9702/22/FIM/23 Q7 18

1.(a) Nuclei X and Y are different isotopes of the same element.
Nucleus X is unstable and emits a f* particle to form nucleus Z.

By comparing the number of protons in each nucleus, state and explain whether the charge
of nucleus X is less than, the same as or greater than the charge of:

(i) nucleusY

..................................................................................................................................... [1]
(ii) nucleus Z.
..................................................................................................................................... [2]
(b) Hadrons can be divided into two groups (classes), P and Q. Group P is baryons.
(i) State the name of group Q.
..................................................................................................................................... [1]
(ii) Describe, in general terms, the quark structure of hadrons that belong to group Q.
..................................................................................................................................... [1]

[Total: 5]
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2.(a) Describe the structure of an atom of uranium-238, 235U,

............................................................................................................................................. [2]
(b) The decay of uranium-238 is shown by the equation
238 234
oYU =™ “golh + X
For nucleus X, calculate the ratio, in Ckg‘1, of
charge
mass
FAtIO = oo Ckg™ [3]

(c) Two particles P and Q each consist of three quarks. These quarks are up (u) or down (d)
quarks.

Particle P has no overall charge.

Particle Q has an overall charge of +2e, where e is the elementary charge.
State the quark composition of:

(i) particle P

[Total: 7]

© UCLES 2022 9702/22/0/N/22
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3. (@) Alepton is an example of a fundamental particle.

State what is meant by fundamental particle.

(b) A lambda particle A° is a hadron that consists of an up (u) quark, a down (d) quark and a
strange (s) quark.

Show that the charge on the A° particle is zero.

[2]
(¢) The A? particle is unstable. It can decay into a neutron (n) and a pion (z°) as shown by
A —>n + 0.
The =0 particle consists of an up quark and an up antiquark.
(i) Compare the properties of an up quark and an up antiquark.
..................................................................................................................................... [2]

[Total: 7]

© UCLES 2022 9702/21/0/N/22



9702/23/M/J/22 Q7 16

4.(a) [I;lug;irr;iz? (18F) is an isotope that decays to an isotope of oxygen (O) by the emission of a

(i) Complete the nuclear equation for the decay, including all the particles involved.

18
8F —
3]

(ii) Aquark in the fluorine-18 nucleus changes flavour during the decay. State this change of
flavour.

......................... quark to .........ccccceeeeee quark. [1]
(b) A hadron has a charge of —2e, where e is the elementary charge.

(i) State and explain whether the hadron is a meson or a baryon.

[Total: 7]

© UCLES 2022 9702/23/M/J/22
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5.(a) A nucleus of caesium-137 (12203) decays by emitting a f~ particle to produce a nucleus of an

element X and an antineutrino. The decay is represented by
Blcs > X+ Ep+ v

(i) State the number represented by each of the following letters.

[2]

(ii) State the name of the class (group) of particles that includes the p~ particle and the
antineutrino.

(b) A particle Y has a quark composition of ddd where d represents a down quark.
A particle Z has a quark composition of ud where U represents an up antiquark.

(i) Show that the charges of particles Y and Z are equal.

[2]
(ii) State and explain which particle is a meson and which particle is a baryon.

[Total: 7]

© UCLES 2022 9702/22/M/J/22
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6.(a) An unstable nucleus QX decays by emitting a ™ particle.

(i) Determine quantitatively the changes, if any, in A and Z when X decays.

Change IN A = e

Change in Z = ...

(ii) In addition to the p~ particle, another lepton is emitted during the decay.

State the name of the other lepton that is emitted.

(b) A particle P is composed of an up quark (u) and a down antiquark (d).

(i) Calculate the charge q of particle P in terms of e, where e is the elementary charge.

Show your working.

(ii) Particle P belongs to two classes (groups) of particles.

State the names of these two classes.

[Total: 7]

© UCLES 2022 9702/21/M/J/22
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7.(a) A nucleus of sodium-22 (%ﬁNa) decays by emitting a p* particle. A different nucleus is formed
by the decay.

