QL.

6 (a) A student is provided with a freshly prepared sample of a radicactive material and the
count rate C from the source is found to vary with time t as shown in Fig.6.1(a).

c Cc
(@ G
Cy2- Cy/2-
Cyf4 Cya-
0 ] T T 0 T T
0 50 100 150 4 0 50 q:n ds
L/
Fig. 6.1(a) % 1(b)

A second similar sample of the radioactive materi
repeats the experiment, but with the sample at a
time of the count rate for the second sample is

prepared and the student

State the evidence that is provided by these experiments for

(i) the random nature of radioac%cay.




(b) The radioactive source in (a) is an isotope of radon (220Rn) that emits o-radiation to
become polonium (Po).

{i) State the number of neutrons in one nucleus of radon-220.
AT v s e i i s 1]

(i) Write down a nuclear equation to represent the radioactive decay of a nucleus of
radon.

oooooooooooo

- 590

8 Fig. 8.1 shows the position of Neptunium-231 (%31Np) on’% in which nucleon

(3]

number (mass number) A is plotted against proton number ( umber) Z.
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(a) Neptunium-231
On Fig. 8.1,
produced in th

emission of an o-particle to form protactinium.
the symbol Pa the position of the isotope of protactinium

(1]

decays by the emission of a B-particle (an electron).
is decay by labelling the position of Plutonium-243 as Pu and the
hter product as D. [2]




7

The radioactive decay of nuclei is both spontaneous and random.
Explain what is meant by

(a) radioactive decay of a nucleus,

The radioactive decay of a stronti nucleus is represented in Fig. 7.1.
91
)
90 SRS
89
88

36 37 38 39 40
proton number

Fig. 7.1



(a) State whether Fig. 7.1 represents o-decay, }-decay or +decay.

(b) One type of radioactive decay cannot be represented on Fig. 7.1.
Identify this decay and explain why it cannot be represented.

Q. e

7 Uranium-236 (%35U) and Uranium-237 (¢35U) are both radioactive.
Uranium-236 is an a-emitter and Uranium-237 is a f-emitter. ¢

(a) Distinguish between an a-particle and a p-particle. \




(b) The grid of Fig.7.1 shows some proton numbers Z on the x-axis and the number N of
neutrons in the nucleus on the y-axis.

149

number of 145

t N
neutrons ¥

146

145

144 £

143 0

142

141

140 j
88 89 90 91 92 93 94 95

proton Z

nucleus of thorium (Th). Examint
| Use

The a-decay of Uranium-236 (“28U) is rG@on the grid. This decay produces a

(i) Write down the nuclear equatio@is a-decay.

ucleus produced by the f-decay of Uranium-237 (mark this
letters Np). [2]

Q6.



8 The spontaneous and random decay of a radioactive substance involves the emission of =~ .

either u-radiation or (-racliation and/or -radiation. Exami
Ui

(a) Explain what is meant by spontaneous decay.

- [2
(b) State the type of emission, one in each case, that
(i) is not affected by electric and magnetic fields,
-1
(if) produces the greatest density of ionisation in a medium,
.11

(iii) does not directly result in a change in the proton num

.M

ucleus,

(1]

(iv) has arange of energies, rather than discrete va

(a) State wha isofopes.

...................................................................................................................................... [2]
(b) Fora nucleus of uranium-238, state
(i) the number of protons,
NUMBEE = e [1]
(ii} the number of neutrons.
NUMDBEr = Lo [1]




(c) A uranium-238 nucleus has a radius of 8.9 x 10-'5m.
Calculate, for a uranium-238 nucleus,

(i} its mass,

MASS = e @g [2]
(iij its mean density. Q

Akgm—.
hat can be inferred about the structure of the |z,

(d) The density of a lump of uranium j
Using your answer to (c){ii),
atom.

Q8.



7 (a) The radioactive decay of some nuclei gives rise to the emission of a-particles.
State

(i) what is meant by an c-particle,

.............................................................................................................................. [1]
(if) two properties of a-particles.
L TSR P PRSP RPOTRON
e
(b) One possible nuclear reaction involves the bombardment of nitrogen-14
nucleus by an c-particle to form oxygen-17 and another p;tlc
(i) Complete the nuclear equation for this reaction.
[2]

(ii) The total mass-energy of the nitrogen=1 us and the c-particle is less than
that of the particles resulting from the ction. This mass-energy difference
is 1.1 MeV.

