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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
2.0cm
T j
-120V
horizontal
plate
Fig. 6.1
®
The top plate has an electric potential of +180V and the bottom an electric potential
of —120V.

(i) Determine the magnitude of the electric field stren Qen the plates.

>
&

Id strength = oo NC1 [2]

(ii) State the directi ctric field.

ranium-238 (23§U) has a change made to its number of orbital

he atom to change into a new particle (ion) X that has an overall
is the elementary charge.

(b) An a
electrons. T

charg +2e;

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

NUMDbEr Of PrOtONS = ...ooiiiiiiiiiee e e
number of NeUtroNS = ...

number of €leCIrONS = ...
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(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 (ZggTh).

Calculate the total number of a-particles and the total number of = p 'Qﬂat are
emitted during the decay of uranium-238 to thorium-230.

number of a-particles = 4. . e,

number of B~ parti s@ .........................................................
@,

0 [Total: 10]
Q"’Q
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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.

nucleus

plate X ] 1 plate Y
\ /with charge /

4
+Vl ' d =

Fig. 7.1 (not to scale)

orizontal

on plate X. The nucleus is accelerated by the uniform electric field from plate X al
path to plate Y.

The potential difference (p.d.) between the plates is V. A nucleus with charge +gq Ls@ly at rest

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

(i) the magnitude of the electric field strength

(ii) the magnitude of the electric force acting (@

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

kinetic energy = ..o [1]

*
(b) State ch
following sepa

, in the Kkinetic energy of the nucleus on reaching plate Y when the
nges 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.
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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

(1]
(ii) State the name of the particle of negligible mass.
..................................................................................................................................... 1]
zTotal: 7]
252. 9702 w19 qp 22 Q: 7
A nucleus of plutonium-238 (233Pu) decays by emitting an a-particle t‘ a new nucleus X
and 5.6 MeV of energy. The decay is represented by {
2g§Pu —> X + a + 5.6MeV.
(@) Determine the number of protons and the number o ns in nucleus X.
°

numbe B o ittt et
nu UIFONS = oo
(2]

(b) Calculate the numb
power of 0.15W.

Q@SB nuclei that must decay in a time of 1.0s to produce a

L 2

0‘“

*

[Total: 4]

?‘]'PapaCambridge



nm
-5 a
"’ngacambrldge CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

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 th e 5.5MeV
of energy released in the decay process.

....................................................................................................... § U | }
(c) Asample of X is used to produce a beam of a-particlesinav & e number of a-particles
passing a fixed point in the beam in a time of 30s is 6.9

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

°
,0(:
RF et oo

er, in W, that is produced by the decay of 6.9 x 10" nuclei of X in

(ii) Determine t
atime of 3

L 2

0'“

*

[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.
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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
a=£4
m
0\
. (2]
(c) Astationary nucleus X decays by emitting an o-parti a nucleus of plutonium, 240 4 Pu,
as shown.
(i) Determine the number of protons meer of neutrons in nucleus X.
number of ProtoNS = ...
*
PO number of NEULIONS = ...
A g [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.
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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 '

T1f]’Papa(.‘.ambridge
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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

q_2a
m E-

[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

L/

N
0&
0 [2]

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

Of ProtONS = ..o

Q%ber OF NBUITONS = oo

isotope of the nucleus in (c) is in the same uniform electric field.

(d) A second nucl

staté nd

magnitddes o
*

(i) force,

ther the electric field produces, for the two nuclei, the same

[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 =

(b) The y-radiation emitted from the nucleus has a wavelength of 3.8 pm.

Calculate the frequency of this radiation.

frequency = ‘ b Hz [3]

(c) Explain how a single beam of a-particles and y-radiation %@rated into a beam of

a-particles and a beam of y-radiation.

(d) The c-particle emitted from the b
As the a-particle moves thr
a-particle loses energy
the air.

nucleus has an initial kinetic energy of 9.3 x 10-13J.
t causes the removal of electrons from atoms. The
ed after removing 1.8 x 10° electrons as it moved through

Determine the e needed to remove one electron.

L 2

0'“

*

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.

numMber of NUCIEONS = ..o
number Of NEULIONS = ......oooiiiiec e
(2]
(b) State one similarity and one difference between a g* particle and a - particle.
similarity: 6 ..............
AITTEIENCE: et e et e e e e e e evaeene e e e e B ettt aeeeeare s
[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 + & = BRb + X + 28n + energy.

