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5 Which of the following correctly describes the spontaneous nature of radioactive decay?

[1 A Radioactive decay is a natural process.

L1 B Radioactive decay is a random process.

[ € We cannot influence when the decay will occur.
[l D We cannot predict when the next decay will occur.

(Total for Question 5 = 1 mark)

~

4 The graph shows how the binding energy (B.E.) per nucleon varies with the number of
nucleons. The positions of three isotopes, P, Q and R, are marked on the curve.

N
B.E. / nucleon Q R

-

Number of nucleons

Which row of the table lists the isotopes from least stable to most stable?

Least stable ——— > Most stable
A P Q R
0 B P R Q
O C Q R P
L] D R P Q

(Total for Question 4 = 1 mark)

5 Which of the following correctly describes the random nature of radioactive decay?
[1 A Radioactive decay is a natural process.
[ B Radioactive decay is a spontancous process.
[ C We cannot influence when a decay will take place.
L]

D We cannot predict when a decay will take place.

(Total for Question 5 = 1 mark)
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7: A student used a detector to determine the intensity of radiation from a source of gamma

radiation. After correcting for background, the intensity of radiation recorded by the
detector was /.

A lead sheet of thickness 2.5 cm was placed between the source and the detector.
The corrected intensity of radiation recorded by the detector was now 0.50 7.

The original lead sheet was replaced by a new lead sheet of thickness 7.5cm.

Which of the following was the corrected intensity of gamma radiation recorded by
the detector?

A 0331,
B 0257
C 0131,
D 006

~ (Total for Question 7= 1 mark)

A student is investigating the absorption of gamma radiation by lead. Before starting the
investigation, she determines the background count.

Which of the following does not affect the background count?

[J A the count time

[J B the location

[J C the temperature

[1 D the type of detector

(Total for Question 7 = 1 mark)

Which of the following statements about nuclear binding energy (B.E.) is correct?

B.E. per nucleon increases steadily as proton number increases.
B.E. per nucleon decreases steadily as proton number increases.
B.E. per nucleon is approximately constant for all elements.

B.E. per nucleon increases to a maximum and then decreases as proton number increases.

(Total for Question 3 = 1 mark)
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3: Energy is released when the fusion of low mass nuclei takes place.
Energy is also released when the fission of high mass nuclei takes place.

Which row of the table shows the change in binding energy per nucleon (B.E. / nucleon)

for fusion and fission?

Nuclear fusion

Nuclear fission

B.E. / nucleon decreases

B.E. / nucleon decreases

B.E. / nucleon decreases

B.E. / nucleon increases

B.E. / nucleon increases

B.E. / nucleon decreases

T = »

B.E. / nucleon increases

B.E. / nucleon increases

(Total for Question 3 = 1 mark)

3 The mass of amuon s 0.113u.

Which of the following is equal to the equivalent mass-energy, in joules, of the muon?

O A 0.113 x 3.0 x 10°)

0.113

= __ e
(3.0 x 10*)?

0 C 0.113 x 3.0 x 10°) x 1.66 x 107

O D 0.113 x 3.0 x 10°) x 1.67 x 107

(Total for Question 3 = 1 mark)

1 Fusion reactions are the primary energy source of stars.

Which row of the table gives the conditions necessary for fusion in stars?

Density Temperature
0 A high high
0 B high low
0 C low high
0 D low low

(Total for Question 1 = 1 mark)
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8 Which row of the table gives the relative ionising power and penetration of gamma

radiation?
Ionising power Penetration
L A low low
0 B low high
O C high low
Ll D high high

(Total for Question 8 = 1 mark)

11 A nucleus of rhenium-187 decays to a nucleus of osmium by emitting a [}~ particle.

(a) Complete the nuclear equation for the decay of rhenium-187.

(2)
187 Sq- | e
> + +
: e = 0Os | B oV
(b) The energy released in the decay 1s 2.6keV. You may assume that, in this case, the
beta particle receives all the emitted energy.
Calculate the speed of a ™ particle emitted in this decay.
3)

Speedof f pacticle= .. ..
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21 Promethium is produced as a byproduct of nuclear fission. An isotope of promethium,
Pm-147, decays by beta emission.

(a) The thickness of paper produced in a paper mill can be monitored using beta
radiation, as shown.

beta source rolle

paper

b €

GM-tube
(Source: SCIENCE PHOTO LIBRARY)

The count rate recorded by the GM-tube is a measure of the thickness of the paper.

(1) Explain why a source of beta radiation is suitable to monitor the thickness of
the paper.

(11) Pm-147 decays by beta decay to an isotope of samarium, Sm.

Complete the decay equation.

147 QT 0—
PP = TSm & PO v
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(111) In a particular paper mill, the Pm source was replaced when the activity of the
source had decreased to 0.75% of its initial activity.

Calculate the time that the source had been in use.

half-life of Pm-147 = 2.62 years




(b) The most stable isotope of promethium is Pm-145.

Calculate the binding energy per nucleon for nucleons in a nucleus of Pm-145.
Give your answer in MeV.

mass of a Pm-145 nucleus = 144.913u
neutron mass = 1.00867u

Binding energy per nucleon = ... MeV
(Total for Question 21 = 12 marks)
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19 The graph shows how the binding energy per nucleon varies with number of nucleons.
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(a) Explain why energy is released when a nucleus undergoes fission.
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(b) A nucleus of **U undergoes fission. One of the fission products is Sn.
Estimate the energy, in MeV, released in the fission.

You should use values from the graph.

3)
Energy released = ...
(c) One fission product is strontium-90.
(1) Complete the nuclear equation for the decay of strontium—90.
2)
90 e AR P
Sr — e B Vv
38 0 e
(11) In Georgia, in December 2001, some men discovered two small canisters in a
forest. The canisters were hot and had melted surrounding snow. The canisters
were later identified as containing *’Sr.
The activity due to the *’Sr in one canister was measured as 1.295 x 10" Bq.
Calculate the rate of energy release, in watts, due to the **Sr in this canister.
energy released in each decay = 0.546 MeV
3)

Rate of energy release in this canister = ...

MeV
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(111) The authorities claimed that the canisters were 50 years old. The activity of each
canister when new was 3.700 x 10" Bq.

Assess the accuracy of the claim.

half-life of *’Sr = 28 8 years

3

(Total for Question 19 = 13 marks)
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