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397. 9702_s20_qp_41 Q: 11

CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS

An electron, at rest, has mass m, and charge —q.

A positron is a particle that, at rest, has mass m_ and charge +q.

A positron interacts with an electron. The electron and the positron may be considered to be at
'rl?rf;-outcome of this interaction is that the electron and the positron become two gamma-ray (y-ray)
photons, each having the same energy.

(a) Calculate, for one of the y-ray photons:

(i) the photon energy, inJ

energy = ........... . 8. J [2]
(ii) its momentum. *\
................................................... Ns [2]
(b) State and explai tion, relative to each other, in which the y-ray photons are emitted.
*
YRR, N TR SRURURUOPPRURON
*$
®
............................................................................................................................................. [2]

[Total: 6]
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(a) State whatis meant by the mass defect of a nucleus.
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(b) Some masses are shown in Table 12.1.

Table 12.1

mass/u

proton Ip 1.007276

neutron n 1.008665

helium-4 (3He) nucleus | 4.001506

Show that:

(i) the energy equivalence of 1.00u is 934 MeV

0* (2]

(ii) the binding energy per nucleon of a heliu eus is 7.09 MeV.

ave binding energies per nucleon of less than 3MeV.

(2]

(c) Isg;ﬁ;ﬁ’s 0

Suggést wh cleus of helium-4 does not spontaneously break down to become nuclei of

hydrogen.

[Total: 8]
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An electron, at rest, has mass m, and charge —q.

A positron is a particle that, at rest, has mass m_ and charge +q.

A positron interacts with an electron. The electron and the positron may be considered to be at
'rl?rf;-outcome of this interaction is that the electron and the positron become two gamma-ray (y-ray)
photons, each having the same energy.

(a) Calculate, for one of the y-ray photons:

(i) the photon energy, inJ

(ii) its momentum.

[Total: 6]
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The incomplete nuclear equation for one possible reaction that takes place in the core of a nuclear
reactor is

235 1 139 95 1
U + ogh — 'Zla+ ;3Mo + 2,0 +

(@) (i) State the name given to this type of nuclear reaction.

(ii) Complete the nuclear equation. 2]

(b) The mass defect for the reaction is 0.223u.

(i) Calculate the energy, in J, equivalent to 0.223u.

?‘]'PapaCambridge
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One possible nuclear reaction that takes place is
23U + In — BMo + BLa + 2ln + 7%

Data for nuclei in this reaction are given in Fig. 12.1.

total mass of separate binding energy

nucleus mass/u nucleons/u mass defect/u per nucleon/MeV

23Mo 94.906 95.765 0.859 8.443
1§$La 138.906 140.125 1.219 8.189
2ggu 235.044 236.909 1.865 |

Fig. 12.1 0

(@) Show that the energy equivalent to a mass of 1.00u is 934 MeV.

0&
0 2]

(b) (i) Use data from Flg 121 to c e binding energy per nucleon of a nucleus of
uranium-235 (%33U). Comple

Q""'Q

L 2

0‘“

*

2]

(ii) The nucleon number of an isotope of the element rutherfordium is 267.

State whether the binding energy per nucleon of this isotope will be greater than, equal
to or less than the binding energy per nucleon of uranium-235.

E‘,.'PapaCambridge
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(c) Calculate the total energy, in MeV, released in this nuclear reaction.

ENEIOY = e e MeV [2]

(d) The nuclei in 1.2 x 10~"mol of uranium-235 all undergo this reaction in a time of 25ms.

<
O
¥

Calculate the average power release during the time of 25ms.

[Total: 10]
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One possible nuclear reaction that takes place is
23U + In — BMo + BLa + 2ln + 7%

Data for nuclei in this reaction are given in Fig. 12.1.

total mass of separate binding energy

nucleus mass/u nucleons/u mass defect/u per nucleon/MeV

23Mo 94.906 95.765 0.859 8.443
1§$La 138.906 140.125 1.219 8.189
2ggu 235.044 236.909 1.865 |

Fig. 12.1 0

(@) Show that the energy equivalent to a mass of 1.00u is 934 MeV.

0&
0 2]

(b) (i) Use data from Flg 121 to c e binding energy per nucleon of a nucleus of
uranium-235 (%33U). Comple

Q""'Q

L 2

0‘“

*

2]

(ii) The nucleon number of an isotope of the element rutherfordium is 267.

State whether the binding energy per nucleon of this isotope will be greater than, equal
to or less than the binding energy per nucleon of uranium-235.
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(c) Calculate the total energy, in MeV, released in this nuclear reaction.