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

(b) Complete Fig. 7.1 for this reaction.

value

\ (3]

Fig. 7.1 0(
(c) Suggest a possible form of energy released in this rea;
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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 +230T1 + 6.2MeV
(a) (i) Explain the meaning of spontaneous radioactive decay.

(ii) State the constituent particles of X.

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

(ii) Calculate the energy, in joules, released in this reac@
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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 a-particles ] A
metal —_| \ | metal
radioactive
source
u

5 o

™~ power
supply 0

Fig. 7.1
@

A radioactive source emitting a-particles is placed below the plates. T
shown on Fig. 7.1. The switch is closed producing a potential differ

This gives rise to a uniform electric field between the plates. 0
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 plac<|n @m.

the a-particles is
:d.) across the plates.
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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.

umber Z and the nucleon number A of
a B-particle is emitted.

(c) Complete Fig. 7.2 to show the changes in the pr
different radioactive nuclei when either an a-

emitted particle change in A

a-particle

B-particle

(1]
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262.9702_wl5 _qp 22 Q:8

(a) 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

®
(b) In a model of a copper atom of the isotope 23 Cu, the atom and it‘&

spherical.
The diameter of the nucleus is 2.8 x 10~14m. The diame Qtom is2.3x 1071%m.

Calculate the ratio

are assumed to be
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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

-4,

[\

<

o

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

o’a’

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.

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

[Total: §]
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265. 9702 s20 qp 22 Q: 7

(@) A nucleus of an element X decays by emitting a p* particle to produce a nucleus of
potassium-39 (19K) and a neutrino. The decay is represented by

X —> 3K + BBt + )

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

(b) A hadron is composed of three identical quarks and has a ch
elementary charge.

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

e, where e is the

[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 6.0 mm
apart in a vacuum, as shown in Fig. 7.1.

horizontal
plate -450V
. |
6.0mm path of p~ particle
horizontal radioactive — OV
plate source
Fig. 7.1
The top plate has a potential of =450V and the bottom plate is earthed. Assu ereis a

uniform electric field produced between the plates.

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

(a) (i) Determine the magnitude and the direction of the el acting on the P~ particle

as it moves between the plates.

de Of fOrCE = oo N

direction Of fOrCe ....oovveeeeiieeee e

(ii) Calculate t

boiton
00,‘

*

e by the electric field on the ~ particle for its movement from the
plate.

WOIK AONE = oo J [2]
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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+ 4o
................ 2]
(ii) State the name of the group (class) of particles that include‘\
1. neutrons {
2. P particles.
(2]

267. 9702_w20_qp_ 21 Q: 8

(a) State a similarity

?‘j_']'PapaCambridge
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‘e 255 7.
(b) For a nucleus of aluminium-25 (73Al):

(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 unif rizontal
electric field in a vacuum, as shown in Fig. 8.1.

<
< <

4.0cm

3.0cm / &

\

< / lines
A
F :
The electric field strength is 11 kV
Calculate the work done to VV@ arge from A to B.
% 4
S
*$
.
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 L J

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

(ii) The electric field causes the electron to move from i itial position.

Describe and explain the acceleration of@ tron due to the field, as the electron

moves through the field. o

is now placed in the same electric field at the same initial position
the electron.

(iii) A stationar
that was

*
“+Compar electric force acting on the a-particle with the initial electric force that

acted on

[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

(b) A hadron has a charge of +e where e is the elementary charge. The
only two quarks. One of these quarks is an antidown (d) quark. Bxco
and explain the name (flavour) of the other quark.

=

\
o

[Total: 6]
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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.

(i) The other two quarks in the hadron have the same charge x other.

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

[Total: 5]
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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 calio

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

By considering charge, detemQ ssible type (flavour) of the other quark.

Explain your working. z

[Total: 8]
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CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

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

?’Q'PapaCambridge
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273.9702_ w19 _qp_21 Q: 7
(@) The decay of a nucleus 1385Ar by p* emission is represented by
fg’Ar—>X+ﬁ++Y.
A nucleus X and two particles, * 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

(i) the name of the particle represented by the symbol Y.

(b) A hadron consists of two down quarks and one strange quark. ¢

Determine, in terms of the elementary charge e, the charg@

adron.

