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Chapter 13

Particle and nuclear physics

13.1 Atoms, nuclei and radiation
1309. 9702_m20_qp_12 Q: 38

Two alpha-particles with the same kinetic energy are moving towards, and are then deflected by,
a gold nucleus.

gold nucleus

alpha-particles

Which diagram could show the paths of the two alpha-particles?

S
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1310. 9702_s20_qp_11 Q: 39

An element has two isotopic forms.

What are the nuclear arrangements of these two isotopes?

A They have different nucleon numbers and different proton numbers.
B They have different nucleon numbers but the same proton number.
C They have the same nucleon number and the same proton number.
D

They have the same nucleon number but different proton numbers.

1311. 9702_s20_qp_12 Q: 39

An unstable nucleus goes through successive decays to become a final, stable nucleus.

The initial nucleus and the final nucleus are isotopes of each other.

How many o and p~ particles could have been emitted during the decay sequence?

particle
o B~
A 1 0
B 1 2
Cc 2 0
D 2 1

1312. 9702_s20_qp_13 Q: 39

Radiation from a radioactive source has a range of a few millimetres in air and can be deflected
by an electric field.

Which type of radiation is being emitted?
A a-radiation

B p radiation

C B radiation
D

y-rays
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1313. 9702_m19_qp_12 Q: 39

A neutron n is fired at a 25U nucleus. The neutron is absorbed by the nucleus which then splits

to form nuclei of "21Ba and S3Kr.

235

What is the number of neutrons emitted when the “;;U nucleus splits?

A O B 1 c 2 D 3

1314. 9702_m19_gp_12 Q: 40
Which word equation represents p* decay?
A proton — neutron + electron + electron antineutrino
B proton — neutron + electron + electron neutrino
C proton — neutron + positron + electron antineutrino
D

proton — neutron + positron + electron neutrino

1315. 9702_s19_qp_11 Q: 39

Which statement about the alpha-particle scattering experiment provides evidence for the
existence of the nucleus?

A Atiny proportion of the alpha-particles are deflected through large angles.
B Slower alpha-particles are deflected through larger angles.

C The kinetic energies of the deflected alpha-particles are unchanged.

D

The number of alpha-particles deflected depends on the thickness of the foil.

1316. 9702_s19_qp_12 Q: 38

A nucleus of francium-221 (*;)Fr) decays into a nucleus of bismuth-209 (°3:Bi) in several steps.

Which particles could be emitted?

A 2 a-particles and 4 B~ particles
B 2 a-particles and 4 p* particles
C 3 a-particles and 2 B~ particles
D 3 a-particles and 2 p* particles
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1317. 9702_s19_qp_13 Q: 39
What is a correct estimate of the order of magnitude of the diameter of a typical atomic nucleus?

A 10"m B 10"®m C 10%m D 10%m

1318. 9702_wi9_qp_11 Q: 39

An unstable nucleus of an element decays by emitting an a-particle or a p~ particle to become a
nucleus of a different element. This nucleus is also unstable and also emits an a-particle or a
B~ particle. The process continues until an isotope of the original element is produced.

What is the minimum possible number of these particles emitted?

A 2 B 3 cC 4 D 5

1319. 9702_w19_qgp_12 Q: 38

The table gives some data relating to four neutral (uncharged) atoms W, X, Y and Z.

Wil X |Y | Z

hucleon (mass) humber 16 | 17 | 17 | 18

total number of particles (protons,

neutrons and electrons) in the atom 24 | 26 | 25 | 28

Two of the atoms are isotopes of the same element.

What is the proton number of this element?

A 7 B 8 c 9 D 10

1320. 9702_wi9_qgp_12 Q: 39

What is not a fundamental particle?

A electron

B neutrino
C neutron
D

positron
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1321. 9702_wi9_qp_13 Q: 39

A radioactive nucleus emits an a-particle or a g~ particle, creating a product nucleus.

Which decay could create the product nucleus stated?

radioactive nucleus decay product nucleus

228 224

A asa o aa RN

B 28U a %2py
228 — 228

C s Ra B azFr
231 - 231

D ol h B aPa

641

1322. 9702_m18_qp_12 Q: 39

A nucleus of neptunium-236 contains 93 protons and 143 neutrons. This nucleus decays with the
emission of an a-particle. The nucleus formed then emits a B~ particle.

Which diagram shows the changes in the number P of protons and the number N of neutrons in

these nuclei?

A
146

144

142 4
140

138

90 92

146

94

96

144

142-
140

138

90 92

94

96

B
146
N
144
142 //,/‘(/
140-
138 ,
90 92 94 96
P
D
146
N
144
142+ <;;:/"’
140
138 .
90 92 94 96
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CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

1323. 9702_s18_qp_11 Q: 40

What is the correct equation for B* decay?

A

B
c
D

neutron — proton + electron + electron antineutrino
neutron — proton + electron + electron neutrino
proton — neutron + positron + electron antineutrino

proton — neutron + positron + electron neutrino

1324. 9702_s18_qp_12 Q: 38

In the a-particle scattering experiment, a beam of a-particles is aimed at a thin gold foil. Most of
the a-particles go straight through or are deflected by a small angle. A very small propertion are
deflected through more than 90°, effectively rebounding towards the source of the a-particles.

Which conclusion about the structure of atoms cannot be drawn from this experiment alone?

A

B
c
D

Most of the atom is empty space.
Most of the mass of an atom is concentrated in the nucleus.
The nucleus contains both protons and neutrons.

The nucleus is charged.

1325. 9702_s18_qp_12 Q: 39

Radon-211, %4Rn, francium-210, %Fr, and radium-212, %2Ra, are three nuclides.

How many neutrons does each nuclide have in its nucleus?

radon-211 francium-210 radium-212

o 0O w »

86 87 88
125 123 124
211 210 212

297 297 300
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1326. 9702_s18_qp_13 Q: 39
A nucleus of magnesium-23 undergoes p* decay, as represented by the nuclear equation shown.
BMg — X + B* + w
What is nucleus X?

A 2Na B 2Al C 2Na D Al

1327. 9702_wi8_qp_11 Q: 39

A nucleus emits a B~ particle.

What is the change to the proton number and to the nucleon number of the nucleus?

proton number | nucleon number
A -1 +1
B 0 -1
Cc +1 -1
D +1 0

1328. 9702_wi8_qp_12 Q: 39
A proton in a nucleus undergoes pB* decay. One of the products is a neutron.
What are the other products?

A an electron and a neutrino

B an electron and an antineutrino
C a positron and a neutrino
D

a positron and an antineutrino
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1329. 9702_wi8_qp_13 Q: 38

A neutron collides with a nucleus of uranium-235. One possible nuclear reaction that results is
represented by the equation

BU + in > ZNd + $Ge + x
where x represents one or more particles.

What does x represent?
A one neutron

B tfwo electrons

C two neutrons
D

two protons

1330. 9702_wi8_qgp_13 Q: 39
A nucleus Q has the notation Q.
Which of the following is an isotope of Q7

A Q B ,JQ c ,lQ D YiQ

x+1 x+1

1331. 9702_ml17_qp_12 Q: 38

Which row describes the relative ionizing power and the relative penetration power per unit length
in air of a~particles and y-rays?

a-particles y-rays
A least ionizing least penetrating
B least penetrating most ionizing
C most ionizing most penetrating
D most penetrating least ionizing
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1332. 9702_s17_qp_11 Q: 38

645

The table lists the nucleon number and the proton number of various nuclei. The nuclei are
represented by the letters Lto T.

nucleus nucleon proton
number number
L 227 89
M 226 89
N 225 89
o} 227 90
P 226 90
Q 225 90
R 227 91
S 226 91
T 225 91

Which row in the following table correctly shows three nuclei of the same element, and three
nuclei that have the same number of neutrons?

same element

same number
of neutrons

O 0O W »

LMN
MPS
OPQ
RPN

RPN
RST
MPS
OPQ
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1333. 9702_s17_qp_11 Q: 39

CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

A radioactive nucleus is formed by B~ decay. This nucleus then decays by a-emission.

Which graph of nucleon number N plotted against proton number Z shows the B~ decay followed

by the a-emission?

A
236

234

232

230
88 90 92 o4

236

234+ A<

232

230

88 90 92 94

236

234

232

230

236

234

232

230

B

88 90 92 94
D

— ’////héﬁ

88 90 92 94

1334. 9702_s17_qp_12 Q: 38

In a television programme to illustrate scientific models, a presenter fires a gun many times at
a bale of hay. Two small cannon balls are embedded within the hay some distance apart from

each other.

The hay bale measures approximately 2m x 2m x 2m and the cannon balls are made of iron,

approximately spherical, and about 5cm in diameter.

What might the presenter be illustrating?

A o-particle scattering
B [ decay
C conservation of momentum

D double-slit interference
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1335. 9702_s17_qp_12 Q: 39

A certain nuclide, uranium-235, has nucleon number 235, proton number 92 and neutron number
143. Data on four other nuclides are given below.

Which nuclide is an isotope of uranium-2357?

nucleon number proton number neutron number
A 235 91 144
B 236 92 144
(o] 237 94 143
D 238 95 143

1336. 9702_s17_qp_13 Q: 37

A nucleus of uranium-238, “3U, decays in a series of steps to form a nucleus of lead-206,

“°Pb, as shown.

238 206
ey — - “gPb

An a-particle or a p~ particle is emitted during each step.

What is the total number of B~ particles that are emitted?

A 6 B 8 c 10 D 16

1337. 9702_s17_qp_13 Q: 38

Which statement about a-particles is correct?

A «a-particles emitted from a single radioactive isotope have a continuous distribution of
energies.

B o-particles have less ionising power than j-particles.
C The charge of an a-particle is +1.60 x 107'°C.

D The speeds of a-particles can be as high as 1.5 x 10"ms™.
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1338. 9702_s17_qp_13 Q: 39

The nuclear equation shown has a term missing.
14 14 0
eC —» SN + B +

What is represented by the missing term?
A an antineutrino

B an electron
C aneutrino
D

a positron

1339. 9702_wil7_qgp_11 Q: 39

An astatine nucleus has a nuclecn number of 218 and a proton number of 85. It decays to form a
polonium nucleus, emitting a p~ particle and an a-particle in the process.

What are the nucleon number and the proton number of this polonium nucleus?

nucleon number | proton humber
A 214 83
B 214 84
c 215 83
D 216 82

1340. 9702_wil7_qp_12 Q: 39

The diagram shows a sequence of radioactive decays involving three o-particles and a
B~ particle.

a B~ v} a
ZINp - Q = R - S - T

What is nuclide T?
A “ZRa B Z%IRa C *Th D “ZTh
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1341. 9702_wi7_qp_13 Q: 39

649

Each option shows the number of neutrons, protons and electrons in two atoms, some of which
are ionised.

Which pair of atoms in the table are isotopes of the same element?

neutron proton electron
A 20 20 17 19 20 20
B 28 28 23 24 23 24
Cc 34 36 29 29 29 28
D 40 42 32 31 32 32

1342. 9702_m16_qp_12 Q: 38

A sample of an isotope emits B~ particles.

The emitted p~ particles have a range of energies.

What must also be emitted?

A

B
c
D

antineutrinos
neutrinos
antineutrons

neutrons

1343. 9702_m16_qp_12 Q: 39

A nucleus of magnesium decays into a nucleus of sodium by emitting a [3+ particle. The decay is
represented by the equation shown.

What are the values of P and Q7

P Q
A 22 11
B 22 13
c 23 11
D 23 13

23 P 0
»Mg — gNa + B



https://stemup.co.uk

650 CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

1344. 9702_m16_qp_12 Q: 40

Thorium-234 (2 Th) decays by B~ emission into a daughter product which in turn decays by a
further p~ emission into a granddaughter product.

Which letter in the diagram represents the granddaughter product?

A B
92
91
proton
number %0
89
C D
88

232 233 234 235 236

nucleon number

1345. 9702_s16_qp_11 Q: 39

Which word equation represents B™ decay?

A proton — neutron + electron + electron antineutrino
B proton — neutron + electron + electron neutrino

C proton — neutron + positron + electron antineutrino
D

proton — neutron + positron + electron neutrino

1346. 9702_s16_qp_11 Q: 40

Which statement about the alpha-particle scattering experiment provides evidence for the
existence of the nucleus?

A Atiny proportion of the alpha-particles are deflected through large angles.
B Slower alpha-particles are deflected through larger angles.

C The kinetic energies of the deflected alpha-particles are unchanged.

D

The number of alpha-particles deflected depends on the thickness of the foil.
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1347. 9702_s16_qp_12 Q: 38

185

The gold nucleus ;g Au undergoes alpha decay.

What are the nucleon number and proton number of the nucleus formed by this decay?

nucleon number

proton number

o O w »r

183
183
181
181

79
77
77
75

1348. 9702_s16_qp_13 Q: 38

A nitrogen-13 nucleus 1$N undergoes beta decay.

In the equations below, v and v represent a neutrino and antineutrino respectively and vy
represents a photon of gamma radiation.

Which equation represents this decay?

A

B
c
D

1$N
1;N
1$N
1$N

- 120 + B
- BC + B
- BC +p
N

120 + l3+

+

v

ty

1349. 9702_s16_qp_13 Q: 39

Radon %2Rn is the start of a decay chain that forms bismuth *;Bi by o and - emission.

For the decay of each nucleus of radon, how many « particles and B~ particles are emitted?

a particles B~ particles
A 1 1
B 2 1
Cc 1 2
D 2 2
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1350. 9702_wi6_qp_11 Q: 39

What are the correct descriptions of a v-ray and a g~ particle?

y-ray B~ particle
A high-speed electron electromagnetic radiation
B electromagnetic radiation helium-4 nucleus
C electromagnetic radiation high-speed electron
D high-speed electron helium-4 nucleus

1351. 9702_wi6_qp_11 Q: 40

In a radioactive decay series, three successive decays each result in a particle being emitted.

The first decay results in the emission of a B~ particle. The second decay results in the emission
of an a particle. The third decay results in the emission of another B~ particle.

B o B
P = Q =R =S

Nuclides P and S are compared.
Which statement is correct?

A P and S are identical in all respects.

B P and S are isotopes of the same element.

C Sis a different element of lower atomic number.
D

S is a different element of reduced mass.

1352. 9702_wi6_qp_12 Q: 39

The calcium nuclide 32Ca is formed by B~ decay.

What are the nucleon (mass) number and proton (atomic) number of the unstable nuclide that
underwent 3~ decay to form the calcium nuclide?

nucleon number proton number
A 41 19
B 41 21
c 42 19
D 42 21
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1353. 9702_wi6_qp_13 Q: 39

What are the correct descriptions of a y-ray and a B~ particle?

y-ray B~ particle
A high-speed electron electromagnetic radiation
B electromagnetic radiation helium-4 nucleus
(o electromagnetic radiation high-speed electron
D high-speed electron helium-4 nucleus

1354. 9702_wi6_qp_13 Q: 40

In a radioactive decay series, three successive decays each result in a particle being emitted.

The first decay results in the emission of a B~ particle. The second decay results in the emission
of an a particle. The third decay results in the emission of another B~ particle.

B o B
P = Q =R =S

Nuclides P and S are compared.
Which statement is correct?

A P and S are identical in all respects.

B P and S are isotopes of the same element.

C Sis a different element of lower atomic number.
D

S is a different element of reduced mass.
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1355. 9702_s15_qp_11

CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

Q: 39

When a-particles are directed at gold leaf

1 almost all a-particles pass through without deflection,

2 afew a-particles are deviated through large angles.

What are the reasons for these effects?

1

2

most a-particles have enough energy
to pass right through the gold leaf

most a-particles miss all gold atoms

the gold nucleus is very small so
most a-particles miss all nuclei

the positive charge in an atom is not
concentrated enough to deflect an a-particle

gold is very dense so a few low energy
a-particles bounce back from the gold surface

a few a-particles bounce off gold atoms

occasionally the path of an a-particle is
close to a nucleus

occasionally an a-particle experiences many
small deflections in the same direction

1356. 9702_s15_qp_11 Q: 40

The nuclide 222Rn decays in a sequence of stages to form the nuclide %5Pb.

Four of the nuclides formed in the sequence are o-particle emitters. The others are B-particle
emitters.

How many nuclides formed in the decay sequence are p-particle emitters?

A 2

B 4 Cc 8

D 12

1357. 9702_s15_qp_12 Q: 38

An experiment in which a-particles were deflected by a gold foil produced new insights into the
structure of the atom.

Which conclusion can be drawn from the results of the experiment?

A

B
Cc
D

Atomic nuclei occupy a very small fraction of the volume of an atom.

Electrons orbit the atomic nucleus.

Some atoms of the same element contain different numbers of neutrons.

The atomic nucleus contains protons and neutrons.
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1358. 9702_s15_qp_12 Q: 39

A radioactive substance contains a number of identical nuclei that emit p-particles.

Which property of these nuclei remains unaltered by the emission?
A charge

B neutron number

C nucleon number
D

proton number

1359. 9702_s15_qp_12 Q: 40

A uranium-238 nucleus, 28U, undergoes nuclear decays to form uranium-234, 24U

Which series of decays could give this result?

A emission of four B-particles

B emission of four y-rays

C emission of one a-particle and two B-particles
D

emission of two a-particles and eight B-particles

1360. 9702_s15_qgp_13 Q: 38
Nucleus P decays in two stages to produce nucleus Q.
Which decay sequence will result in the highest number of neutrons in nucleus Q7?
A an o-particle followed by a B-particle
an a-particle followed by a y-ray

B
C a p-particle followed by another B-particle
D a B-particle followed by a y-ray
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1361. 9702_s15_qp_13 Q: 39

A neutral atom has a nucleus given by the symbol "¥Cs.

How many protons, neutrons and electrons are in this atom?

protons neutrons | electrons
A 55 78 55
B 55 133 55
(o 78 55 78
D 133 55 133

1362. 9702_s15_qp_13 Q: 40
The nuclear equation for a fission reaction is shown below.

235 1 93 141 1
eU + on - SRb + Cs + Y n

What are the values of X and Y?

X Y
A 37
B 37 1
c 37 2
D 38 2
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13.2 Fundamental particles
1363. 9702_m20_qp_12 Q: 39

The equation represents the decay of a nucleus X to a nucleus Y.
X = 0¥ +p+q

What are particles p and g?

P q
A B~ particle neutron
B B~ particle proton
Cc B* particle antineutrino
D B* particle neutrino

1364. 9702_m20_qp_12 Q: 40

Which row gives the correct type and quark composition for the named particle?

particle type quark composition
A neutron hadron uud key
B neutron lepton udd u = up quark
C proton hadron uud d = down quark
D proton lepton udd

1365. 9702_s20_qp_11 Q: 40

A hadron has a charge +e, where e is the elementary charge.

Which combination of up (u) and down (d) quarks could form this hadron?

A ddd B udd C uud D uuu
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1366. 9702_s20_qp_12 Q: 40
A hadron has a charge of —e and is composed of three quarks.

What could be the quark composition of the hadron?

A B Cc D
key

(s) (5) (W) ) (W) ) WPLR  u-vauer
(5 ) o (4v)

1367. 9702_s20_gp_13 Q: 40
Which equation describes the process of B* decay?
key:
u = up quark
d = down quark

v = (electron) neutrino

v = (electron) antineutrino

ddu - uud + B + v

ddu —» uud + B* + v

uud — ddu + p* +

<

o O w »r

uud —» ddu + pB* +

<

1368. 9702_s19_qp_11 Q: 40

Some particles are a combination of three quarks.

Which combination of quarks would not result in a particle with a charge of either +1.6 x 107'°C
or zero?

A up, down, down

B up, strange, strange
C up, up, down

D up,up,up
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1369. 9702_s19_qp_12 Q: 39

659

Which equation describes the changes to the quark composition of a nucleus and the lepton
emission during the process of B* decay?

A

B
c
D

down — up + positron
down — up + positron
up — down + positron

up — down + positron

+ electron neutrino
+ electron antineutrino
+ electron neutrino

+ electron antineutrino

1370. 9702_s19_qp_12 Q: 40

There are protons, neutrons and electrons in the simple model of an atom.

To which class (group), hadron or lepton, do these particles belong?

O o0 W »

proton and electron

proton and neutron

hadron lepton
electron proton and neutron
neutron proton and electron

neutron

electron

1371. 9702_s19_qp_13 Q: 40

Which statement describes p~ decay in terms of a simple quark model?

A A down quark changes to an up quark, and an electron and an electron antineutrino

B

are emitted.

A down quark changes to an up quark, and a positron and an electron neutrino are emitted.

An up quark changes to a down quark, and an electron and an electron antineutrino

are emitted.

An up quark changes to a down quark, and a positron and an electron neutrino are emitted.
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1372.

CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

9702_w19_qgp_11 Q: 40

The diagrams show the quark composition of four different hadrons. One of the hadrons is a =*
particle. It has a charge of +e, where e is the elementary charge.

Which hadron could be the =* particle?