ENEIOY = e e MeV [2]

(d) The nuclei in 1.2 x 10~"mol of uranium-235 all undergo this reaction in a time of 25ms.

<
O
¥

Calculate the average power release during the time of 25ms.

[Total: 10]
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(@) A mass is undergoing simple harmonic motion with amplitude x,. The maximum velocity of
the mass has magnitude v,,.

On Fig. 3.1, show the variation with displacement x of the velocity v of the mass.

Vv

Yo

o

T —x X,
: | SN/

Fig. 3.1

(b) A straight stiff wire carries a constant cutrent in @ region of uniform magnetic flux density.

current and the direction of the magnetic field is

Fo-

The angle & between the direction
varied. The maximum force on t

On Fig. 3.2, show the varia

i ngle 6 of the force F on the wire for values of 6 between
0° and 90°.

&

*

0 90

Fig. 3.2
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(c) A sinusoidal supply has frequency 250 Hz and r.m.s. potential difference 2.8 V.

On the axes of Fig. 3.3, show quantitatively the variation with time ¢ of the voltage V for one
cycle of the varying voltage.

8

ViV
6

4

t/ms ++
? <

Fig. 3.3

[2]

?‘j_']'PapaCambridge



~
B o
JPPapaCambridge .
(d) One particular fission reaction may be represented by the equation
23U + In — 'lBa + 32Kr + 3]n

The variation with nucleon number A of the binding energy per nucleon Bg is shown in
Fig. 3.4.

Fig. 3.4 *
On Fig. 3.4, mark on the line the position of 0

(i) the nucleus 233U (label this point U),

(ii) the nucleus '¢1Ba (label this point Ba); 0

(iii) the nucleus 32Kr (label this point

[Total: 8]
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A stationary isolated nucleus emits a y-ray photon of energy 0.51MeV.

(a) State what is meant by a photon.

(b) For the y-ray photon, calculate

(i) its wavelength,

(ii) its momentum.

MOMENTUM = ... Ns [2]

?‘Q’PapaCambridge
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(c) (i) For this nucleus, determine the change in mass Am during the decay that gives rise to
the energy of the y-ray photon.

9‘ [Total: 9]

(a) State what is meant by nuclear fusion and nu on.

405. 9702_ w18 qp_42 Q: 12

?‘j_']'PapaCambridge



“ jPPapaCambridge

CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS
(b) A nuclear reaction which may, in the future, be used for the generation of electrical energy is
2H+3H — 4He +x.

(i) Name the particle x.

....................................................................................................................................... [1]
(i) Data for the binding energy per nucleon E of some nuclei are given in Fig. 12.1.
binding energy per nucleon
EB/10-‘3J
deuterium  2H 1.7813
tritium H 45285
helium 4He 11.3290
Fig. 12.1 Qz
1. State the binding energy per nucleon of x. 6
binding energy per nUCleon = ... . e J
2. Calculate the energy change that takes pla reaction.

2
Q"’o
Qe J

ii) part 2 to determine the energy release when 2.0 g of deuterium (2H)
tritium (3H).

(|||)
PO r,gcts

BNEIGY = e e e e e J[1]

E‘,.'PapaCambridge
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A stationary isolated nucleus emits a y-ray photon of energy 0.51MeV.
(a) State what is meant by a photon.
............................................................................................................................................... 2]

(b) For the y-ray photon, calculate

(i) its wavelength,

(ii) its momentum.

MOMENTUM = ..o Ns [2]

T1f]’Papa(.‘.ambridge
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(c) (i) For this nucleus, determine the change in mass Am during the decay that gives rise to
the energy of the y-ray photon.

T1f]’Papa(.‘.ambridge
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(a) Define the binding energy of a nucleus.

(b) A stationary nucleus of uranium-238 (235U) decays to form a nucleus of thorium-234 (234Th).
An a-particle and a gamma-ray photon are emitted. The equation representing the decay is

238 234 4 0
92U —> 90Th + 2He + oY

The masses of the nuclei are given in Fig.12.1.

nucleus mass/u 0
uranium-238 | 238.05076 Q
thorium-234 234.04357

L/

helium-4 4.00260 (\
Fig.12.1 0
(i) State the relationship between the bindin s of the nuclei that is consistent with
this reaction being energetically possi I‘%

(i) Calculate, for this reactk@
1. the changé,i mass,

*
* o CRANGE OF MASS = ..ot seee e uft]
*
2. thet energy, in J, released.

ENEIOY = e e e J[2]

?‘]'PapaCambridge
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(iii) State and explain whether the energy of the gamma-ray photon is equal to the energy
released in the reaction.