(i) State the name of another lepton that is produced by the decay.

(ii) Determine the nucleon number and the proton number of the nucleus that is formed by
the decay.

NUCIEON NUMDEN = oo,

proton NUMDbEr = ... e

(ili) The quark composition of a nucleon in the sodium-22 nucleus is changed during the
decay.

Describe the change to the quark composition of the nucleon.

(b) Abaryon consists of quarks that are the same flavour (type). The charge of the baryon is —2e,
where e is the elementary charge.

(i) Calculate, in terms of e, the charge of each quark.

[Total: 6]

© UCLES 2022 9702/22/FIM/22
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8. A stationary nucleus P of mass 243u decays by emitting an a-particle of mass 4u to form a
different nucleus Q, as illustrated in Fig. 7.1.

v 1.6 x 10" ms™"

nucleus P nucleus Q a-particle
mass 243 u mass 4 u
BEFORE DECAY AFTER DECAY
Fig. 7.1

The initial speed of the a-particle is 1.6 x 10" ms™".

(a) Use the principle of conservation of momentum to explain why the initial velocities of nucleus Q
and the a-particle must be in opposite directions.

............................................................................................................................................. [2]
(b) Determine the initial speed v of nucleus Q.
VS et ms~! [2]
(c) Calculate the initial kinetic energy, in MeV, of the a-particle.
Kinetic energy = ....ooovviiiii e, MeV [3]

© UCLES 2021 9702/22/0/N/21
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(d) A graph of number of neutrons N against proton number Z is shown in Fig. 7.2.

151

150

149

number of P
neutrons N 148 0

147

146

45
92 93 94 95 96 97 98
proton number Z

Fig. 7.2
The graph shows a cross that represents nucleus P.
A nucleus R has a nucleon number of 242 and is an isotope of nucleus P.
Nucleus R decays by emitting a p~ particle to form a different nucleus S.
(i) On Fig. 7.2, draw a cross to represent:
1. nucleus R (label this cross R)

2. nucleus S (label this cross S).

[2]

(ii) State the name of the other lepton, in addition to the §~ particle, that is emitted during the
decay of nucleus R.

[Total: 10]

© UCLES 2021 9702/22/0/N/21
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9. (@) Complete Table 6.1 to show the masses (in terms of the unified atomic mass unit u) and
charges (in terms of the elementary charge e) of a, f* and f~ particles.

Table 6.1

mass/u charge/e

a-particle

B* particle

B~ particle
[4]
(b) Carbon-14 is radioactive and decays by emission of §~ particles.
(i) Nuclei do not contain ™ particles.
Explain the origin of the §~ particle that is emitted from the nucleus during 3~ decay.
..................................................................................................................................... [1]

(ii) State the change in the quark composition of a carbon-14 nucleus when it emits a
B~ particle.

[Total: 8]

© UCLES 2021 9702/21/0/N/21
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10.(a) State the quark composition of:

(i) a proton

..................................................................................................................................... [1]
(ii) aneutron

..................................................................................................................................... [1]
(iii) an alpha-particle.

..................................................................................................................................... [2]

(b) In the alpha-particle scattering experiment, alpha-particles were directed at a thin gold foil.
State what may be inferred from:

(i) the observation that most alpha-particles pass through the foil

(ii) the observation that some alpha-particles are scattered through angles greater than 90°.

..................................................................................................................................... [2]
(c) A proton and an alpha-particle are moving in the same uniform electric field.
Determine the ratio
acceleration of proton due to the electric field
acceleration of alpha-particle due to the electric field -
Fatio = oo [2]

[Total: 9]

© UCLES 2021 9702/23/M/J/21
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11. (@) One of the results of the a-particle scattering experiment is that a very small minority of the
a-particles are scattered through angles greater than 90°.

State what may be inferred about the structure of the atom from this result.

