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0 1 The radioactive decay of nuclei is both spontaneous and random.
Explain what is meant by

(a) radioactive decay of a nucleus,

ettt 2]

(c) random decay.

sesesssssssnsssesesessnnnnsns sesssssssese

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been
included, the publisher will be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations is part of the University of Cambridge Local Examinations Syndicate (UCLES), which is itself a
department of the University of Cambridge.

© UCLES 2006 9702/02/M/J/06

For
Examiner’s
Use



0‘ 2 (a) Explain what is meant by radioactive decay. For

Examiner’s
Use

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

(ii) A radioactive source has a long half-life so that, over a period of several days, its
rate of decay remains constant.
State the effect, if any, of a rise in temperature on this decay rate.

(iii)
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03 The Spontaneous and random decay of a radioactive substance involves the emission of

: e - o For
either a-radiation or B-radiation and/or y-radiation.

Examiner’s
Use

(@ 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]
(i) produces the greatest density of ionisation in a medium,
............................................................................................................................ [1]
(iii) does not directly resulﬁ; Jin a change in the proton number of the nucleus,
.................................. [1]
(iv) has arange of energiés, rather than discrete values.
SR WSROI === (N N [1]
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(@) State what is meant b
04 d
OPATICIE: wvvveevvaeese et e e ee e e st ettt e st s e eseee .
B-PArtICIE: ..o.viiiiiiiii e e N o T

YTAAIALON: ot e, IR W ] /%2 730 E\ W8 I

(b) Describe the changes to the proton number and the nucleon number’of a-nucieds when
emission occurs of

(i) an a-particle,
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0 5 (a) State the experimental observations that show radioactive decay is For
Examiner’s
(i) spontaneous, Use

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

(ii) random.

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

a-particle B-particle y-radiation
charge 0
mass 4u
speed up to 0.99¢

[3]

.................................................
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0 6 A uranium-235 nucleus absorbs a neutron and then splits into two nuclei. A possible nuclear
reaction is given by

23U + 3n = BRb + X + 22n + energy.

(@) State the constituent particles of the uranium-235 nucleus.

.............................................................................................................................................. [1]
(b) Complete Fig. 7.1 for this reaction.
value
a
b
c
d
— 3]
~Fig: 7.1

(c) Suggest a possible form of energy released in this reaction.
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07 @ The Spontaneous decay of polonium is shown by the nuclear equation
2P0 =28 pp + X.

(i) State the composition of the nucleus of X.

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

.............................................................................................................................. [1]
(i) The nuclei X are emitted as radiation. State two properties of this radiation:

it e s e e ebe et e eSS s e e e ettt ettt et

R

[2]

(b) The mass of the polonium fpo)ﬁﬁﬁ%hy*ltgﬁé“aterthantﬁe combined mass of the nuclei
of lead (Pb) and X. Use a conservatign-aw to explain qualitatively how this decay is
possible. / o

.........................................................................................................................................
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(0 8 The equation represents the spontaneous radioactive decay of a nucleus of bismuth-212.

@ @O

(i)

(b) ()

(i)

© UCLES 2015

22Bi = X+ BT1 + 6.2MeV
Explain the meaning of spontaneous radioactive decay.

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

Use the conservation of mass-energy to explain the release of 6.2MeV of energy in this
reaction.

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

Calculate the energy, in joules, releas din this reaction.

o eNergy = ...

9702/23/M/JI15




09 (@ Two isotopes of the element uranium are 233U and L

Explain the term isotope.

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

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

(b) (i) In a nuclear reaction, proton number and neutron number are conserved.-Other
than proton number and neutron number, state a quantity that is conserved.in.a
nuclear reaction.

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

235 a 141 a
92U # EM=—D XBa + 3gKr+ 3 pn

State the values of a, b, xand y.

.
DS cnasasssmme sase
XZ cvevrirararorsees
:f WS v siusssassone

(c) When the nucleus of 238U absorbs a neutron, the nucleus decays, emitting an a-particle.
State the proton number and nucleon number of the nucleus that is formed as a result
of the emission of the a-particle.

