HKAL Exercise : Part 1 Mechanics

Chapter 20 Radioactivity And Nucleus
20.1
Radioactivity

Nature of Radioactive radiations

α-particles andβ-particles

1.
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2.
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 with a half-life of 68 s. Which of the following statements is/are correct ?

(1)
All 
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 has decayed after 34 s.

(2)
The half-life of 
[image: image9.wmf]Pa

234

91

 cannot be changed by heating.


(3)
β particle is produced in the decay.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

3.
A stationary radioactive nucleus of mass N units emits an alpha particle of mass 4 units, leaving a residual nucleus of mass (N – 4) units. The ratio of the kinetic energy of the alpha particle to the kinetic energy of the residual nucleus is
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4.
A stationary Th-230 nucleus undergoesα-decay. What is the ratio of the kinetic energy of the daughter nucleus to that of theα-particle ?



A.
230 : 4

B.
4 : 230




C.
226 : 4

D.
4 : 226

5.
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A disk containing a strong α-source is placed inside a gold leaf electroscope containing dry air. If the gold-leaf is originally negatively charged, what will happen to it after a few minutes?


A.
It will increases in divergence.



B.
It will collapse.

C.
It will collapse and then rediverge.

D.
There will be no change in divergence.

6.
Which of the following statements is/are true for alpha particles originating from nuclear disintegrations ?

(1)
Emitted alpha particles from a nuclide have a continuous energy distribution.

(2)
Alpha particles travel at the speed of light.

(3)
Alpha particle is a helium nucleus in nature.



A.
(1) only

B.
(3) only


C.
(1) and (3) only


D.
(2) and (3) only

γ-rays

7.
When a radioactive atom emits γ-rays, which of the following statements about the atom is/are correct ?


(1)
An electron rises from a lower energy level to a higher one.


(2)
Its number of nucleons remains unchanged.


(3)
The energy of the atomic nucleus decreases.



A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

8.
Which of the following travel(s) with the speed of light in vacuum ?


(1)
β-rays


(2)
cathode rays


(3)
ultra violet radiation



A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

Properties of Radiations

9.
A radioactive source is placed in front of a GM tube connected to a counter. Various absorbers are placed between the source and the GM tube and the count-rate recorded. The following results were obtained:

Absorber


Counts per minute

no absorber




712

a sheet of paper



501

5 mm thick of aluminium sheet
311

25 mm thick of lead block

310


It can be deduced from these results that the radiation(s) emitted by the source is/are



A.
αandβrays only.



B.
αandγrays only.




C.
βandγrays only.




D.
αrays only.

10.
A radioactive source is tested as follows :

	Absorber placed between

Source and GM counter
	Effect on count rate

	(1) Thin aluminium foil

(0.2 mm)

(2) Thin lead sheet

(2 mm)

(3) Thick lead sheet

(20 mm)
	No significant

change.

Falls below that in

(1).

Falls below that in

(2).



What type(s) of radiation does the source emit ?



A.
α only
B.
α and γ only




C.
α and β only




D.
β and γ only

11.
A GM counter is placed close to and in front of a radioactive source which emits both β and γ radiation. The count rate recorded is 550 counts per minute while the background count rate is 50 counts per minute. Three different materials are placed in turn between the source and the counter. The following results are obtained.

	Material
	Recorded count rate /

Counts per minute

	(Nil)

Cardboard

1 mm of aluminium

5 mm of lead
	550

x
y
z



Which of the following is a suitable set of values for x, y and z ?






 x  

 y
 
 z



A.

550

400

50




B.

550

400

150




C.

400

150

150




D.

400

150

50
(Structural question 97:L10)

12.
In an experiment to investigate the absorption of β and γ rays by materials, a source emitting β and γ rays is placed at a distance of about 5 cm from a G-M tube as shown in Figure 12.1.


[image: image15.wmf]source

absorber

G-M tube

ratemeter


Figure 12.1

The count rates, N, are measured for different thicknesses, d, of absorber plates. The results are shown in Figure 12.2, with curve A corresponding to the measurements using aluminium absorber plates while curve B corresponds to those using lead absorber plates.
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Figure 12.2

(a)
(i)
Curve A shows a considerable decrease in count rates up to a thickness of 6 mm; a 

further increase in d only results in a slight decrease in count rates. Explain why this is so.







 





(2 marks)

(ii)
From the graphs in Figure 12.2, estimate the minimum thickness of lead needed to absorb most of the β rays.




 




(1 mark)

(iii)
The source also emits α-particles. Explain why their effects can be neglected in this experiment.






 





(1 mark)

(b)
The count rates, N’, corrected for background, corresponding to different thicknesses, d, of lead absorber plates are tabulated as follows :

	d / mm
	1
	2
	3
	4
	5
	6
	7

	N’ / s-1
	27.7
	25.3
	22.9
	21.5
	19.5
	17.6
	16.0

	ln N’
	
	
	
	
	
	
	




(i)
What is meant by the count rates being ‘corrected for background’ ?

(1 mark)

(ii)
Complete the table on the previous page and plot a graph of ln N’ against d.(4 marks)


[image: image17.wmf]


(iii)
Write down a relation between N’ and d.