(b) An a-particle is made up of other particles. One of these particles is a proton.

State and explain whether a proton is a fundamental particle.

(c) A radioactive source produces a beam of a-particles in a vacuum. The average current
produced by the beam is 6.9 x 10°A.

Calculate the average number of a-particles passing a fixed point in the beam in a time of
1.0 minute.

(d) The a-particles in the vacuum in (c) enter a uniform electric field. The a-particles enter the
field with their velocity in the same direction as the field.

State and explain whether the magnitude of the acceleration of an a-particle due to the field
decreases, increases or stays constant as the a-particle moves through the field.

© UCLES 2021 9702/22/M/1J/121
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(e) Anucleus X is an isotope of a nucleus Y. The mass of nucleus X is greater than that of Y.

Both of the nuclei are in the same uniform electric field.

State and explain whether the magnitude of the electric force acting on nucleus X is greater
than, less than or the same as that acting on nucleus Y.

[Total: 10]

© UCLES 2021 9702/22/M/1J/121



9702/21/M/J/21 Q6(a) 14

12.(a) A proton in a nucleus decays to form a neutron and a B* particle.

(i) State the name of another lepton that is produced in the decay.

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

(iii) State which of the three particles (proton, neutron or p* particle) has the largest ratio of
charge to mass.

(iv) Use the quark model to show that the charge on the proton is +e, where e is the
elementary charge.

[2]
(v) The quark composition of the proton is changed during the decay.

Describe the change to the quark composition.

© UCLES 2021 9702/21/M/1J/121
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13.(a) The results of the a-particle scattering experiment provide evidence for the structure of the
atom.

Result 1: The vast majority of the a-particles pass straight through the metal foil or are
deviated by small angles.

Result 2: A very small minority of a-particles is scattered through angles greater than 90°.
State what may be inferred (deduced) from:

(i) result1

..................................................................................................................................... [1]
(i) result 2.
..................................................................................................................................... 2]
(b) A radioactive decay sequence contains four nuclei, P, Q, R and S, as shown.
218 214 214
gaP - g2 Q - g3R —> S
Nucleus S is an isotope of nucleus P.
(i) Determine the proton number and the nucleon number of nucleus S.
Proton NUMDET = ..o
NUCIEON NUMDEN = oo
(2]
(ii) The quark composition of a nucleon in Q changes as Q decays to form R.
Describe this change to the quark composition of the nucleon.
..................................................................................................................................... [1]

[Total: 6]

© UCLES 2021 9702/22/FIM/21
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14. (c) The B~ particle is produced by the decay of a neutron.

(i) Complete the equation below to represent the decay of the neutron.

on = P+ o
................ 2]
(ii) State the name of the group (class) of particles that includes:
1. neutrons
2. [ particles.
[2]

© UCLES 2020 9702/23/M/J/20
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15. (d) A nucleus of an element X decays by emitting a B* particle to produce a nucleus of
potassium-39 (?SK) and a neutrino. The decay is represented by

X —> 3K + Bt + Qv

(i) State the number represented by each of the following letters.

P
Q
R e
S
[2]
(ii) State the name of the interaction (force) that gives rise to f* decay
..................................................................................................................................... [1]

(b) A hadron is composed of three identical quarks and has a charge of +2e, where e is the
elementary charge.

Determine a possible type (flavour) of the quarks.
Explain your working.

[Total: 5]

© UCLES 2020 9702/22/M/J/20



9702/22/F/IM/20 Q7 15
16. (@) State and explain whether a neutron is a fundamental particle.

............................................................................................................................................. [1]
(b) A proton in a stationary nucleus decays.
(i) State the two leptons that are produced by the decay.
..................................................................................................................................... [2]
(ii) Part of the energy released by the decay is given to the two leptons.
State two possible forms of the remainder of the released energy.
..................................................................................................................................... [2]

[Total: 5]

© UCLES 2020 9702/22/FIM/20
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17. A nucleus of plutonium-238 (233Pu) decays by emitting an o-particle to produce a new nucleus X
and 5.6 MeV of energy. The decay is represented by

2%Pu —> X + a + 5.6MeV.