....................................................................................................................................... 2]
[Total: 8]
408. 9702 s17_qp 41 Q: 12
One possible nuclear reaction that takes place in a nuclear reactor is given by the equation
230 + In — BMo + Bla + 2in + x e
Data for the nuclei and particles are given in Fig. 12.1. e
nucleus or particle mass/u
235
95U 235.123 *
%Mo
139
eola 1
00863
@.49“0—4
(@) Determine, for this nuclear re
(1]

?‘]'PapaCambridge
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(b) (i) Show that the energy equivalent to 1.00u is 934 MeV.

[3]

(i) Calculate the energy, in MeV, released in this reaction. Give your answer to three
significant figures.

[Total: 9]
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One nuclear reaction that can take place in a nuclear reactor may be represented, in part, by the
equation

235 1 95 139 1
@y + oh — Mo + Zla + 25n + + energy

Data for a nucleus and some particles are given in Fig. 12.1.

nucleus or particle mass/u
¥a 138.955
on 1.00863
p 1.00728
e 5.49x 107 Q@
Fig. 12.1 . 6
(@) Complete the nuclear reaction shown above. \ [1]

(b) (i) Show that the energy equivalentto 1.00u is 934@

o’a’
o
X

energy per nucleon, in MeV, of lanthanum-139 ('3La).

(i) Calculate

L 2

0‘,‘

*

binding energy per NUCIEON = .........ooeiiviiviicecce e MeV [3]

?‘]'PapaCambridge
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(c) State and explain whether the binding energy per nucleon of uranium-235 (2gQU) will be
greater, equal to or less than your answer in (b)(ii).

[Total: 10]

410. 9702 _s17 qp_43 Q: 12
One possible nuclear reaction that takes place in a nuclear reactor is given by the equation

235 1 95 139 1 0
U + on = 3BMo + 'Zla + 25 + x e 0

Data for the nuclei and particles are given in Fig. 12.1. e
mass/u

nucleus or particle

235
3By 235.12
23Mo 9

139
57La

.00863

in /{Q
Y ‘ ' Milhudel 0
2

e value of x.

(@) Determing, for this nuclear r,

?‘]'PapaCambridge
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(b) (i) Show that the energy equivalent to 1.00u is 934 MeV.

[3]

(i) Calculate the energy, in MeV, released in this reaction. Give your answer to three
significant figures.

[Total: 9]
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A particle of charge +g and mass m is travelling with a constant speed of 1.6 x10°ms™ in a
vacuum. The particle enters a uniform magnetic field of flux density 9.7x1072T, as shown in

Fig. 9.1.
uniform magnetic
__— field out of the plane of
particle the paper
charge +g flux density 9.7 x 102T
mass m & —>

speed 1.6 x 10°ms™!

path of particle

Fig. 9.1 @

The magnetic field direction is perpendicular to the initial velocity of the d perpendicular
to, and out of, the plane of the paper. Py

A uniform electric field is applied in the same region as the m@ field so that the particle
passes undeviated through the fields.

(a) State and explain the direction of the electric field.

......................................................... @ SO -

(b) Calculate the magnitude of thi field strength.

Explain your worki

electric field strength = ......ccvvvvivie e e Vm~[3]

T"i'.’PapaCambridge
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(c) The electric field is now removed so that the positively-charged particle follows a curved path
in the magnetic field. This path is an arc of a circle of radius 4.0cm.

Calculate, for the particle, the ratio %

(d) The particle has a charge of 3e where e is the elementary charga

(i) Use your answer in (c) to determine the mass, in u, of tf‘

o

neutrons in this nucleus:

Q number of Protons = . ...

nUMbeEr of NBULIONS = ... e,

(ii) The particle is the nucle atom. State the number of protons and the number of

&

*

[Total: 11]
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Phosphorus-30 (?EP) was the first artificial radioactive nuclide to be produced in a laboratory. This
was achieved by bombarding aluminium-27 (?QAZ) with o-particles.

A partial nuclear equation to represent this reaction is
%gAl+a—>?gP+(I)
(a) State the full nuclear notation for

(i) the a-particle,

?‘Q'PapaCambridge
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(b) Data for the rest masses of the particles in the reaction are given in Fig. 14.1.

particle mass/u
TAL 26.98153
a 4.00260
%P 29.97830
@ 1.00867
Fig. 14.1

Calculate, for this reaction,

(i) the change in the total rest mass of the particles,

mass chang By R u[2]

(if) the energy, in joule, equivalent to the m ge calculated in (i).