A B C D
key
= k
@ & @ © W © @ () 4= down quark
@ @ @ @ s = strange quark

1373.

9702_w19_qgp_12 Q: 40

An unstable nucleus decays and emits a B~ particle.

Which changes, if any, occur to the quark composition of the nucleus?

quark changes
up quarks down quarks
A +1 0
B +1 -1
C -1 +1
D 0 +1

1374.

9702_w19_qp_13 Q: 40

Which statement is correct?

A

B
c
D

Electrons and neutrinos are fundamental particles.
Electrons and neutrinos are hadrons.
Protons and neutrons are leptons.

Protons and neutrons are quarks.
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13.2.

1375.

An isolated neutron decays to produce a proton, a B~ particle and an antineutrino.

FUNDAMENTAL PARTICLES

9702_m18_qp_12 Q: 40

661

Which row gives the quark composition of the neutron and the proton and the type of force that
gives rise to this reaction?

quark composition
type of force
neutron proton
A down, down, up down, up, up strong interaction
B down, down, up down, up, up weak interaction
C down, up, up down, down, up strong interaction
D down, up, up down, down, up weak interaction

1376.

9702_s18_qp_11 Q: 38

Which elementary particle is a lepton?

A proton
B neutron
C electron
D quark
1377. 9702_s18_gp_11 Q: 39

How many down quarks are in a nucleus of hydrogen-3, 3H?

A

2 B 3 C 4

D 5

1378.

9702_s18_qp_12 Q: 40

A neutron is composed of one up (u) quark and two down (d) quarks. When the neutron decays

fo

What is the change in the quark structure of the neutron due to the p-emission?

a proton, there is B-emission.

(The symbol for a neutrino is v. and for an antineutrino is V_e J)

A

B
c
D

d o> u+ B + v
d—>u+p + v
u—->d+p+ v,

u—>d+pt+ v
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1379. 9702_s18_qp_13 Q: 40
Which list contains only leptons?
A electron, neutrino, positron
B electron, neutrino, proton

C electron, proton, neutron

D

neutrino, neutron, positron

1380. 9702_wi18_qp_11 Q: 40

How many up quarks and how many down quarks are in a nucleus of the nuclide 3C7?

up quarks | down quarks
A 51 60
B 54 57
C 57 54
D 60 51

1381. 9702_wi8_qp_12 Q: 40

A certain type of hadron has zero charge. It is composed of a down quark, a strange quark and
one other quark.

What could be the other quark?
A up

B down
C strange
D

anti-strange

1382. 9702_wi18_qp_13 Q: 40

In p~ decay, a neutron inside a nucleus changes to a proton.

Which statement describes the quark composition of the nucleus during the decay?
A The number of down quarks decreases by one.

B The number of down quarks increases by one.

C The number of down quarks stays the same.
D

The number of up quarks stays the same.
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1383. 9702_mi17_qp_12 Q: 39

663

A nucleus of sodium-21, ﬂNa, decays to form a new nucleus containing 10 protons
and 11 neutrons.

Which leptons are emitted from the sodium-21 nucleus during the decay?

A

B
Cc
D

a positron and an antineutrino
a positron and a neutrino
an electron and an antineutrino

an electron and a neutrino

1384. 9702_m17_qp_12 Q: 40

A neutron decays to form a proton.

Which particle is not involved in the decay process?

A

B
Cc
D

antineutrino
down quark
positron

up quark

1385. 9702_s17_qp_11 Q: 40

What are the structures of the proton and of the neutron in terms of quarks?

neutron

up quark | down quark

O 0 w >r

proton
up quark | down quark
1 1
1 2
2 1
2 2

2 2
2 1
1 2
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1386. 9702_s17_qp_12 Q: 40

During B~ decay, which change takes place to the quark composition of the nucleus that emits the
B~ particle, and which other particle is emitted?

quark change oth:;ﬁfergcle
A down to up antineutrino
B down to up neutrino
C up to down antineutrino
D up to down neutrino

1387. 9702_s17_qp_13 Q: 40

Which particle is a fundamental particle?

A electron

B hadron
C neutron
D

proton

1388. 9702_wil7_qp_11 Q: 40

What is the quark composition of a hydrogen-3 nucleus, 3H?

number of quarks

up down
A 4 5
B 5 4
C 5 7
D 7 5

1389. 9702_w17_qp_12 Q: 40
Which combination of up (u) and down (d) quarks forms a neutron?

A uuu B uud C udd D ddd
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1390. 9702_wi7_qp_13 Q: 40

Which combination of up (u) and down (d) quarks forms a proton?

A

uuu

B uud

C udd D ddd

665

1391. 9702_s16_qp_11

Q: 38

Which statement describes 3~ decay in terms of a simple quark model?

A

B
c
D

A down quark changes to an up quark and emits an electron and an electron antineutrino.

A down quark changes to an up quark and emits a positron and an electron neutrino.

An up quark changes to a down quark and emits an electron and an electron antineutrino.

An up quark changes to a down quark and emits a positron and an electron neutrino.

1392. 9702_s16_qp_12 Q: 39

Which row gives the correct classification of protons, electrons and neutrinos?

protons electrons neutrinos
A hadrons leptons hadrons
B hadrons leptons leptons
C leptons hadrons hadrons
D leptons hadrons leptons

1393. 9702_s16_qp_12 Q: 40

Which equation represents p* decay?

A

B
Cc
D

neutron — proton + positron + antineutrino

neutron — proton + positron + neutrino

proton — neutron + positron + antineutrino

proton — neutron + positron + neutrino
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1394. 9702_s16_qp_13 Q: 40

The magnitude of the charge on the proton may be regarded as +1 unit. On this basis, the
charges on the up (u) quark, down (d) quark and their antiquarks (u and d) are not whole units.

Which row in the table shows the correct values for the charges on the u, d, uand d quarks?

u d u d
AEREREEE
ol 2| s ||
ol ot | 22
IEEERERE

1395. 9702_wi6_qp_11 Q: 38

What is a proton?

A ahadron

B a particle consisting of two down quarks and one up quark
C a positive fundamental particle
D

a positive lepton
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1396. 9702_wi6_qp_12 Q: 40

Which diagram represents the structure of an antineutron?

A B

key

up quark
down quark
up antiquark

o] cl o <

down antiquark

667

1397. 9702_wi6_gp_13 Q: 38

What is a proton?

A ahadron

B a particle consisting of two down quarks and one up quark
C a positive fundamental particle
D

a positive lepton
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Paper 1 Multiple Choice Answers: Particle Physics

Question Paper Q. No. Answer
1309 9702_m20_qgp_12 38 D
1310 9702_s20_qgp_1 39 B
131 9702_s20_qgp_12 39 B
1312 9702_s20_qp_13 39 A
1313 9702_mI19_qp_12 39 D
1314 9702_mI19_qp_12 40 D
1315 9702_s19_qgp_1 39 A
1316 9702_s19_qgp_12 38 C
1317 9702_s19_qgp_13 39 A
1318 9702_w19_qp_N 39 B
1319 9702_w19_qgp_12 38 B
1320 9702_w19_qgp_12 39 C
1321 9702_w19_qp_13 39 D
1322 9702_mI8_qp_12 39 D
1323 9702_s18_qgp_N 40 D
1324 9702_s18_qgp_12 38 C
1325 9702_s18_qgp_12 39 B
1326 9702_s18_qgp_13 39 C
1327 9702_wl18_qp_1 39 D
1328 9702_wl18_qgp_12 39 C
1329 9702_w18_qgp_13 38 C
1330 9702_wl18_qp_13 39 A
1331 9702_ml7_qgp_12 38 C
1332 9702_s17_qgp_T1 38 A
1333 9702_s17_qgp_T1 39 B
1334 9702_s17_qp_12 38 A
1335 9702_s17_qp_12 39 B
1336 9702_s17_qp_13 37 A
1337 9702_s17_qp_13 38 D
1338 9702_s17_qp_13 39 A
1339 9702_wl7_qgp_ 39 B
1340 9702_wl7_qgp_12 39 A
1341 9702_wl7_qp_13 39 c
1342 9702_ml6_qp_12 38 A
1343 9702_ml6_qp_12 39 c
1344 9702_ml16_qgp_12 40 B
1345 9702_sl6_qgp_ 39 D
1346 9702_s16_qgp_1 40 A
1347 9702_sl6_qgp_12 38 C
1348 9702_s16_qgp_13 38 D
1349 9702_sl6_qgp_13 39 B
1350 9702_wl6_qp_ 39 Cc
1351 9702_wl6_qgp_ 40 B
1352 9702_wl6_qp_12 39 C
1353 9702_wl6_qp_13 39 c
1354 9702_wl6_qgp_13 40 B
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Paper 1 Multiple Choice Answers: Particle Physics (continued)

Question Paper Q. No. Answer
1355 9702_s15_qp_T 39 C
1356 9702_s15_qgp_1 40 B
1357 9702_s15_qp_12 38 A
1358 9702_s15_qp_12 39 C
1359 9702_sl5_qgp_12 40 C
1360 9702_s15_qp_13 38 D
1361 9702_s15_qp_13 39 A
1362 9702_s15_qp_13 40 C
1363 9702_m20_qgp_12 39 D
1364 9702_m20_qgp_12 40 c
1365 9702_s20_qgp_MN 40 C
1366 9702_s20_qp_12 40 A
1367 9702_s20_qgp_13 40 C
1368 9702_s19_qp_11 40 D
1369 9702_s19_qgp_12 39 C
1370 9702_s19_qp_12 40 D
1371 9702_s19_qgp_13 40 A
1372 9702_w19_qp_T 40 D
1373 9702_w19_qp_12 40 B
1374 9702_w19_qp_13 40 A
1375 9702_mi8_qp_12 40 B
1376 9702_s18_qgp_1 38 c
1377 9702_s18_qp_T 39 D
1378 9702_s18_qp_12 40 B
1379 9702_s18_qp_13 40 A
1380 9702_w18_qgp_1I 40 B
1381 9702_wl18_qp_12 40 A
1382 9702_w18_qp_13 40 A
1383 9702_ml7_qp_12 39 B
1384 9702_ml17_qp_12 40 c
1385 9702_s17_qp_I 40 c
1386 9702_s17_qp_12 40 A
1387 9702_s17_qp_13 40 A
1388 9702_wl17_qgp_1 40 A
1389 9702_w17_qp_12 40 C
1390 9702_wl17_qp_13 40 B
1391 9702_s16_qp_1 38 A
1392 9702_s16_qp_12 39 B
1393 9702_s16_qp_12 40 D
1394 9702_s16_qp_13 40 c
1395 9702_wli6_qgp_1 38 A
1396 9702_w16_qp_12 40 A
1397 9702_w16_qp_13 38 A
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13.1 Atoms, nuclei and radiation

250. 9702 s20 qp 21 Q: 6

(@) Two horizontal metal plates are separated by a distance of 2.0cm in a vacuum, as shown in

Fig. 6.1.
horizontal
plate 180V
I J
2.0cm
a o—J
-120V
horizontal
plate

Fig. 6.1

The top plate has an electric potential of +180V and the bottom plate has an electric potential
of —120V.

(i) Determine the magnitude of the electric field strength between the plates.

electric field strength = ..o, NC1 [2]

(ii) State the direction of the electric field.

(b) An uncharged atom of uranium-238 (2S§U) has a change made to its number of orbital

electrons. This causes the atom to change into a new particle (ion) X that has an overall
charge of +2e, where e is the elementary charge.

(i) Determine the number of protons, neutrons and electrons in the particle (ion) X.

number of protons =

number of neutrons =

number of electrons =


https://stemup.co.uk

13.1. ATOMS, NUCLEI AND RADIATION

(if) The particle (ion) X is in the electric field in (a) at a point midway between the plates.

Determine the magnitude of the electric force acting on X.

(ili) The nucleus of uranium-238 (ZSSU) decays in stages, by emitting a-particles and

B~ particles, to form a nucleus of thorium-230 (238Th).

Calculate the total number of a-particles and the total number of §~ particles that are
emitted during the decay of uranium-238 to thorium-230.

number of a-particles = ...,

number of B~ PartiCles = ..o

[Total: 10]
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251.9702_w20_qgp_ 23 Q: 7

Two vertical metal plates are separated by a distance d in a vacuum, as shown in Fig. 7.1.

plate X ]  nucleus ] plate Y
with charge
/T
R _> _____
y
+V l ' d =

Fig. 7.1 (not to scale)

The potential difference (p.d.) between the plates is V. A nucleus with charge +q is initially at rest
on plate X. The nucleus is accelerated by the uniform electric field from plate X along a horizontal
path to plate Y.

(a) State expressions, in terms of some or all of d, g and V, for:

(i) the magnitude of the electric field strength

electric field strength = ..., 1]

(ii) the magnitude of the electric force acting on the nucleus

(ili) the kinetic energy of the nucleus when it reaches plate Y.

kinetic energy = ..o [1]

(b) State the change, if any, in the kinetic energy of the nucleus on reaching plate Y when the
following separate changes are made.

(i) The distance d is halved, but the p.d. V remains the same.

(ii) The nucleus is replaced by a different nucleus that is an isotope of the original nucleus
with fewer neutrons.

STEMUP.CO.UK
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(¢) The nucleus is carbon-14 ('¢C). This nucleus decays to form a new nucleus by releasing a
[~ particle and only one other particle of negligible mass.

(i) Calculate the nucleon number and the proton number of the new nucleus.

NUCIEON NUMDET = oo e

Proton NUMDbBEr = ..o

(ii) State the name of the particle of negligible mass.

[Total: 7]

471

252.9702_w19 gp 22 Q: 7

A nucleus of plutonium-238 (zggPu) decays by emitting an a-particle to produce a new nucleus X
and 5.6 MeV of energy. The decay is represented by

28Pu —> X + a + 5.6MeV.

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

number of ProtoNS = ...

NUMDbEr Of NEULIONS = ....eeie 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.

[Total: 4]
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253. 9702_w19_qp_23 Q: 7

A stationary nucleus of a radioactive isotope X decays by emitting an «-particle to produce a
nucleus of neptunium-237 and 5.5MeV of energy. The decay is represented by

X = Qgng + a + 5.5MeV.

(a) Calculate the number of protons and the number of neutrons in a nucleus of X.

number of ProtoNSs = ...
NUMDBDEr Of NEUIFONS = ..o e

(b) Explain why the energy transferred to the a-particle as kinetic energy is less than the 5.5 MeV
of energy released in the decay process.

(c) Asample of X is used to produce a beam of a-particles in a vacuum. The number of a-particles
passing a fixed point in the beam in a time of 30s is 6.9 x 10",

(i) Calculate the average current produced by the beam of a-particles.

CUMTENT = L. A 2]

(i) Determine the total power, in W, that is produced by the decay of 6.9 x 10" nuclei of X in
a time of 30s.

[Total: 7]
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254. 9702_ml8 qp 22 Q: 6

A sample of a radioactive isotope emits a beam of g~ radiation.

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

............................................................................................................................................... [1]
(b) The number of §~ particles passing a fixed point in the beam in a time of 2.0 minutes is
9.8 x 100,
Calculate the current, in pA, produced by the beam of p~ particles.
CUMENt = ..o pA [3]
(c) Suggest why the p~ particles are emitted with a range of kinetic energies.
............................................................................................................................................... 2]

[Total: 6]
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255. 9702_wi18 qp 21 Q: 5

(a) State what is meant by an electric field.

(b) A particle of mass m and charge g is in a uniform electric field of strength E. The particle has
acceleration a due to the field.

Show that

(2]
(c) Astationary nucleus X decays by emitting an a-particle to form a nucleus of plutonium, 232 Pu,
as shown.
X—> 232 Pu+a
(i) Determine the number of protons and the number of neutrons in nucleus X.
number of ProtoNS = ...
number of NEUIONS = ..o
(2]

(i) The total mass of the plutonium nucleus and the a-particle is less than that of nucleus X.
Explain this difference in mass.

STEMUP.CO.UK
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(iii) The plutonium nucleus and the a-particle are both accelerated by the same uniform
electric field.

Use the expression in (b) to determine the ratio

acceleration of the a-particle
acceleration of the plutonium nucleus '

[Total: 9]
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256. 9702_w18_qp_23 Q: 5

A particle of mass m and charge g is in a uniform electric field of strength E. The particle has
acceleration a due to the field.

(@) Show that

m|

q
m

[2]

(b) The particle has a charge of 4e where e is the elementary charge. The electric field strength
is 3.5 x 10*Vm~'. The acceleration of the particle is 1.5 x 10'2ms—=.

Use the expression in (a) to show that the mass of the particle is 9.0 u.

(2]

(c) The particle is a nucleus. State the number of protons and the number of neutrons in the
nucleus.

number of ProtoNSs = ...

number of neutrons = []

1

(d) A second nucleus that is an isotope of the nucleus in (c) is in the same uniform electric field.

State and explain whether the electric field produces, for the two nuclei, the same
magnitudes of

(i) force,

[Total: 7]
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257.9702_ml17_qp_ 22 Q:7
A nucleus of bismuth-212 (212Bi) decays by the emission of an o-particle and y-radiation.

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

number of protons =

number of neutrons =

(1]
(b) The y-radiation emitted from the nucleus has a wavelength of 3.8 pm.
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
a-particles and a beam of y-radiation.

(d) The o-particle emitted from the bismuth nucleus has an initial kinetic energy of 9.3 x 10-13J.
As the o-particle moves through air it causes the removal of electrons from atoms. The

o-particle loses energy and is stopped after removing 1.8 x 105 electrons as it moved through
the air.

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

ENEIGY = et ee et eV [2]

[Total: 8]
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258. 9702 w17 _qp 23 Q: 7
- ) 23
(@) Anucleus X decays by emitting a p* particle to form a new nucleus, 57Na.

State the number of nucleons and the number of neutrons in nucleus X.

NUMDEr Of NUCIBONS = ..o
NUMDBEr Of NEULIONS = ...eeei e
(2]
(b) State one similarity and one difference between a g* particle and a - particle.
E] 11 =T R SS
I B OO .. e e oottt e e e e e e e et e e e e e e e e e e e n e e e e e e e e anrrnnnneann
[2]

[Total: 4]
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259. 9702 _s15_qp 22 Q: 7

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

20 + 8 = BRb + $X + 28n + energy.

(a) 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.

.............................................................................................................................................. [1]
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260. 9702_s15_qp_23 Q: 7

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

22Bi — X+ 2571 + 6.2MeV
(a) (i) Explain the meaning of spontaneous radioactive decay.

....................................................................................................................................... [1]
(ii) State the constituent particles of X.
....................................................................................................................................... [1]
(b) (i) Use t_he conservation of mass-energy to explain the release of 6.2MeV of energy in this
reaction.
....................................................................................................................................... [2]

(ii) Calculate the energy, in joules, released in this reaction.

ENEIGY = oiieeeieeeeettiee e e s e eree e e e e e nrebee e e J[1]
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261.9702_wl15 _gp 21 Q: 7

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

path of o-particles ] A

metal —_| \ | metal

u

+ —

o ©
™~ power

supply

radioactive
source

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 12mm.
(a) (i) On Fig. 7.1, draw the path of the a-particles. 1]

(ii) Explain why the metal plates are placed in a vacuum.
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(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 p-radiation, suggest three possible differences in the deflection observed with
p-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 o-particle or a -particle is emitted.

emitted particle change in Z change in A
a-particle
B-particle
Fig.7.2

(1]
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262.9702_wl5 _qp 22 Q:8

(a)

(b)

The results of the a-particle scattering experiment gave evidence for the structure of the atom.
State two results and the associated conclusions.

[E=X1U ]| [T

In a model of a copper atom of the isotope 23 Cu, the atom and its nucleus are assumed to be
spherical.

The diameter of the nucleus is 2.8 x 10~14m. The diameter of the atom is 2.3 x 10~19m.

Calculate the ratio

density of the nucleus
density of the atom

483



https://stemup.co.uk

484 CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

263. 9702_wl5_qp_23 Q:8

(a) 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 thorium-234 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 p by the equation

2
_ P
Ek_2m'

(1]

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

Kinetic eNergy = ..o, keV [3]
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13.2 Fundamental particles
264. 9702 _m20 qp_ 22 Q: 7

(a) State and explain whether a neutron is a fundamental particle.

(b) A proton in a stationary nucleus decays.

(i) State the two leptons that are produced by the decay.

(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.

[Total: §]
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265. 9702 s20 qp 22 Q: 7

(a) A nucleus of an element X decays by emitting a p* particle to produce a nucleus of
potassium-39 (?SK) and a neutrino. The decay is represented by

X 3K+ Bt + v,

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

P o
Q
R o
S
(2]
(ii) State the name of the interaction (force) that gives rise to p* 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]
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266. 9702_s20_qp_23 Q: 7

A potential difference is applied between two horizontal metal plates that are a distance of 6.0mm
apart in a vacuum, as shown in Fig. 7.1.

horizontal
plate -450V
. |
6.0mm path of p~ particle
horizontal radioactve — OV
plate source

Fig. 7.1

The top plate has a potential of =450V and the bottom plate is earthed. Assume that there is a
uniform electric field produced between the plates.

