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1 Ateacher determines the types of emission from a radioactive source. He uses different materials
to absorb the emissions. Fig. 11.1 shows the equipment.
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radioactive source
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being tested

Fig. 11.1 (not to scale)
The teacher places a material between the radioactive source and the detector. The counter
shows the count rate for the emission that reaches the detector. The teacher records the count
rate. He repeats the experiment for different materials.

Table 11.1 shows the results.

Table 11.1
material being tested count rate
counts/s
air (no object in gap) 480
thin sheet of paper 481
2mm sheet of aluminium 479
10mm block of lead 120

(a) State whether the source emits a (alpha)-particles.
Use information from Table 11.1 to give a reason for your answer.

(b) State whether the source emits y (gamma)-rays.
Use information from Table 11.1 to give a reason for your answer.
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2 Ateacher is investigating radioactivity.
The teacher measures the background radiation in the laboratory.

(a) State one source of background radiation.

............................................................................................................................................. [1
(b) Ateacher measures the count rate of a radioactive isotope.
Fig. 12.1 shows the graph of her results.
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Fig. 12.1
(i) Determine the half-life of the radioactive isotope. Use information from Fig. 12.1.
Show on Fig. 12.1 how you obtained your value.
half-life = ... minutes
[3]
(i) The radioactive isotope emits y-radiation.
Describe one method of safely storing the radioactive isotope.
..................................................................................................................................... 1
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3 Radioactive decay may include the emission of:

a-radiation
p-radiation
y-radiation

(@) (i) From the list, state the type of radiation which has the greatest ionising effect.

(b) In a factory, rollers press aluminium metal to make thin foil sheets. An automatic system for
controlling the thickness of the foil uses a radioactive source. The automatic system changes
the gap between the top and bottom roller. Fig. 12.1 shows the equipment.

radioactive thin
rollers source
X aluminium
radiation ﬁ \ foil
e e R
. radiation
[mm] - detector
/ /L
/ /
roller controller counter
Fig. 12.1

(i) Use your ideas about the properties of radiation to suggest and explain the type of
radiation used.
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(ii)

(iii)

(iv)

The aluminium foil passing the radiation detector is too thin. Describe how this fault
affects the reading on the counter.

The source used is strontium-90. A nucleus of strontium-90 can be described as ggSr.
State the number of protons in a nucleus of strontium-90.
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4  Fig. 11.1 shows a beam of radiation that contains a-particles, p-particles and y-rays. The beam
enters a very strong electric field between charged plates in a vacuum.

plate at positive voltage
| |

beam of radiation -

| |
plate at negative voltage

Fig. 11.1

(a) Indicate the deflection, if any, of the a-particles, g-particles and y-rays, by placing one tick in
each column of the table.

possible deflection a-particles B-particles y-rays

no deflection

towards positive plate

towards negative plate

out of the paper

into the paper

3]
(b) The radiation is said to be ionising. Explain what this means.
............................................................................................................................................... 1]
(c) a-particles are more strongly ionising and have a shorter range in air than y-rays.
Use your knowledge of the nature of these radiations to explain these differences.
.............................................................................................................................................. [3]
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5 Strontium-90 is a radioactive isotope of strontium. The nuclide notation for strontium-90 is:

(@) (i) Explain what isotopes are.

90
38Sr

(ii) Complete Table 9.1 for strontium-90.

stemexambuilder.com

Table 9.1
particle number in one atom location
38 outside nucleus
neutron
38 inside nucleus
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(b) Strontium-90 is used to measure the thickness of metal sheets in industry.
Strontium-90 decays by emitting beta (B) particles which pass through a metal sheet to a
detector.

(i) One metal sheet is 0.75mm thick. Suggest why strontium-90 is a suitable radioactive
source to measure the thickness of the metal sheets.

(ii) The half-life of strontium-90 is approximately 27 years. Fig. 9.1 shows the shape of a
decay curve.
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Fig. 9.1
The strontium-90 source is replaced with a new source after 15 years. Using Fig. 9.1,

suggest why a strontium-90 source that is more than 15 years old needs to be replaced
with a new source.