Proton NUMDET = ........ccveeiimsmisnsssessnssssonaessmnssssssssnns

NUCIEON NUMDET = i
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1 0 (a) Uranium (U) has at least fourteen isotopes. For
Explain what is meant by isotopes. Examiner's
Use

(b) One possible nuclear reaction involving uranium is
235 1 141 92 1
92U + on — '5gBa + IKr + xIn + energy.

(i) State three quantities that are conserved in a nuclear reaction.

(ii) For this reaction, deterrgin%g‘thg v@g_klé%g

1. Z, ; s

W4 OO O [1]
2. x

X T [1]
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11 (@ Twoisotopes of uranium are uranium-235 (%3U) and uranium-238 (238V).

() Describe in detail an atom of uranium-235.

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

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

.............................................................................................................................. [4]
(i) With reference to the two forms of uranium, explain the term isotopes.
.............................................................................................................................. [2]
(b) When a uranium-235 nucleus absorbs a neutron, the following reaction may occur:
235

92U 4
() Determine the values

[2]

(i) Explain why the sum of the masses of the urani'u‘m nucleus and of the neutron does
not equal the total mass of the products of the reaction.

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

..................................................................................................................................
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49 o A polonium nucleus 2E}f;’Po is radioactive and decays with the emission of an a-particle. The | £,

nuclear reaction for this decay is given by Exallliger’s
%P0 = %a+ Yo
(@ (i) Statethevaluesof W......
X o,
Yo
Z o,

(2]

............ ,.vi..b'.:..,.(..» B sioeinions  Sia § 4T § SASREE ¢ g nmmme s sane [1]

R
S
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1 3 (@) A nuclear reaction occurs when a uranium-235 nucieus absorbs a neutron. The reaction For
may be represented by the equation: Examiner's

Use

235 w 93 141 W
U + x" —> 33Rb + ;Cs + Yyn

State the number represented by the letter

(3]

(b) The sum of the masses on the left-hand side of the equation in (a) is not the same as
the sum of the masses on the right-hand side.

Explain why mass seems not to be conserved.
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1 4 Thoron is a radioactive gas. The variation with time t of the detected count rate C from a

. . . For
sample of the gas is shown in Fig. 8.1. Examiner's
Use
A

Y

0US process.

. . international Examinati
(a) Explain, by reference to radioactive decay, wha

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

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

..................................................................................................................................... [2]
(b) State the feature of Fig. 8.1 which indicates that the process is
() a decay process,
............................................................................................................................. [1]
(ii) random.
............................................................................................................................. [1]

© UCLES 2008 9702/02/0/N/08




17

(c) A second similar sample of thoron is prepared but it is at a much higher temperature. For
The variation with time of the count rate for this second sample is determined. Examiner's
State the feature of the decay curves for the two samples that suggests that radioactive | Use
decay is a spontaneous process.

© UCLES 2008 9702/02/0/N/08
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01 (@) Evidence for the nuclear atom was provided by the o-particle scattering experiment.
State the results of this experiment.

e U s S vereefereeed s 0/12]
(b) Give estimates for the diameter of
(i) an atom,
...................... U OPUN | ||

For
Examiner’s
Use
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0 2 The a-particle scattering experiment provided evidence for the existence of a nuclear atom. For

Examiner’s
(@) State what could be deduced from the fact that Use

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

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

(i) a very small proportion of the a-particles was deviated through angles greater
than 90°.

© UCLES 2004 9702/02/0/N/04




0 3 The results of the a-particle scattering experiment provided evidence for the existence and For
small size of the nucleus. Examiner's

Use
(a) State the result that provided evidence for

(i) the small size of the nucleus, compared with the atom,

(b) The a-particles in this experiment.originated.from the decay of a radioactive nuclide.
Suggest two reasons why B-particles from a radioactive source would be inappropriate

for this type of scattering éxperimepf ;
L PATSUIRRRRRTRRTORTE SORTORMRTNN -1 A fvkdhossce / ¢ SNUNNTN NOOTOOO OO
p JUOOUURRORROUTNY U0 YU U Wi T 5 18 08 6 08 JF A TSRO
‘ [2]
© UCLES 2010 9702/22/0/N/10
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04

(a)

(b)

Describe the two main results of the a.-particle scattering experiment.