 


(2 marks)

(Essay 01:E5)

13.
Under certain circumstances, electrons can be emitted from substances by radioactivity. Briefly describe the condition(s) for electron emission and compare the maximum kinetic energy of the emitted electrons.



 






(3 marks)

20.2
The Nucleus

14.
Which of the following best represents the order of magnitude of the radius of a nucleus ?




A.
10-6 m

B.
10-10 m

C.
10-14 m

D.
10-18 m

Rutherford’s Model of Atom

15.
In the Rutherford experiment on alpha particle scattering, an alpha particle strikes a thin metal foil X and is deflected through an angle θ.



[image: image18.wmf]X

a

q

a



Which of the following statements is/are correct?


(1) 
θ can be as great as 180∘.
(2)
For the same approach path, θ is smaller for slower alpha particles than for faster ones.

(3)
The closer the alpha particle approaches to a nucleus, the smaller is the value of θ.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

16.
When alpha particles are fired in a beam at a thin sheet of gold, they are scattered through a wide range of angles, from zero to 180∘from the incident beam. This experiment shows that the gold atom has

(1)
electrons at discrete energy levels.

(2)
a volume consisting mainly of empty space.


(3)
a small, dense, charged nucleus.


A.
(1) only



B.
(1) and (2) only


C.
(2) and (3) only


D.
(1), (2) and (3)

17.
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In an experiment on α-particle scattering, α-particles are directed onto a gold foil, and detectors are placed at positions P, Q and R as shown. What is the distribution of α-particles as recorded at P, Q and R respectively ?





P

Q

R


A.
none

none

all




B.
few

some
most




C.
most

some
none



D.
all

none

none

18.
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The figure shows the set-up for a gravitational analogue simulation of alpha-particle scattering by a thin metal sheet. What should be the relationship between the height of the ‘hill’ h and the radius of horizontal cross-sections r ?



A.
hr-3 = constant  B. hr-2 = constant



C.
hr2 = constant
  D.
hr = constant

19.
Which of the following conclusions could NOT be deduced from Rutherford’s scattering experiment ?

(1)
The positive charge in an atom is confined to a very small region.

(2)
There are discrete energy levels in an atom.

(3)
The volume of an atom mainly consists of empty space.


A.
(1) only

B.
(3) only


C.
(1) and (3) only


D.
(2) and (3) only

Distance of closest approach
20.
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The diagram shows an alpha particle ‘colliding’ head-on with an atomic nucleus. At P, the alpha-particle is at the closest distance r0 from the nucleus. Which of the following statements is/are correct ?


(1)
r0 is of the order 10-14 m.

(2)
r0 gives a lower limit for the sum of the radii of the alpha-particle and the nucleus.

(3)
At P, the electric potential energy of the system is maximum.



A.
(1) only
B.
(1) and (3) only



C.
(2) and (3) only



D.
(1), (2) and (3)

21.
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The diagram shows the path of an α-particle as it approaches a massive nucleus at N. At point P theα-particle is nearest to the nucleus. Which of the following statements is correct ?

A.
If the initial kinetic energy of theα-particle was greater, the distance between P and N would be shorter.

B.
If the atomic number of the nucleus was greater, the distance between P and N would be shorter.

C.
At P the electric potential energy of theα-particle is at a minimum.

D.
At P the angular momentum of theα-particle about N is at a minimum.

22.
In a gold-foil scattering experiment, an α-particle and a proton, having the same kinetic energy, collide head-on with gold-nuclei. The ratio of the distance of closest approach of the α-particle to that of the proton is




A.
1 : 2.




B.
1 : 1.




C.
2 : 1.




D.
4 : 1.

23.
In an alpha-particle scattering experiment, alpha particles having the same kinetic energy collide head-on with 
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 nuclei respectively. The ratio of the distance of closest approach for 
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 is



A.
1.72.

B.
1.60.

C.
0.63.

D.
0.85.
(Essay 02:E1)

24.
Consider the head-on collision of an α-particle with an isolated gold nucleus that is stationary initially. Explain whether or not the linear momentum of the system is conserved. Describe the energy change during the collision process. (Assume that no excitation of the gold nucleus occurs.)















(3 marks)

(Essay 85:E5)

25.
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Figure 56
In a gravitational analogue simulation of α-particle scattering by a thin metal sheet, balls are allowed to roll down a ramp chute on to a model ‘hill’ where they experience deflection, as in Figure 56.

(a)
Explain the necessary variation of the profile (AB) of the ‘hill’ with the radius (r) of the horizontal cross-sections.

(b)
Using this experimental arrangement how would you simulate the scattering of α-particle through different angles of deflection? Comment on the expected results.

(c)
Further explain how you would simulate the scattering of α-particles of various energies and state the expected results (qualitatively).

(d)
Using this analogy, demonstrate how an upper limit to the size of a nucleus can be estimated.

(e)
Suggest possible practical inadequacies of this gravitational analogue.


















   (12 marks)

20.3
Background Radiation

26.
Which of the following is/are random process(es) ?


(1)
The scattering of α-particles by the nuclei in a piece of gold foil.


(2)
The background radiation in radioactivity.


(3)
the photoelectric effect.