A radioactive source emits a p~ particle that travels through a hole in the bottom plate and along a
vertical path until it reaches the top plate.

(a) (i) Determine the magnitude and the direction of the electric force acting on the ™ particle
as it moves between the plates.

magnitude of force = ... N

direction Of fOrCe ....covveeeeeeeeeee e

(ii) Calculate the work done by the electric field on the ~ particle for its movement from the
bottom plate to the top plate.

WOIK AONE = oo J [2]

STEMUP.CO.UK
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(b) The B~ particle is emitted from the source with a kinetic energy of 3.4 x 1016 .

Calculate the speed at which the B~ particle is emitted.

(c) The p~ particle is produced by the decay of a neutron.

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

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

[Total: 12]

267. 9702_w20_qp_ 21 Q: 8

(a) State a similarity and a difference between a down quark and a down antiquark.
5] 0 11 = | PP PP EPPPPPPPPT

QI O OO, ...t e e e e et e e e e e e e e e e e e e e ae e e nnanaaans

(2]
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o 25, 7.
(b) For a nucleus of aluminium-25 ({3A7):

(i) state the number of protons and the number of neutrons

nuUMber of ProtONS = ......coiiiiiiii e e

number of NEBULIONS = ...

(ii) show that the charge is 2.1 x 10-18C.

(1]

(c) The nucleus in (b) is moved along a straight line from point A to point B in a uniform horizontal
electric field in a vacuum, as shown in Fig. 8.1.

< <
<

4.0cm

] B

3.0cm /
= electric
field

< lines
c/

A

n

N

N

N

N

Fig. 8.1
The electric field strength is 11kVm™1.

Calculate the work done to move the charge from A to B.

WOTK dONE = e J [3]

[Total: 7]
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268. 9702_w20_qp_22 Q: 7
(a) State a similarity and a difference between an up quark and an up antiquark.
=] 0 11 = PRSP

Lo [T =T = a o= TR TR

(2]

(b) Fig. 7.1 shows an electron in an electric field, in a vacuum, at an instant when the electron is
stationary.

electric field lines

N

electron

Fig. 7.1

(i) On Fig. 7.1, draw an arrow to show the direction of the electric force acting on the
stationary electron. [1]

(ii) The electric field causes the electron to move from its initial position.

Describe and explain the acceleration of the electron due to the field, as the electron
moves through the field.

(iii) A stationary a-particle is now placed in the same electric field at the same initial position
that was occupied by the electron.

Compare the initial electric force acting on the a-particle with the initial electric force that
acted on the electron.

[Total: 7]
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269. 9702_m19 gp 22 Q:7

(@) The names of four particles are listed below.
alpha beta-plus neutron proton
State the name(s) of the particle(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) Ahadron 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]



https://stemup.co.uk

492 CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

270. 9702 s19 qp 21 Q: 7

(@) 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]



https://stemup.co.uk

13.2. FUNDAMENTAL PARTICLES

271. 9702_s19_qp_22 Q: 6

(a) State what is meant by a field line (line of force) in an electric field.

(b) An electric field has two different regions X and Y. The field strength in X is less than thatin Y.
Describe a difference between the pattern of field lines (lines of force) in X and in Y.

(c) Anparticle P has a mass of 0.15u and a charge of —1¢, where e is the elementary charge.

(i) Particle P and an a-particle are in the same uniform electric field. Calculate the ratio

magnitude of acceleration of particle P
magnitude of acceleration of a-particle

(ii) Particle P is a hadron composed of only two quarks. One of them is a down (d) quark.

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

[Total: 8]
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272. 9702 s19 qp 23 Q: 7

A sample of a radioactive substance may decay by the emission of either a-radiation or g-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]
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273.9702_ w19 _qp_21 Q: 7
(@) The decay of a nucleus 13g’Ar by p* emission is represented by
?BSAI’—>X+[5++Y.
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 NUMDEE = ...

NUCIEON NUMDEE = ... e e

(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 = e 2]

[Total: 4]
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274. 9702 s18 qp 21 Q: 7

A B~ particle from a radioactive source is travelling in a vacuum with Kinetic energy 460eV. The
particle enters a uniform electric field at a right-angle and follows the path shown in Fig. 7.1.

B~ particle w path of g~ particle

kinetic energy 460eV

~ ——— uniform electric field
in the plane of the paper

Fig. 7.1

(@) The direction of the electric field is in the plane of the paper.
On Fig. 7.1, draw an arrow to show the direction of the electric field. [1]

(b) Calculate the speed of the g~ particle before it enters the electric field.

(c) Other p~ particles from the same radioactive source travel outside the electric field along the
same incident path as that shown in Fig. 7.1.

State and briefly explain whether those ™ particles will all follow the same path inside the
electric field.

[Total: 6]
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275. 9702 _s18 qp 22 Q: 7

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]
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276. 9702_s18_qp_23 Q: 7

A graph of nucleon number A against proton number Zis shown in Fig. 7.1.

219
218
217
216
215
214 *
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 « particle to form a nucleus Q.
Nucleus Q then decays by emitting a p~ particle to form a nucleus R.

(@ On Fig. 7.1, use a cross to represent
(i) 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 B~ particle.
Describe this change to the quark composition.

[Total: 4]
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277.9702_wi18 qp 22 Q: 8

(@) Inthe following list, underline all particles that are leptons.
antineutrino positron proton quark [1]

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

Mg —> X + B+ v.

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

NUCIEON NUMBDEE = ..ot s
Proton NUMDEE = .......ooiieii e
(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]
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278. 9702 _s17_qp 21 Q: 7

(@) Use the quark model to show that

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

(b) Anucleus of 93sr decays by the emission of a B~ particle. A nucleus of 8aCu 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 B* decay

nucleon number

proton number

Fig. 7.1 (1]

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

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

(iif) State the names of the leptons produced in each of the decay processes.
B dBCAY: ettt et n et e bt es e ne e e
[0TSR
(1]

[Total: 5]
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279. 9702 _s17 qp 22 Q: 8

(a) Describe two differences between the decay of a nucleus that emits a ~ particle and the
decay of a nucleus that emits a p* particle.

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

0] 0 (0] 3 SO POUSPPSPSPRP

TS 4 0 o

(1]
[Total: 3]

501

280. 9702 _s17_qp_23 Q: 7

(@) 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 SSCO to form nucleus Q by
B~ emission.

60 A -
5760 — pQ + B~ + X

(i) Complete Fig. 7.1.

value

Fig. 7.1
(1]

(i) State the name of the particle x.

[Total: 3]
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281.9702_wl17 _gp 21 Q:8

A neutron within a nucleus decays to produce a proton, a p~ 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 p~ particle antineutrino

charge

mass

Fig.8.1
(2]

[Total: 5]
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282.9702_wl17 _qp 22 Q: 7

A stationary nucleus X decays by emitting a p* particle to form a nucleus of carbon-13 ('zC). An
incomplete equation to represent this decay is

X — Bc + p~.

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

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

protons, ...

neutrons. ... 1]

(c) The carbon-13 nucleus has a mass of 2.2 x 10-2%6kg. 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]
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283.9702_ml16 _qp_ 22 Q: 6

A neutron decays by emitting a p~ particle.

(a) Complete the equation below for this decay.

(1) N Lo B+ y
........................... 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
() 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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284. 9702 s16_qp 21 Q: 7

(a) Give one example of

A NAAION: Lo
=T (=T o) (o] o L OO
(1]
(b) Describe, in terms of the simple quark model,
(i) aproton,
....................................................................................................................................... [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.

NEUtrON =2 ..o, F o F o [1]

[Total: 5]
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285. 9702 _s16_qp 22 Q: 8

(a) State the name of the class (group) to which each of the following belongs:

electron ...
(4T=10 o o ISP
NEULNNO .oivviiiiiiiiiic i e
[0]7<) () RO SRR
(2]
(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.
:ll p —> e n 4+ = 4o
........................ [2]
(ii) Write an equation for this decay in terms of quark composition.
(1]
(ili) State the name of the force responsible for this decay.
....................................................................................................................................... [1]

[Total: 6]
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286. 9702_s16_qp_23 Q: 8

a) Distinguish between an a-particle and a p*-particle.
(a) g p B*-p

(b) State the equation that shows the decay of a particle in a nucleus that results in p* 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]
(if) Use the quark model to explain the charge on a proton.
....................................................................................................................................... [1]

[Total: 8]
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287. 9702 w16 qp 21 Q: 7

(a) State one difference between a hadron and a lepton.

............................................................................................................................................... [1]
(b) (i) State the quark composition of a proton and of a neutron.
[0 (o o TP
Q=03 ST
(2]
(ii) Use your answer in (i) to determine the quark composition of an a-particle.
QUArK COMPOSITION: 11ttt e e et bbb se b e e e e s bbb 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) resultt,

(ii) result 2.

[Total: 7]
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13.2. FUNDAMENTAL PARTICLES

288. 9702 w16 _qp 22 Q: 6

(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

o= Tn 4+ . Fo
1 o .
(i) Complete the equation. 2]

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

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

(ili) State three quantities that are conserved in the decay.
3 TR
PP PP TP OPPPPPPTPPRPPPRPT
R OSSR
(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]
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289. 9702_wl6_qp 23 Q: 7

(a) State one difference between a hadron and a lepton.

............................................................................................................................................... (1]
(b) (i) State the quark composition of a proton and of a neutron.
[0 (o o A SRS
Q=0 oo SRR
(2]
(ii) Use your answer in (i) to determine the quark composition of an a-particle.
QUArK COMPOSITION: .1 ittt e et bbb e st re e e e e e bbb 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) resultt,

(ii) result 2.

[Total: 7]
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APPENDIX A. ANSWERS

249. 9702_wl1b _qgp 22 Q:5

(@) (i)

(ii)

(iif)

(b) (i)

(ii)

I=VIR
(=240/1500 =) 0.16 A
I,=0.40 - 0.16 (= 0.24)
0.24(350 + R) =240
R=6500
power = IV or I’°R or VFIR
ratio = (84 x 0.24)/(88 x 0.16)
or [(0.24)% x 350]/[(0.16)? x 550]
or (84%/350)/ (88%/550)
or 20.16/14.08
=1.4(3)
p.d. across 350Q resistor = 0.24 x 350
or p.d. across 550 Q resistor = 0.16 x 550

Vaso = 84 (V) and Vsso = 88 (V) giVGS Vag =4.0V
or Voso = 152 (V) and Vg = 156 V gives Vg = 4.0V

p.d. across R increases or potential at B increases or V350 decreases hence
Vag increases

C1

A1

C1

A1

C1

A1

C1

A1l

B1

(2]

(2]

(2]

(2]

(1]

250. 9702_s20_qp_21 Q: 6

Answer Mark

(@yi) |E=AVIiAd c1

E =(180+120)/(2.0 x 10?) A1
=15x10°NC!

(a)(ii) vertically downwards B1

(b)(i) number of protons = 92 A1

number of neutrons = 146 A1

number of electrons = 90 A1

(b)) |F =EQ c1

=1.5x10*x 2 x 1.60 x 1019 A1

=48x10"=N
(b)(iii) | number of a-particles = 2 A1
number of B~ particles =2 A1
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635

Answer Mark
(@) electric field strength = V/d B1
(a)(ii) force = Vq/d B1
(a)(iii) kinetic energy = Vg B1
(b)(i) no change B1
(b)(ii) no change B1
(e)() nucleon number = 14 A1
and
proton number =7
(c)(ii) (electron) antineutrino B1
252.9702_w19 _gp 22 Q: 7
Answer Mark
(@) number of protons =92 A1
number of neutrons = 142 A1
(b) 5.6MeV=56x1.60x10"x10° (=8.96 x 10-3J) c1
number =0.15/(5.6 x 1.60 x 10-13) A1
=1.7x10"
or
0.15W=0.15/(1.60x 10-¥ x 106) (=9.38x 10" MeV s") (c1)
number =9.38x10'/5.6 (A1)
=1.7x10"
253.9702_wl19 _qp_23 Q: 7
Answer Mark
(a) number of protons = 95 A1
number of neutrons = 146 A1
(b) Np/neptunium (nucleus) has kinetic energy B1
;;mmafy-radiation produced
()i |I=NQ/t c1
I=(6.9x10"x2x1.60x 10-'?)/30 A1
=74x10°A
(e)ii) | P =(6.9x10" x5.5x 106 x 1.60 x 10-%)/30 c1
=0.020 W A1

STEMUP.CO.UK
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254. 9702_ml8 qp 22 Q: 6

APPENDIX A. ANSWERS

Answer Mark
(a) —1/decreases by 1 A1
(b) I =QltorNe/t c1
=(9.8x10" x 1.6x107"%) /(2.0 x 60) c1
=1.3x 107" (A)
=130pA A1
(c) antineutrino(s) (emitted) / other particle(s) (emitted) c1
energy / momentum shared with antineutrino(s) A1
255. 9702 w18 qp_ 21 Q: 5
Answer Mark
(a) region (of space) where a force acts on a (stationary) charge B1
(b) E=F/IQ B1
F=ma and (so) a:E A1
m
(c)(i) protons =96 A1
neutrons = 148 A1
(c)(ii) mass-energy is conserved/mass change is ‘seen’ as energy B1
energy released as gamma (radiation)/KE of a/KE of Pu B1
(e)iii) 2 240 _ 2x1.60x10°"® 240x1.66x10°% c1
Al = ar O O 1 66x107 * 94x1.60x10°"
ratio=1.3 A1
256. 9702_ w18 qp_23 Q: 5
Answer Mark
(a) E=FIQ M1
F=ma and (so)qg/m=alE A1
(b) m =(4x160x107" x35x10%/1.5 x 107 (= 1.49 x 10%°kg) B1
=1.49 x 10%/1.66 x 102" = 9.0(u) A1
(c) protons: 4 A1
and
neutrons: 5
(d)(i) nuclei have the same charge and so same (magnitudes of) force B1
(d)(ii) nuclei have different masses and same force and so different (magnitudes of) acceleration B1

STEMUP.CO.UK
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637

Answer Mark
(a) number of protons = 83 and number of neutrons = 129 A1
(b) A=38x10" c1
f=3.0x10%/3.8x107" c1
f=7.9x10" (7.89 x 10")Hz A1
(c) use an electric field (at an angle to the beam) M1
o is deflected and y is undeflected A1
(d) either
energy =93 x107"%/1.8 x10° (=517 x 107'? J) c1
=517 x107%/1.6 x 107" A1
=32 (32.3)eV
or
energy =9.3x107%/1.6 x 107" (= 5.81 x 10%eV) (c1)
=581x10°/1.8x10° (A1)
=32 (32.3)eV
258.9702_wl7 _gp 23 Q: 7
Answer Mark
(a) nucleons = 23 B1
neutrons = 11 B1
(b) similarity: B1
same (rest) mass
or
equal (magnitude of) charge
difference: B1
opposite (sign of) charge
or
one is matter and one is antimatter
or
one is an electron and one is an antielectron
259. 9702 _s15 gp 22 Q: 7
(a) 92 protons and 143 neutrons B1 [1]
(b)
value
a 1
b 0 (a and b both required) B1
o] 141 B1
d 55 B1 [3]
(c) kinetic energy (of products) or gamma/y (radiation or photon) B1 [1]
(d) (total) mass on left-hand side/reactants is greater than (total) mass on right-hand
side/products M1
difference in mass is (converted to) energy Al [2]
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260. 9702_s15_qp_23 Q: 7

(a) (i) (rate of decay) not affected by any external factors or changes in

temperature and pressure etc. B1 [1]
(ii) two protons and two neutrons B1 [1]
(b) (i) (total) mass before decay/on left-hand side is greater than (total) mass M1

on right-hand side/after the decay
the difference in mass is released as kinetic energy of the products A1 2]
(may also be some v radiation) (to conserve mass-energy)

(i) (6.2x10°x1.6x107"=)9.9(2)x 107"*J A1 [1]

261. 9702 _wl5_qp_21 Q: 7

(@) (i) curved path towards negative (-) plate (right-hand side) B1 [1]
(ii) range of a-particle is only few cm in air/loss of energy of the a-particles due
to collision with air molecules/ionisation of the air molecules B1 [1]
(i) V=Exd c1
=140 x 10° x 12 x 10° = 1.7 (1.68) MV Al [2]
(b) p have opposite charge to a therefore deflection in opposite direction B1
B has a range of velocities/energies hence number of different deflections B1

f have less mass or q/m is larger hence deflection is greater

or
B with (very) high speed (may) have less deflection B1 [3]
(c)
emitted particle change in Z change in A
o-particle -2 -4
B-particle +1 0

Al 1]
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(a) result: majority/ most (of the a-particles) went straight through/were deviated by

639

small angles M1
conclusion: most of the atom is (empty) space or size/volume of nucleus very
small compared with atom A1
result: a small proportion were deflected through large angles or >90° or came
straight back M1
conclusion: the mass or majority of mass is in a (very) small charged
volume/region/nucleus Al [4]
(b) p=m/V C1
mass of atom and mass of nucleus (approx.) equal stated or cancelled or values
given e.g. 63u or 63 x 1.66 x 1077 C1
ratio = (ra)®/(m)® = (1.15 x 10703/ (1.4 x 107y
or
ratio = (da)®/(dy)® = (2.3 x 107°)*/(2.8 x 107™4®
=55 x 10" A1 [3]
263. 9702_w15_qp_ 23 Q: 8
(a) mass-energy
proton number or charge
nucleon number B2 [2]
(b) (i) Ec=% mv’and p=mv with working leading to
[via B = Yam?V/m or Yam(p/m)?]
2
to E =P B1 [1]
2m
(i) p = (2E¢m)* hence (2[Exm].)* = (2[Ecm]m)* C1
2% [Edmx234=2x6.69x10" x4 C1
[Edm=1.14 x 107"
=71(.5) keV A1
or
calculation of speed of a-particle = 1.42 x 10" ms™
calculation of momentum of a-particle/nucleus = 9.43 x 10°N's (C1)
[Edm =1.14x10"%J (C1)

= 71(.5)keV

(A1)

(3]
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264.9702_m20 _qgp_ 22 Q: 7
Answer Mark
(a) made up of quarks (so) not a fundamental particle B1
(b)(i) beta plus / B* (particle) B1
(electron) neutrino / v B1
(b)ii) kinetic energy of nucleus B1
gamma /v radiation B1
265. 9702 520 qp_22 Q: 7
Answer Mark
(a)i) |P=0 and Q=39 A1
R=(+)1 and S=20 A1
(a)(ii) | weak (nuclear force/interaction) B1
(b) charge of quark(s) = (+) 2e/3 B1
up/u (quarks) B1
266. 9702 _s20_qp 23 Q: 7
Answer Mark
(a)iy |E=Vidor E=FIQ c1
F =(450% 1.60 x 10-'9)/6.0 x 103 Cc1
=12x10"N A1
direction: vertically downwards B1
Answer Mark
(a)(ii) | work done = Fs or Fd or EQd c1
=(=)1.2x10"“x6.0x 103 A1
=(=)7.2x107"7J
or
work done = VQ (C1)
=(-)450 x 1.60 x 10-"° (A1)
=(=)7.2x107"7J
(b) E = Yomv? Cc1
3.4x101=1%x9.11 x 103 x 2 A1
v=27x10"ms™"
(e)i) |1Ip A1
e At
(e)ii) 1. hadrons B1
2. leptons B1
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267. 9702 w20 qp 21 Q: 8

641

Answer Mark
(@) similarity: same/equal mass B1
soarmefequal (magnitude of) charge
ggth fundamental (particles)
difference: opposite (sign of) charge B1
g;e is matter and the other is antimatter
(b)(i) number of protons = 13 and number of neutrons = 12 A1
(b)(ii) | (charge =) 13x 1.60 x 10'9(C) = 2.1 x 1072 (C) A1
(c) force = 11 x 10°x 2.1 x 1078 c1
work done =11 x 103 x 2.1 x 108 x 0.04 c1
=9.2x10718y A1
268. 9702_ w20 qp_22 Q: 7
Answer Mark
(@) similarity: same/equal mass B1
:;melequal (magnitude of) charge
g;th fundamental (particles)
difference: opposite (sign of) charge B1
g;e is matter and the other is antimatter
(b)(D) arrow points to the right B1
(b)(ii) (electric) field strength increases B1
?erlectric) force increases
acceleration increases B1
(b)(iii) | force (on o-particle) has twice the magnitude (of force on electron) B1
force (on a-particle) is in opposite direction (to force on electron) B1
269. 9702_m19 gp_ 22 Q: 7
Answer Mark
(a)(i) alpha, neutron and proton B1
(a)(ii) neutron B1
(a)iii) beta plus or p* B1
(b) d has charge (+)¥s e c1
(so) other quark has charge =e—-'se M1
=(+)%e
other quark is an up/u A1
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270. 9702 s19 qp 21 Q: 7