FesUlt T: i 8 8§ S S VSSRGS 8 8 v e g o 8 ian8 8 SN 5 STHERS +osimare o8 S s e+ S

Relate each of the results in (a) with the conclusions that were made about the nature of
atoms.

result 1:

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

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

© UCLES 2013 9702/21/M/JI13
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05 (@) State one difference between a hadron and a lepton.

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

............................................................................................................................................... [1]
(b) (i) State the quark composition of a proton and of a neutron
PrOtON: oottt b NGNS N d 2
NEUTON: ..ottt eesese e s s ei— |
(2]
(i) Use your answer in (i) to determine the quark composition of an a-particle.
QUArK COMPOSILION: ...t [1]

(c) The results of the a-particle scattering experiment provide evidence for the structure of the
atom.

result 1: The vast majority of o pamcies pass straight through the metal foil or are
deviated by small angle *

result 2: A very small minority iiéles are scattered through angles greater
than 90°.

~~~~~

State what may be inferred from

(i) resultT,

(ii) result 2.

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

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

[Total: 7]
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06 (a) State one difference between a hadron and a lepton.

............................................................................................................................................... [1]
(b) (i) State the quark composition of a proton and of a neutron.
L o4O TOTRRURRTRTOTOTIT IO\ \wn w W 72/ S IS
NEULTON: ...ttt sesesrese | esrereee e e s b
[2]
(ii) Use your answer in (i) to determine the quark composition of an a-particle.
QUATK COMPOSILION: ..ottt [1]

(c) The results of the a-particle scattering experiment provide evidence for the structure of the
atom.

result 1: The vast maj ight through the metal foil or are

result 2: A very smal scattered through angles greater

than 90°.

State what may be inferred

(i) result1,

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

(ii) result 2.

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

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

[Total: 7]
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07 @

(b)

The results of the a-particle scattering experiment gave evidence for the structure of the atom.

State two results and the associated conclusions.

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

In a model of a copper atom of the jsgﬂtpp_ewgg Cu, the atom and its nucleus are assumed to be
spherical.

The diameter of the nucleL The diameter of the atom is 2.3 x 10-1°m,

Calculate the ratio i,

density of the nugleus .
W Sabazalic & 21D
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0 8 (@) State the quantities, other than momentum, that are conserved in a nuclear reaction.

(b) A stationary nucleus of uranium-238 decays to a nucleus of thoriums234,by emitting an
a-particle. The kinetic energy of the a-particle is 6.69 x 10-13J.

(i) Show that the kinetic energy E, of a mass mis related to its momentum by the equation
2

=P~
Ex 2m

(1]

(i) Use the conservation of momentum to determine the kinetic energy, in keV, of the thorium
nucleus.

Kinetic energy = ..........ccccceevveiiiiiniie e, keV [3]
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0 9 Anarrangement for producing stationary waves in air in a tube that is closed at one end is shown

in Fig. 6.1.
g/loudspeaker
signal  ©°

generator )

tube of

adjustable —| L
length
. //
air
S 4
Fig. 6.1

A loudspeaker produces sound waves of wavelength 0.680m in the tube.
For some values of the length L of the tube, stationary waves are formed.

(@) Explain how stationary waves are formed in the tube.

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

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

............................................................................................................................................... [2]
(b) The length L is adjusted between 0.200m and 1.00m.
(i) Calculate two values of [ forwhxchstét;onarywaves are formed.
L = siusissssnnnnnnnenunuves s anmamens mand L= .....ccccccevinvinnnninnnnn. m [2]

(i) On Fig. 6.2, label the positions of the antinodes with an A and the nodes with an N for the
least value of L for which a stationary wave is formed.

—

Fig. 6.2
(1]

© UCLES 2015 9702/23/0IN/15




10

Two parallel, vertical metal plates in a vacuum are connected to a power supply and a switch, as
shown in Fig. 7.1. g e

path of a-particles __
metal —__| | _— metal
radioactjve
souypce ‘
i ™~ power

supply

Fig. 7.1
A radioactive source emitting a-particles is placed below the plates. The path of the a-particles is
shown on Fig. 7.1. The switch is closed producing a potential difference (p.d.) across the plates.