[Total: 8]
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(a) Radioactive decay is both spontaneous and random.
State what is meant by:

1. SPONEANEOUS TECAY ....cceeeeeee et ettt s et e et e e s s e e e e e e e e e e et eeee e teebeant s s sasaeeaeaaeeeaaeaenaaneennes

P - T Lo (o] g g o L= oz |

(b) Strontium-90 (§3Sr) is an unstable nuclide.

The activity of a sample of 1.0 x 10~2kg of strontium-90 is 5.2 MBq. o

(i) Determine the decay constant A of strontium-90.
 /

s~ [3]

(ii) The activity of th @‘t a time of 1.0 half lives is found to be greater than the
expected 2.6

Suggest a ason for this.

[Total: 6]
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(a) An isolated metal sphere of radius r is charged so that the electric field strength at its surface
is E,.
0

On Fig. 6.1, sketch the variation of the electric field strength E with distance x from the centre
of the sphere. Your sketch should extend from x = 0 to x = 3r.

Ey
field
strength £
0
0 r 2r & r
d%
Fig. 6.1 0
(3]
(b) The de Broglie wavelength of a particle is 4, when entum is p.

On Fig. 6.2, sketch the variation with nt of the de Broglie wavelength A of the
particle for values of momentum from Po :

wavele

0 Po Po

momentum p

Fig. 6.2
[2]

?‘]'PapaCambridge
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(c) Aradioactive isotope decays with a half-life of 15s to form a stable product.

A fresh sample of the radioactive isotope at time ¢ = 0 contains N, nuclei and no nuclei of the
stable product.

On Fig. 6.3, sketch the variation with t of the number n of nuclei of the stable product for time
t=0totime f=45s.

No

numbern

(3]

[Total: 8]

?‘Q'PapaCambridge



"
] o
-"P%p aCambrldge CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS
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(a) An isolated metal sphere of radius r is charged so that the electric potential at its surface is

Vo
On Fig. 5.1, sketch the variation with distance x from the centre of the sphere of the electric
potential. Your graph should extend from x = 0 to x = 3r.

1.0V,

electric
potential

0.5V,

<
% r 2r Q
{\
Fig. 5.1 0 o

(b) Photons having wavelength 4 are incident on a urface.
The maximum wavelength for which there is.e f electrons is 4.
For photons of wavelength 70, the maximum kinetic energy of the emitted electrons is E,;, .

On Fig. 5.2, sketch the variation with@ngth A of the maximum kinetic energy for values

A
of wavelength between A = OQ o
3Ey,

energ

MAX

c.o|°>-‘-
N

Fig. 5.2
(3]

?‘]'PapaCambridge
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(c) A pure sample of a radioactive isotope contains N, nuclei. The half-life of the isotope is T;.
The product of the radioactive decay is stable.

755

The variation with time ¢ of the number N of nuclei of the radioactive isotope is shown in
Fig. 5.3.

N,

0N

yd

number

| INEEE

Fig. 5.3

On Fig. 5.3: @
e label, on the time axis, the time t = 1.07; a etimet=20T;

e  sketch the variation with time ¢ of ber of nuclei of the decay product for time t = 0
totmet=T.

(3]

[Total: 9]
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416. 9702 _s21_qp 43 Q: 6
(a) An isolated metal sphere of radius ris charged so that the electric field strength at its surface
is E,.
0

On Fig. 6.1, sketch the variation of the electric field strength £ with distance x from the centre
of the sphere. Your sketch should extend from x = 0 to x = 3r.

Eo
field
strength £
0
0 r 2r VS
dis
Fig. 6.1
[3]
(b) The de Broglie wavelength of a particle is A, whe entum is p,.
On Fig. 6.2, sketch the variation with n of the de Broglie wavelength A of the
particle for values of momentum from %Q Po-
22, T
wavele
0
0 Po Po
momentum p
Fig. 6.2

[2]

?‘]'PapaCambridge
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(c) Aradioactive isotope decays with a half-life of 15s to form a stable product.

A fresh sample of the radioactive isotope at time ¢ = 0 contains N, nuclei and no nuclei of the
stable product.

On Fig. 6.3, sketch the variation with t of the number n of nuclei of the stable product for time
t=0totime f=45s.

No

numbern

(3]

[Total: 8]
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417.9702_w21 qp_41 Q: 12

(a) Define radioactive decay constant.