(@) Determine the number of protons and the number of neutrons in nucleus X.

number Of ProtoNSs = ..o

NUMDET Of NEUIIONS = ..o e

(b) Calculate the number of plutonium-238 nuclei that must decay in a time of 1.0s to produce a
power of 0.15W.

NUMDET = ..ottt eeeeeeeeeeeeees [2]

[Total: 4]

© UCLES 2019 9702/22/0/N/19
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18. (a) The decay of a nucleus $3Ar by B+ emission is represented by
SOAr = X + B+ V.
A nucleus X and two particles, f* and Y, are produced by the decay.
State:

(i) the proton number and the nucleon number of nucleus X

Proton NUMDEr = ..o,

NUCIEON NUMDET = oo

[1]
(ii) the name of the particle represented by the symbol Y.
..................................................................................................................................... [1]
(b) A hadron consists of two down quarks and one strange quark.
Determine, in terms of the elementary charge e, the charge of this hadron.
charge = ..o [2]
[Total: 4]

© UCLES 2019 9702/21/0/N/19
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19. Asample of a radioactive substance may decay by the emission of either a-radiation or p-radiation
and/or y-radiation.

State the type of radiation, one in each case, that:

(a) consists of leptons

............................................................................................................................................... [1]
(b) contains quarks
............................................................................................................................................... [1]
(c) cannot be deflected by an electric field
............................................................................................................................................... [1]
(d) has a continuous range of energies, rather than discrete values of energy.
............................................................................................................................................... [1]

[Total: 4]

© UCLES 2019 9702/23/M/J/19
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20. (a) One of the results of the a-particle scattering experiment is that a very small minority of the
a-particles are scattered through angles greater than 90°.

State what may be inferred about the structure of the atom from this result.

(b) Ahadron has an overall charge of +e, where e is the elementary charge. The hadron contains
three quarks. One of the quarks is a strange (s) quark.

(i) State the charge, in terms of e, of the strange (s) quark.

(ii) The other two quarks in the hadron have the same charge as each other.

By considering charge, determine a possible type (flavour) of the other two quarks.
Explain your working.

[Total: 5]
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21. (@) The names of four particles are listed below.
alpha beta-plus neutron proton
State the name(s) of the patrticle(s) in this list that:

(i) are not fundamental

....................................................................................................................................... [1]
(ii) do not experience an electric force when situated in an electric field
....................................................................................................................................... [1]
(iii) has the largest ratio of charge to mass.
....................................................................................................................................... [1]
(b) A hadron has a charge of +e where e is the elementary charge. The hadron is composed of

only two quarks. One of these quarks is an antidown (d) quark. By considering charge, state
and explain the name (flavour) of the other quark.

[Total: 6]

© UCLES 2019 9702/22/F/IM/19
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22. (a) Inthe following list, underline all particles that are leptons.
antineutrino positron proton quark [1]

(b) A stationary nucleus of magnesium-27, %Mg, decays by emitting a p~ particle and y radiation.
An incomplete equation to represent this decay is

ZMg —> X + BT+ y.

(i) State the nucleon number and the proton number of nucleus X.

NUCIEON NUMDET = ..o
ProtoN NUMDET = ..o
(2]
(i) State the name of the interaction that gives rise to this decay.
....................................................................................................................................... [1]

(iii) State two possible reasons why the sum of the kinetic energy of the p~ particle and the
energy of the y radiation is less than the total energy released during the decay of the
magnesium nucleus.

[Total: 6]

© UCLES 2018 9702/22/0/N/18
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23. A graph of nucleon number A against proton number Zis shown in Fig. 7.1.

219
218
217
216
215
214 X
213
212
211
210

09
80 81 82 83 84 85 86 87 88
Z

Fig. 7.1
The graph shows a cross (labelled P) that represents a nucleus P.