APPENDIX A. ANSWERS

Answer Mark
(a) nucleus is charged B1
the mass is concentrated in (very small) nucleus B1
tc:e majority of the mass is in (very small) nucleus
(b)() —(1/3)e B1
(b)i) |2g—-(1/3)e=e so g=(2/3)e M1
up/u (quarks) (allow charm or top quarks) A1
271. 9702 _s19 _qp_22 Q: 6
Answer Mark
(a) path/direction in which a (free) positive charge will move B1
(b) (lines) closer together in Y/further apart in X B1
() |a=Eq/m c1
or
F=Eq and F=ma
ratio =(1e/0.15u)x(4u/2e) or 1/0.15x4/2 c1
ratio =13 A1
(e)(ii) down quark charge is —(1/3)e c1
—(1/3)e+g=—1e so g=—(2/3)e A1
(—(2/3)eis) anti-up/ u (quark) (allow charm or top antiquark) B1
272.9702_s19_qp_ 23 Q: 7
Answer Mark
(a) beta/p B1
(b) alpha/a B1
(c) gammaly B1
(d) beta/p B1
273.9702_w19_qp_ 21 Q: 7
Answer Mark
(a)i) proton number = 17 A1
and
nucleon number = 35
(a)(ii) (electron) neutrino B1
(b) d/down (quark charge) is —=Y4(e) Cc1
& d/down (quark charges) is —%(e)
girslrange (quark charge) is —5(e)
charge = -%4(e) —=Y3(e) —Y4(e) A1

=-1(e)
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274. 9702 s18 qp 21 Q: 7

643

Answer Mark
(a) arrow pointing vertically down the page B1
(b) E = vmV c1
E=460x1.60x 10" (=7.36 x 107" (J)) c1
v =[(2x 460 x 1.60 x 107'%)/(9.11 x 1073")]* A1
=13x10"ms™
(c) B~ particles have range of/different/various speeds/velocities/momenta/energies M1
so they follow different paths A1
275.9702_s18 qp_22 Q: 7
Answer Mark
(a) circle(s) drawn only around B~ and " symbols B1
(b) (electron) antineutrino B1
(c) kinetic (energy) B1
(d) Y has one more proton (and one less neutron)/X has one less proton (and one more neutron) M1
?(rhas more protons (and fewer neutrons)/X has fewer protons (and more neutrons)
grneutron changes to a proton
t?; number of protons increases
(s0) not isotopes A1
(e) up down down changes to up up down or udd — uud B1
g;wn changestoup or d > u
276. 9702_s18_qp 23 Q: 7
Answer Mark
(a)i) Q plotted at (82, 210) A1
(a)(ii) R plotted at (83, 210) A1
(b) lepton(s) B1
(c) up down down changes to up up down or udd — uud B1
ducr:wn changestoupord »>u
277. 9702_w18 qp_ 22 Q: 8
Answer Mark
(a) antineutrino and positron both underlined (and no other particles) B1
(b)(i) nucleon number = 27 A1
proton number = 13 A1
(b)ii) weak (nuclear force/interaction) B1
(b)iii) an (electron) antineutrino / 17(E)i5 produced (and this has energy) B1
X has kinetic energy B1
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278. 9702 _s17_qp 21 Q: 7

APPENDIX A. ANSWERS

Answer Mark
(@)i) (proton is uud so) (2/3)e +(2/3)e—(1/3)e=¢ B1
(a)(ii) (neutron is udd so) (2/3)e —(1/3)e—(1/3)e=0 B1
(b)(i) B B B1
nucleon number a0 64
proton number 39 28
all correct
(b)(ii) weak (nuclear force/interaction) B1
(b)(iii) | B~ decay: electron and (electron) antineutrino B1
B* decay: positron and (electron) neutrino
all correct
279. 9702_s17_qp_22 Q: 8
Answer Mark
(@) B~ emission: neutron changes to proton (+ beta/electron) B1
and
p* emission: proton changes to neutron (+ beta*/positron)
p~ emission: (electron) antineutrino also emitted B1
and
B* emission: (electron) neutrino also emitted
(b) proton: up up down (and zero strange) B1
neutron: up down down (and zero strange)
280. 9702_s17_qp_23 Q: 7
Answer Mark
(@) electron and quark both underlined/clearly indicated and no others B1
(b)(i) value B1
A 60
B 28
both correct
(b)(ii) (electron) antineutrino B1
281.9702_wl17 _gp 21 Q:8
Answer Mark
(a) (quark structure is) up, down, down/udd B1
up/u has charge +%(e), down/d has charge —4(e) Cc1
+%e Ve Ve =0 A1
(b) charge: p +1.6(0)x 107" (C)or+e B1
B~ —1.8(0) x 107" (C) or—e
v zero/0
mass: p 1.67 x 1077 (kg)/1.7 x 1077 (kg) B1
B~ 9.1(1) x 103" (kg)
v very small/zero/0
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282.9702_wl17 _qp 22 Q: 7

645

Answer Mark

(a) lepton(s) B1

(b) protons: 7 and neutrons: 6 A1

(c) E =¥%mV c1

=0.80 x 10° x 1.60 x 10°'® c1

=1.28 x 1073 () A1
V=2x128x107%/22x 107

v=34x10°ms™
(d) an (electron) neutrino/v, is also produced (and this has energy) B1

283. 9702_ml6_qp_ 22 Q: 6

(a)

P

g and Jv

(b) an (electron) antineutrino

(c) lepton(s)

(d) (i)
(ii)

down, down, up/ddu

a down/d (quark) changes to an up/u (quark) or ddu — uud

B1
B1

B1

B1

B1

B1

284. 9702 _s16_qp_ 21 Q: 7

(a) hadron: neutron/proton

and

lepton: electron/(electron) neutrino

(allow other correct particles)

(b) (i)
(ii)

(c) (i)
(ii)

proton: up up down or uud

neutron: up down down or udd

neutron — proton + electron + (electron) antineutrino

up down down (quarks) change to up up down (quarks)
or
down (quark) changes to up (quark)

B1

B1

B1

B1

B1

(1]

(1]
(1]

(1]

(1]
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285. 9702_s16_qp_22 Q: 8
(a) both electron and neutrino: lepton(s) B1

both neutron and proton: hadron(s)/baryon(s) B1 [2]

) () p—in+%8+

correct symbols for particles M1

correct numerical values (allow no values on neutrino) Al [2]
(ii) up up down or uud — up down down or udd B1 [1]
(iii) weak (nuclear) B1 1]

286. 9702_s16_qp_23 Q: 8

(a) o-particle is 2 protons and 2 neutrons; p*-particle is positive electron/positron
a-particle has charge +2e; p*-particle has +e charge
o-particle has mass 4u; p-particle has mass (1/2000)u
a-particle made up of hadrons; *-particle a lepton

any three B3 [3]

(b) p—on+ S8+ Qv

all terms correct M1
all numerical values correct (ignore missing values on v) A1 [2]

(c) (i) 1. proton: up, up, down/uud B1
2. neutron: up, down, down/udd B1 [2]

(if) up quark has charge +2/3 (e) and down quark has charge —1/3 (e)
total is +1(e) B1 [1]
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287. 9702 w16 qp 21 Q: 7

(a) hadron not a fundamental particle/lepton is fundamental particle
or
hadron made of quarks/lepton not made of quarks
or
strong force/interaction acts on hadrons/does not act on leptons

(b) (i) proton: up, up, down/uud
neutron: up, down, down/udd

(ii) composition: 2(uud) + 2(udd)
=6 up, 6 down/6u, 6d

(c) (i) most of the atom is empty space
or
the nucleus (volume) is (very) small compared to the atom

(ii) nucleus is (positively) charged

the mass is concentrated in (very small) nucleus/small region/small
volume/small core

or

the majority of mass in (very small) nucleus/small region/small volume/small
core

B1

B1
B1

B1

B1

B1

B1

(1]

(2]

(1]

(]

(2]

647
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288. 9702 w16 qp 22 Q: 6

(a) hadron not a fundamental particle/lepton is fundamental particle

or
hadron made of quarks/lepton not made of quarks
or
strong forcefinteraction acts on hadrons/does not act on leptons B1 [1]
(b) () Se™ or 9B B1
Ve B1 [2]
(ii) weak (nuclear force/interaction) B1 [1]
(iii) ¢ mass-energy
e  momentum
e  proton number
¢ nucleon number
e charge
Any three of the above quantities, 1 mark each B3 [3]
(c) (quark structure of proton is) up, up, down or uud B1
up/u (quark charge) is (+)>s(e), down/d (quark charge) is —(e) C1
e + %he — Yhe = (+)e Al [3]
289. 9702 w16 _qp 23 Q: 7
(a) hadron not a fundamental particle/lepton is fundamental particle
or
hadron made of quarks/lepton not made of quarks
or
strong force/interaction acts on hadrons/does not act on leptons B1 [1]
(b) (i) proton: up, up, down/uud B1
neutron: up, down, down/udd B1 [2]
(ii) composition: 2(uud) + 2(udd)
=6 up, 6 down/6u, 6d B1 [1]
(c) (i) most of the atom is empty space
or
the nucleus (volume) is (very) small compared to the atom B1 [1]
(ii) nucleus is (positively) charged B1

the mass is concentrated in (very small) nucleus/small region/small

volume/small core

or

the majority of mass in (very small) nucleus/small region/small volume/small

core B1 [2]
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724 CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS
397.9702_s20 qp_41 Q: 11
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?hst;-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

(=T =T o Y J [2]

(ii) its momentum.

[Total: 6]
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398. 9702_s20_qp_42 Q: 12

(a) State whatis meant by the mass defect of a nucleus.
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726 CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS

(b) Some masses are shown in Table 12.1.

Table 12.1
mass/u
proton Ip 1.007276
neutron Jn 1.008665
helium-4 (3He) nucleus | 4.001506

Show that:

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

(2]

(ii) the binding energy per nucleon of a helium-4 nucleus is 7.09 MeV.

(2]
(c) Isotopes of hydrogen have binding energies per nucleon of less than 3MeV.

Suggest why a nucleus of helium-4 does not spontaneously break down to become nuclei of
hydrogen.

[Total: 8]
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399. 9702 20 qp_43 Q: 11
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?hsé-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

BNEIOY = i J [2]

(ii) its momentum.

[Total: 6]
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728 CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS

400. 9702_m19 qp_42 Q: 12

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 + on = 'Esla+ 3Mo + 250 + L

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

...................................................................................................................................... [1]
(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.
ENEITY = oo J[2]
(i) Suggest two forms of the energy released in this reaction.
2 S SER
2 et eteeeeeeeteeeeeeeseeesteeesteeseeesteeeseseteesieeeseiesteeaaseeseeesbeeteee et eaneeeeeeaseeasaeas
...................................................................................................................................... [2]

[Total: 7]
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401. 9702_w19_qp_41 Q: 12
One possible nuclear reaction that takes place is
235 1 95 139 1 0
U + gh = ;3Mo + 'Zla + 250 + 7 je

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

nucleus mass/u total ?Silseg;:%) arate mass defect/u pgnr? Jg%gg?;%v
93Mo 94.906 95.765 0.859 8.443
1S$La 138.906 140.125 1.219 8.189
235U 235.044 236.909 1865 | e

Fig. 12.1

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

(2]

(b) (i) Use data from Fig. 12.1 to calculate the binding energy per nucleon of a nucleus of
uranium-235 (%33U). Complete Fig. 12.1.

[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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730 CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS

(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.

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

[Total: 10]
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402. 9702_ w19 _qp_43 Q: 12
One possible nuclear reaction that takes place is
235 1 95 139 1 0
U + gh = ;3Mo + 'Zla + 250 + 7 je

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

nucleus mass/u total ?Silseg;:%) arate mass defect/u pgnr? Jg%gg?;%v
93Mo 94.906 95.765 0.859 8.443
1S$La 138.906 140.125 1.219 8.189
235U 235.044 236.909 1865 | e

Fig. 12.1

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

(2]

(b) (i) Use data from Fig. 12.1 to calculate the binding energy per nucleon of a nucleus of
uranium-235 (%33U). Complete Fig. 12.1.

[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.

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

[Total: 10]
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403. 9702 _ml18 qp_42 Q:3

(@) 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

Fig. 3.1
[2]

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

The angle & between the direction of the current and the direction of the magnetic field is
varied. The maximum force on the wire is F,.

On Fig. 3.2, show the variation with angle 6 of the force F on the wire for values of 6 between
0° and 90°.

Fo

e/,

Fig. 3.2
[2]
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734 CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS

(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
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735
(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
(i) the nucleus 233U (label this point U),
(ii) the nucleus '¢1Ba (label this point Ba),

(i) the nucleus 32Kr (label this point Kr). o
2

[Total: 8]
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736 CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS
404. 9702_wl18 qgp_41 Q: 11
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,
wavelength = ... m [2]
(ii) its momentum.
MOMENTUM = ... Ns [2]
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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.

....................................................................................................................................... [1]
[Total: 9]
405. 9702_ w18 qp_42 Q: 12
(a) State what is meant by nuclear fusion and nuclear fission.
NUCIEAE TUSION. oot e et ee e e e e e e e s e st e et e e eeeeaaees e s s nsbas e saeaeeeeesaesaansnsnnrnnns
NUCIEAN fISSION: ...t et e e e et e e e ee e et ee e eans
[3]
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738 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
Eg/1 013y
deuterium  2H 1.7813
tritium H 4.5285
helium 4He 11.3290
Fig. 12.1
1. State the binding energy per nucleon of x.
binding energy per NUCIEON = ..o J
2. Calculate the energy change that takes place in this reaction.
energy Change = ... J
[3]

(ili) Use youranswer in (ii) part 2 to determine the energy release when 2.0 g of deuterium (%H)
reacts with 3.09 of tritium (3H).

BNEIGY = e e e e e J[1]

[Total: 8]
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406. 9702 _wi18 qp 43 Q: 11
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,
wavelength = ... m [2]
(ii) its momentum.
MOMENTUM = ..o Ns [2]
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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.

[Total: 9]
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407. 9702_ml7 qp_42 Q: 12

(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 o-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

uranium-238 238.05076

thorium-234 234.04357
helium-4 4.00260

Fig.12.1

(i) State the relationship between the binding energies of the nuclei that is consistent with
this reaction being energetically possible.

....................................................................................................................................... [1]
(i) Calculate, for this reaction,
1. the change, in u, of the mass,
change Of MAasS = ....coooiv i u ]
2. the total energy, in J, released.
ENEIOY = e e e J[2]

STEMUP.CO.UK


https://stemup.co.uk

742 CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS

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

[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
235 1 95 139 1 0
U + gn = Mo + 'Zla + 2;h + x e

Data for the nuclei and particles are given in Fig. 12.1.

nucleus or particle mass/u
235U 235.123
%Mo 94.945
131 a 138.955
In 1.00863
e 5.49x 107
Fig. 12.1

(@) Determine, for this nuclear reaction, the value of x.
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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.

ENEIGY = e MeV [3]

(c) Suggest the forms of energy into which the energy calculated in (b)(ii) is transformed.

[Total: 9]
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409. 9702_s17_qp_42 Q: 12

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
Fig. 12.1
(@) Complete the nuclear reaction shown above. [1]

(b) (i) Show that the energy equivalent to 1.00u is 934 MeV.

[3]

(i) Calculate the binding energy per nucleon, in MeV, of lanthanum-139 ('La).

binding energy per NUCIEON = .........ooeiiviiviicecce e MeV [3]
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(c) State and explain whether the binding energy per nucleon of uranium-235 (QSSU) 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

Data for the nuclei and particles are given in Fig. 12.1.

nucleus or particle mass/u
23%U 235.123
%Mo 94.945
131 a 138.955
In 1.00863
e 5.49x107*
Fig. 12.1

(a) Determine, for this nuclear reaction, the value of x.
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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.

ENEIGY = e e MeV [3]

(c) Suggest the forms of energy into which the energy calculated in (b)(ii) is transformed.

[Total: 9]
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411. 9702_ml6_qp_ 42 Q: 9

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 +q flux density 9.7 x 10°T
mass m —>— e

speed 1.6 x 10°ms™!

path of patticle

Fig. 9.1

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

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

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

(b) Calculate the magnitude of the electric field strength.

Explain your working.

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

(i) Use your answer in (c) to determine the mass, in u, of the particle.

(ii) The particle is the nucleus of an atom. State the number of protons and the number of
neutrons in this nucleus.

number of ProtonNs = . ...

nUMbeEr of NBULIONS = ... e,

[Total: 11]
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412.9702_wl16_qp_ 42 Q: 14

Phosphorus-30 (?EP) was the first artificial radioactive nuclide to be produced in a laboratory. This
was achieved by bombarding aluminium-27 (%Al) with o-particles.

A partial nuclear equation to represent this reaction is

‘?gAl+a—>?gP+CI)
(a) State the full nuclear notation for

(i) the a-particle,
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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
D 1.00867
Fig. 14.1

Calculate, for this reaction,

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

Mass change = .........cooieie e u[2]

(if) the energy, in joule, equivalent to the mass change calculated in (i).

ENEIOY = e e e J[2]

(c) With reference to your answer in (b)(i), comment on the energy of the a-particle such that the
reaction can take place.

[Total: 8]
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413.9702_m21_qp_42 Q: 12

(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 |
(2]
(b) Strontium-90 (33Sr) is an unstable nuclide.
The activity of a sample of 1.0 x 10~2kg of strontium-90 is 5.2 MBq.
(i) Determine the decay constant A of strontium-90.
A T e s [3]

(ii) The activity of the sample after a time of 1.0 half lives is found to be greater than the
expected 2.6 MBq.

Suggest a possible reason for this.

[Total: 6]
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414.9702_s21_qp_41 Q: 6

(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.

E

0

field
strength E

0 r 2r 3r
distance x

Fig. 6.1
(3]

(b) The de Broglie wavelength of a particle is A, when its momentum is p,,.

On Fig. 6.2, sketch the variation with momentum p of the de Broglie wavelength A of the

particle for values of momentum from '% to pg.

224

wavelength 4

momentum p

Fig. 6.2
[2]
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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.

Ny
numbern
0.5N,
0
0 15 30 45
time t/s
Fig. 6.3
(3]
[Total: 8]
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415.9702_s21_qp_42 Q: 5

(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,

Fig. 5.1
[3]

(b) Photons having wavelength 4 are incident on a metal surface.
The maximum wavelength for which there is emission of 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 wavelength A of the maximum kinetic energy for values

A
of wavelength between A = “Dand = Ag-

3
3 Eypax
energy
2 Eyax
EMAX
0 :
0 o "
3 2 A
Fig. 5.2

(3]
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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.

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

N,

0N

yd
V.4

number

=
/

time t
Fig. 5.3
On Fig. 5.3:
e label, on the time axis, the time t = 1.0T; and the time t=2.0T;

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

(3]

[Total: 9]

755
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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.

E

0

field
strength E

0 r 2r 3r
distance x

Fig. 6.1
[3]

(b) The de Broglie wavelength of a particle is A, when its momentum is p,,.

On Fig. 6.2, sketch the variation with momentum p of the de Broglie wavelength A of the
particle for values of momentum from ?D to p,.

27

0

wavelength 4

0 Pg Po

momentum p

Fig. 6.2
[2]
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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.

Ny
numbern
0.5N,
0
0 15 30 45
time t/s
Fig. 6.3
(3]
[Total: 8]
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417.9702_w21 qp_41 Q: 12

(a) Define radioactive decay constant.

............................................................................................................................................. 2]
(b) A sample of radioactive iodine-131 ('211) of mass 5.87 x 107"%kg has an activity of
2.92 x 10°Bq.
Determine the decay constant of iodine-131.
decay constant = ... s~ [3]

(c) Suggest two reasons why a detector placed near to the sample in (b) would record a count
rate much less than 2.92 x 109 counts per second.

[Total: 7]
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418.9702_w21 qp_42 Q: 12
(a) Radioactive decay is both random and spontaneous.
State what is meant by:

(i) random

(b) A sample of radioactive material contains atoms of an unstable nuclide X. The activity of the
sample due to the atoms of X is A. The variation with time ¢ of In A is shown in Fig. 12.1.

36.6
In(A/Bq)
N
36. 24—~
35.8 :
\\\\
35.4 \
35.0 >
0 5 10 15 20 25
t/min

Fig. 12.1

STEMUP.CO.UK


https://stemup.co.uk

760 CHAPTER 16. PARTICLE AND NUCLEAR PHYSICS

(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 107 kg.

Determine the nucleon number of X.

nucleon NUMDBEr = ... [3]

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

(a) Define radioactive decay constant.

............................................................................................................................................. 2]
(b) A sample of radioactive iodine-131 ('311) of mass 5.87 x 107'%kg has an activity of
2.92 x 109Bq.
Determine the decay constant of iodine-131.
decay Constant = ... s [3]

(c) Suggest two reasons why a detector placed near to the sample in (b) would record a count
rate much less than 2.92 x 10° counts per second.

[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.

............................................................................................................................................. [2]
(b) The following nuclear reaction takes place:
B0+ ln —> HCs+ OVRb + yln
(i) Determine the values of x and y.