1. Suggest how it is possibl s-energy to be conserved in this reaction.

Q9.




One property of a-particles is that they produce a high density of ionisation of air at
atmospheric pressure. In this ionisation process, a neutral atom becomes an ion pair. The |z
ion pair is a positively-charged particle and an electron.

(a) State

(i) whatis meant by an a-particle,

1]
(if) an approximate value for the range of u-particles in air at atmospheric pressure.

£ AT s [= 7 U ND PPN . W | 1

(b) The energy required to produce an ion pair in air at atmospheric pr. 31eV.
An o-particle has an initial kinetic energy of 8.5 x 10~'3J.

(i) Show that 8.5 x 10~'%J is equivalent to 5.3MeV. 0\

>
&

& figures, the number of ion pairs produced as the
air at atmospheric pressure.

(1]

(if) Calculate, to
a-particle is

*

"”

®

10



(iii) Using your answer in (a)(ii), estimate the average number of ion pairs produced
per unit length ofthe track ofthe a-particle asit is brought torest in air.

number per unitlength = ... [2]

Q10.

\/
7 (@) The spontaneous decay of polonium is shown by the nu% ion

218 Po 222 Pb +x.o

() State the composition of the nucleus of

..... ettt e et ee e e enneenene s nnesneeennnene [ 1]
(i) The nuclei X are emitted a@tion. State two properties of this radiation.

23
oo
A
(b) The mass of the polonium (Po) nucleus is greater than the combined mass of the nuclei
of lead (Pb) and X. Use a conservation law to explain qualitatively how this decay is
possible.

Q11.

11



T (a) A nuclear reaction occurs when a uranium-233 nucleus absorbs a neutron. The reaction | .,
may be represented by the equation: Exam.

235 W g3 141 W
pY+yxn —  FRb +7;Cs +Y%n

State the number represented by the letter

(b) The sum of the masses on the left-hand side of the equation in (a) is @ame as
the sum of the masses on the right-hand side.

Explain why mass seems nhot to be conserved.

Q12.

12



7 A radioactive source emits c-radiation and -radiation.

.F
Eram
Explain how it may be shown that the source does not emit f-radiation using b
(a) the absorption properties of the radiation,
(b) the effects of a magnetic field on the radiation.
Q13. o
7 (a) Describe the two main results article scattering experiment. 5
Examiner
Lise

A [3]
(b) Rélate ea e results in (a) with the conclusions that were made about the nature of
atoms.
B
FESUI 20 .. e e e e s

Q14.
13



7

Q15.

7

A polonium nucleus “3Po is radioactive and decays with the emission of an o-particle. The

nuclear reaction for this decay is given by

‘4Po = Mo+ ‘e
(a) (i) Statethevaluesof W ...............
X i
b
L

(2]

(a) Two isotopes of uranium are uranium@zw and uranium-238 (QSgU).

Eraminers
(I} Describe in detail an atom o@m-ms.

A S . A [4]

14

For

Lise



(b} When a uranium-235 nucleus absorbs a neutron, the following reaction may occur:
2BU + % = "Bla + $a + 3%n

(i) Determine the values of ¥ and 2.

(2]

(if) Explain why the sum of the masses of the uranium nucleus and of the neutron does
not equal the total mass of the products of the reaction.

Q16. ‘

8 A nucleus of an atom of francium (Fr) contains 87 pri S 133 neutrons.

(a) Write down the notation for this nuclide. 0

[2]

(b) The nucleus decays by Qis:;ion of an o-particle to become a nucleus of

astatine (At).

Write down a Q

&

®

n to represent this decay. 2]

Q17.

15




One isotope of iron may be represented by the symbol
32 Fe.
(a) State, for one nucleus of this isotope,

(i) the number of protons,

(ii) the number of neutrons.

(b) The nucleus of this isotope of iron may be assumed to be a sph@f radius
57x107""m.

Calculate, for one such nucleus, .

0 the mass, 0\

cﬁ‘@
&P

Q’b — )

(ii) the densi

"”

*

BB S s kgm

16

use




(c) An iron ball is found to have a density of 7900 kgm™. By reference to your answer in
(b)(ii), suggest what can be inferred about the structure of an atom ofiron.

Q18.

7 The a-particle scattering experiment provided evidence for the existence of a nuclear atom.
(a) State what could be deduced from the fact that 0

(i) most u-particles were deviated through angles of less than 10°

than 90°.