[Total: 7]
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6 Aradiation detector is placed on the bench in a laboratory. It detects a background count rate of
40 counts/minute.

(a) State what is meant by background radiation. Suggest one source for it.

(b) A sample containing atoms of the radioactive isotope polonium-208 is removed from a
lead container and brought close to the detector. The average count rate increases to
890 counts/minute.

When two sheets of paper are inserted between the sample and the detector, the average
count rate returns to 40 counts/minute.

Polonium-208 is represented by the symbol 23¢Po. It decays to an isotope of lead (Pb).

(i) Deduce the type of radiation emitted by polonium-208. Explain your answer.

(ii) Write down the nuclide equation for the decay of polonium-208.

[3]
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7  Fig. 10.1 represents a neutral atom of an isotope of element X.
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(b) The isotope of element X is radioactive. It decays to form an isotope of element Y by emitting
a p-particle.

(i) Using Fig. 10.1 deduce the nuclide notation for the isotope of Y produced by this decay.

nuclide notation: Y [3]

(ii) p-particles ionise the air they pass through less strongly than the same number of
a-particles.

Suggest why this is so.
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8 The isotope thallium-208 (*33T1) is radioactive. It decays by p-decay.
(@) Thallium-208 decays to an isotope of lead (Pb).

(i) Complete the equation for this decay.

81" 7 T
[3]
(ii) The p-emission of thallium-208 is accompanied by y-emission from the nucleus.
Explain why this y-emission does not affect the numbers in the equation in (a)(i).
..................................................................................................................................... [1]
(iii) Suggest one reason why a nucleus of thallium-208 is unstable.
..................................................................................................................................... [1]

(b) A sample of thallium-208 is placed in a thick lead container. Fig. 8.1 shows a narrow beam of
B-particles and y-radiation emerging from a small hole in one side of the container.

magnetic field

X
X
X
X
X
X
X

beam of
B-particles and
y-radiaton .~ !

sample of
thallium-208

Fig. 8.1
The narrow beam enters a region where there is a magnetic field that is directed into the page.
On Fig. 8.1:

e draw a line labelled B to indicate the path of the p-particles in the magnetic field
* draw a line labelled y to indicate the path of the y-radiation in the magnetic field.

[3]
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9 In a research laboratory, a radioactive sample is placed close to a radiation detector. The
graph in Fig. 11.1 shows the decay of the sample.
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Fig. 11.1

(a) After 6 days the count rate hardly decreases and, in fact, increases a little at times.
Explain these observations.

(b) Use the graph to determine the half-life of the sample. Explain your working carefully.

half-life = ..o [4]
(c) Another radioactive sample is a strong emitter of a-particles and y-rays. A junior
researcher suggests that a sufficient safety precaution, when working with this sample,

would be to hold the sample with long forceps. Explain why this suggestion, although
helpful, may be insufficient.

..................................................................................................................................... 2]
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10 Many household smoke alarms contain a sample of the radioactive isotope americium-241 (Am).

(@) Americium-241 is the isotope of the element americium that has the nucleon number (mass
number) 241.

(i)

(ii)

State how the composition of a nucleus of americium-241 differs from that of a nucleus
of americium-242.

An atom of a different element has a nucleon number of 241.

State two differences between the composition of a nucleus of this atom and a nucleus
of americium-241.

(b) Americium-241 decays to an isotope of neptunium (Np) by alpha-particle (a-particle) emission.

U

(i)

(iif)

Complete the equation for this decay.

241
Am

[3]

One reason for using an isotope that emits a-particles in a smoke detector is that
a-particles are more strongly ionising than beta-particles (p-particles).

Explain why a-particles are more strongly ionising than p-particles.

The isotope of neptunium produced by americium-241 is also radioactive.

The decay of this isotope of neptunium produces an isotope of protactinium which
decays by p-emission. -particles are more penetrating than a-particles.

The half-life of neptunium is longer than two million years.

Using this information, explain the advantage of this long half-life for the use and safe
disposal of a household smoke alarm.
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