This gives rise to a uniform electric field between the plates.
The separation of the plates is 12 mm.
(@ (@) OnFig.7.1, draw the path of the a-particles. [1]

(ii) Explain why the metal plates are placed in a vacuum.

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

© UCLES 2015 9702/21/0IN/15 [Turn over




16

(iii)) Calculate the p.d. required to produce an electric field of 140MVm™".

(b) The a-particle source is replaced by a p-particle source. By reference. to-the properties of
a-radiation and B-radiation, suggest three possible differences in the deflection observed with
B-particles.

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

(c) Complete Fig. 7.2 to show the changes in the proton number Z and the nucleon number A of
different radioactive nuclei when either.an a-particle or a -particle is emitted.

emitted particle changein A

a-particle

B-particle

Fig. 7.2
(1]
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ﬂ 1 (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 Y \
~\~"“*
//
electric field metal plate

Fig. 7.1

The electric field strength between the plates is reduced. The a-particles are replaced
by p-particles. The deflection of B-particles is shown in Fig. 7.2.

~metal-plate

path of '
6—pa>rticle 3 ,

metal plate

Fig. 7.2

(i) State one similarity of the electric fields shown in Fig. 7.1 and Fig. 7.2.

(ii) 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.

© UCLES 2013 9702/21/0/N/13
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(iii) By reference to the properties of a-particles and B-particles, suggest three reasons
for the differences in the deflections shown in Fig. 7.1 and Fig. 7.2.

(b) A source of a-particles is uranium-238. The nuclear reaction for the emission of
a-particles is represented by

State the values of W.............
D GRS T
Y i,
Z .oy ,
NINIVE (2]
= (c) A source of B-particles is phosp clear reaction for the emission of

B-particles is represented by

State the valuesof A .............
B,
2 RN
D
(1]
© UCLES 2013 9702/21/0/N/13
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12 (@) Describe the structure of an atom of the nuclide 233U,

For
Examiner's
------------------------------------------------------------------------------------------------------------------------------------------ Use
..................................................................................................................................... {2]
(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.
detector of a-particles
o source
path of deflected
a-particles
The detector of a-particles, D, is'moved around the path labelled WXY.
() Explain why the apparatus is enclosed in a vacuum,
............................................................................................................................. [1]
(if) State and explain the readings detected by D when it is moved along WXY.
............................................................................................................................. [3]
Question 6 continues on page 16.
© UCLES 2012 9702/21/0INN2 - [Turn over




16

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

per second passing a point in the beam. Examiner's
Use

NUMDET = .o s1 [3]
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4

3 Ano-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 @— -

Fig. 7.1

(@ On Fig. 7.1, mark the angle of deviation D of this a-particle as a result of passing the
nucleus N. [1]

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

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

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

(d) The nucleus N could be one of several different isotopes of gold.

Suggest, with an explanation, whether different isotopes of gold would give rise to
different deviations of a particular a-particle.

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

For
Examiner's
Use
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(b) Fig. 7.1 shows the path AB of an a-particle as it approaches and passes by a stationary

gold nucleus.
- D
e
~ S
P il
" F
P

Fig. 7.1

On Fig. 7.1, draw lines (one in each case) to complete the paths of the o-particles

passing by the gold nucleus when the initial direction of approach is

(i) along line CD,
(ii) along line EF.

© UCLES 2004 9702/02/0/N/04
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-1 4  The radioactive decay of a strontium (Sr) nucleus is represented in Fig. 7.1. e

92

nucleon 91

number % S —
89
8%6 37 38 39 40

proton number
Fig. 7.1
. (a) State whether Fig. 7.1 represents o-decay, B-decay or y-decay.

(b) One type of radioactive decay cannot be represented on Fig. 7.1.

Identify this decay and explain why it cannof be represented.
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Uranium-236 (%33U) and Uranium-237 (23JU) are both radioactive.
Uranium-236 is an o-emitter and Uranium-237 is a B-emitter.