............................................................................................................................................. [2]
(b) Asample of radioactive iodine-131 ('211) of mass 5.87 x 10~"%kg has an activity of
2.92 x 10°Bq.
Determine the decay constant of iodine-131.
................................................... s71 [3]
(c) Suggest two reasons why a detector ar to the sample in (b) would record a count
rate much less than 2.92 x 10° coun
(2]

[Total: 7]
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(a) Radioactive decay is both random and spontaneous.
State what is meant by:
(i) random
..................................................................................................................................... [11
(ii) spontaneous.
................................................................................................................................ [1]
(b) A sample of radioactive material contains atoms of an unstable nuclid activity of the
sample due to the atoms of X is A. The variation with time t of In A Fig. 12.1.
36.6 2
In(A/Bq)
\\L
36.24—1~
35.8 m
AN
Y
35.4
N
| \\
3 |
5 10 15 20 25
&2 t/min
A g
Fig. 12.1

?‘]'PapaCambridge
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(i) Use Fig. 12.1 to determine the half-life, in minutes, of nuclide X.

half-life = ... min [3]

(ii) Attime t = 0, the mass of the atoms of X in the sample is 5.66 x 10‘”0

Determine the nucleon number of X. Q

o
Qz'o
Q@ e a

[Total: 8]
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419. 9702_w21 qp_43 Q: 12

(a) Define radioactive decay constant.

(b) Asample of radioactive iodine-131 ('211) of mass 5.87 x 10~"Okg has an activity of
2.92 x 109Bq.

Determine the decay constant of iodine-131.

decay con

(c) Suggest two reasons why a detector placed r to the sample in (b) would record a count

rate much less than 2.92 x 10° countiiiE nd.

[Total: 7]
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420. 9702 m20 qp_ 42 Q: 12
(a) Explain what is meant by the binding energy of a nucleus.

(b) The following nuclear reaction takes place:
235 1 144 90
U+ on — '5zCs + ©Rb +

(i) Determine the values of x and y.

(if) State the name of this type of nuclear reaction.

1
Yon

(iii) Compare the binding energy per nucleon of QSS with the binding energy per

nucleon of caesium-144.

The half-life
*

0‘,‘

*

D is 2.7 days.

[Total: 8]
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(a) The decay of a sample of a radioactive isotope is said to be random and spontaneous.
Explain what is meant by the decay being:
(i) random
..................................................................................................................................... [1]
(ii) spontaneous.
.............................................................................................................. 0 [1]
(b) Aradioactive isotope X has a half-life of 1.4 hours.
Initially, a pure sample of this isotope X has an activity of 3.6 ‘1
Determine the activity of the isotope X in the sample after a time .0 hours.
Q activity = .o, Bqg [3]

?’Q'PapaCambridge
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(c) The variation with time t of the actual activity A of the sample in (b) is shown in Fig. 12.1.

4
A/10°Bq \

3

2

1 [

0

0 1 2 3 4
(\ /hours
Fig. 12.1
(i) The initial activity of isotope X in the sampl x 105Bq.

Use information from (b) to sketc @es of Fig. 12.1, the variation with time t of
the activity of a pure sample of isotope [1]

ifference between the actual activity of the sample
u have drawn for the activity of isotope X.

(i) Suggest an explanation for
shown in Fig. 12.1 and the

[Total: 8]
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(a) The decay of a sample of a radioactive isotope is said to be random and spontaneous.
Explain what is meant by the decay being:
(i) random
..................................................................................................................................... [11
(ii) spontaneous.
.............................................................................................................. o 1
(b) Aradioactive isotope X has a half-life of 1.4 hours.
Initially, a pure sample of this isotope X has an activity of 3.6 $1
Determine the activity of the isotope X in the sample after a time .0 hours.
Q E activity = oo Bq [3]

?’Q'PapaCambridge
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(c) The variation with time t of the actual activity A of the sample in (b) is shown in Fig. 12.1.

4
A/10°Bq \
3
AN
2
1 e
0
0 1 2 3 40 5 6
(\ /hours
Fig. 12.1 0
(i) The initial activity of isotope X in the sampl x 105Bq.
Use information from (b) to sketc es of Fig. 12.1, the variation with time f of
the activity of a pure sample of isotope [1]

ifference between the actual activity of the sample
u have drawn for the activity of isotope X.

(ii) Suggest an explanation for
shown in Fig. 12.1 and the

[Total: 8]
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(@) Asample of a radioactive isotope contains N nuclei of the isotope at time T.

Attime (T + AT), the sample contains (N — AN) nuclei of the isotope. The time interval AT is
short.