X T e
Y T e
(1]

(if) State the name of this type of nuclear reaction.
..................................................................................................................................... [1]

(iii) Compare the binding energy per nucleon of uranium-235 with the binding energy per
nucleon of caesium-144.

(c) Yttrium-90 decays into zirconium-90, a stable isotope.
A sample initially consists of pure yttrium-90.

Calculate the time, in days, when the ratio of the number of yttrium-90 nuclei to the number of
zirconium-90 nuclei would be 2.0.

The half-life of yttrium-90 is 2.7 days.

[Total: 8]
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421.9702_s20 _qp_41 Q: 12

(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.
..................................................................................................................................... [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 x 10°Bq.
Determine the activity of the isotope X in the sample after a time of 2.0 hours.
activity = .o, Bqg [3]
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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
AI105Bg I\
N

3

2

1 T e

0

0 1 2 3 4 5 6

Fig. 12.1
(i) The initial activity of isotope X in the sample is 3.6 x 10°Bq.

Use information from (b) to sketch, on the axes of Fig. 12.1, the variation with time t of
the activity of a pure sample of isotope X. [1]

(i) Suggest an explanation for any difference between the actual activity of the sample
shown in Fig. 12.1 and the curve you have drawn for the activity of isotope X.

[Total: 8]
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422.9702_s20 _qp_43 Q: 12

(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.
..................................................................................................................................... 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 x 105Bq.
Determine the activity of the isotope X in the sample after a time of 2.0 hours.
activity = oo Bqg [3]
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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
AI105Bq I\
N
3
2
1 T S
0
0 1 2 3 4 5 6

t/hours

Fig. 12.1
(i) The initial activity of isotope X in the sample is 3.6 x 105Bq.

Use information from (b) to sketch, on the axes of Fig. 12.1, the variation with time { of
the activity of a pure sample of isotope X. [1]

(ii) Suggest an explanation for any difference between the actual activity of the sample
shown in Fig. 12.1 and the curve you have drawn for the activity of isotope X.

[Total: 8]
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423.9702_s19_qp_41 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

(b) The isotope polonium-208 (238Po) is radioactive and decays to form lead-204 (233Pb).
The nuclear equation for this decay is

208 204 4
84Po - 82Pb + 2.He.

Data for nuclear masses are given in Fig. 12.1.

mass/u

3He 4.002603
293Pb 203.973043
2%%Po 207.981245

Fig. 12.1
(i) Determine, for the decay of one nucleus of polonium-208:

1. the change, in u, of the mass

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
gHe nucleus (a-particle) is found to be less than the energy calculated in (i) part 2.

Suggest two possible reasons for this difference.

[Total: 9]
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424. 9702 s19 qp 42 Q: 12
(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 (}p) 1.007

neutron ({n) 1.009

lanthanum-141 (}1La) nucleus 140.911

Fig. 121
Calculate the binding energy of a nucleus of lanthanum-141.

biNdiNg ENErgY = ..o J [4]

(c) The nuclide lanthanum-141 ('21La) has a half-life of 3.9 hours.

Initially, a radioactive source contains only lanthanum-141. The initial activity of the source
is Ap.

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

ME = e, hours [3]
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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]
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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

(b) The isotope polonium-208 (238Po) is radioactive and decays to form lead-204 (233Pb).
The nuclear equation for this decay is

208 204 4
84Po - 82Pb + 2.He.

Data for nuclear masses are given in Fig. 12.1.

mass/u

3He 4.002603
293Pb 203.973043
2%%Po 207.981245

Fig. 12.1
(i) Determine, for the decay of one nucleus of polonium-208:

1. the change, in u, of the mass

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
gHe nucleus (a-particle) is found to be less than the energy calculated in (i) part 2.

Suggest two possible reasons for this difference.

[Total: 9]
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Radon-222 (2§§Ra) 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

(b) The activity of radon gas in a sample of 4.80 x 1073m? of air taken from a building is 0.600Bq.
There are 2.52 x 1025 air molecules in a volume of 1.00 m? of air.

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

number of air molecules
number of radon atoms -

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

(@) (i) Define radioactive decay constant.

....................................................................................................................................... 2]
(i) Show that the decay constant A is related to the half-life f: of a radioactive isotope by the
expression
Aty =1In2
[2]

(b) A small volume of solution containing the radioactive isotope sodium-24 (?‘}Na) has an initial
activity of 3.8 x 10*Bq. Sodium-24, of half-life 15 hours, decays to form a stable daughter
isotope.

All of the solution is poured into a container of water. After 36 hours, a sample of water of
volume 5.0cm3, taken from the container, is found to have an activity of 1.2Bq.

Assuming that the solution of the radioactive isotope is distributed uniformly throughout the
container of water, calculate the volume of water in the container.

VOIUME = oo, cm? [4]

[Total: 8]
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428.9702_s18 qp_41 Q: 13

(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

pd

N/107

pd

6.0 <

pd

4.0

2.0 ==

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 = o Bq [4]

(i) Without calculating the half-life of technetium-101, use your answer in (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 . —— nuclide S
Fig. 121

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 of each of the three nuclides in the sample is
shown in Fig. 12.2.

number

Fig. 12.2
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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. 2]

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

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

(c) Inthe decay chain shown in Fig. 12.1, A;is approximately equal to 5.

The decay chain of a different nuclide E is illustrated in Fig. 12.3.

decay constant decay constant
Ag Ae
nuclide E —_— nuclide F — nuclide G
Fig. 12.3

The decay constant A- of nuclide F is very much larger than the decay constant A; of
nuclide E.

By reference to the half-life of nuclide F, explain why the number of nuclei of nuclide F in the
sample is always small.

[Total: 8]
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430. 9702 s18_qp_43 Q: 13

(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

pd

N/107

pd

6.0 <

pd

4.0

2.0 ==

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 = o Bq [4]

(i) Without calculating the half-life of technetium-101, use your answer in (i) to determine
the decay constant 4 of technetium-101.

[Total: 8]
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431.9702_wl18 qp_41 Q:12

(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

3.0 ™

pd

2.0 <

0 2 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.

ACtiVItY = oo, Bq [3]

(i) Use your answer in (i) to show that the decay constant A of the isotope is approximately
4 x1075s71.

[2]

(c) A sample of a different radioactive isotope has an initial activity of 4.6 x 10°Bqg. The sample
must be stored safely until its activity is reduced to 1.0 x 103Bq.

The decay constant of the isotope is 5.5 x 1077 s~1. The decay products are not radioactive.

Calculate the minimum time, in days, for which the sample must be stored.

Me = days [3]

[Total: 11]
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432.9702_wl18 qp_43 Q: 12

(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

3.0 ™

pd

2.0 <

0 2 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.

ACtiVItY = oo, Bq [3]

(i) Use your answer in (i) to show that the decay constant A of the isotope is approximately
4 x1075s71.

[2]

(c) A sample of a different radioactive isotope has an initial activity of 4.6 x 10°Bqg. The sample
must be stored safely until its activity is reduced to 1.0 x 103Bq.

The decay constant of the isotope is 5.5 x 1077 s~1. The decay products are not radioactive.

Calculate the minimum time, in days, for which the sample must be stored.

Me = days [3]

[Total: 11]
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433.9702_wl17 _qp_41 Q: 12

(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 Fig. 12.1.

180

160

count rate
/min~! 1404+

120

100

80

60 ‘m\,

40 s

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
t/hours

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 = ... hours [4]

(c) The readings in (b) were obtained at room temperature.
A second sample of this isotope is heated to a temperature of 500°C.
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 the heated source is determined.
State, with a reason, the difference, if any, in

1. the half-life,

2. the measured count rate for any specific time.

[Total: 10]
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434.9702_wl17_qp_42 Q: 12

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,

....................................................................................................................................... [2]
(i) decay constant.
....................................................................................................................................... [2]
(b) Explain why the emitted p~ particles have a range of energies.
............................................................................................................................................... [2]
(c) A sample of blood contains 1.2x107g of iodine-131.
Determine, for this sample of blood,
(i) the activity of the iodine-131,
AactiVity = ..o, Bq [3]
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(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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435.9702_wl7_qp_43 Q: 12

(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 Fig. 12.1.

180

160

count rate
/min~! 1404+

120

100

80

60 ‘m\,

40 s

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
t/hours

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 = ... hours [4]

(c) The readings in (b) were obtained at room temperature.
A second sample of this isotope is heated to a temperature of 500°C.
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 the heated source is determined.
State, with a reason, the difference, if any, in

1. the half-life,

2. the measured count rate for any specific time.

[Total: 10]
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436. 9702_ml6_qp_ 42 Q: 13

Beryllium-7 (31 Be) 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.

(c) The leaf is covered so that no further beryllium-7 is added to the existing sample from the
atmosphere.

Calculate the time that must elapse 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.

(ii) Show that the half-life £: is related to the decay constant A by the expression

Aty = 0.693.

[2]

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

Calculate the minimum mass of radon-222 in 1.0m? of air above which the health hazard
becomes unacceptable.

[Total: 8]
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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.

(ii) Show that the half-life f: is related to the decay constant A by the expression

Aty = 0.693.

[2]

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

Calculate the minimum mass of radon-222 in 1.0m? of air above which the health hazard
becomes unacceptable.

[Total: 8]
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965

Answer Marks
(a)i) | E =mc? c1
=9.11 x 1031 x (3.0 x 108)2 A1
=8.2x10"J
(a)ii) |p=h/A and E=hc/A c1
or
E=pc
p =(82x107'%)/(3.0x 10%) A1
=27x102Ns
(b) total momentum (before and after interaction) is zero B1
?nromentum must be conserved (in the interaction)
?nromentum of the photons must be equal and opposite
(photons emitted in) opposite directions B1
398. 9702 20 MS_42 Q: 12
Answer Marks
(a) difference between mass of nucleus and mass of (constituent) nucleons M1
where nucleons are separated to infinity A1
(b)i) | E =mec? c1
=1.66 x 1027 x (3.00 x 108)2/(1.60 x 10-'3) = 934 MeV A1
(b)(ii) | mass defect = 2 x (1.007276 + 1.008665) — 4.001506 B1
(=0.030376)
binding energy per nucleon = (0.030376 x 934)/4 = 7.09 MeV A1l
(c) binding energy per nucleon is much greater M1
so would require a large amount of energy to separate the nucleons in helium A1
or
amount of energy released in forming hydrogen isotopes (M1)
is less than energy required to break apart helium nucleus (A1)
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399. 9702_s20 MS_43 Q: 11

APPENDIX A. ANSWERS

| Answer Marks
(a)i) | E =mc? c1
=9.11 x 1031 x (3.0 x 108)2 A1
=8.2x10"J
(a)ii) |p=h/A and E=hc/A c1
or
E=pc
p =(8.2x107")/(3.0x 10%) A1
=27x102Ns
(b) total momentum (before and after interaction) is zero B1
?nromentum must be conserved (in the interaction)
?nromentum of the photons must be equal and opposite
(photons emitted in) opposite directions B1
400. 9702_m19 MS 42 Q: 12
Answer Marks
(@)i) | fission B1
(@)(ii) | either e or°.4p M1
7 A1
(b)(i) |energy =¢?Am c1
=0.223 x 1.66 x 10?7 x (3.00 x 108)?
=3.33x10"J A1l
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Answer Marks
(b)(ii) | Any 2 from: B2
kinetic energy of products
gamma photons
neutrinos
401. 9702_ w19 _MS 41 Q:12
Answer Marks
(a) E=(3.0x10%)2x1.66 x 102 (= 1.49x 10-10 J) M1
=(1.49x10710)/(1.60 x 10-19) = 9.34 x 108 =934 MeV A1
or
binding energy =8.443 x 95 [or equivalent using La-139 nucleus] (M1)
binding energy / mass defect = (8.443 x 95)/0.859 = 934 MeV (A1)
(b)(i) | binding energy =1.865 x 934 (= 1741.91 MeV) c1
binding energy per nucleon =1741.91/235 A1
=7.41 (MeV)
(b)(ii) | less (than) B1
(c) energy = {(1.219 + 0.859) — 1.865)} x 934 c1
:r:ergy =(95x8.443) + (139 x8.189)— (235 x 7.412)
=199 MeV A1
(d) number of reactions =1.2 x 107 x6.02 x 1023 c1
=7.22x10"
energy release (for one reaction) =199x 1.60x 10" (=3.18 x 10" J) c1
power =(7.22x10"x3.18x 107}/ (25x 1073) A1
=9.2x10"W

STEMUP.CO.UK


https://stemup.co.uk

968 APPENDIX A. ANSWERS

402. 9702_w19_MS_43 Q: 12

Answer Marks
(a) E=(3.0x108)?2 x 1.66 x 10-2" (= 1.49 % 1010 J) M1
=(1.49%x107"0)/(1.60 x 10-1%) = 9.34 x 108 =934 MeV A1
or
binding energy =8.443 x 95 [or equivalent using La-139 nucleus] (M1)
binding energy / mass defect =(8.443 x 95)/0.859 = 934 MeV (A1)
(b)) | binding energy = 1.865 x 934 (= 1741.91 MeV) c1
binding energy per nucleon =1741.91/235 A1
=7.41 (MeV)

(b)(ii) | less (than) B1
(c) energy = {(1.219 + 0.859) - 1.865)} x 934 c1

erlergy =(95x8.443) + (139 x 8.189) — (235 x 7.412)
=199 MeV A1
(d) number of reactions =1.2 x 107 x6.02 x 1023 c1

=7.22x 10
energy release (for one reaction) =199x1.60x10"3 (=3.18x 107" J) c1
power =(7.22x10"x3.18 x 10-)/(25x1073) A1
=9.2x10"W
403. 9702_m18 MS 42 Q: 3

Answer Marks
(@) reasonably shaped circle or oval surrounding the origin B1
closed loop passing through (0,%vg) and (£xp,0) B1
(b) line from (0,0) to (90, Fy) B1
curve with decreasing positive gradient, zero gradient at 6 = 90 B1
(c) reasonable sinusoidal wave, one cycle, period 4.0 ms B1
amplitude at 4.0V B1
(d) U near right-hand end of line with Ba between U and peak of graph B1
Ba on right hand side of peak and Kr between Ba and peak of graph B1
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969

Answer Marks
(a) discrete amount/quantum/packet of energy M1
of electromagnetic radiation A1
(b)(i) | energy=hc/A Cc1
4 =(6.63 x 10 x 3.00 x 10%/(0.51 x 10° x 1.60 x 107"°) A1
=24x10"m
(b)ii) |p=hii c1
=(6.63 x 107)/(2.44 x 1073
or
p =Elec
=(0.51 x 1.60 x 107™)/(3.00 x 10%)
p =27x10%Ns A1
©N0) |E=cam c1
Am = (0.51 x 1.60 x 107")/(3.00 x 10%? A1
=91x10 kg
(c)(ii) | (momentum is conserved so) nucleus must have momentum in opposite direction to photon B1
405. 9702_w18 MS_42 Q: 12
Answer Marks
(@) fusion: two nuclei combine to form a (single) nucleus B1
fission: a (single) large nucleus divides to form (smaller) nuclei B1
Any one from: B1
« fusion is initiated by (very) high temperatures
+ fission is initiated by neutron bombardment
* resulting nuclei in fission are of similar size
e (both processes) release energy
+ binding energy per nucleon increases
* total binding energy increases
+ fission involves release of neutrons
12(b)(i) neutron B1
12(b)ii) |1. =zero A1
2. (4x11.3290 x 107"%) - (2 x 1.7813 x 107%) - (3 x 4.5285 x 107") c1
energy change =45.316 x 107 - 17.148 x 1073 A1
=2.82x107""J
(b)(iii) | 1.0mol or N nuclei of each A1
energy = 2.817 x 1072 x 6.02 x 102
=17 x 10"y
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406. 9702_ w18 MS_43 Q: 11

Answer Marks
(a) discrete amount/quantum/packet of energy M1
of electromagnetic radiation A1
(b)(i) | energy=hc/A Cc1
4 =(6.63 x 10 x 3.00 x 10%/(0.51 x 10° x 1.60 x 107"°) A1
=24x10"m
(b)(ii) |p=hiz c1
=(6.63 x 107)/(2.44 x 10713
or
p =Elec
=(0.51 x 1.60 x 107)/(3.00 x 10%)
p =27x10%Ns A1
(©)i) |E=c’am c1
Am = (0.51 x 1.60 x 107")/(3.00 x 10%? A1
=91x10kg
(c)(ii) | (momentum is conserved so) nucleus must have momentum in opposite direction to photon B1
407. 9702_m17_MS_42 Q: 12
Answer Marks
(a) either
(minimum) energy required/work done to separate the nucleons (in a nucleus) M1
to infinity A1
or
energy released when nucleons come together (to form a nucleus) (M1)
from infinity (A1)
(b)(i) (total) binding energy of thorium and helium (nuclei) greater than binding energy of uranium (nucleus) B1
(b)(ii)1 | change in mass = 238.05076 — (234.04357 + 4.00260) A1
=459x107u
(b)(i)2 | either
E =mc? c1
=459 x 107 x 1.66 x 10 x (3.00 x 10%7
=6.9x 10" A1
or
1u =931 MeV (c1)
E =459x107%x931x10%x 1.6 x 107"
=6.8x 107" (A1)
(b)(iii) Th nucleus/He nucleus/product nucleus has kinetic energy M1
energy of gamma photon must be less than energy released A1
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408. 9702_s17_MS_41 Q: 12

Answer Marks
(a) x=7 A1
oY) | E =mc c1
=166 x 1077 x (3.0 x 10° c1
=1.494 x 107"%y
division by 1.6 x 107" clear to give 934 MeV A1
(b)ii) | Am =(235.123 + 1.00863) — (94.945 + 138.955 + 2 x 1.00863 + 7 x 549 x 107*) c1

or
Am =235123—(94.945 + 138.955 + 1 x 1.00863 + 7 x 5.49 x 107)

=0.21053u c1
energy = 0.21053 x 934 Al
=197 MeV
(c) kinetic energy of nuclei/particles/products/fragments B1
y—ray photon energy B1

409. 9702_s17_MS_42 Q: 12

‘ Answer Marks
@ ‘ 7% A1
(b)) ‘ E = mc? c1
‘ =1.66 x 1077 x (3.00 x 10°%)? M1
=1.494 x 10774 A1
division by 1.60 x 107" clear to give 934 MeV
(b)(ii) | Am =(82 x 1.00863u) + (57 x 1.00728u) — 138.955u c1
= (=) 1.16762 (u)
‘ energy = 1.16762 x 934 c1
energy per nucleon = (1.16762 x 934)/139 A1
=7.85 MeV
(c) ‘ above A = 56, binding energy per nucleon decreases as A increases B1
‘ U-235 has larger nucleon number M1
‘ so less (binding energy per nucleon) Al
‘ or
‘ fission takes place with uranium (B1)
‘ fission reaction releases energy (M1)
‘ binding energy per nucleon less (for uranium than for products) (A1)
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410. 9702_s17_MS_43 Q: 12

Answer Marks
(a) x=7 A1
oY) | E =mc c1
=166 x 1077 x (3.0 x 10° c1
=1.494 x 107"%y
division by 1.6 x 107" clear to give 934 MeV A1
(b)ii) | Am =(235.123 + 1.00863) — (94.945 + 138.955 + 2 x 1.00863 + 7 x 549 x 107*) c1

or
Am =235123—(94.945 + 138.955 + 1 x 1.00863 + 7 x 5.49 x 107)

=0.21053u c1
energy =0.21053 x 934 Al
=197 MeV
(c) kinetic energy of nuclei/particles/products/fragments B1
y—ray photon energy B1

411.9702_ml16_MS_42 Q: 9

(a) direction of force due to electric field opposite to force due

to magnetic field B1
electric field is up the page B1 [2]
(b) force due to electric field = force due to magnetic field or Eq = Bqv B1
E =Bv C1
=9.7x102x1.6x10°
=1.6 (1.55) x 10*Vm™ A1 [3]
(c) g/m =v/Br C1
=1.6 x 10°/(9.7 x102 x 4.0 x 107?) C1
=4.1(4.12) x 10"Ckg™ A1 [3]
(d) (i) m=(3x1.60x107"%)/(4.12 x 107) C1
m =116 x 10%/1.66 x 1077
=7(.0)u (allow 7.1u) A1 [2]

(ii) 3 protons, 4 neutrons A1 [1]
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412.9702_w16_MS_42 Q: 14

(a) (i) 2He or ju
(i) on

(b) (i) Am =(29.97830 +1.00867) — (26.98153 + 4.00260)
= 30.98697 — 30.98413
=284 x107u
(i) E = cAm or mc?
= (3.0 x 10°)? x 2.84 x 107 x 1.66 x 107
=42x10"J
(c) mass of products is greater than mass of Al plus o
or

reaction causes (net) increase in (rest) mass (of the system)

a-particle must have at least this amount of kinetic energy

413.9702_m21_MS_42 Q: 12

B1

B1

C1

C1

C1

A1

B1

B1

(1]