Nucleus P decays by emitting an a particle to form a nucleus Q.
Nucleus Q then decays by emitting a f~ particle to form a nucleus R.

(@) On Fig. 7.1, use a cross to represent
() nucleus Q (label this cross Q), (1]
(ii) nucleus R (label this cross R). (1]

(b) State the name of the class (group) of particles that includes the p~ particle.

(c) The quark composition of one nucleon in Q is changed during the emission of the ~ particle.
Describe this change to the quark composition.

[Total: 4]

© UCLES 2018 9702/23/M/J/18
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A stationary nucleus X decays to form nucleus Y, as shown by the equation

(@)
(b)

(c)

(d)

(e)

X—=>Y +p +V.
In the above equation, draw a circle around all symbols that represent a lepton. [1]

State the name of the particle represented by the symbol v.

Energy is released during the decay process. State the form of the energy that is gained by
nucleus Y.

The quark composition of one nucleon in X is changed during the emission of a B~ particle.
Describe this change to the quark composition.

[Total: 6]

© UCLES 2018 9702/22/M/J/18
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25. A sample of a radioactive isotope emits a beam of f~ radiation.

(a) State the change, if any, to the number of neutrons in a nucleus of the sample that emits a
B~ particle.

(b) The number of §~ particles passing a fixed point in the beam in a time of 2.0 minutes is
9.8 x 1019,

Calculate the current, in pA, produced by the beam of ~ particles.

CUITENT = o pA [3]

(c) Suggest why the B~ particles are emitted with a range of kinetic energies.

[Total: 6]

© UCLES 2018 9702/22/F/M/18
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26. A stationary nucleus X decays by emitting a p* particle to form a nucleus of carbon-13 (12C). An
incomplete equation to represent this decay is

X — BCc + p~.

(a) State the name of the class (group) of particles that includes p+.

............................................................................................................................................... [1]
(b) For nucleus X, state the number of

protons,  ..eiiiieene

neutrons. ... [1]

(c) The carbon-13 nucleus has a mass of 2.2 x 10726kg. Its kinetic energy as a result of the
decay process is 0.80MeV.

Calculate the speed of this nucleus.

(d) Explain why the sum of the kinetic energies of the carbon-13 nucleus and the p* particle
cannot be equal to the total energy released by the decay process.

[Total: 6]

© UCLES 2017 9702/22/0/N/17
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27. Aneutron within a nucleus decays to produce a proton, a f~ particle and an (electron) antineutrino.
N—>p+p +v

(a) Use the quark composition of the neutron to show that the neutron has no charge.

[3]

(b) Complete Fig. 8.1 by giving appropriate values of the charge and the mass of the proton,
the B~ particle and the (electron) antineutrino.

proton B~ particle antineutrino

charge

mass

Fig.8.1
(2]

[Total: 5]

© UCLES 2017 9702/21/0/N/17
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28.(a) 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) '[I3'he fgllqwing equation represents the decay of a nucleus of 2900 to form nucleus Q by
~emission.

60 A -
57Co — 5Q + B~ + x

(i) Complete Fig. 7.1.

value
A
B
Fig. 7.1
(1]
(ii) State the name of the particle x.

....................................................................................................................................... [1]
[Total: 3]

© UCLES 2017 9702/23/MIJI17
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29. (a) Describe two differences between the decay of a nucleus that emits a B~ particle and the
decay of a nucleus that emits a B* particle.

(b) In a simple quark model there are three types of quark. State the composition of the proton
and of the neutron in terms of these three quarks.

121011 (0]

(1]

[Total: 3]

© UCLES 2017 9702/22/MIJI17
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30. (@) Use the quark model to show that

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

(ii) the charge on a neutron is zero.

(b) A nucleus of 33Sr decays by the emission of a B~ particle. A nucleus of 53Cu decays by the
emission of a B* particle.