Use the symbols N, AN, T and AT to give expressions for:

(i) the average activity of the sample during the time AT

....................................................................................................... 0 [1]

(b) The isotope polonium-208 (238Po) is radioactive and decays l%fo -204 (223Pb).
The nuclear equation for this decay is \

28aPo — 23Pb + He. 0‘

Data for nuclear masses are given in Fig. 12.1.

o i
3He 4.002603
293Pb 203.973043
208
o 207.981245
Fig. 12.1

(i) Determine, f y of one nucleus of polonium-208:

1. th , of the mass
*

0‘,‘

*

Mass Change = ... u [1]

?‘]’PapaCambridge
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2. the total energy, in pJ, released.

(1 411 (0 )V pd [3]

(ii) The polonium-208 nucleus is initially stationary. The initial kinetic energy of the
‘Q‘He nucleus (a-particle) is found to be less than the energy calculated in (i) part 2.

Suggest two possible reasons for this difference. qo

2]

[Total: 9]
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(a) State what is meant by the binding energy of a nucleus.
............................................................................................................................................... [2]
(b) Some masses are shown in Fig. 12.1.
mass/u
proton (Ip) 1.007
neutron ({n) 1.009
lanthanum-141 (}1La) nucleus 140.911 0
Fig. 12.1 @
‘ 6
Calculate the binding energy of a nucleus of lanthanum-141 *\
Q z biNdiNg ENErgY = ..o J [4]

(¢) The nuclide lan 1 ('#La) has a half-life of 3.9 hours.

urce contains only lanthanum-141. The initial activity of the source

(i) Calculate'the time for the activity of the lanthanum-141 to be reduced to 0.40A4,.

?‘]'PapaCambridge
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(i) Suggest why the total activity of the radioactive source measured at the time calculated
in (i) may be greater than 0.40A,.

[Total: 10]

T1f]’Papa(.‘.ambridge



T"’_']’PapaCambridge

771

425.9702_s19_qp_43 Q: 12

(@) Asample of a radioactive isotope contains N nuclei of the isotope at time T.

Attime (T + AT), the sample contains (N — AN) nuclei of the isotope. The time interval AT is
short.

Use the symbols N, AN, T and AT to give expressions for:

(i) the average activity of the sample during the time AT

....................................................................................................... 0 [1]

(b) The isotope polonium-208 (238Po) is radioactive and decays l%fo -204 (223Pb).
The nuclear equation for this decay is \

28aPo — 23Pb + He. 0‘

Data for nuclear masses are given in Fig. 12.1.

o i
3He 4.002603
293Pb 203.973043
208
o 207.981245
Fig. 12.1

(i) Determine, f y of one nucleus of polonium-208:

1. th , of the mass
*

0‘,‘

*

Mass Change = ... u [1]
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2. the total energy, in pJ, released.

(1 411 (0 )V pd [3]

(ii) The polonium-208 nucleus is initially stationary. The initial kinetic energy of the
‘Q‘He nucleus (a-particle) is found to be less than the energy calculated in (i) part 2.

Suggest two possible reasons for this difference. qo

2]

[Total: 9]
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426. 9702_w19 _qp_42 Q: 12

Radon-222 (zggﬁa) is a radioactive gas that decays randomly with a decay constant of
7.55 x 1073 hour™".

(a) State what is meant by:

(i) random decay

(ii) decay constant.

eactlwtyo radon gas in a sample o 4.80 x 10 m?" of air taken fro is 0.600 [o ]
(b) The activity of rad i le of ~3m3 of air tak i B

There are 2.52 x 102 air molecules in a volume of 1.00 m® of ai*\

Calculate, for 1.00m? of the air, the ratio

number of air molecul
number of radon a@

[Total: 8]
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427.9702_ml18 qp_ 42 Q: 13

(@) (i) Define radioactive decay constant.

(i) Show that the decay constant A is related to the half-life f: of a radioactive isotope by the
expression

Aty =1In2

0* [2]

(b) A small volume of solution containing the radio isotope sodium-24 (?#Na) has an initial
activity of 3.8 x 10*Bq. Sodium-24, of half% urs, decays to form a stable daughter

isotope.
All of the solution is poured into a co@of water. After 36 hours, a sample of water of
volume 5.0cm3, taken from the cor?, is found to have an activity of 1.2Bqg.

Assuming that the solution o Q ioactive isotope is distributed uniformly throughout the
container of water, calcula cWolume of water in the container.

VOIUME = oo, cm? [4]

[Total: 8]
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(a) State what is meant by radioactive decay.

(b) The variation with time t of the number N of technetium-101 nuclei in a sample of radioactive
material is shown in Fig. 13.1.