A.
(1) only

B.
(2) only

C.
(1) and (2) only

D.
(1), (2) and (3)

(Essay 02:E5)

27.
Give THREE sources of background radiation.

20.4
Rate of Decay

Activity and Exponential Decay

28.
A radioactive sample, initially consists of only nuclide X, decays by the emission of an alpha particle to form a stable daughter nuclide Y. Which of the following quantities will decrease with time ?


(1)
The rate of growth of nuclide Y.


(2)
The half life of X.


(3)
The rate of emission of alpha particles.



A.
(1) only

B.
(2) only

C.
(1) and (2) only
D.
(2) and (3) only

Half-life

29.
A radioactive source with a half-life 
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 initially contains N atoms of the radioactive element. The energy released in each disintegration is E. What is the total energy released in time 4
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30.
A radioactive source of gamma rays has a half-life of 2 days. A Geiger counter placed 6 m from the source initially has a count-rate of 720 per minute. After 8 days the counter is moved back to a distance of 2 m from the source , and its count-rate, in counts per minute, is then




A.
90.

B.
180.




C.
270.

D.
810.

31.
The number of radioactive nuclides in two different samples P and Q are initially 4N and N respectively. If the half-life of P is t and that of Q is 2t, the number of radioactive nuclides in P will be the same as the number of radioactive nuclides in Q after a time of




A.
t/4

B.
t




C.
4t

D.
8t

32.
The activity of a sample of radioactive isotopes decreases to
[image: image35.wmf]3
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 of its initial value in 48 s. How much more time would be required for the activity to decrease to
[image: image36.wmf]27
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 of its initial value ?




A.
108 s

B.
96 s




C.
48 s


D.
24 s

(Together with background radiation)

33.
A detector is used for monitoring an α-source and a reading of 108 units is observed. After a time equal to the half-life of theα-source, the reading has fallen to 56 units. If a 5 mm thick lead sheet is inserted between theα-source and the detector, the reading would probably be



A.
2 units.

B.
4 units.




C.
8 units.

D.
16 units.

34.
A counter is placed near a very weak radioactive source which has a half-life of 1 hour. The counter registers 133 counts/min at noon and 37 counts/min at 2 p.m. The expected count rate, in counts/min, at 6 p.m. on the same day is



A.
7.


B.
13.




C.
17.


D.
30.

Decay constant

35.
The table below gives the corrected count rate (in counts per minute) from three samples of radioactive isotopes at three different times.

	Isotope
	0 min
	40 min
	80 min

	P
Q

R
	170

480

136
	119

239

31
	94

121

10



The above data show that

(1)
P produces the most penetrating radiation.


(2)
Q has the smallest decay constant.


(3)
R has the shortest half-life.



A.
(1) only

B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

36.
A radioactive isotope decays with a half-life of 65 s. The value of the decay constant is



A.
0.011 s.

B.
0.011 s-1.



C.
45.1 s-1.

D.
45.1 s.

37.
An α-source originally consisted entirely of the parent atom. After the emission of a singleα-particle, each parent atom becomes a daughter atom. At the end of two years, the source was found to contain 92% daughter atom and 8% parent atom. At the end of one year, the sample would have had the approximate composition :



A.
72% daughter and 28% parent.



B.
84% daughter and 16% parent.



C.
8% daughter and 92% parent.



D.
50% daughter and 50% parent.

38.
The activity of a radioactive sample was 45 Bq at time t = 10 minutes and 9 Bq at t = 20 minutes. Deduce its activity at time t = 0.




A.
63 Bq

B.
81 Bq




C.
225 Bq

D.
250 Bq

Measurement half-life

39.
The graph below shows how the count rate A of a radioactive source as measured by a Geiger-counter varies with time t :
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The relationship between A and t is



A.
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The graph above shows the logarithm of the activity A of a radioactive isotope varies with time t. What is the half-life of the isotope ?




A.
0.19 s

B.
14 s




C.
28 s


D.
70 s

Decay pattern of a Mixture

41.
A radioactive source consists of a mixture of two radioisotopes P and Q. P has a half-life of 1 hour and Q has a half-life of 2 hours. Both P and Q have stable daughter nuclei. The initial activity recorded by a counter is 1600 count per min. After 6 hours the counter registers an activity of 165 counts per min. What was the contribution of P to the initial count rate (in counts per min.) ?



A.
320


B.
533


C.
1067


D.
1280

(Structural question 86:L6)

42.
The radiation level of a mixture of samples of radioactive polonium-214 and polonium-218 is monitored, and the number of counts per minute, C (excluding the background rate) are taken at different times t. A graph of log10C is then plotted against t, as shown in Figure 42.
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Figure 42
(a)
It is known that the half-life of polonium-218 is much longer than that of polonium-214. Explain why the curve approaches a straight line after 1 day.



(3 marks)


(b)
From the decay curve, estimate the half-life of polonium-218. Explain your working.



















(3 marks)


(c)
(i)
Determine the initial count-rate of polonium-214.





(2 marks)

(ii)
Given that the half-life of polonium-214 is 1.5 ( 10-4 s, find the initial mass ratio of polonium-218 to polonium-214.








(4 marks)

(Essay 97:E5)

43.
Explain, through analogous comparison with throwing dice, what is meant by radioactive decay deing a ‘random process’. Hence deduce from first principles the exponential law of decay of a radioactive source. (No need to describe the dice experiment.)



