 min, three consecutive 1.0 s readings give 45, 53 and 46 counts after background correction.
Calculate their overall count rate. Explain why the individual counts differ. [2 marks]

4(e) Describe how a technician could use a detector and a clock to obtain corrected count-rate data and
determine a half-life. Include the background measurement and how the detector position is controlled. [4 marks]

4(f) Measured points scatter slightly about the expected decay trend. Should a student join consecutive points
with straight lines or draw a smooth best-fit curve? Explain. [2 marks]
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5 Foundation practice and decisions

Foundation route: complete this instead of Question 6. A new sample, D, initially gives a corrected rate of 320 counts/s
and has a half-life of 3.0 min.

5(a) Foundation: calculate the expected corrected rate for Sample D after 6.0 min. [1 mark]

5(b) Foundation: the next measurement can start when the expected corrected rate is at most 20 counts/s.
Determine the earliest time after the start. Show the number of half-lives. [2 marks]

5(c) Foundation: a trainee says the same number of nuclei decays in every 3.0 min interval. Explain why the
expected decay curve does not support this claim. [2 marks]

5(d) Foundation: one short reading drops below 20 counts/s before 12 min. Explain why this alone does not
show that Sample D has a shorter half-life, and suggest what the technician should do. [2 marks]
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6 Higher only ratios and decisions

Higher route: complete this instead of Question 5. Use Sample D: initial corrected rate 320 counts/s, half-life 3.0 min.
Write ratios in the order requested.

6(a) Higher only: after three half-lives, give the ratio of expected corrected rate to its initial value, in that order.
[1 mark]

6(b) Higher only: after three half-lives, give the ratio of the decrease in corrected rate to the initial rate. Show
how you find the decrease. [2 marks]

6(c) Higher only: a second measurement requires the expected corrected rate to be at most 10 counts/s. Find
the final-to-initial ratio and determine the earliest time after the start. [2 marks]

6(d) Higher only: a trainee gives a final-to-initial ratio of 1 : 6 after 6.0 min, using the elapsed time as the
denominator. Correct the ratio and explain the error. [2 marks]

7 Optional Separate Physics only hazards

Separate Physics only, both tiers: Combined pupils omit this question. Two materials initially contain equal numbers of
radioactive nuclei. P has a half-life of 2 h; Q has a half-life of 2 years. Their radiation type and energy, shielding and
exposure geometry are the same.

7(a) Separate Physics only: for a brief exposure at the start, which material has the greater activity and therefore
the greater dose rate under the stated conditions? Explain using half-life. [2 marks]

7(b) Separate Physics only: equal initial numbers of radioactive nuclei of P and Q contaminate separate
surfaces. Which contamination is likely to persist as a radioactive hazard for longer? Explain. [2 marks]

Review: correct one halving calculation and rewrite one explanation using a precise quantity and time interval.
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