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Imagine you have 100 radioactive atoms:

e Each atom has a 10% chance of decaying during the next minute
(constant probability).
First minute:

e Since there are 100 atoms, and each has a 10% chance of
decaying, you would expect about 10 atoms to decay in the first
minute.

» After 10 decays, 90 atoms are left.

Second minute:

* Now, only 90 atoms are left, and each still has the same 10%
chance of decaying.

* So, this time, you would expect about 9 atoms to decay (10% of
90).

o After this, 81 atoms remain.
Third minute:

* With 81 atoms remaining, each again has a 10% chance of
decaying.

* This means about 8 atoms decay in the third minute.

o After this, 73 atoms are left.
What’s happening?

* The probability of decay per atom remains constant (10%
chance per minute), but the total number of undecayed atoms
decreases after each minute. As a result, fewer atoms are available
to decay in the next minute, so the number of decays per minute
drops.

This is why the overall decay rate slows down over time, even though each individual
atom's chance of decaying stays the same. This pattern follows exponential decay.
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Polonium-211 (ng‘Po) decays by alpha emission to form a stable isotope of lead (Pb).

(a) Complete the equation for this decay.

(2]

(b) The variation with time t of the number of unstable nuclei N in a sample of polonium-211 is
shown in Fig. 9.1.
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At time t = 0, the sample contains only polonium-211.

(i) Use Fig. 9.1 to determine the decay constant A of polonium-211. Give a unit with your

H.L: O‘g)‘ 5

AN=Wn2r _ 0.643
Hl_. N O-g?,



(ii) Use your answer in (b)(i) to calculate the activity at time t=0 of the sample of

polonium-211.
A= N
':.21'(76(ng'>< /33 02

Aoy = cone Toseinnlionnmennnneaes Bq [1]

(iii) On Fig. 9.1, sketch a line to show the variation with t of the number of lead nuclei in the

sample. Done o nexcl pase [2]

(c) Each decay releases an alpha particle with energy 6900keV.

(i) Calculate, in J, the total amount of energy given to alpha particles that are emitted
between time t = 0.30s and time t = 0.90s.
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(ii) Suggest why the total amount of energy released by the decay process between time
t=0.30s and time t = 0.90s is greater than your answer in (c)(i).
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(b) The variation with time t of the number of unstable nuclei N in a sample of polonium-211 is
shown in Fig. 9.1.
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Uranium-234 is radioactive and emits a-particles at what appears to be a constant rate.
A sample of Uranium-234 of mass 2.65 ug is found to have an activity of 604 Bq./v":‘
(a) Calculate, for this sample of Uranium-234,

(i) the number of nuclei,
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(ii) the decay constant,
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(iii) the half-life in years.

H\__’:__ b_f\l’: lﬂl— —_?'%X\O S
~ g.Qx\O—\k‘

‘bwc ¢S k2 Ux3boo
U g —:’L‘%K\O\l

m— 22U F U\ .4 Yeoss



(a) Define half-life of a radioactive isotope.

(b) Radioactive isotope X decays to isotope Y.

A sample contains only nuclei of X at time t = 0. Fig. 9.1 shows the variation with ¢ of the
numbers of nuclei of X and of Y as the sample decays.
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(i) State the name of the quantity represented by the magnitude of the gradient of line X in
Fig. 9.1.



(ii) State three conclusions about X or Y that may be drawn from Fig. 9.1. The conclusions
may be qualitative or quantitative. Use the space below for any working that you need.
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(¢) The mass of radioactive isotope X in the sample in (b) is 7.3 x 10~%kg at time t = 0.
Determine the nucleon number of isotope X. 01
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The isotope phosphorus-33 (?gP) undergoes [}-decay to form sulfur-33 (:,’gS), which is
stable.
The half-life of phosphorus-33 is 24.8 days.

(a) (i) Define radioactive half-life.

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

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

.............................................................................................................................. 2]
(i) Show that the decay constant of phosphorus-33 is 3.23 x 10~7s~".
(1
(b) A pure sample of phosphorus-33 has an initial activity of 3.7 x 105Bq.
Calculate
(i) the initial number of phosphorus-33 nuclei in the sample,
NI I coisscicosiiminmnaniiai it [2]
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(c) After 30 days, the sample in (b) will contain phosphorus-33 and sulfur-33 nuclei.
Use your answers in (b) to calculate the ratio

number of phosphorus-33 nuclei after 30 days
number of sulfur-33 nuclei after 30 days

A radioactive source is formed from a lead isotope. The source has 3.20 x 10" lead nuclei. The
average energy released during each decay is 9.12 x 107°J.

The half-life of the lead isotope is 10.6 hours.

What is the initial power of the source?

A

B
Cc
D

8.60 x 1074'W
5.30 x 10°W
7.65 x 10°W
1.91 x 102W

The half-life of carbon-14 is 5700 years.

A sample of pure carbon-14 has an activity of 6.2 MBq.

How many atoms of carbon-14 does the sample contain?

A

5.1 x 10* B 5.1x10" C 18x10" D 16x10"™