(Given : 
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(6 marks)

Medical Uses

(Structural question 85:L7)

44.
In a factory, radioactive waste produced by bismuth-210 is stored in a special store-room before final disposal. Batches of waste with activity 50μCi are deposited in the store-room regularly at 3 day intervals. It is found that the activity of the waste material in the store builds up gradually at first, but reaches a steady value later, as shown in Figure 5.


[image: image45.wmf]10

20

30

40

50

60

time / days

activity

of waste

in store

The data points

denote activity

just after each

new batch of

waste has been

stored


Figure 5

(a)
(i)
Explain why the activity of the waste material will not increase further even though 

new batches are deposited every 3 days.






(1 mark)

(ii)
Suppose the half-life of bismuth-210 is 5 days, estimate the activity in the store-room when it reaches a steady value.






(3 marks)

(b)
After five years, this factory stops using bismuth-210. Before the waste material can be disposed of, it has to be kept until its activity falls to below 5μCi. Calculate the storage period required.












(2 marks)

(c)
Bismuth-210 nuclides emit low energy beta particles. Suggest two precautions that should be taken in handling this kind of radionuclide.






(2 marks)

Archaeological use

45.
Carbon-14 is radioactive and undergoes β-decay with a half-life of about 5 600 years. A GM-tube together with a scaler are used in an experiment to determine the concentration of carbon-14 in a piece of excavated wood. To find an accurate value for the activity of the excavated wood, the experimenter should


(1)
take a count over as short a period of times as possible.


(2)
prepare samples from a living wood and from the piece of excavated wood.


(3)
take a second count without the presence of the excavated wood.



A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

Industrial use
(Essay 99:E4)

46.
To check for oil leaks in underground pipelines, a radioactive source is put into the pipeline and the radiation is detected on the ground. Discuss what kind of radioactive sources is/are suitable for this purpose.












(2 marks)

Hazards of Radioactivity

(Essay 99:E4)

47.

	Radioactive substance
	Half-life
	Radiation emitted

	Radon-222

Iodine-131
	3.8 days

8 days
	α
γ


Radon gas is usually present in the environment of concrete buildings. Explain why radon is considered to be hazardous to human beings and why opening windows is a way to minimize its hazardous effects.












(2 marks)

20.7
Nuclear Energy

Mass-Energy Relation

48.
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For stable nuclide, the number of neutrons N when plotted against the number of protons Z would give points laying within the above shaded region. Which of the following statements is/are correct ?

(1)
Unstable nuclides decay to produce new nuclides closer to the shaded region.

(2)
Unstable nuclides above the shaded region usually decay through α-emission.

(3)
The heavy stable nuclides have more protons than neutrons.

A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

Binding Energy

49.
Given :

the mass of a proton is 1.6733 × 10-27 kg,

the mass of a neutron is 1.6744 × 10-27 kg,

the mass of a
[image: image47.wmf]U
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particle is 3.9513 ×10-25 kg,

the electronic charge e is -1.6 × 10-19 C,

the speed of light in vacuum is 3.00 ×108 m/s.

The binding energy per nucleon in a 
[image: image48.wmf]U
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 nucleus is




A.
3.64 × 10-12 J




B.
3.96 × 10-14 J




C.
2.49 × 10-14 J




D.
1.53 × 10-14 J

50.
If the masses of a proton, a neutron and a 
[image: image49.wmf]B
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 nucleus are, respectively, 938.3 MeV/c2, 939.6 MeV/c2 and 10 093.8 MeV/c2, the binding energy of 
[image: image50.wmf]B
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 is



A.
21.3 MeV.
B.
21.4 MeV.




C.
235.3 MeV.
D.
234.0 MeV.

51.
A 
[image: image51.wmf]Na
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 atom, a hydrogen atom and a neutron have masses of 22.990 u, 1.008 u and 1.009 u (unified atomic mass units) respectively. Assuming that hydrogen atoms and neutrons can fuse to form 
[image: image52.wmf]Na
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, the binding energy of a 
[image: image53.wmf]Na
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 nucleus is



A.
2.017 u.

B.
0.207 u.




C.
0.206 u.

D.
0.021 u.

52.
Given :
mass of proton = 1.0073 u





mass of neutron = 1.0087 u





mass of 
[image: image54.wmf]Ca

40

20

 = 40.08 u





1 u corresponds to 931 MeV


Find the binding energy per nucleon for a 
[image: image55.wmf]Ca
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 nucleus.



A.
5.59 MeV
B.
11.17 MeV




C.
22.34 MeV
D.
223.44 MeV

53.
Given :
mass of proton = 1.0073 u,





mass of neutron = 1.0087 u,





binding energy of a 
[image: image56.wmf]Fe

56
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particle = 562.14 MeV,





1 u is equivalent to 931 MeV.


The mass of a 
[image: image57.wmf]Fe
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 particle is



A.
55.84 u.




B.
55.85 u.




C.
56.45 u.




D.
57.05 u.

54.
Given: 

mass of proton = 1.0078 u, mass of neutron = 1.0087 u, mass of 
[image: image58.wmf]O

16

8

 = 15.9994 u,


1 u is equivalent to 931 MeV.