10.0
\\
8.0
\\
N/107 N
60 \\‘
4.0
2.0 » ~1
|
20 30 ]
t/min
Fig. 13.1
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(i) Use Fig. 13.1 to determine the activity, in Bqg, of the sample of technetium-101 at time
t = 14.0 minutes. Show your working.

ACHVILY = oo q ............... Bq [4]
(i) Without calculating the half-life of technetium-101, use mur (i) to determine

the decay constant 4 of technetium-101. ‘\

[Total: 8]
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429. 9702 _s18 qp_ 42 Q: 12
(a) State what is meant by radioactive decay.

(b) Anunstable nuclide P has decay constant 4, and decays to form a nuclide D.
This nuclide D is unstable and decays with decay constant 4, to form a stable nuclide S. The
decay chain is illustrated in Fig. 12.1.

decay constant decay constant
Ap Ap
nuclide P —_— nuclide D —_— S
Fig. 12.1 0

The symbols P, D and S are not the nuclide symbols, (

Initially, a radioactive sample contains only nuclide P.
The variation with time ¢ of the number of nuclei ach of the three nuclides in the sample is

shown in Fig. 12.2. :
number Q

Fig. 12.2

?"t.’PapaCambridge
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(i) On Fig. 12.2, use the symbols P, D and S to identify the curve for each of the three

nuclides.

(ii) The half-life of nuclide P is 60.0 minutes.

[2]

Calculate the decay constant A, in s~1, of this nuclide.

Ap = q@ ............ s 2]

(c) Inthe decay chain shown in Fig. 12.1, A;is approximately e%alé.

The decay chain of a different nuclide E is illustrated in Fig..12.

decay constant
Ag

nuclide E —_—

The decay constant A- of nucli a

nuclide E.

By reference to the h
sample is alway

nuclide F

Lo

d@lstant
F

nuclide G

very much larger than the decay constant A; of

de F, explain why the number of nuclei of nuclide F in the

[Total: 8]
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(a) State what is meant by radioactive decay.

(b) The variation with time t of the number N of technetium-101 nuclei in a sample of radioactive
material is shown in Fig. 13.1.

10.0
\\
8.0
\\
N/107 N
60 \\‘
4.0
2.0 » ~1
|
20 30 ]
t/min
Fig. 13.1
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(i) Use Fig. 13.1 to determine the activity, in Bqg, of the sample of technetium-101 at time
t = 14.0 minutes. Show your working.

ACHVILY = oo q ............... Bq [4]
(i) Without calculating the half-life of technetium-101, use mur (i) to determine

the decay constant 4 of technetium-101. ‘\

[Total: 8]
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(a) State what is meant by radioactive decay.

(b) The variation with time ¢ of the number N of undecayed nuclei in a sample of a radioactive
isotope is shown in Fig. 12.1.

6.0

5.0 -

N/1010

4.0

pd
pd

2.0

4 6 8 10 12 14
t/hours

Fig. 12.1
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(i) Use the gradient of the line in Fig. 12.1 to determine the activity, in Bq, of the sample at
time t= 4.0 hours. Show your working.

ACHVILY = oo Bq [3]
(i) Use your answer in (i) to show that the decay constant A of the isotope is approximately
4 x1075s71. e
[2]
(c) A sample of a different radioactive isotope n initial activity of 4.6 x 108Bg. The sample
must be stored safely until its activity i ed to 1.0 x 10°Baq.
The decay constant of the isotopeyi x 1077571, The decay products are not radioactive.

Calculate the minimum tin@ s, for which the sample must be stored.

Q

&

*

[Total: 11]
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(a) State what is meant by radioactive decay.

(b) The variation with time ¢ of the number N of undecayed nuclei in a sample of a radioactive
isotope is shown in Fig. 12.1.

6.0

5.0 -

N/1010

4.0

pd
pd

2.0

4 6 8 10 12 14
t/hours

Fig. 12.1
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(i) Use the gradient of the line in Fig. 12.1 to determine the activity, in Bq, of the sample at
time t= 4.0 hours. Show your working.

ACHVILY = oo Bq [3]
(i) Use your answer in (i) to show that the decay constant A of the isotope is approximately
4 x1075s71. e
[2]
(c) A sample of a different radioactive isotope n initial activity of 4.6 x 108Bg. The sample
must be stored safely until its activity i ed to 1.0 x 10°Baq.
The decay constant of the isotopeyi x 1077571, The decay products are not radioactive.

Calculate the minimum tin@ s, for which the sample must be stored.