(1]

[2]

[2]

[2]

973

Answer Marks
(a) 1 not affected by external factors B1
2 cannot predict when a (particular) nucleus will decay B1
or cannot predict which nucleus will decay (next)
(b)(i) 1.0x10° 1.0x107%x6.02x 107 c1
Number of atoms = 5 Or 3
90x1.66x10~ 90x10~
=6.693x10"
A=AN c1
_ 52x10°
6.693x10"
A=78x107" s Al
(b)(ii) | daughter nucleus is unstable B1
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414. 9702 _s21 MS 41 Q: 6

Answer Marks

(a) fromx=0tox=r:E=0 B1
from x = rto x = 3r: curve with negative gradient of decreasing magnitude passing through (r, Eo) B1

line passing through (2r, Ey/4) and (3r, Eo/9) B1

(b) from p = po/ 2 to p = po: curve with negative gradient of decreasing magnitude passing through (pg, Ao) B1
line passing through (¥2pg, 214) B1

(c) from =0 to { = 45 s: curve with positive gradient of decreasing magnitude starting at (0, 0) B1
line passing through (15, “2/Np) B1

line passing through (30, 0.75Ng) and (45, 0.88Np) B1

415. 9702_s21_MS_42 Q: 5

Answer Marks

(a) from x = 0 to x = r- horizontal line at V=1.0V B1
from x = rto x = 3r: curve with negative gradient of decreasing magnitude starting at (r, 1.0V0) B1

line passing through (2r, %2Vg) and (3r, ¥5Vo) B1

(b) line with negative gradient from 1 =1:l;to A= Ay B1
line passing through (Ao, 0) B1

curve with negative gradient of decreasing magnitude passing through (Y24, Emax) and (YaAo, 2Emax) B1

(c) 1.0Tw shown at %Ny and 2.0 Ty shown at YaNg B1
line starting at (0, 0) and reaching (T, No—N) B1

line starting at (0, 0) and reaching original curve at (1.0Tv, ¥2No) B1

416. 9702 _s21_MS 43 Q: 6

Answer Marks

(a) fromx=0tox=r.E=0 B1
from x = rto x = 3r: curve with negative gradient of decreasing magnitude passing through (r, Eo) B1

line passing through (2r, Eo/4) and (3r, Eq/9) B1

(b) from p = po/ 2 to p = po: curve with negative gradient of decreasing magnitude passing through (pg, Ao) B1
line passing through (Y2pg, 210) B1

(c) from =0 to { = 45 s: curve with positive gradient of decreasing magnitude starting at (0, 0) B1
line passing through (15, ¥2No) B1

line passing through (30, 0.75Ng) and (45, 0.88Np) B1
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975

Answer Marks
(a) probability of decay (of a nucleus) M1
per unit time A1
(b) A=IN c1
N = mass/ (nucleon number x u) Cc1
2.92 x 10% = (4% 5.87 x 10-19) /(131 x 1.66 x 10-27) A1
A =108x10¢s"
(c) * sample emits radiation in all directions B2
+ some radiation is absorbed by air/detector window
+ self-absorption within the source
+ dead time/inefficiency of detector
Any two points, 1 mark each
418. 9702_w21_MS_42 Q: 12
Answer Marks
(a)(i) | cannot predict when a particular nucleus will decay B1
::mnot predict which nucleus will decay next
(a)(ii) | (decay is) not affected by external (environmental) factors B1
(b)(i) |A=Asexp(-Af)andsoln A =In Ay — At c1
gradient of line = (-)4
A =(36.4-35.0)/(20-0) c1
(=0.07(0) min-T)
half-life =In2/4 A1
=In2/0.070
=10 min
or
Ao = exp (—-36.4) = 6.43 x 10" (Bq) (C1)
Ap/2=3.21x10" (Bq), soln (As/2)=35.7 (c1)
read off half-life = 10 min (A1)
or
(at one half-life,) InA =36.4—-1In2 (C1)
=357 (C1)
read off half-life = 10 min (A1)
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Answer Marks
(b)ii) |A=AN c1
N = mass/ (nucleon number X u) Cc1
Er= (mass / nucleon number) x Na
exp(36.4) = (1.17 x 1073 x 5.66 x 10~")/ (nucleon number x 1.66 x 10-27) A1
:;p(36.4) =(1.17 x 1072 x 5.66 x 10~ x 6.02 x 10%%) / nucleon number
nucleon number = 62
419. 9702 w21 _MS 43 Q: 12
Answer Marks
(a) probability of decay (of a nucleus) M1
per unit time A1
(b) A= AN c1
N = mass/ (nucleon number x u) c1
2.92x10% = (A% 5.87 x 10-19) /(131 x 1.66 x 10-%7) A1
A =108x10¢s"!
(c) + sample emits radiation in all directions B2
+ some radiation is absorbed by air/detector window
* self-absorption within the source
* dead time/inefficiency of detector
Any two points, 1 mark each
420. 9702_m20_ MS 42 Q: 12
Answer Marks
(a) (minimum) energy required to separate the nucleons M1
to infinity A1
(b)) |37 B1
2
(b)(ii) | fission B1
(b)(iii) | binding energy per nucleon smaller for U than for Cs B1
(c) Current ratio 2 Y to 1 Zr, so initially 3 Y Cc1
2=3eM
A=0693/2.7
IN@2/3)=-(n2/27)t c1
t=1.6 days A1
or
(=273 (c1)
n=0585 (c1)
time =0.585x2.7 (A1)
=1.6 days
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421.9702_s20 MS_41 Q: 12

977

| Answer Marks
(a)(i) | time at which a nucleus will decay cannot be predicted B1

::’t:nstant probability of decay of a nucleus
(a)(ii) | decay (of a nucleus) not affected by environmental factors B1
(b) | A=A and A=In2/t, c1
=36x10°xexp[-(2xIn2)/1.4] c1

or
A =Apx 0.5V (C1)
=36x105x 05N where N=2/14 (€1)
A =13x10°Bq A1
(c)(i) | smooth curve, starting at (0, 3.6 x 10°) and passing through (1.4, 1.8 x 10%) and (2.0, 1.3 x 10°) B1
(c)ii) | (activity of sample is greater than activity of X so) there must be an additional source of activity c1
the decay product (of isotope X) is radioactive A1
422. 9702 20 MS 43 Q: 12

| Answer Marks
(a)(i) | time at which a nucleus will decay cannot be predicted B1

gt:nstant probability of decay of a nucleus
(a)(ii) | decay (of a nucleus) not affected by environmental factors B1
(b) |A =A™ and A=In2/ty c1
=36x10°xexp[-(2xIn2)/14] c1

or
A =Apx 0.5V (€1
=3.6x10°x0.5Nwhere N=2/14 (c1)
A =13x10°Bq A1
12(c)(i) | smooth curve, starting at (0, 3.6 x 10°) and passing through (1.4, 1.8 x 10°) and (2.0, 1.3 x 10°) B1
(c)ii) | (activity of sample is greater than activity of X so) there must be an additional source of activity c1
the decay product (of isotope X) is radioactive A1
423. 9702 _s19_MS_41 Q: 12
Answer Marks
(a)(i) AN/AT B1
(a)ii) | AN/N B1
(a)iii) | AN/ (N AT) B1
(b)) |1. mass change =5.60 x 103u A1
2. energy =(A)mc? c1
=56 x 1073 x 1.66 x 1027 x (3.0 x 108)* c1
(=8.36 x 10-13))

=0.84pJ A1
(b)(ii) | kinetic energy (of recoil) of lead (nucleus) B1
energy of y-ray photon B1
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424.9702_s19 MS_42 Q: 12

Answer Marks
(a) energy required to separate the nucleons (in a nucleus) M1
to infinity A1

or
energy released when nucleons come together (to form nucleus) (M1)
from infinity (A1)
(b) mass defect =140.911 — (57 x 1.007) — (84 x 1.009) c1
=140.911 — 142.155 c1

=(-)1.244 (u)
energy =cA)m c1
=(3.00 x 108)2 x 1.244 x 1.66 x 1027 A1
=1.9x10""%J

(e)i) | A=Age™ and In2= ity c1
0.40 = exp(—In 2 x £/3.9) Cc1

or
(0.5)"=0.40 (C1)
n=132 and t=1.32x3.9 (C1)
t=5.2 hours A1l
(e)(ii) | daughter product may be radioactive or random nature of decay B1

425.9702_s19_MS_43 Q: 12
Answer Marks
@) | AN/AT B1
(a)ii) | AN/N B1
(@)(iii) | AN/ (N AT) B1
(b)) | 1. mass change =5.60 x 103u A1
2. energy =(A)mc® c1
=56x 1073 x 1.66 x 1027 x (3.0 x 10%)? c1
(=8.36 x 10-13))

=0.84pJ A1
(b)(ii) | kinetic energy (of recoil) of lead (nucleus) B1
energy of y-ray photon B1

STEMUP.CO.UK
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426.9702_w19 MS_42 Q: 12

979

Answer Marks
(a)(i) | (decay is) unpredictable/cannot be predicted B1
(a)(ii) | probability of decay (of a nucleus) M1
per unit time A1
(b) |A=iN c1
(for 1.00m*) A=0.600/4.80 x 10 (=125Bq) c1
N=125/([7.55x 10-3]/3600) (=5.96 x 107) c1
so ratio =(2.52 x 10%°) / (5.96 x 107) c1
or
(for 4.80 x 10 m?) N for air=2.52 x 10*x4.80 x 10~ (=1.21 x10%%) (C1)
N for radon = 0.600/ ([7.55 x 10-3]/ 3600) (=2.86 x 10°) (C1)
so ratio=(1.21 x 10%%)/(2.86 x 10°) (C1)
ratio=4.2x 10" A1
427.9702_ml18 MS_42 Q: 13

Answer i Marks
@)(i) probability of decay (of a nucleus) M1
per unit time A1
@i) |A=Ae™ M1

after one half-life, %4, = Age*'"?
¥ = exp(—Aty) and hence taking logs, In2 = ity A1
(b) activity  =3.8 x 10* exp(—In2 x 36/ 15) c1
=7200Bq Cc1
or activity = 3.8 x 10%/2** €1
=7200Bq (c1)
volume =(7200/1.2) x 5.0 c1
=3.0% 10°cm’ A1
OR activity of 5.0cm®  =1.2x 2% (c1)
=6.3336 Bq (C1)
volume =(3.8 x 10*/6.3336) x 5.0 (c1)
=3.0 % 10°cm’ (A1)

STEMUP.CO.UK
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980

428.9702_s18_MS_41 Q: 13

APPENDIX A. ANSWERS

Answer Marks
(@) emission of particles/radiation by unstable nucleus B1
spontaneous emission B1
(b)(i) | use of graph to determine half-life = 14 minutes B1
hence A=In2/(14 x60) (5'1) c1
N at 14 minutes=4.4x 10" and A= AN c1
activity =4.4x 10" xIn2/ (14 x 60) A1l
=36x10*Bq
or
correct tangent drawn at time {= 14 minutes (B1)
magnitude of gradient of tangent identified as activity (C1)
correct working for gradient leading to activity (C1)
activity = 3.6 x 10* Bq (A1)
(b)(i) | 3.6x10%=2x4.4x107 c1
or
A=In2/(14.0 x 60)
A=82x10"s" A1
429. 9702 s18 MS_ 42 Q: 12
Answer Marks
(a) emission of particles/radiation by unstable nucleus B1
spontaneous emission B1
(b)(i) P — the curve that starts with a high number B2
D — the curve with the peak
S — the curve that increases from zero throughout
(one correct 1 mark, all three correct 2 marks)
(b)(ii) | At; =0.693 c1
4 =0.693/(60.0 x 60)
=1.93x107s™ A1
(c) half-life of F is much shorter than half-life of E B1
nuclei of F decay (almost) as soon as they are produced B1
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430. 9702 s18_MS 43 Q: 13

981

Answer Marks
(a) emission of particles/radiation by unstable nucleus B1
spontaneous emission B1
(b)(i) | use of graph to determine half-life = 14 minutes B1
hence A=1In2/(14 x60) (s™') c1
N at 14 minutes=4.4x 10" and A= AN c1
activity =4.4x 10" xIn2/ (14 x 60) A1
=36x10*Bq
or
correct tangent drawn at time =14 minutes (B1)
magnitude of gradient of tangent identified as activity (C1)
correct working for gradient leading to activity (C1)
activity = 3.6 x 10* Bq (A1)
(b)(i)) | 3.6x10%=1x4.4x107 c1
or
A=In2/(14.0 x 60)
A=82x10"s™ A1
431. 9702_wl8 MS_41 Q: 12
Answer Marks
(a) unstable nucleus B1
emission of particles/photons B1
emission is spontaneous B1
?F:articlesiradiation) are ionising
(b)(i) | tangent drawn and gradient calculation attempted B1
activity = 1.3 x 10°Bq A2
(1 mark for answer within +0.2 x 10° Bq, 2 marks for answer within +0.1 x 10° Bq)
(b)ii) |A=AN c1
A=(1.3x10%/(3.05x 10"°) =43 x10°s" (= 4 x 10°s7") A1
(c) A=A c1
1.0x10°=4.6 x 10%exp(-5.5 x 107 x t)
In(4.6)=55x107 x ¢t c1
t =278 x 10°s A1
= 32 days

STEMUP.CO.UK
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982 APPENDIX A. ANSWERS

432.9702_w18 MS_43 Q: 12

Answer Marks
(a) unstable nucleus B1
emission of particles/photons B1
emission is spontaneous B1
?F:articlesiradiation) are ionising
(b)(i) | tangent drawn and gradient calculation attempted B1
activity = 1.3 x 10°Bq A2
(1 mark for answer within +0.2 x 10° Bq, 2 marks for answer within +0.1 x 10° Bq)
(b)ii) |A=AN c1
A=(1.3x10%/(3.05x 10"") =43 x10°s" (= 4 x 10°s7") A1
(c) A=Ae™ c1

1.0x10°=4.6 x 10%exp(-5.5 x 107 x t)

In(4.6)=55x107 x ¢t ci
t =2.78 x 10°s A1
=32 days

433.9702_wl17_MS_41 Q: 12

Answer Marks
(a) + emission from radioactive daughter products B2
¢ self-absorption in source
¢ absorption in air before reaching detector
* detector not sensitive to all radiations
+ window of detector may absorb some radiation
o dead-time of counter
e background radiation
Any two points.
(b)(i) curve is not smooth B1
or
curve fluctuates/curve is jagged
(b)(ii) | clear evidence of allowance for background B1
half-life determined at least twice B1
half-life = 1.5 hours A2
(1 mark if in range 1.7-2.0; 2 marks if in range 1.4—1.6)
(c) 1. half-life: no change M1
because decay is spontaneous/independent of environment A1
2. count rate (likely to be or could be) different/is random/cannot be predicted B1

STEMUP.CO.UK
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434.9702_w17_MS_42 Q: 12

983

Answer Marks
(a)(i) nucleus emits particles/EM radiation/ionising radiation B1
emission/release from unstable nucleus B1

or

emission from nucleus is random and/or spontaneous

(a)(ii) | probability of decay (of a nucleus) M1
or

fraction of (number of undecayed) nuclei that will decay

per unit time A1

(b) energy is shared with another particle B1

mention of antineutrino B1

(©)(i) | number =[(1.2 x 10°%)/131] x 6.02 x 10% c1
or

number = (1.2 x 107 x 107°)/ (131 x 1.66 x 107%")

(=5.51x 10"

A =iN c1
= [0.086/ (24 x 3600)] x 5.51 x 10" A1
=55x10°Bq

(c)(iiy | 1/50 = exp(—0.086t) Cc1
or

1/50=0.5"

f=45 days A1

435.9702_wl17_MS 43 Q: 12
Answer Marks
(a) ¢ emission from radioactive daughter products B2

+ self-absorption in source

* absorption in air before reaching detector

» detector not sensitive to all radiations

¢ window of detector may absorb some radiation

+ dead-time of counter

+ background radiation

Any two points.

(b)(i) | curve is not smooth B1
or

curve fluctuates/curve is jagged

(b)(ii) | clear evidence of allowance for background B1
half-life determined at least twice B1
half-life = 1.5 hours A2

(1 mark if in range 1.7—2.0; 2 marks if in range 1.4—1.6)

(c) 1.  half-life: no change M1
because decay is spontaneous/independent of environment A1

2. countrate (likely to be or could be) different/is random/cannct be predicted B1
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436. 9702_m16_MS_42 Q: 13

(@) A=1In2/Ty
=1In2/(53.3 x 24 x 60 x 60) =1.5 x 107 s™" A1 [1]
(b) A=IN C1
N=39x10°/1.5x107 =26 x10°
m= (2.6 x10°/6.0 x 10®)x 7 x 10~ or 2.6 x 10° x 1.66 x 1077 x 7 C1
=3.0x 10%"kg A1 [3]
(c) 2/39=exp (-1.5x 107 xt) or 2/39 = (1/2)¥/(533 24 x3600] C1
t=20x10"s Al [2]

437.9702_wl16_MS 41 Q: 12
(a) (i) time for number of atoms/nuclei or activity to be reduced to one half M1

reference to (number of...) original nuclide/single isotope

lc')erference to half of original value/initial activity Al [2]
(ii) A=A exp(-Ait) and either t = t;,, A = 24, or Y2Ap = Ap exp(—Afy) M1
soIn2 = At, (and In2 = 0.693), hence 0.693 = it Al [2]
(b) A =iN
N =200/(2.1x 107 C1
=952 x 107 C1
mass = (9.52 x 107 x 222 x 107)/(6.02 x 10%)
;rass= 9.52 x 107 x 222 x 1.66 x 1077 C1

=3.5x%x107""kg Al [4]
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438. 9702 _wl6_MS 43 Q: 12

(a) (i) time for number of atoms/nuclei or activity to be reduced to one half
reference to (number of...) original nuclide/single isotope
?erference to half of original value/initial activity

(ii) A=A, exp(-Ait) and either t = t;,, A = 124, or Y2Ag = Ap exp(—At,)

soIn2 = At (and In2 = 0.693), hence 0.693 = it,

(b) A =N
N =200/(2.1 x 107°)
=9.52x 10’
mass = (9.52 x 10" x 222 x 107°)/(6.02 x 10%)
or

mass = 9.52 x 10" x 222 x 1.66 x 107’

=3.5x10""kg

M1

A1

M1

Al

C1

C1

C1

Al

[2]

[2]

[4]
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Q1.

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 (o}
(@ G
Cy2- Cy2
Cyf4- Cya-
0 ] T T 0 T T Ll
0 50 100 150 g 0 50 100 150 4
Fig. 6.1(a) Fig. 6.1(b)

A second similar sample of the radioactive material is then prepared and the student
repeats the experiment, but with the sample at a higher temperature. The variation with
time of the count rate for the second sample is shown in Fig. 6.1(b).

State the evidence that is provided by these two experiments for

(i) the random nature of radioactive decay,

(ii) the spontaneous nature of radioactive decay.

STEMUP.CO.UK
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(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.
11114 0, -] R RPN [

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

(3]

Q2.

8 Fig. 8.1 shows the position of Neptunium-231 (%31Np) on a diagram in which nucleon
number (mass number) A is plotted against proton number (atomic number) Z. =
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260

2448

246 |

244

2432

240

238

238 -

234

232

e [p
230

248

226

224 | | l J
B BF B B9 G0 @ 9Y &3 94 85 9B 4¥ 83 93 100

Fig. 8.1

(a) Neptunium-231 decays by the emission of an o-particle to form protactinium.
On Fig. 8.1, mark with the symbol Pa the position of the isotope of protactinium
produced in this decay. [1]

(b) Plutonium-243 (233 Pu) decays by the emission of a B-particle (an electron).

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]

STEMUP.CO.UK
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8

Q4.

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

(a) radioactive decay of a nucleus,

..................................................................................................................................... [2]
(b) spontaneous decay,

..................................................................................................................................... [2]
(c) random decay.

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

The radioactive decay of a strontium (Sr) nucleus is represented in Fig. 7.1.

92

nucleon 91

number
Sr

90 : o el »

89

88
36 37 38 39 40

proton number

Fig. 7.1
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(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.

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

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

142 /

141

140 |
88 89 90 91 92 93 94 95 96 97

proton number 2

The a-decay of Uranium-236 (“8U) is represented on the grid. This decay produces a For

nucleus of thorium (Th). Examing
Use

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

{ii} OnFig. 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 f-decay of Uranium-237 (mark this
position with the letters Np). [2]

Q6.
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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,
-1
(iii) does not directly result in a change in the proton number of the nucleus,
-1
(iv) has arange of energies, rather than discrete values.
............................................................................................................................ [1]
Q7.
7  One of the isotopes of uranium is uranium-238 (232 U). F
| Exam
(a) State what is meant by iscfopes. 4
...................................................................................................................................... 21
(b) Fora nucleus of uranium-238, state
(i) the number of protons,
NUMBEE = e [1]
(ii} the number of neutrons.
NUMDBEr = Lo [1]
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(c) A uranium-238 nucleus has a radius of 8.9 x 10-'5m.
Calculate, for a uranium-238 nucleus,

(i} its mass,

(ii} its mean density.

density = oo, kam— [2]

(d) The density of a lump of uranium is 1.9 x 104 kgm=.
Using your answer to (c)(ii), suggest what can be inferred about the structure of the =,
atom.