(@) Distinguish between an a-particle and a B-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 La

eutrons N
neutro 147

146

145

144 il

143

142

141

140
88 89 90 91 92 93 94 95 96 97

proton number Z

Fig. 7.1
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17

The a-decay of Uranium-236 (?33U) is represented on the grid. This decay produces a
nucleus of thorium (Th).

(i) Write down the nuclear equation for this o-decay.

(i) On Fig. 7.1, mark the position for a nucleus of
1. Uranium-237 (mark this position with the letter U),

2. Neptunium, the nucleus produced by the B-decay of Uranium:237 (mark- this
position with the letters Np). [2]

A

© UCLES 2008 9702/02/M/J108
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16 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 ato

m becomes an ion pair. The
ion pair is a positively-charged particle and an electron.

(a) State

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

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

(b) The energy required to produce an ion pair in air at atmospheric pressure is 31eV.
An o-particle has an initial kinetic energy of 8.5 x 10-13J,

() Show that 8.5 x 10-'3J is equivalent to 5.3 MeV.

(]

(i) Calculate, to two significant figures, the number of ion pairs produced as the
a-particle is stopped in air at atmospheric pressure.

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

For
Examiner's
Use
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(iii) Using your answer in (a)(ii), estimate the average number of ion pairs produced
per unit length of the track of the a-particle as it is brought to rest in air.

number per unit length =

9702/23/M/J/10
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(@) The radioactive decay of some nuclei gives rise to the emission of a-particles.

1 7 State

() whatis meant by an a-particle,

.............................................................................................................................. [1]
(i) two properties of a-particles.
T S 0
2 e eeeeeee oo
(2]

(b) One possible nuclear reaction involves the bombardment of a stationary nitrogen-14
nucleus by an a-particle to form oxygen-17 and another particle.

() Complete the nuclear equation for this reaction.

QO e, [2]

(i) The total mass-energy of the nitro
that of the particles r su%ing%fég&
is 1.1 MeV. s DN

Infernational Fx

1. Suggest how it is possible for.m.

gen-14 nucleus and the a-particle is less than
' Teaction. This mass-energy difference

conserved in this reaction.

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

2. Calculate the speed of an a-particle having kinetic energy of 1.1 MeV.

© UCLES 2010 9702/22/M/J0
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q’ 8 A nuclear reaction between two helium nuclei produces a second isotope of helium, two

F
protons and 13.8 MeV of energy. The reaction is represented by the following equation. Exam%er's
Use
SHe + 3He— He + 2 p + 13.8MeV
(@) Complete the nuclear equation. 2]

(b) By reference to this reaction, explain the meaning of the term isotope.

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

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

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

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

(d) Radiation is produced in this s

State

(e) Calculate the minimum number of these reactions needed per second to produce power
of 60W.

NUMDET = oot s71[2]
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1 9 In the decay of a nucleus of 2;2 Po, an a-particle is emitted with energy 5.3 MeV.

The emission is represented by the nuclear equation

2;2Po - QX+ o + energy

(@ () On Fig. 7.1, complete the number and name of the particle, or particles, represented by
A and B in the nuclear equation.

number name of particle or particles
B
Fig. 7.1
(1]
(i) State the form of energy given to the a-particle in the decay of 2;2 Po.

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

(b) A sample of polonium 251,2 20 emits g-particlegﬁ in one day.

Calculate the mean power output fr rgy of the ;x-particles.
POWET = L it W [2]

© UCLES 2014 9702/22/0/N/14




é 0 A nucleus of bismuth-212 (223§Bi) decays by the emission of an a-particle and y-radiation.

(a) State the number of protons and the number of neutrons in the nucleus of bismuth-212.

NUMDBEr Of ProtONS = ..o o e o e ee e
number of NEUroNs = ..........cccoccvero i i e b e
(1]
(b) The y-radiation emitted from the nucleus has a wavelength of 3.8pm.
Calculate the frequency of this radiation.
freqUENCY = .o Hz [3]

(c) Explain how a single beam of a-particles and y-radiation may be separated into a beam of
o-particles and a beam of y-radiation.

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

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

(d) The a-particle emitted from the bismuth nucleus has an initial kinetic energy of 9.3 x 10~13J.