[Total: 4]

495

?‘j_']'PapaCambridge



"
] o
-"P Q(P acambrldge CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

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 H—LA 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. 0 [1]

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

L/

(c) Other p~ particles from the same
same incident path as that sho

State and briefly explai @1 se [~ 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
X—=>Y+p +V.
(@) Inthe above equation, draw a circle around all symbols that represent a lepton. [1]

(b) State the name of the particle represented by the symbol v.

............................................................................................................................................... 1]
(c) Energy is released during the decay process. State the form of the energy that is gained by

nucleus Y.

............................................................................................................................................... 1]

(d) By comparing the compositions of X and Y, state and explain whether they are i

(e) The quark composition of one nucleon in X is changed
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 0
Z

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

Nucleus P decays by emitting an « particle to form a nucleus@
Nucleus Q then decays by emitting a g~ particle to form a n ¢

(@ On Fig. 7.1, use a cross to represent

(i) nucleus Q (label this cross Q), ( 0 [1]

(ii) nucleus R (label this cross R). [1]
(b) State the name of the class (gro icles that includes the B~ patrticle.
......................................................................................................................... [1]
(c) The quark compo! e nucleon in Q is changed during the emission of the ™ particle.
Describe this ch quark composition.
...... BT
.................................................................................................................... [1]
[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, ?ZMg, 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 NUMDEE = ..ot e

Proton NUMDEE = .......ooiieii e

(i) State the name of the interaction that gives rise to this decay. 0

(iii) State two possible reasons why the sum of the kinetic ener
energy of the y radiation is less than the total energy rele
magnesium nucleus.

[Total: 6]
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CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

(@) Use the quark model to show that

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

(b) Anucleus of 9%sr 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 p*

nucleon number

proton number Tt

Fig. 7.1 (1]

(ii) State the name of the force responsible for B d

[Total: 5]

?‘]'PapaCambridge



“ 1PPapaSambridas..

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] o PSSP 0
neutron:

‘E [Total: 3]

280. 9702 _s17_qp_23 Q: 7 Q
(@) The following particles are used to describe the structur om.

electron neutron pr quark
Underline the fundamental particles in the ve [1]
(b) The following equation represents th a nucleus of $2Co to form nucleus Q by
B~ emission.
o 5Q + p7+ X

(i) Complete Fig. 7.1

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

....................................................................................................................................... [1]
[Total: 3]
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CHAPTER 13. PARTICLE AND NUCLEAR PHYSICS

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.

Q o

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

L/

proton

charge

B~ particle @e antineutrino

mass

Fi

A

(2]
0 [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 10~26kg. Its kinetic energy as a It of the
decay process is 0.80MeV. @

Calculate the speed of this nucleus.

@ energies of the carbon-13 nucleus and the g* particle
nergy released by the decay process.

(d) Explain why the su
cannot be equal to
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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 0
() the quark structure of the neutron,
............................................................................................. @, vereenneeeneeeeennens [1]
(ii) the change to the quark structure when the neutron deca \
.................................................. [1]
[Total: 6]
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(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]

emission of a beta particle is due to the decay of a neutron.

(i) Complete the following word equation for the particles produ& eaction.

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

(ii) State the change in quark composition of the particl

this reaction.

[Total: 5]
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(a) State the name of the class (group) to which each of the following belongs:
electron

neutron

neutrino

(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.

........................ Qz [2]
(ii) Write an equation for this decay in terms of quark composilign.

(ili) State the name of the force responsible fo ay.
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(a) Distinguish between an a-particle and a p*-particle.

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

(c) (i) State the quark composition of

\ 2]
0&

1. a proton,

[Total: 8]
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(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.

(c) The results of the a-particle scattering experiment provide evi e structure of the

atom.

result 1: The vast majority of a-particles pass st@oﬁgh 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 oE

(i) resultt,

........................... 0[1]
(ii) result 2.

[Total: 7]
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(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.

L e e et e e e et e e e e e e TR

P PR URRRISURRRRI . RR

K TP RO PP UPPRTORPORRPPRORRUPRURRUR. . ST OO URPRRRRN

(3]

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

elementary charge.

Explain your working. o

(3]

[Total: 10]
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(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 COmMPOSITION: ...t e . q ............... 1]

(c) The results of the a-particle scattering experiment provide evi@& e structure of the
atom.

result 1: The vast majority of a-particles pass st@gh the metal foil or are

deviated by small angles.

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

State what may be inferred from oE
(i) result, 0

........................... 0[1]
(ii) result 2.

[Total: 7]
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