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

nucleus formed by B~ decay | nucleus formed by * decay

nucleon number

proton number

Fig. 7.1 [1]

(ii) State the name of the force responsible for B decay.

....................................................................................................................................... [1]
(iii) State the names of the leptons produced in each of the decay processes.
S (=T o= Y PP PPPPPPPPI
Bt B CAY . ..t e ettt e e e e e e e e e e e ————eeeeeae e e e nn—ratetaeeeeeannnrraneeeeeeaaans
[1]

[Total: 5]

© UCLES 2017 9702/21/MIJI7
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31. Anucleus of bismuth-212 (zégBi) decays by the emission of an o-particle and y-radiation.

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

number Of ProtoNS = ....oooiiiiii
number of NEUIONS = .......oiiiii e
[1]
(b) The y-radiation emitted from the nucleus has a wavelength of 3.8 pm.
Calculate the frequency of this radiation.
freQUENCY = oo 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 10713J.
As the oa-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.

BNEIGY = iiiiiiiiiiiiieee e eV [2]

[Total: 8]

© UCLES 2017 9702/22/FIM/I17
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32.(a) 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 1A L e L e
— N 4+ o + vttt
1p o ... L.
(i) Complete the equation. [2]

(ii) 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.
3 PSSP PPP
PP PPPPPRP
B ettt ettt eeeeeeeeEaaeeeeeeeeeeeessaseeeeeeeeetsssaateeteeetetetnnnnaaattttettanateaaaeeeeerhn e aaaaaeanes
(3]

(c) Use the quark composition of a proton to show that it has a charge of +e, where e is the
elementary charge.

Explain your working.

(3]

[Total: 10]

© UCLES 2016 9702/22/0/N/16
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33.(a) State one difference between a hadron and a lepton.

............................................................................................................................................... [1]
(b) (i) State the quark composition of a proton and of a neutron.
(010 o] o AR
LT 0] o O PR
(2]
(ii) Use your answer in (i) to determine the quark composition of an a-particle.
QUAIK COMPOSITION: ittt e et e e e e e e e e e e e e e e s e e e e e e e e e ennnnnnees [1]

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

result 1: The vast majority of a-particles pass straight through the metal foil or are
deviated by small angles.

result 2: A very small minority of a-particles are scattered through angles greater
than 90°.

State what may be inferred from

(i) result 1,

(ii) result 2.

[Total: 7]

© UCLES 2016 9702/21/0/N/16
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34. (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 g+ 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,
2. a neutron.
(2]
(ii) Use the quark model to explain the charge on a proton.
....................................................................................................................................... [1]
[Total: 8]

© UCLES 2016 9702/23/M/J/16
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35.(a) State the name of the class (group) to which each of the following belongs:
ElECLION ...eiiiiei
(01=T0] () TSN
NEULMINO ..eeiiiiiiiie e

(0100 o o ISR

(b) A proton may decay into a neutron together with two other particles.

(i) Complete the following to give an equation that represents this proton decay.

(ii) Write an equation for this decay in terms of quark composition.

(iii) State the name of the force responsible for this decay.

© UCLES 2016 9702/22/M/J/16
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36. (a) Give one example of

= T = o [ (0 o S
= =Y o) o) o
(1]
(b) Describe, in terms of the simple quark model,
(i) a proton,
....................................................................................................................................... [1]
(ii) a neutron.
....................................................................................................................................... [1]

(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.

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

NEUIroN —> ..o, F ottt ————————————————— e T [1]

[Total: 5]

© UCLES 2016 9702/21/M/J/16
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37. A neutron decays by emitting a - particle.

(@) Complete the equation below for this decay.

o= L SR
(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 p~ and v
.............................................................................................................................................. (1]
(d) State
(i) the quark structure of the neutron,
...................................................................................................................................... (1]
(ii) the change to the quark structure when the neutron decays.
...................................................................................................................................... (1]
[Total: 6]
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