Calculate the binding energy per nucleon, in MeV, of an 
[image: image59.wmf]O

16

8

 atom.




A.
121.22

B.
15.15

C.
7.58


D.
0.13

(Structural question 00:L5)

55.
Figure 55.1 shows an ionization chamber that can be used to estimate the activity of a sample of uranium-234. The sample is placed inside a metal can held at a negative potential. Electrons produced inside the metal can migrate to the sample while positive ions migrate to the wall of the can. The sample is connected to the ground via a 108 Ω resistor. The potential difference across the 108 Ω resistor is measured by an op-amp circuit.
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Figure 55.1


(a)
Name the op-amp circuit used in Figure 55.1.



 


(1 mark)

(b)
Figure 55.2 shows the variation of the voltmeter reading with the potential difference across the metal can and the sample.
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Figure 55.2



Explain the variation of the voltmeter reading.



 


(3 marks)

(c)
In the sample, uranium-234 decays into thorium-230 by emitting anα-particle. This nuclear reaction can be represented as :
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Given :
Mass of one nuclide of U-234 = 234.0410 u


Mass of one nuclide of Th-230 = 230.0331 u


Mass of one nuclide of He-4 = 4.0026 u

1 u (atomic mass unit) = 1.660 × 10-27 kg, which corresponds to 934 MeV.



(i)
Calculate the energy, in MeV, released in this nuclear reaction.


(2 marks)

(ii)
From the information provided in Figure 5.2, calculate the number of air particles being ionized per second inside the metal can. Assume that each ionized air particle carries one electronic charge. (electronic charge = 1.6 × 10-19 C)

(2 marks)

(iii)
If the energy required to produce an ion-electron pair is 35 eV, estimate the activity, in disintegrations per second, of the U-234 sample. State the assumption(s) in your calculation.




 







(3 marks)

(iv)
Is this experimental method suitable for estimating the activity of a sample emitting β-particle ? Give TWO reasons to support your answer.



(2 marks)

Nuclear Fission

56.
When fission occurs in a heavy nucleus, the two nuclei produced

(1)
have less binding energy per nucleon than the original nucleus.

(2)
have smaller mass per nucleon than the original nucleus.


(3)
contains more protons than neutrons.


A.
(1) only

B.
(2) only


C.
(1) and (2) only


D.
(2) and (3) only

57.
The concept that “energy change occurs in discrete and not continuous amounts” is NOT REQUIRED to explain




A.
photoelectric effect.




B.
absorption line spectrum.




C.
nuclear fission.

D.
X-ray line spectrum emitted in X-ray tubes.

58.
The main reason why a chain reaction can occur in a nuclear reactor using uranium is that

A.
uranium is a highly radioactive element.

B.
neutrons are produced when a nucleus undergoes fission.

C.
the two nuclei produced have more binding energy per nucleon than the original uranium nucleus.

D.
a large quantity of energy is evolved in each fission.

59.
In a controlled thermal fission reactor, the function of the moderators is to reduce

A.
the rate of disintegration of the 
[image: image63.wmf]U

235

 nucleus.

B.
the speed of the neutrons released on fission.

C.
the energy generated in the nuclear reactor.

D.
the rate of production of the neutrons.

60.
Which of the following statements concerning a moderator in a nuclear fission reactor is/are correct ?


(1)
Boron steel is a suitable material.

(2)
It is used as collant.

(3)
It is used to slow down the neutrons released during fissions.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

61.
In a controlled thermal fission reactor, the use of the control rods will NOT affect

A.
the energy generated in the nuclear reactor.

B.
the speed of the neutrons released on fission.

C.
the rate of production of the neutrons.

D.
the rate of disintegration of the 
[image: image64.wmf]U

235

 nucleus.

62.
Which of the following statements about a typical nuclear reactor in a power plant is/are correct ?

(1)
The percentage of 
[image: image65.wmf]U

235

 isotope in fuel rods is higher than that in natural uranium.

(2)
Pressurized water is used as moderator to reduce the speed of the neutrons produced.

(3)
Pressurized water is used as collant inside the reactor core.



A.
(1) only



B.
(1) and (2) only



C.
(2) and (3) only



D.
(1), (2) and (3)

63.
In a nuclear reactor, the 
[image: image66.wmf]U

235

92

 nucleus is fissioned by a neutron into two nuclei and a few neutrons are produced. Which of the following statements about this process is/are correct ?

(1)
Boron-steel can be used to absorb excess neutrons.

(2)
Pressurized water can be used to reduce the speed of the neutrons.

(3)
The two nuclei produced have larger binding energies per nucleon than that of the uranium nucleus.



A.
(1) only
B.
(1) and (2) only



C.
(2) and (3) only



D.
(1), (2) and (3)

(Essay 00:E5)

64.
Energy is released in radioactive decay and nuclear fission. Both processes involve the activities of an atomic nucleus.



(a)
State THREE differences between these two processes.

(b)
Sketch a graph of the binding energy per nucleon against nucleon number and explain why energy can be released in a nuclear fission. Indicate the approximate portion of the graph within which fission may occur.

