As the a-particle moves through air it causes the removal of electrons from atoms. The
a-particle loses energy and is stopped after removing 1.8 x 10° electrons as it moved through
the air.

Determine the energy, in eV, needed to remove one electron.

ENEEAY = 1w wnnmess swawssssmnnns 5o 165530054 §adiamees e eV [2]

© UCLES 2017 9702/22/FIM/17




21 (@) Explain the difference in densities in solids, liquids and gases using ideas of the spacing |

between molecules. Examiner’s
Use

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

(b) A hydrogen nucleus (proton) may be assumed to be a sphere of radius 1 0 10""m.
Calculate the density of a hydrogen nucleus.

s 4kgm-3, Suggest a reason why

(c) The density of hydrogen gas in a pre 3

ssurised cylinder i
this density is much less than your answer in (b).

B I O i T A S D

..........................................................................................................................................
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22 One of the isotopes of uranium is uranium-238 (°SU).

(@) State what is meant by isotopes.
...................................................................................................................................... [2]
(b) For a nucleus of uranium-238, state
(i) the number of protons,
NUMDET = oo [1]
(i) the number of neutrons.
NUMDET = ..o, [1]
(c) A uranium-238 nucleus has a radius of 8.9 x 10-15m.
Calculate, for a uranium-238 nucleus,.
(i) its mass,
MASS = oot kg [2]
(i) its mean density.
density = ..o kgm3[2]
© UCLES 2010 9702/21/M/J110 [Turn over
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(d)

© UCLES 2010

The density of a lump of uranium is 1.9 x 10* kgm=3,

Using your answer to (c)(ii), suggest what can be inferred about the structure of the
atom.

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

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

9702/21/M/J110
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O 1 (a) Distinguish between an a-particle and a p*-particle.

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

(b) State the equation that shows the decay of a particle in a nucleus that results in B* emission.
All particles in the equation should be shown in the notation that is usually used for the
representation of nuclides.

(2]

(c) (i) State the quark composition of

1. a proton,

[Total: 8]
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0 2 (a) Give one example of
BUINBIEIFDING ¢ evnosn s ewemo s s s s . oo s a5t st £ e 10 6 B 3 SO e e

BIBPION: oot b TSN N

(b) Describe, in terms of the simple quark model,

(i) aproton,

(c) Beta particles may be emitted during the decay of an unstable nucleus of an atom. The
emission of a beta particle is due to the decay of a neutron.

() Complete the following word equation for the particles produced in this reaction.

[Total: 5]
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0 3(a) p-radiation is emitted during the spontaneous radioactive decay of an unstable nucleus.

(i) State the nature of a p-particle.

............................................................................................................................ [1]
(i) State two properties of p-radiation.
W s st s s s s - s s 5 5 e St A e s« s 7o e NG + kAo
PR PSPPPPPPPTURPPPRUPPPURRY IRPRPI -\ o -1ai== el
2]
(iii) Explain the meaning of spontaneous radioactive decay.
............................................................................................................................ (1]

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

Complete the equation.
0 [2]
(c) The B-particle is emitted with-an'energy of 5.7 x 10%eV.
Calculate the speed of the -particle. .
SPEEA = v ms™! [3]

(d) A different isotope of hydrogen is hydrogen-2 (deuterium). Describe the similarities and
differences between the atoms of hydrogen-2 and hydrogen-3.

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

..........................................................................................................................................
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04 Tungsten-184 (184 182

74 W) and tungsten-185 (73 W) are two isotopes of tungsten. For
Examiner's

Tungsten-184 is stable but tungsten-185 undergoes B-décay to form rhenium (Re). v

(a) Explain what is meant by isotopes.

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

.................................................................................................................................... [2]
(b) The B-decay of nuclei of tungsten-185 is spontaneous and random.
State what is meant by
(i) spontaneous decay,
............................................................................................................................ [1]
(ii) random decay.
............................................................................................................................ [1]