Q8.
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Qo.

7

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

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

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

(if) two properties of a-particles.
S
e
[2]

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

(i) Complete the nuclear equation for this reaction.

B s 2]

(ii} The total mass-energy of the nitrogen-14 nucleus and the c-particle is less than
that of the particles resulting from the reaction. This mass-energy difference
is 1.1 MeV.

1. Suggest how it is possible for mass-energy to be conserved in this reaction.

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

2T s [ U ND PPN . W | 1

(b) The energy required to produce an ion pair in air at atmospheric pressure is 31 eV.
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.

(1]

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

AUmMber = o e sy [2]

10
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(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 nuclear equation
%42 Po =235 Pb + X.

() State the composition of the nucleus of X.

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

(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
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T (a) A nuclear reaction occurs when a uranium-233 nucleus absorbs a neutron. The reaction | .,
may be represented by the equation: Exam.
Us
235 W g3 141 W
pY+yxn —  FRb +7;Cs +Y%n

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 nhot to be conserved.

Q12.

12
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7 A radioactive source emits a-radiation and -radiation. £

Ex am
Explain how it may be shown that the source does not emit f-radiation using b
(a) the absorption properties of the radiation,
...................................................................................................................................... [2]
(b) the effects of a magnetic field on the radiation.
...................................................................................................................................... [2]
Q13.
7 (a) Describe the two main results of the a.-particle scattering experiment. 5
Er aminer
T L T e B B S B R R RN 0 Use
TSI 2 oo e i o o oot e £ e w5 o6 48+ £ o3 w8 45 + £ o3 K i e o w0 e e
(3]
(b) Relate each ofthe results in (a) with the conclusions that were made about the nature of
atoms.
| TS e
=TT || PSSP
[3]
Q14.

13
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7 A polonium nucleus “33Po 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

Exa

(2]

Q15.

7 (a) Two isotopes of uranium are uranium-235 (QQEU) and uranium-238 (QSgU).

(I} Describe in detail an atom of uranium-235.

(if) With reference to the two forms of uranium, explain the term isotopes.

14

For
Examiner
Lise
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(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 protons and 133 neutrons.

(a) Write down the notation for this nuclide.

[2]

(b) The nucleus decays by the emission of an a-particle to become a nucleus of
astatine (At).

Write down a nuclear equation to represent this decay. 2]

Q17.

15
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6 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,
AUABBE = s mmn
(ii) the number of neutrons.
number =

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

Calculate, for one such nucleus,

(i) the mass,

= =T kg
(ii) the density.
5 V=1 T N kgm™
[4]

16


https://stemup.co.uk

(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

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

............................................................................................................................. [2]
(if) a very small proportion of the a-particles was deviated through angles greater

than 90°.

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

Q19.

17
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7 (a) Evidence for the nuclear atom was provided by the o-particle scattering experiment.
State the results of this experiment.

..................................................................................................................................... 2]
(b) Give estimates for the diameter of
(i} anatom,
.............................................................................................................................. 1
(ii)) a nucleus.
.............................................................................................................................. [1]

Q20.

8 Thoron is a radioactive gas. The variation with time t of the detected count rate C from a
sample of the gas is shown in Fig.8.1.

A
c I\'II
| II'I|
“I
M
1A
I
||'h| |-1
LI lllJ )
v // II
|
" )
0 P pnd I'»"-;“u"”'v\, -
0 t

Fig. 8.1
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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.
............................................................................................................................. [1]

(c) A second similar sample of thoron is prepared but it is at a much higher temperature. o
The variation with time of the count rate for this second sample is determined. Examim

State the feature of the decay curves for the two samples that suggests that radioactive Uee
decay is a spontaneous process.

Q21.

19
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7 An o-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

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

(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 o-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 c-particle.

Q22.

20

For
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Use
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1$2W) are two isotopes of tungsten.

7 Tungsten-184 (@jW‘) and tungsten-185 (
Tungsten-184 is stahle but tungsten-185 undergoes [f-decay to form rhenium (Re).

(a) Explain what is meant by isofopes.

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

Q23.

21
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7 (a) Uranium (U) has at least fourteen isotopes. For
Explain what is meant by isofopes. Examine

(b) One possible nuclear reaction involving uranium is
235 1 141 92 1
53U + in — 'iiBa + “SKr + xjn + energy.

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

L e S T
e et e oo eeeeee et heeeeeeeeteeeeees e aEaneeeneeaeaeaateaasaeeeeeeeanaeaanaraen
ey
[3]
(if) For this reaction, determine the value of
1. Z,
Z T s [1
2. x
G e e R R R [1

Q24.

22


https://stemup.co.uk

7 The results of the u-particle scattering experiment provided evidence for the existence and A

small size of the nucleus. Exam
s

(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 decay of a radioactive nuclide.
Suggest two reasons why [}-particles from a radioactive source would be inappropriate
for this type of scattering experiment.

Q25.

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

E
.................................................................................................................................... 2]
(b) (i) State how the random nature of radioactive decay may be inferred from observations
of the count rate.
............................................................................................................................ [1]
(if} 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.
............................................................................................................................ [1]
(iii) Suggest why some radioactive sources are found to contain traces of helium gas.
............................................................................................................................ 2]
Q26.
7 (a) Two isotopes of the element uranium are 233U and 233U. s
Examint
Explain the term isotope. Lie

(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.

24


https://stemup.co.uk

(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.

(c) Whenthe nucleus ofzggu absorbs a neutron, the nucleus decays, emitting an o-particle.
State the proton number and nucleon number of the nucleus that is formed as a result
of the emission of the u-particle.

proton nUMber = ...
= oL T o=
(2]
Q27.
7 (a) State the experimental observations that show radioactive decay is For
Ex aminers
(i) spontaneous, Use

(if) random.

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

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.
+V
metal plate
radioactive [ | | _ d

!

source | | I I

beam of a-particles matalpiste

ov

Fig. 6.1

A horizontal beam of ¢-particles from a radioactive source is made to pass between the
plates.

A horizontal beam of a-particles from a radioactive source is made to pass between the
plates.

(a) State and explain the effect on the deflection of the c-particles for each of the following
changes:

(i) The magnitude of V is increased.
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(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
.............................................................................................................................. [2]
(if) mass
.............................................................................................................................. [2]
(1ii) speed
.............................................................................................................................. 1
{c) The electric field gives rise to an acceleration of the u-particles and the [(-particles.
Determine the ratio
acceleration of the a-particles
acceleration of the B-particles
BEHO! S5 s e st s et s v sim e [3]

Q29.

27
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6

(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 a-particles

asource—

—

v — path of deflected
o a-particles

The detector of a-particles, D, is moved around the path labelled WXY.

(i) Explain why the apparatus is enclosed in a vacuum.
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{c} A beam of u-particles produces a current of 1.5pA. Calculate the number of a-particles

For
per second passing a point in the beam. Examir
Lise

NUMDBEr = ... s [3]

Q30.
7 A nuclear reaction between two helium nuclei produces a second isotope of helium, two A
protons and 13.8 MeV of energy. The reaction is represented by the following equation. Exam
L
He + He— He +2 p + 13.8MeV
(a) Complete the nuclear equation. [2]

(b) By reference to this reaction, explain the meaning of the term isofope.
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(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 60W.

NUMBEF = sonssnminninms s [2]

Q31.

6 (a) p-radiation is emitted during the spontaneous radioactive decay of an unstable nucleus.
£
(i) Statethe nature of a p-particle.

- [1]
(ii) State two properties of p-radiation.

2]

(iii) Explain the meaning of spontaneous radicactive decay.

-1
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(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.

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

2

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. Ex
metal plate
path of
a-particles
s e e,

electric field metal plate

Fig. 7.1

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

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

metal plate

/

path of
(-particles ]

N

electric field metal plate

Fig. 7.2

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

(iii) By reference to the properties of c-particles and p-particles, suggest three reasons
for the differences in the deflections shown in Fig. 7.1 and Fig. 7.2.

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

a-particles is represented by

238 W, 4
g = Q + Sa.

State the values of IW...............

(2]

{c) A source of p-particles is phosphorus-32. The nuclear reaction for the emission of

p-particles is represented by

32 4 C
15P —> R + 7.

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

(1
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QL.

6 (@) (i) curve is not smooth, fluctuations, ete ....coveee e

B1

fii curve is same shape or same half-life, not affected by temperature,

(b) (i) 3 U

(i) o-particle shown as JHe 0r @8 50 .. oreurereeeceec e

nucleon number of Po shown as 216 .....oooevemeeeeeeveeeenneee
proton number of Po shown as 84.......ee e e e e,

Q2.
8 {a) position shownas A =227, Z=™

ib) Pu shown as A= 243, Z=94
D shown with A = Ag, and with Z = (Zp, + 1)

Q3.

8 (a) nucleus emits
o- or (- particles and/or y-rays

{b) decay unaffected by environmental changes
such as temperature, pressure etc. (one e.q. is sufficient)

{c) constant probability of decay (per unit time) of a nucleus
cannot predict which particular nucleus will decay next

Q4.

7 (a) B(-decay)

{b) v(-decay)
either any two of Z, Nand A do not change
or it is loss of energy only
or it is an electromagnetic wave

B1

B1

B1

B1
B1

M1
Al

M1

B1
B1

Allow ‘a(-decay) as change of 4 in the nucleon number cannot be shown on the

diagram’
Do not give credit for a ‘bald’ a(-decay)

Q5.

B1

B1
B1

B1

B1

B1

(B2)

[21
M1

131

]

[2]

21

21

21

M

[2]
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Q6.

Q7.

7

{a) o-particle: either helium nucleus or contains 2 protons + 2 neutrons

or 3He B1
B-particle: either electron or ‘e B1
o speed < f3 speed (1
o discrete values of speed/energy, B continuous spectrum (1)
either « ionising power >> f§ ionising power
or o range << f range (1)
o positive, B neqative (only if first two B marks not scored) (1}
o mass > B mass (only if first two B marks not scored) (1)
(any two sensible pairs of statements relevant to differences,
— do not alfow statements relevant to only ¢ or 8, 1 each, max 2) B2 [4]
by (i) zggu - "’39";,Th M1
{iiy 1. correctpositionforUatZ=92, N=145 B1
2. correct position for Np relativetoUie. Z+1and N -1 B1 [2]

{a) rate of decay / activity / decay (of nucleus) is not affected by external factors / environment /
SURPOUNEINGS . oo s s s e o B S e St s e i st B2 [2]
(If states specific factor(s), rather than giving general statement above, then give 2 marks for
two stated factors, but 1 mark only if one factor stated)

(B) M) gammady coccsmammmmr e R R B1 11
() ‘alphate: smuemrnrersnrrnes TR rnrsssnarne . Bl 11
() GaMMET Y, i e e O M
(117 H e = U O et S S SRR - 1 11
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Q8.

Qo.

(a)

nucleifatoms with same proton numberfatomic number ... B1
nucleifatoms contain different numbers of neutrons/different atomic mass ......... B1

TBY MM O2 s s s 5 s R s s o i o ss TR s B s e v A1
LY B o s o o T e T T T B S R S B A1
(e} 1) Mass =238 % 166 % 1077 oo s C1
=305 020 kA o e e e e A1
{ii)y volume = %n X BRI (EZOSA0 e et C1
density = (3.95 x 10°%)/(2.95 x 107%%)
=13 x0T KA M Y e A1
{d) nucleus contains most of massofatom ... B1
either nuclear diameter/volume very much less than that of atom
or atom is MOStlY (EMPLY) SPACE ... e e e e e e eee e e e e e ee e as B1
{a) (i} either helium nucleus
or contains 2 protons and 2 neutrons ... B1
(i} e.q. range is a few cm in air/sheet of thin paper
speedupto0.1¢c
causes dense ionisation in air
positively charged or deflected in magnetic or electric fields
(anv:iwn. T8I0 NN 2E oo B2
(bY M Ho comrmremrrnrrrrrm e B1
BIHBELDBE JHE conimmmamomsmsiess s s S s e s B1
{iiy 1 initially, a-particle must have some kineticenergy ....................... B1
(i) 2 1.1MeV=11x16x102=176x10"0J ..., C1
B = VoMV C1
176 %107 =1 x4 x 166 %102 % v2 e, Cc1
VET. 3 10 M 8T e, A1

use of 1.67 x 107 kq for mass is a maximum of 3/4

121

M
M

121

121

121

M

2]

121

M

[41


https://stemup.co.uk

7 (a) (i) either helium nucleus
or particle containing two protons and two neutrons

(i} allow any value between 1cm and 10cm

(b) (i) energy = (8.5 x 107)/(1.6 x 107"%)
= 5.3MeV

{ii) number = (5.3 x 10°)/31
= 1.7 x 10° (allow 2 s.f. only)

(i} number per unit length = (1.7 % 10%) /(a)(ii)
correct numerical value
correct unit

Q10.

7 (a) (i) 2 protons and 2 neutrons

(i} e.q. positively charqed 2e
mass 4u
constant enerqy
absorbed by thin paper or few ¢m of air (3cm — 8cm)
(not fow penetration)
highly ionizing
deflected in electric/magnetic fields
{One mark for each property, max 2)

(b} mass-energy is conserved
difference in mass ‘changed’ into a form of energy
enerqy in the form of kinetic enerqy of the products / y-radiation
photons / e.m. radiation

Q11.
7 (a) W=1and X=0
Y=2
Z=55
{b) explanation in terms of mass — enerqy conservation

enenqy released as gamma or photons or kinetic enerqy of products or
em radiation

Q12.

B1
B1
M1
AQ
C1
A1

A1
B1

B1

B2

B1
B1

B1

A1
A1
A1
B1

B1

M
M

M

2]

2]

M

121

r31

M1
M
Rl

121
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7 (a) thin paper reduces count rate hence o B1
addition of 1cm of aluminium causes little more count rate reduction hence only

other radiation is v B1
{b) magnetic field perpendicular to direction of radiation B1

look for a count rate in expected direction / area if there were negatively

charged radiation present. If no count rate recorded then B not present. B1

121

21

Q13.
7 {a) the majority/most went straight through
or were deviated by small angles B1
a very small proportion/a few were deviated by large angles B1
small angles described as < 10° and large angles described as >90° B1 [3]
(b} most of the atom is empty space/nucleus very small compared with atom B1
mass and charqe concentrated in (very small) nucleus B1
correct links made with statements in (a) B1 [3]
Q14.
7 (a) (i W=206and X=82 A1
Y=4andZ=2 Al [2]
fiiy mass-energy is conserved B1
mass on rhs is less because enerqy is released B1 [2]
{b) not affected by external conditions/factors/environment B1 [1
or two examples temperature and pressure
Q15.
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7 (a) (i)

(i)
(b) (i)
(i
Q16.
8 (@)
(b)
Q17.
6 (a) (i)
(i)
b) (0
(i)
()
Q18.

nucleus contains 92 protons

nucleus contains 143 neutrons (missing ‘nucleus’ 1/2)
outside / around nucleus 92 electrons

most of atom is empty space / mass concentrated in nucleus
total charge is zero

diameter of atom ~ 107" m or size of nucleus ~ 107" m

any two of (B1) marks

nucleus has same number / 92 protons

nuclei have 143 and 146 neutrons  (missing ‘nucleus’ 1/2)
Y=135

Z=85

mass-energy is conserved in the reaction

mass on rhs of reaction is less so energy is released
explained in terms of £ = mc®

shows nucleon number as 220 .....eiiiriiiiiiriierereerenrnrenns
shows proton number as 87  .....iiiiiiiiiiiicrcie e
shows products as:He OR 30t ..oovvrvvvevireerecinievieenans
and ¢ At....(allow e.c.f. from (a)) ............... eerreneaennas
b5 o] 0 o o L B1
B s ) L B1
mass =56 x 1.66 x 10?7 ... ..
(allow x 1.67 x 10°Z but 0/2 for use of 26 or 30}
=08 K 102 KO e AT
density = mass/volume where volume = 4/3 X 1 X P..ccoveeveeueenn. C1
=(9.3x 10 25};'(4;’3 Xmx {57 X 10‘15}3}
=12x10" kgm?* A1
nucleus occupies only very small fraction of volume of atom
or ‘lot of empty space inside atom’ ... e eeneee e B
(do not allow spacing between atoms)
any further good physics e.q. nuclear material is very dense B1

B1
B1
(B1)
(B1)
(B1)
(B81)

B1
B1

A1
A1

B1

B1

[2]

4]

[21

[41

2]

2]

[2]

(2]

[2]
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7 (a) (i} nucleus is small
in comparison to size of atom
{ii) nucleus is massive/heavy/dense
and charged  (allow to be scored in (i} or (i)}
(b} (i} symmetrical path and deviation correct w.r.t. position of nucleus
deviation less than in path AB

(ii) deviation > 90° and in correct direction

Q19.

7 (a) most a-particles deviated through small angles
(accepl ‘undeviated’)
few a-particles deviated through angles greater than 90°
(b) i} allow10®m—10"m
(il allow 107 m—>10"m

(if (i} and (i} out of range but (i} = 107%(i), then allow 1 mark)
(if no units or wrong units but (i) = 107(i), then allow 1 mark)

Q20.

8 (a) nucleus has constant probability of decay
per unit time / in a given time
{alfow 1 mark for ‘cannot predict which nucleus will decay next’)

{b) (i} count rate / activity decreases

(il count rate fluctuates / is not smooth

{e) either the (decay) curves are similar / same
or curves indicate same half-life

Q21.

M1

A1

B1

B1

B1

B1

B1

M1
Al

B1

B1

B1

2]

2]

[31

B1

B1

B1

B1

[21

Rl
M

M

[21

M1
M1
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Q22.

Q23.

Q24.

{a)
{b)

(c)

(d)

(a)

(b)

(c)

(a)

(b)

deviation shown COrreCtlY ... e e e e e e e e e eeen e e e menennn e s B1 [1]
smaller deviation (not zero deviation) ....oooeoeeeeee e e M
acceptable:path.wrt positionoFkN  sonansnsnsnansannnnesasssnmesas i 2]
the nudleus is (very) small
in comparison to the atom 2]
(special case: ‘atom is mostly empty space’ scores 1 mark)
deviation depends on charge on the nucleus / N / electrostatic repulsion ................. B1
same charge so no change indeviation ..o BT [2]
[Total: 71
either forms of same element
or atoms / nuclei with same number of protons ... M
atoms / nuclei contain different numbers of neutrons ... A1 [2]
(use of ‘element’ rather than atoms / nuclei scores max 1 mark)
{1l decay is not affected by environmental factors ... B1 [1]
{allow two named factors)
(i} either time of decay (of a nucleus) cannot be predicted
or nucleus has constant probability in a given time ... B1 [1]
‘§§Re g e e s s e e B
BIhEr’ T8 0 DB o s it e s 0 0 e S e B1 [2]
[Total: 6]
either different forms of same element
or nuclei have same number of protons M1
different numbers of neutrons (in the nucleus) Al [2]
(i) proton number conserved B1
nucleon number conserved B1
mass-enerqy conserved B1 [3]
(i) 1. Z=36 At m
2. x=3 Al 1
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7 (a) (i) most a-particles were deviated through small angles
(alfow 1 mark for ‘straight through’ / undeviated)

(i} small fraction of a-particles deviated through large angles
areater than 90° (allow rebound back}

{b) e.q. B-particles have a range of energies
B-particles deviated by (orbital) electrons
B-particle has (very) small mass
(any two sensible suggestions, 1 each, max 2)

Do not allow B-particles have neqative charge or B-particles have high speed

Q25.

9 (a) nucleus emits a-particles or -particles and/or y-radiation
to form a different / more stable nucleus
(bY (i} fluctuations in count rate (not ‘count rate is not constant’)
(i} no effect
(iii) if the source is an a-emitter

either o-particles stopped within source (and gain electrons)
or o~particles are helium nuclei

allow 1/2 for ‘parent nucleus gives off radiation to form daughter nucleus’

Q26.

7 (a) nuclei with the same number of protons
and a different number of neutrons

(b} {1 (mass + enerqy) (taken together) is conserved
momentum is conserved
one point required max. 1

{iiy a=1andb=0

x =56
y=92

(e} proton number = 90
nucleon number = 235

Q27.