 


(6 marks)

(Structural question 98:L5)

65.
A reaction which takes place in the core of a nuclear reactor is described by the following equation :
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Mass of one nuclide of 
[image: image68.wmf]U

235

92

 = 235.0439 u


Mass of one nuclide of 
[image: image69.wmf]Kr

86

36


= 85.9106 u


Mass of one nuclide of 
[image: image70.wmf]Nd

148

50

= 147.9169 u


1 u (atomic mass unit) = 1.660 × 10-27 kg，which corresponds to 934 MeV

(electronic charge = 1.6 × 10-19 C)


(a)
(i)
Calculate the mass, in atomic mass unit, of a neutron.

 


(3 marks)

(ii)
The fuel rods in the reactor contain 2.0 × 104 kg of U-235 isotope. Calculate the total energy released from the complete fission of all the U-235 nuclei in the fuel rods. 





 







(3 marks)

(iii)
If the mean power output of the reactor is 400 MW and the efficiency of conversion of nuclear energy to electrical energy is 60%, estimate the time for which the fuel rods can be used.



 







(2 marks)

(iv)
Explain why the fuel rods are usually replaced well before the time estimated in (a) (iii) has elapsed.





 





(2 marks)


(b)
In an emergency, explain how the reactor can be shut down immediately.
 
(2 marks)

(Essay 88:E5)

66.
Give brief account of the collision of slow neutron bombardment of 
[image: image71.wmf]U

235

 atoms, explaining whether it is elastic or non-elastic.









   (2.5 marks)

Nuclear Fusion

67.
The binding energy per nucleon varies with mass number as shown below:



[image: image72.wmf]P

R

Q

mass

number

binding

energy /

nucleon



If nuclear energy were to be generated by the fusion of the nuclei of an element X, which of the points P, Q and R would represent possible positions of X on the graph?


(1)
P
(2)
Q
(3)
R


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

68.
When several neutrons and protons come together to form a stable nucleus, which of the following statements is/are correct ?

(1)
The mass of the nucleus is larger than the sum of the mass of the individual nucleons.

(2)
Energy is absorbed.
(3)
In the nucleus, the electrostatic repulsion between two protons is overcome by the nuclear force between them.



A.
(1) only

B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

69.
The following equations represent some typical nuclear reactions: -


(I)
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(II)
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(III)
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Which of the following descriptions of these reactions is/are correct ?

(1)
Reaction (I) represents a spontaneous α-decay.

(2)
Reaction (II) represents a nuclear fission.

(3)
Reaction (III) represents a nuclear fusion.



A.
(1) only

B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

(Structural question 02:L7)
70.
In this question you are asked to estimate the lifetime of the sun (i.e. How long can the sun shine ?) based on some theories of physics, standard constants and given information.

(a)
Given :
Universal gravitational constant = 6.67 × 10-11 N kg-2 m2




1 year = 3.16 × 107 s





The surface area of a sphere of radius r is 4πr2
(i)
Solar radiation takes about 8 minutes 20 seconds to reach the earth. Estimate the sun-earth separation to 2 significant figures.






(1 mark)



(ii)
Calculate the mass of the sun to 3 significant figure.




(3 marks)

(iii)
The intensity of the solar radiation when it reaches the earth is 1.33 kW per unit area. Estimate the total power of the solar radiation from the sun. Assume that the sum radiates evenly in all directions.








(2 marks)

(b)
The energy released by the sun is the result of thermonuclear fusion in its core, where protons are fused together into helium nuclei through a complicated process. The overall reaction can be represented by the following equation
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(i)
Why is the above process of forming helium nuclei from protons very difficult to achieve on earth, but easily achieved at the sun’s core ?



(2 marks)



(ii)
Given :
mass of proton = 1.007 28 u






mass of helium nucleus = 4.001 50 u






1 u = 1.66 × 10-27 kg

Calculate the energy released by the sun for every kilogram of protons fused to form helium nuclei.












(3 marks)

(c)
Estimate the lifetime, in years, of the sun assuming that it initially consists mainly of hydrogen and it ‘burns’ at a constant rate until all its hydrogen is consumed.
(2 marks)

(Essay 94:E5)

71.
State two advantages of using fusion as a source of energy, compared with using fission.




















(2 marks)

HKAL Exercise (KEY) : Part 1 Mechanics

Chapter 20 Radioactivity And Nucleus
1 – 10 : BDCDB, CDBAD,
11 : B,

12.
(a)
(i)
When d ≦ 6 mm, absorption of β rays increases with d.




1




For d > 6 mm, nearly all β rays are absorbed but the aluminium plates have
1




little or no effect on γ rays.










  2



(ii)
1.6 mm














1 1



(iii)
The penetrating power of α–particles is very weak, most are stopped by the
1




absorber plates.












  1


(b)
(i)
The ‘corrected’ count rate (N’) are obtained by deducting the background count




rate from the count rates (N) taken.








1 1



(ii)
















1

	d / mm
	1
	2
	3
	4
	5
	6
	7

	N’ / s-1
	27.7
	25.3
	22.9
	21.5
	19.5
	17.6
	16.0

	ln N’
	3.32
	3.23
	3.13
	3.07
	2.97
	2.87
	2.77
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(iii)
   Slope
= 
[image: image78.wmf]0
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= - 0.0857 mm-1



   ln N’
= - 0.0857 d + 3.4










1




or   N’
= 30 e-0.0857 d











  2

13.
For radioactivity, β-particles or high speed electrons are emitted spontaneously

from nuclides of relatively high proportion of neutrons (unstable with respect to its

daughter nuclide).