(c) Complete the nuclear equation for the B-decay of a tungsten-185 nucleus.
W = B yonursrarmrmanns [2]

© UCLES 2009 9702/22/0/N/09




0 4a) State one difference between a hadron and a lepton.

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

(b) A proton within a nucleus decays to form a neutron and two other particles.-A.partial equation
to represent this decay is

1 1 ;
- N+ + oL
1p o ... .
(i) Complete the equation. [2]

(i) State the name of the interaction or force that gives rise to this decay.

....................................................................................................................................... [1]
(iii) State three quantities that are conserved in the decay.
L ot o s oo s o s nmots wsmon s v S5 e i s o A SNBH§ W RN AETORA AR
o Wb s 3 e e SR ¥ 61 B YU R i ¢ eoonnis » s 3 Eons s mns s oA’ 3 s
B conanassnumns suasusess esonssofums s ssmmons §ial 0 Lymdr PR il s s 13 s ff s SR 4 KBS S S SRARSAS SR ST 58
(3]

(c) Use the quark compositio
elementary charge.

has a charge of +e, where e is the

Explain your working.

(3]

[Total: 10]
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0 6 A neutron decays by emitting a B~ particle.

(@) Complete the equation below for this decay.

ON = BTN
[2]
(b) State the name of the particle represented by the symbol v.
............................................................................................................................................. 1]
(c) State the name of the class (group) of particles that includes $~ and.v
.............................................................................................................................................. (1]

(d) State

(i) the quark structure of the neutron,

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

[Total: 6]
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0 -‘ (@) The following particles are used to describe the structure of an atom.
electron neutron proton quark
Underline the fundamental particles in the above list. [1]

(b) The following equation represents the decay of a nucleus of 2900 to-form. nucleus |\Q by
B~ emission.

890 — 8Q + B~ + x

(i) Complete Fig. 7.1.

value

Fig. 7.1

[1]

(ii) State the name of theiparticle X

............................................
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0 8 (a) Use the quark model to show that

(i) the charge on a proton is +e,

Y (ii) the charge on a neutron is zero.

(b) A nucleus of 33Sr decays by the emission of a B~ particle. A nucleus of SaCu decays by the
emission of a B+ particle.

(i) In Fig. 7.1, state the nucleon number and prbton number for the nucleus produced in
each of these decay processes.

" nucleus formed by B~ decay = nucleus formed by B* decay

nucleon number

proton number

(ii) State the name of the

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

(iii) State the names of the lépténs"ﬁrodu ed in each of the decay processes.
B AECAY: ..oviiiniiii e s WRTS RS EE s G545k 00010 er dbressasssneesesneossseonsaneessasesesensssssseenserenes

B BCAY: ..o et
(1]

[Total: 5]
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0 9 Fig. 8.1 shows the position of Neptunium-231 (zgng) on a diagram in which nucleon

number (mass number) A is plotted against proton number (atomic number) Z.

250

248

246

244

242

240

238

236

234

232

230

228

226

224

86 87 88 89 90 919293 94 95 96 97 98 99

Fig. 8.1

(a) Neptunium-231 decays by the emission of an a-particle to form protactinium.

100

On Fig. 8.1, mark with the symbol Pa the position of the isotope of protactinium

produced in this decay.

(b) Plutonium-243 (243Pu) decays by the emission of a B-particle (an electron).

(1]

On Fig. 8.1, show this decay by labelling the position of Plutonium-243 as Pu and the

position of the daughter product as D.

(2]
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1 0 A stationary nucleus of mass 220u undergoes radioactive decay to produce a nucleus D of
mass 216u and an a-particle of mass 4u, as illustrated in Fig. 3.1.

nucleus

before decay

nucleus D a-particle

after decay

initial kinetic energy
1.0x 1072 J

Fig. 3.1
The initial kinetic energy of the a-particle is 1.0 x 1072 J.

(@) (i) State the law of conservation of linear momentum.

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

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

(i) Explain why the initial velocities of the nucleus D and the o-particle must be in
opposite directions. :

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

(b) () Show that the initial speed of the a-particle is 1.7 x 10’ms™".

(2]

© UCLES 2009 9702/21/0/N/09
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(ii) Calculate the initial speed of nucleus D.

(c) The range in air of the emitted a-particle is 4.5cm.

Calculate the average deceleration of the a-particle as it is stopped by the air.

deceleration =

© UCLES 2009 9702/21/0/N/09
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