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]
L/
(b) Carbon-14 is radioactive and decays by emission of ™ p
(i) Nuclei do not contain g~ particles. 0
Explain the origin of the p~ particle that is @rom the nucleus during g~ decay.
............................................................................................................................. [1]
(ii) State the change 4 Qirk composition of a carbon-14 nucleus when it emits a
[~ particle.
T 2 PP [1]
rYs
(iii) Sugge‘s’why particles are emitted with a range of different energies.
..................................................................................................................................... [2]
[Total: 8]



2.

Nov/2021/Paper_22/No.7

A stationary nucleus P of mass 243u decays by emitting an o-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 107ms~".

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

(b) Determine the initial speed v of nucl

Q”Q

&

*

(c) Calculate the initial kinetic energy, in MeV, of the a-particle.

kinetic energy = ... MeV [3]



(d) A graph of number of neutrons N against proton number Z is shown in Fig. 7.2.
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L/
The graph shows a cross that represents nucleus P. *\

A nucleus R has a nucleon number of 242 and is Qe of nucleus P.

Nucleus R decays by emitting a g~ particle to different nucleus S.

(i) On Fig. 7.2, draw a cross to repre@
1. nucleus R (label this cross @

2. nucleus S (label this )-
[2]

her lepton, in addition to the p~ particle, that is emitted during the

(i) State the nam
decay of nu

[Total: 10]



3.

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.

- [1]
(iv) Use the quark model to show that the charge on the protoni where e is the
elementary charge.
O\i >
(: 0 [2]
(v) The quark composition of the pnw changed during the decay.
Describe the change to the Qmmposition.

cleus Y (13\') are accelerated by the same uniform electric field.

electric force acting on nucleus X
electric force acting on nucleus Y




(i) 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 ¢ = 0. 0

The field causes nucleus X to accelerate so that it moves the field.

L/
On Fig. 6.1, sketch the variation with time ¢ of the a on a of nucleus X due to the
field.

[1]
[Total: 10]




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 ﬁEoton.

State and explain whether a proton is a fundamental particle. Q

produced by the beam is 6.9 x 107°A.

................................................................................. 9‘ [1]
(c) A radioactive source produces a beam of a-p& in a vacuum. The average current
Calculate the average number of a—pa@@'ssing a fixed point in the beam in a time of

Q"’Q

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.



(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]




5. June/2021/Paper_23/No.6
(a) State the quark composition of:

(i) a proton

State what may be inferred from:

(i) the observation that most alpha-particles pas

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

........................................................................................................................ [2]
(c) Aproton and an cle are moving in the same uniform electric field.
Determiﬁ’e’& ra
*
acceleration of proton due to the electric field
acceleration of alpha-particle due to the electric field
Fatio = e 2]
[Total: 9]



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

.................................................................................................... e 1]
(ii) result 2. Q
0\
.................................................................. & e 2]
(b) A radioactive decay sequence contain r ei, P, Q, R and S, as shown.
218 2 214
p — %—) YR — s
Nucleus S is an isotope of nu
(i) Determine the p er 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]