1


Electrons emitted from radioactive nuclides have the highest maximum kinetic energy
(ranging from 0.025 to 3.2 MeV) depending on the characteristics of the nuclides.

2 3
14 – 20 : CA, CBDCB,
21 – 23 : ACC,

24.
Since there is no external force acting on the system, the linear momentum of the


system is conserved.













1


Since the collision is elastic and a gold nucleus is much more massive than an alpha

1


particle, the kinetic energy of the alpha particle becomes the electric potential energy


of the system and then changes back to its kinetic energy when it rebounds.


1 3

25.
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(a)
As an (-particle approaches near a nucleus it experiences a force of repulsion


[image: image80.wmf]2

1


(( 

) between its charge and the charge of the nucleus (both are +ve),

work is done against this force and the (-particle gains P.E.





1
P.E. = 

, i.e. 











1


Ball gains P.E. on moving up slope of hill P.E. = mgh.  If P.E. ( 1/r then h ( 1/r

[image: image81.wmf]2
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 4

(b)
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1


If the balls are released from a definite height on the ramp they can be

considered to simulate (-particles of constant energy. On varying the location

of the ramp, p is varied and it will be observed that the smaller p the larger the

deflection (. This also happens for the scattered (-particles, with many more

scattered for small angles since the probability of scattering ( p2 (i.e. area of

2

cross-section).














1 4

(c)
Keeping the shute in the same position balls are released at different height levels

to simulate (-particles of different energy, the higher the level the greater the

K.E. It should be observed that the greater the K.E. the smaller the deflection (.

2 2

(d)



[image: image83.wmf]b
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A head-on collision of an (-particle with a nucleus can be simulated by

allowing ball to slide down shute towards ‘hill’ centre.  The ball will travel

up the ‘hill’ to point P and then fall back. At P the original K.E. = P.E. at

location P. In (-particle scattering ‘b’ the nearest distance of approach can

be estimated giving an upper limit to the size of a nucleus.





2 2

(e)
Possible inadequacies of the gravitational analogue experiment :


(i)
Additional energy losses due to spinning and rolling (surface friction).

Also due to vertical component of velocity.







1


(ii)
The centre of gravity of the ball is some distance above surface and not the

same distance from the centre of the hill as contact point on the hill.


1 2



i.e. finite size of ball effects
26 : B

27.

Any THREE of the following:



cosmic rays, radioactive minerals, radon in the atmosphere, potassium-40 in

the body, X-rays from television screens, etc. (1 mark for the first answer and



@ 
[image: image84.wmf]2

1

 for the other two answers)



(accept any other reasonable answer).










  2

28 – 30 : BBD,
31 – 40 : DBBAB, BACCB,
41 : A

42.
(a)
After several days, the activity of polonium-214 has decreased to an insignificant level, 1

leaving only the activity of polonium-218 to be shown up on the decay curve

1

which when plotted on a log-scale, is a straight line.






1

(b)
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= 3 minutes
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Extrapolate the straight portion to find the initial activity of Po-218 to be 102.78 = 600 cpm

[image: image91.wmf]2

1




find time corresponding to N = ½ ( 600 or log N = 2.5.
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1




half-life of Po-218 is 3 minutes.
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(c)
(i)
initial count-rate for Po-218, C1 
= 600 cpm



initial count-rate for Po-214, C2 
= 103 - 600 cpm





1










= 400 cpm






1


(ii)
count-rate = dN/dt = (N



knows
C1/C2 
= (1N1/(2N2









1



knows   (1/(2 
= T2/T1










1



knows 
m1/m2 
= 218 N1/214 N2








1





m1/m2 
= 
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43.
We cannot tell which particular atoms are going to decay in unit time, just as we

1


cannot tell which particular dice turn up a certain value in each throw



We cannot tell when a particular atom is going to decay, only the probability of


1


decay in unit time (λ) is known, just as we cannot tell in which throw a particular


dice turn up a certain value, only the probability of this is known.


The number of atoms disintegrate per second, 
[image: image98.wmf]dt
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, is directly proportional to the


number of undecayed atoms, N, present
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where k is a constant characteristic of the atom concerned called the decay constant,
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which is the probability of decay per unit time.
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44.
(a)
(i)
The activity will not increase further when the amount of radioactive waste

decayed in 3 days equals to the amount to be put in (i.e. 50 (Ci).



1 1



(ii)
Let A be the activity when steady, 




amount of waste decayed in 3 days 
= A - Ae-(t




= A(1 - e-(t)





1



where ( is the decay constant and t = 3 days.



Since amount of radioactive waste to be put in



at the end of 3 day period is 50 (Ci




A(1 - e-(t) = 50












1



i.e. 
A
 = 
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1 3

(b)
Let t be the required storage period,

            5 
= 147 e-(t












1


i.e.      t 
= 
[image: image109.wmf])
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(c)
(i)
Use long forceps to handle the nuclide since beta particle density follows

inverse square law.