Q

&

*

[Total: 11]
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(a) A radiation detector is placed close to a radioactive source. The detector does not surround
the source.
Radiation is emitted in all directions and, as a result, the activity of the source and the
measured count rate are different.

Suggest two other reasons why the activity and the measured count rate may be different.

(b) The variation with time t of the measured count rate in (a) is shown in Fi z

180 T

160

count rate
/min~! 140 +-

120

100

80

60 ‘m\.

40

20 o

0 ]
3 4 5 6 7 8 9 10 11 12 13 14

*
t/hours

' 2 '
: ®
Fig. 12.1

(i) State the feature of Fig. 12.1 that indicates the random nature of radioactive decay.
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(i) Use Fig. 12.1 to determine the half-life of the radioactive isotope in the source.

half-life = ... e ...... hours [4]

(c) The readings in (b) were obtained at room temperature.
A second sample of this isotope is heated to a temperature of 50
The initial count rate at time =0 is the same as that in (b).
The variation with time t of the measured count rate from th ource is determined.

State, with a reason, the difference, if any, in

1. the half-life,

2.

[Total: 10]
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The isotope iodine-131 ('231) is radioactive with a decay constant of 8.6x102day".
[~ particles are emitted with a maximum energy of 0.61 MeV.

(a) State what is meant by

(i) radioactive,

(c) A sample of blood contains 1.2x 107,

Determine, for this sample of b
(i) the activity of the Q@

*
&

*

aCHVILY = e Bq [3]

?‘]'PapaCambridge



"
] o
"P%p a Cambrldge CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS

(ii) the time for the activity of the iodine-131 to be reduced to 1/50 of the activity calculated

in (i).

[Total: 11]
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(a) A radiation detector is placed close to a radioactive source. The detector does not surround
the source.
Radiation is emitted in all directions and, as a result, the activity of the source and the
measured count rate are different.

Suggest two other reasons why the activity and the measured count rate may be different.

(b) The variation with time t of the measured count rate in (a) is shown in Fi z

180 T

160

count rate
/min~! 140 +-

120

100

80

60 ‘m\.

40

20 o

0 ]
3 4 5 6 7 8 9 10 11 12 13 14

*
t/hours

' 2 '
: ®
Fig. 12.1

(i) State the feature of Fig. 12.1 that indicates the random nature of radioactive decay.
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(i) Use Fig. 12.1 to determine the half-life of the radioactive isotope in the source.

half-life = ... e ...... hours [4]

(c) The readings in (b) were obtained at room temperature.
A second sample of this isotope is heated to a temperature of 50
The initial count rate at time =0 is the same as that in (b).
The variation with time t of the measured count rate from th ource is determined.

State, with a reason, the difference, if any, in

1. the half-life,

2.

[Total: 10]
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Beryllium-7 (zBe) is produced in the upper atmosphere and then sinks down onto the Earth’s
surface. Nuclei of beryllium-7 decay with a half-life of 53.3 days to form stable nuclei.

The activity of a sample of beryllium-7 on a tree leaf is 39mBgq.

(a) Show that the decay constant of beryllium-7 is 1.5 x 10~/ s,

(b) Determine the mass of the beryllium-7 on the leaf.

@Qass SRR kg [3]
(c) The leaf is covered so that no@ eryllium-7 is added to the existing sample from the

atmosphere.

Calculate the time se before the activity of the sample is reduced to 2.0mBq.

&

*

[Total: 6]
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437.9702_wl6_qp_41 Q: 12

Radon-222 (%22 Rn) is a radioactive element found in atmospheric air.
The decay constant of radon-222 is 2.1 x 10651,

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

...................................................................................................................................... 2]
(ii) Show that the half-life £: is related to the decay constant A by the expression
At: = 0.693.
[2]

(b) Radon-222 is considered to be an unaccept ealth hazard when the activity of radon-222
is greater than 200Bq in 1.0m?3 of air.

Calculate the minimum mass Q@ZQ in 1.0m3 of air above which the health hazard

becomes unacceptable.

Q@
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438.9702_wl6_qp_43 Q: 12

Radon-222 (%22 Rn) is a radioactive element found in atmospheric air.
The decay constant of radon-222 is 2.1 x 10651,

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

...................................................................................................................................... [2]
(ii) Show that the half-life f: is related to the decay constant A by the expression
At: = 0.693.
[2]

(b) Radon-222 is considered to be an unaceepta ealth hazard when the activity of radon-222
is greater than 200Bq in 1.0m?3 of air.

Calculate the minimum mass &2 in 1.0m3 of air above which the health hazard

becomes unacceptable.

Q@
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