B2

M1
A1

B2

B1
B1
B1
B1
B1

B1

B1

(B1)
(B1)
B1

B1

B1
B1

B1

12]

2]

[2]

121

M1
Ml

121

121

M

131

121
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7 (a) (i) the half life / count rate / rate of decay / activity is the same no matter what
external factors / environmental factors or two named factors such as
temperature and pressure changes are applied B1

{ii} the observations of the count rate / count rate / rate of decay / activity /

radioactivity during decay shows variations / fluctuations B1
(b}
property a-particle B-particle y-radiation

charge (+)2e —-e 0

mass 4u 9.11 x107%'kg 0

speed 0.0Mto01c up to 0.99¢ c
one mark for each correct line B3
{c) collision with molecules B1
causes ionisation (of the molecule) / electron is removed B1

Q28.
6 (a) (i) greater deflection MO
qreater electric field / force on a-particle A1l
(ii) greater deflection MO
areater electric field / force on a-particle Al
(b} (i) either deflections in opposite directions M1
because oppositely charged Al
or B less deflection (M1}
3 has smaller charge (A1)
(ii} o smaller deflection M1
because larger mass Al
(iii) B less deflection because higher speed B1
{c) either F=maand F=Eq ora=Eqim Cc1
ratio = either (2 x 1.6 x 107"%) x (9.11 x 1073")
(1.6 x 1079 x 4 x (1.67 x 107%")
or [2e x 1/2000 u]/[e x 4u] C1
ratio =1/4000 or 25x 10 or 27 =107 Al
Q29.

10

M

M

131

121

M

M

2]

2]
M

I31
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6 (a) 92 protons in the nucleus and 92 electrons around nucleus B1

143 neutrons (in the nucleus) B1 [2]
(b} (i} wa-particle travels short distance in air B1 M1
(i very small proportion in backwards direction / large angles B1
maijority pass through with no /small deflections B1
either most of mass is in very small volume (nucleus) and is charged or most of atom is
empty space B1 [3]
c) I=Q/t C1
nit = (1.5 1079 /(2 % 1.6 x 107'%) C1
nit =47 x 1055~ A1 [3]

Q30.
7 (a) 3He +3He — fHe +2p +Q
A numbers correct (4 and 1) B1
Z numbers correct (2 and 1) B1 [2]
{b} both nuclei have 2 protons B1
the two isotopes have 1 neutron and two neutrons B1 [2]

[allow 1 for ‘same number of protons but different number of neutrons’]

{e) proton number and neutron number B1
enerqy — mass B1
momentum B1 [2]

{d) M) v radiation B1 [
(i} product(s) must have kinetic energy B1 [1]

fe) 13.8MeV =13.8 % 1.6 x 1079 x 10° (= 2.208 % 107'%) C1
60=nx13.8x16x10™"
n= 27(2)x 10" s™ Al [2]

Q31.

11
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6 (a) (i) electron B1 1]

{ii} any two:
can be deflected by electric and magnetic fields or negatively charged /
absorbed by few (1 — 4Ymm of aluminum / 0.5 to 2 m or metres for range in air /
speed up to 0.99¢/ range of speeds / energies

B2 [2]
{iliy decay occurs and cannot be affected by external / environmental factors
or two stated factors such as chemical / pressure / temperature / humidity B1 [1]
(b} 3 and 0 for superscript numbers B1
2 and —1 for subscript numbers B1 [2]
{c) eneray =57 x10°x 1.6 x 107" (=9.12 x 107" J) C1
—16
_ 2%9.12x10 C1
9.11 x 10°¥
v =45 x 10" ms™’ A1 [3]
{d) both have 1 proton and 1 electron B1
1 neutron in hydrogen-2 and 2 neutrons in hydrogen-3 B1 [2]
(special case: for one mark ‘same number of protons / atomic number
different number of neutrons’)
Q32.
7 {a) (i} the direction of the fields is the same OR fields are uniform OR constant
electric field strength OR E = V/ d with symbaols explained B1 1]
(iiy reduce p.d. across plates B1
increase separation_of plates B1 2]
(iiiy o opposite charge to B (as deflection in opposite direction) B1
B has a range of velocities OR energies (as different deflections) and
o all have same velocity OR enerqy (as constant deflection) B1
o are more massive (as deflection is less for greater field strength) B1 [3]
by W=234and X=90 B1
Y=4andZ=2 B1 [2]
fc) A=32andB=16and C=0and D= -1 B1 [1]

12
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Particle Physics — 2021 AS

1. June/2021/Paper_11/N0.39
A nucleus of uranium, *3U, undergoes a series of decays. During the series of decays, two

a-particles and one B~ particle are emitted.
As a result, a nucleus of actinium, Ac, is formed.
What is the correct notation for the nuclide of actinium that is formed?

227 227 231 231
A 5 Ac B “Ac C “,Ac D “Ac

2. June/2021/Paper_11/No.40
Which particle is a fundamental particle?

A electron
B hadron
C neutron
D

proton

3. June/2021/Paper_12/No.39
A nucleus of magnesium decays into a nucleus X by emitting a p* particle. The decay is
represented by the equation shown.
Mg — X + OB

What are the values of P and Q?

P Q
A 22 11
B 22 13
Cc 23 11
D 23 13
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4. June/2021/Paper_12/No.40
In B~ decay, a neutron inside a nucleus changes to a proton.

Which statement describes the quark composition of the nucleus during the decay?
A The number of down quarks decreases by one.
B The number of down quarks increases by one.
C The number of down quarks stays the same.
D

The number of up quarks stays the same.

5. Nov/2021/Paper_11/No.39

A uranium-238 nucleus, U, undergoes a series of nuclear decays to form uranium-234, “2U.

Which series of decays could give this result?

A emission of four (~ particles

B emission of four y-rays

C emission of one a-particle and two 3 particles
D

emission of two a-particles and eight ™ particles

6. Nov/2021/Paper_11/No.40
Which combination of up (u) and down (d) quarks forms a proton?

A uuu B uud C udd D ddd

7. Nov/2021/Paper_12/No.39
An unstable nucleus decays by emitting a B* particle.

Which statement is correct?
A An antineutrino is also emitted.
A neutron changes into a proton.

B
C Mass—energy is conserved.
D

The nucleon number is not conserved.
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8. Nov/2021/Paper_12/No0.40
Which statement is not correct?

A An antineutrino is a fundamental particle.

B An electron is made up of a quark and an antiquark.
C Aneutrinois a lepton.
D

A neutron is composed of three quarks.

9. Nov/2021/Paper_13/No0.38

When a-particles are fired at a thin metal foil, most of the particles pass straight through but a few
are deflected by a large angle.

Which change would increase the proportion of a-particles deflected by a large angle?

A using a-particles with greater kinetic energy

B using a double thickness foil

C using a foil made of a metal with fewer protons in its nuclei
D

using a source emitting more «-particles per unit time
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10. Nov/2021/Paper_13/N0.39
A nucleus of neptunium-236 contains 93 protons and 143 neutrons. This nucleus decays with the
emission of an a-particle. The nucleus formed then emits a f~ particle.

Which diagram shows the changes in the number P of protons and the number N of neutrons in
these nuclei?

A B
146 146
N N
144 144
142 / 142
4
140 /] 140
138 ~ 138
90 92 94 96 90 92 94 96
= =
c D
146 146
N N
144 \\ 144
142 142
140 140
138 138
90 92 94 96 90 92 94 96
= =
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11. Nov/2021/Paper_13/No0.40
Which combination of quarks could not be the quark composition of the hadron shown?

p = proton

n = neutron

2. = sigma particle of charge —e
> = sigma particle of charge +e
u = up quark

d = down quark

s = strange quark

hadron corrcw1 ;ggz(tion
A 2 dds
B o uds
C uud
D n udd



https://stemup.co.uk

Particle Physics — 2021 AS

1. Nov/2021/Paper_21/No.6

(a) 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 o, f* and g~ particles.

Table 6.1

mass/u charge/e

a-particle

p* particle

[~ particle
(4]
(b) Carbon-14 is radioactive and decays by emission of f~ particles.
(i) Nuclei do not contain p~ particles.
Explain the origin of the = particle that is emitted from the nucleus during g~ decay.
..................................................................................................................................... [1]
(ii) State the change in the quark composition of a carbon-14 nucleus when it emits a
[~ particle.
..................................................................................................................................... 1]
(iii) Suggest why the B~ particles are emitted with a range of different energies.
..................................................................................................................................... [2]
[Total: 8]

1
STEMUP.CO.UK


https://stemup.co.uk

2.

Nov/2021/Paper_22/No.7

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 16 x 10" ms™

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

The initial speed of the a-particle is 1.6 x 107 ms~1.

(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 e ms~! [2]
(c) Calculate the initial kinetic energy, in MeV, of the a-particle.
Kinetic energy = ... MeV [3]

2
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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]

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

[Total: 10]

3
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June/2021/Paper_21/No.6
(a) A proton in a nucleus decays to form a neutron and a g 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 $* particle) has the largest ratio of
charge to mass.

.M

(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.

- [
(b) Anucleus X (%X) and a nucleus Y {1SY) are accelerated by the same uniform electric field.

(i) Determine the ratio

electric force acting on nucleus X
electric force acting on nucleus Y

STEMUP.CO.UK
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(ii) Determine the ratio

acceleration of nucleus X due to the field _
acceleration of nucleus Y due to the field

(iii) Nucleus X is at rest in the uniform electric field at time t = 0.
The field causes nucleus X to accelerate so that it moves through the field.

On Fig. 6.1, sketch the variation with time t of the acceleration a of nucleus X due to the
field.

Fig. 6.1
[1]

[Total: 10]

5
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4. June/2021/Paper_22/No.6

(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) 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 DTOdUCBS a beam of oc—particles in a vacuum. The average current
g
produced by the beam is 6.9 x 10_9A.

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

NUMDEE = e [3]

(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.

STEMUP.CO.UK
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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]

7
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5. June/2021/Paper_23/No.6
(a) State the quark composition of:

(i) a proton

..................................................................................................................................... [1]
(ii) a neutron
..................................................................................................................................... [1]
(iii) an alpha-particle.
..................................................................................................................................... [2]
(b) Inthe 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
..................................................................................................................................... [1]

..................................................................................................................................... [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 = e 2]
[Total: 9]

8
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6.

March/2021/Paper_22/No.7
(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]
(ii) result 2.
..................................................................................................................................... 2]
(b) A radioactive decay sequence contains four nuclei, P, Q, R and S, as shown.
218 214 214
P ™ $5Q — “gGR — S
Nucleus S is an isotope of nucleus P.
(i) Determine the proton number and the nucleon number of nucleus S.
Proton NUMbBEr = ...
NUCIEON NUMDET = ...t annes
[2]
(i) 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]

9
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Particle Physics — 2023 June AS Physics 9702

1. June/2023/Paper_9702/11/No.38
A proton has mass m, and charge +e.

What are the mass and charge of an antiproton?

mass charge
A -mp te
B -m, —-e
c mp +e
D my -e

2. June/2023/Paper_9702/11/No.39
A uranium nucleus has 92 protons and 143 neutrons.

The nucleus emits a total of 3 a-particles and 4 ™ particles to form nucleus X.

How can nucleus X be represented?

131 219 223 223
A X B X C X D X

3. June/2023/Paper_9702/11/No.40
Which statement about a proton is correct?

A A proton is a baryon but not a meson.
B A proton is a meson but not a hadron.
C A proton is both a hadron and a meson.
D

A proton is both a meson and a baryon.

4. June/2023/Paper_9702/12/No.38
What are isotopes?

A nuclei of different elements with the same number of neutrons
B nuclei of different elements with the same number of nucleons
C nuclei of the same element with different numbers of neutrons
D

nuclei of the same element with different numbers of protons
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5. June/2023/Paper_9702/12/No.39

235

A neutron (n is fired at a 233U nucleus. The neutron is absorbed by the nucleus which then splits

to form nuclei of ';,Ba and J2Kr.

235

What is the number of free neutrons emitted when the 35U nucleus splits?

A

0 B 1 c 2 D 3

6. June/2023/Paper_9702/12/No.40

A 7" meson has a charge of +e, where e is the elementary charge. It consists of an up quark and
one other quark.

What could be the other quark in the ©* meson?

A

B
c
D

anti-down
anti-up
bottom

charm

7. June/2023/Paper_9702/13/No.38
The table contains data for four different nuclei P, Q, R and S.

number nucleon
nucleus
of neutrons number
P 5 10
Q 6 10
R 6 14
S 8 16

Which two nuclei are isotopes of the same element?

A

Pand Q B PandsS C QandR D Rands

8. June/2023/Paper_9702/13/No.39
Which statement about ™ decay is correct?

A

A neutron changes to a proton in the nucleus and an electron and an antineutrino are
emitted.

A neutron changes to a proton in the nucleus and an electron and a neutrino are emitted.

A proton changes to a neutron in the nucleus and an electron and an antineutrino are
emitted.

A proton changes to a neutron in the nucleus and an electron and a neutrino are emitted.
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9. June/2023/Paper_9702/13/No.40
What is the quark composition of a hydrogen-3 nucleus, ?H?

number of quarks

up down
A 4 5
B 5 4
c 5 7
D 7 5
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10. June/2023/Paper_9702/21/No.8
An isolated stationary nucleus X decays by emitting an a-particle to form a nucleus Y.

Nucleus Y and nucleus Z are isotopes of the same element.

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

(i) nucleus Z

2]

(b) Use the principle of conservation of momentum to explain why nucleus Y cannot be stationary
immediately after the decay of nucleus X.

[Total: 5]

4
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11. June/2023/Paper_9702/22/No.8
(a) Nucleus P and nucleus Q are isotopes of the same element.

Nucleus Q is unstable and emits a B~ particle to form nucleus R.

(i)

(ii)

(iii)

For nuclei P and Q, compare:

e the number of protons

When nucleus Q decays to form nucleus R, the quark composition of a nucleon changes.

State the change to the quark composition of the nucleon.

State the name of another particle that must be emitted from nucleus Q in addition to the
B~ particle.

(b) A hadron consists of two charm quarks and one bottom quark.

Determine, in terms of the elementary charge e, the charge of the hadron.

charge = ... € [2]

5
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12. June/2023/Paper_9702/23/No.7

(a) Table 7.1 shows incomplete data for three flavours (types) of quark. The elementary charge

is e.
Table 7.1
quark antiquark
flavour
symbol charge/e symbol charge/e

2 _
up u +3 u
down d d
charm c c

Complete Table 7.1 by inserting the missing charges.

(2]

(b) Using the symbols given in Table 7.1, state a possible quark combination for the following

hadrons:

(i) aneutral baryon

(c) Quarks are fundamental particles.

Electrons are in another group (class) of fundamental particle.

(i) State the name of this group.

6
STEMUP.CO.UK

[Total: 6]
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13. March/2023/Paper_9702/12/No.38
What is a conclusion from the alpha-particle scattering experiment?

Protons and electrons have equal but opposite charges.

B Protons have a much larger mass than electrons.
C The nucleus contains most of the mass of the atom.
D The nucleus of an atom contains protons and neutrons.

14. March/2023/Paper_9702/12/No.39

Americium-241 is a radioactive nuclide used in smoke detectors. It undergoes w-decay to form
nuclide X. This decay may be represented by the equation shown.

BAMm - X +

What are the values of A and 27

A z
A 237 93
B 239 91
C 241 94
D 241 96

15. March/2023/Paper_9702/12/No.40

A top quark has a charge of +4 e, where e is the elementary charge.
What is the charge of an anti top quark?

A -Ze B —te c +le D +

L=
i
@
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16. March/2023/Paper_9702/22/No.7
(a) Nuclei X and Y are different isotopes of the same element.

Nucleus X is unstable and emits a p* 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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Particle Physics — 2023 Nov AS Physics 9702

1. Nov/2023/Paper_9702/11/No.38

Two alpha-particles with the same kinetic energy are moving towards, and are then deflected by,
a gold nucleus.

gold nucleus

alpha-particles

Which diagram could show the paths of the two alpha-particles?

S =

2. Nov/2023/Paper_9702/11/No.39
Which nuclide is formed when '2C undergoes p* decay?

A 'lc B :C c "B D "IN

3. Nov/2023/Paper_9702/11/No.40
A particular hadron is composed of three quarks and has zero charge.

What is a possible quark composition of the hadron?
A down, down, strange

B up, down, strange

C up, up, down
D

up, up, strange

1
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4. Nov/2023/Paper_9702/12/No.30

A fine mist of oil droplets is sprayed into air. As the oil droplets leave the nozzle of the spraying
device they can become electrically charged.

What is not a possible value for the charge on an oil droplet?
A zero

B 1.0x107"C

C 48x107"°C

D 80x10"C

5. Nov/2023/Paper_9702/12/No.38
Two nuclides are different isotopes of the same element.

Which statement about the nuclides is correct?

A Neutral atoms of the nuclides have the same number of electrons.
B Nuclei of the nuclides have different numbers of protons.

C Nuclei of the nuclides have the same number of nucleons.
D

Nuclei of the nuclides have the same number of neutrons.

6. Nov/2023/Paper_9702/12/N0.39
The charge-to-mass ratio r of a particle is given by the equation shown.

_ charge on particle
mass of particle

The value of r is determined for an a-particle, a B* particle and a proton p.
Which list shows the particles in order of increasing magnitude of r from left to right?

A uspB >p

B a—-p-op’
C poau—sp’
D pospB >

7. Nov/2023/Paper_9702/12/No.40
Which combination of up (u) and down (d) quarks forms a neutron?

A uuu B uud C udd D ddd
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8. Nov/2023/Paper_9702/13/No.38
The table shows the number of nucleons and the total number of particles (protons, neutrons and
electrons) in neutral atoms of four nuclides W, X, Y and Z.

number of total number
nucleons of particles
W 19 30
X 19 31
Y 21 32
z 22 31

Which two nuclides are isotopes of each other?

A WandX B WandyY C XandZ D YandZ

9. Nov/2023/Paper_9702/13/N0.39

When a sample of a radioactive isotope decays by o-particle emission, the c-particles emitted
have a single discrete energy.

When a sample of a radioactive isotope decays by p~ particle emission, the p~ particles emitted
have a continuous range of energies.

What is the explanation for this?

A An antineutrino is emitted with a [~ particle but not with an u-particle.
B An antineutrino is emitted with an c-particle but not with a ™ particle.
C The u-particles have much more energy than the [~ particles.
D

The [~ particles have much more energy than the a-particles.

10. Nov/2023/Paper_ 9702/13/No.40
Some particles are a combination of three quarks.

Which combination of quarks does not result in a particle with a charge of either +1.6 x 107'°C or
zero?

A up, down, down

B up, strange, strange
C up, up, down

D up,up,up
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11. Nov/2023/Paper_ 9702/21/No.7
(a) The results of the a-particle scattering experiment led to the development of the nuclear
model for the atom.

State the results that suggested that most of the mass of the atom is concentrated in a very
small region and most of the atom is empty space.

(c) Table 7.1 lists the names of three particles and possible classifications for them.

Table 7.1
classification
particle name
baryon hadron lepton
neutrino
neutron
positron

Complete Table 7.1 by placing ticks (v') in the boxes to indicate the classifications that apply
to each particle. [2]

4
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(d) The discovery of a particle with an unusual charge was an important step in the development
of the theory of quarks. The particle is a hadron with a mass of 2.19 x 10727 kg and a charge
of +2e, where e is the elementary charge.

(i) Calculate the mass, in u, of the particle. Give your answer to three significant figures.

(ii) Determine a possible quark composition of a hadron with a charge of +2e.
Explain your reasoning.

[2]
[Total: 8]

5
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12. Nov/2023/Paper_ 9702/21/No.7
(a) In the following list, underline all the particles that are not fundamental.

antineutrino baryon nucleon positron [1]

(b) A nucleus of thorium-230 (QggTh} decays in stages, by emitting a-particles and g~ particles, to
form a nucleus of lead-206 (zggpb}_

Determine the total number of a-particles and the total number of p~ particles that are

emitted during the sequence of decays that form the nucleus of lead-206 from the nucleus of
thorium-230.

number of a-particles = ...

number of BT particles = ...

(c) A meson has a charge of —1e, where e is the elementary charge. The quark composition of
the meson includes a charm antiquark.

State and explain a possible flavour (type) of the other quark in the meson.

[Total: 5]
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13. Nov/2023/Paper_9702/21/No.8

(a) The nuclide ngg is an isotope of magnesium that undergoes p* decay to form a new
nuclide X according to the equation

23

Mg = X+ TR 4+ v

Four numbers are missing from the equation.

i or the nuclide g, state what is represented by the numbers 23 an .
(i) For the nuclide ;M hat i d by th bers 23 and 12

23 TEPIESENES. oottt et e ee e e e e et a e ee et aee e e e e e eeaaanantntanneaeeeeeaa e e nnnsannsnnnnnea

A =T oL === = USSP ORPPRPT

[2]

(ii) Complete the equation by inserting the missing numbers. [2]

(ili) State the name of the group (class) of fundamental particles to which the positron and
neutrino belong.

7
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(b) Aradioactive source emits particles from its nuclei when it decays.
Fig. 8.1 shows, for the source, the variation with kinetic energy of the number of particles

emitted.
A
number of
particles
emitted
0 ==
0

kinetic energy of emitted particles

Fig. 8.1
State how Fig. 8.1 shows that these nuclei do not undergo beta-decay.

[Total: 6]
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