1


(ii)
Shorten the time of handling as much as possible in order to minimize exposure. 1 2
45 : D

46.
A β-source should be used since there is significant increase in activity when

the source is outside the pipeline where leakage occurs. (Accept discussion on

penetrating power when a γ-source is employed.)







1


A source of suitable half-life, say a few days, should be used so as to minimize

the pollution of the environment.











1 2

47.
When radon is inhaled into the lung of a human body,








[image: image111.wmf]2

1



the high ionising power α-particles would affect the cells of the lung.



1


Make sure good ventilation by opening the windows so as to lower the


concentration of radon gas in the air inside the building.
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48 – 50 : ADC,
51 – 54 : CABC,

55.
(a)
voltage follower













1 1


(b)
At the beginning when the p.d. between the metal can and the sample increases,

1



more ions migrate to the opposite electrodes per unit time, ionisation current



increases, p.d. across the resistor also increases.



When the p.d. is greater than ~ 10 V, all the ions produced in unit time would be
1



collected by the can or sample.



The p.d. across the resistor is saturated as further increase in applied p.d. would

1



not increase the ionisation current.










  3


(c)
(i)
mass defect = 234.0410 – (230.0331 + 4.0026) = 0.0053 u




1




energy released
= 4.0053 × 934








= 4.95 (MeV)









1 2



(ii)
Saturated ionisation current
= 
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number of positive ions produced
= 
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= 5.0 × 109 (ionizations per second)

1 2



(iii)
energy needed to produce 5.0 × 109 ionizations




= 5.0 × 109 × 35











1




= 1.75 × 105 MeV




activity = 
[image: image115.wmf]95
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1




Assumption :- all α particles emitted have undergone ionization.


1 3






 or- nearly all the energy released in the decay goes to the α particle.



(iv)
No.




- The ionization power of β particles is very weak.




- The β particles emitted do not possess the same amount of energy.




- The penetrating power of β particles is high/range of β particles is long.




Any TWO of the above @ 1.










  2
56 – 60 : BCBBB,
61 – 63 : BDD

64.
(a)
-
Radioactive decay is a spontaneous process while nuclear fission is not.



-
Radioactive decay of a particular kind of atoms only has one definite




way to decay while nuclear fission can have various modes and may




give different products.



-
Radioactive decay involves a characteristic half-life while nuclear fission




can be initiated whenever it is desirable.



-
Radioactive decay is not affected by any change in the environment while




nuclear fission can be controlled by physical means such as the number of




neutrons for initiating fission.



(Accept any other reasonable answers.)



Any THREE of the above @ 1.










3 3


(b)
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The binding energies per nucleon of the heavy nuclei are smaller than those in


[image: image118.wmf]2

1




the middle part of the graph. Therefore when the heavy nuclei are split into two



daughter nuclei of smaller mass numbers and with larger binding energies per


[image: image119.wmf]2

1




nucleon (i.e. more stable), a large amount of energy would be released.
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65.
(a)
(i)
mass defect, Δm
= 
[image: image121.wmf]934
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1




  0.2077
= 235.0439 – (147.9169 + 85.9106 + mn)





1





 mn
= 1.0087 u











1 3



(ii)
  No. of U-235 nuclei
= 
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= 5.126 × 1028







1



  Energy released
= 5.126 × 1028 × 194.0 MeV





1







= 9.94 × 1030 MeV (or 1.59 × 1012 MJ)



1 3



(iii)
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1


= 2.39 × 109 s (or 6.63 × 105 hr or 27 600 days or 75.6 yr)
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(iv)
The percentage of U-235 in the fuel rods will decrease with time.


1




Chain reaction cannot be maintained when the concentration of U-235

1 2



in the fuel rods falls below a certain value.


(b)
Insert all the boron-steel/control rods into the reactor core





1



so as to absorb the neutrons.
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66.




Neutrons penetrate the 

 nuclei and cause fission,

(

 + 

(

 + 

 + 3

)
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(equation optional)

There is an apparent loss of mass resulting a release of energy, according to
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relation (E = (mc2.
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Collision is inelastic.
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67 – 69 : DBA,

70.
(a)
(i)
(3 × 108) (500) = 1.5 × 1011 m
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(ii)
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= 2.00 × 1030 kg
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(iii)
(1.33 × 103) (4π × (1.5 × 1011)2)







1




= 3.76 × 1026 W
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(b)
(i)
The temperature in the sun’s core is so high that the protons have sufficient
1




kinetic energy to overcome the strong coulomb repulsion between them.

1 2



(ii)
Δm
= (4) (1.00728) – 4.00150









1





= 0.02762 u



ΔE
=  (Δm) c2
= (0.02762) (1.66 × 10-27) (3 × 108)2



1








= 4.15 × 10-12 J




Energy released per kg of protons
= 
[image: image135.wmf])
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= 6.20 × 1014 J
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(c)
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= 1.04 × 1011 (years)
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71.
Two benefits of fusion are :


- there is virtually unlimited supply of fuel.
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 (e.g. hydrogen in the form of water in oceans.)
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- the waste products are generally not strongly radioactive,
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 waste disposal is not a problem.
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(accept any other reasonable answers)
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