Q19.

17



7 (a) Evidence for the nuclear atom was provided by the o-particle scattering experiment.
State the results of this experiment.

(b) Give estimates for the diameter of
(i} anatom,

(ii)) a nucleus.

L/
Q20. g‘
8 Thoron is a radioactive gas. The variation with time etected count rate C from a For
sample of the gas is shown in Fig.8.1. Examin
s

° o
#ﬁ
& b,
T o

Fig. 8.1

18



Radioactive decay is said to be a random and spontaneous process.

(a) Explain, by reference to radioactive decay, what is meant by a random process.

..................................................................................................................................... [2]
(b) State the feature of Fig. 8.1 which indicates that the process is
(i) adecay process,
............................................................................................................................. [1]
(if) random. 0
.......................................................................................................... [1]

L/
(c) A second similar sample of thoron is prepared bt it is at \gher temperature.

F
The variation with time of the count rate for this seco s determined. jEmei;.
State the feature of the decay curves for the two sa suggests that radioactive Uee
decay is a spontaneous process.

Q21.

19



7 An co-particle A approaches and passes by a stationary gold nucleus N. The path is illustrated |

in Fig. 7.1.

a-particle B @——»——

a-particle A

S

nucleus N. [1]

(a) On Fig. 7.1, mark the angle of deviation D of this c@ a result of passing the

(b) A second c-particle B has the same initial direction‘and energy as c-particle A.
On Fig. 7.1, complete the path of c«-parti it approaches and passes by the
nucleus N. [2]

(c) State what can be inferred about the observation that very few c-particles
experience large deviations.

(d) Ttl one of several different isotopes of gold.
¢
%u planation, whether different isotopes of gold would give rise to

different d s of a particular c-particle.

Q22.

20
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1?2%‘) are two isotopes of tungsten.

7 Tungsten-184 ('25W) and tungsten-185 (
Tungsten-184 is stahle but tungsten-185 undergoes [f-decay to form rhenium (Re).

(a) Explain what is meant by isofopes.

(b) The [-decay of nuclei of tungsten-185 is spontaneous and random.
State what is meant by

() spontaneous decay,

(i} random decay.

(c) Complete the nuclear equatio [-decay of a tungsten-185 nucleus.
185

21



7 (a) Uranium (U) has at least fourteen isotopes.
Explain what is meant by isofopes.

(b) One possible nuclear reaction involving uranium is

235 1 141 92
53U +0h — 'iiBa + “sKr + an + energy.

(I} State three quantities that are conserved in a nuclear reaction.

22

For
Examing
Use




7 The results of the u-particle scattering experiment provided evidence for the existence and
small size of the nucleus.

(a) State the result that provided evidence for

(I} the small size of the nucleus, compared with the atom,

(ii) the nucleus being charged and containing the majority of the mass of the atom.

(b) The u-particles in this experiment originated from the dec*sadioactive nuclide.
e would be inappropriate

Suggest two reasons why -particles from a radioacti
for this type of scattering experiment.

Q25.

23
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9 (a) Explain what is meant by radioactive decay.

(b) (i) State how the random nature of radioactive decay may be inferred from observations
of the count rate.

rate of decay remains constant.
State the effect, if any, of a rise in temperature on this decay .

(if} A radioactive source has a long half-life so that, over a period of@al days, its

.................................................................................. gl B o 1]

(iii) Suggest why some radioactive sources are found t* in traces of helium gas.

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

.................................................. @ 2]
Q26. ()
7 (a) Two isotopes of the eleme@re 23U and 43u. s

2 Examint

Lise

Explain the term i

proton number and neutron number, state a quantity that is conserved in a
nuclear reaction.

24



(ii) When a nucleus of uranium-235 absorbs a neutron, the following reaction may take
place.

285 4 2 141 g
U+ in— " Ba+ fKr+3 In

State the values of a, b, x and y.

-
B=

N = o

Y= e

[3]

(c) Whenthe nucleus ofzggu absorbs a neutron, the nucleus decays, e a-particle

State the proton number and nucleon number of the nucleus that i
of the emission of the u-particle.

0\
proton numberd .........................................

nucleon num e —
(2]
. @,
7 (a) State the experimental observati t show radioactive decay is For
Ex aminers
(i) spontaneous, Use
................................................................................................... [1
(if) rand
*
Do .22
A
.................................................................................................................... [1

{b) On Fig. 7.1, complete the charge and mass of u-particles, p-particles and y-radiation.
Give example speeds of u-particles and y-radiation emitted by a laboratory source.

a-particle p-particle y-radiation
charge 0
mass 4u
speed up to 0.99¢
Fig. 71

[31

25



(c) Explain the process by which c-particles lose energy when they pass through air.

...................................................................................................................................... [2]
Q28.
6  Two horizontal metal plates are separated by distance d in a vacuum. A potential difference V.
is applied across the plates, as shown in Fig. 6.1. | & an
u
+V—
> @QL
radioactive [ I | o \ d
source | | I I \"
\ a '
heani of 6 | metal plate
CJ;.-.
A horizontal beam of ¢-particle radioactive source is made to pass between the

plates.

ié‘ s from a radioactive source is made to pass between the

A horizontal bea

plates.
(a) State a effect on the deflection of the u-particles for each of the following
n
Y
F’ de of V is increased.
.............................................................................................................................. [1]
(if) The separation d of the plates is decreased.
.............................................................................................................................. [1

26



(b) The source of a-particles is replaced with a source of f-particles. Far
Compare, with a reason in each case, the effect of each of the following properties on |Eaina
the deflections of o- and p-particles in a uniform electric field: tse
(I} charge

(if) mass

(¢} The electric field gives rise to an ac
Determine the ratio

of the B-particles

Q29.

27



(a) Describe the structure of an atom of the nuclide %35U.

(b) The deflection of a-particles by a thin metal foil is investigated with the arrangement
shown in Fig. 6.1. All the apparatus is enclosed in a vacuum.

P

detector of «-particl

a source path of deflect

a-particles

The detector of -particles, D, is moved arou e path labelled WWXY.
(i) Explain why the apparatus is e@ in a vacuum.

28
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(c) A beam of a-particles produces a current of 1.5pA. Calculate the number of a-particles | .,

per second passing a point in the beam. Examir
Lise

number = ...........ccocoeeieieieene. 0 s [3]

7 A nuclear reaction between two helium nuclei produces a s pe of helium, two A
protons and 13.8 MeV of energy. The reaction is represented * owing equation. Exam

Q30.

(2]

29



(d) Radiation is produced in this nuclear reaction.
State

(i) apossible type of radiation that may be produced,

(e} Calculate the minimum number of these reactions needed per second to produce power

of 6OW.
L/
number = ......... ‘\ ..................... s [2]

Q31.
6 (a) p-radiation is emitted during the spontaneo @ive decay of an unstable nucleus.
£

(i) Statethe nature ofa ﬁ-particleo :

(2]
(u? ning of spontaneous radioactive decay.
L "
Q® i
-1

30



(b) The following equation represents the decay of a nucleus of hydrogen-3 by the emission
of a p-particle.

Complete the equation.

o e :

(c) The p-particle is emitted with an energy of 5.7 x 10%eV.

Calculate the speed of the p-particle.

Z

... ms~" [3]

Q32.
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7 (a) An electric field is set up between two parallel metal plates in a vacuum. The deflection
of a-particles as they pass between the plates is shown in Fig. 7.1.

metal plate

path of
a-particles
Cal 'ﬁh—-________
T
/
electric field metal plate
Fig. 7.1 z
The electric field strength between the plates is reduced. The are replaced

by p-particles. The deflection of g-particles is shown in Fis?.

N

a-particles are replaced

The electric field strength between the plates is re
by p-particles. The deflection of p-particles is show

metal pl

path of
ﬁ—pa{rtic[es |

@ / \
! electric field metal plate

Fig. 7.2

*

"0’

() State on arity of the electric fields shown in Fig. 7.1 and Fig. 7.2.

32




(if} The electric field strength in Fig. 7.2 is less than that in Fig. 7.1. State two methods
of reducing this electric field strength.

T e R T SRS R R R R R e
2o s e e e e e R e
(2]

(iii) By reference to the properties of c-particles and p-particles, suggest three reasons o

for the differences in the deflections shown in Fig. 7.1 and Fig. 7.2. Examic

U

(b) A source of c-particles is uranium-238. ear reaction for the emission of

a-particles is represented by
238 14
92U 0 + o
State the values of IWV....... Q iz:

(2]

irticles is phosphorus-32. The nuclear reaction for the emission of
isTepresented by

*
Do
(c) A mrce
p-particle

32 4 C
15P —> R + 7.

State the values of A ...............

(1

33



