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?
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2. Nov/2023/Paper_9702/11/No.39
Which nuclide is formed when '¢C s p* decay?

A 'lc B : c "B D "IN

3. Nov/2023/Papor&7O

A particular hadron'is co d 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



4. Nov/2023/Paper_9702/12/No.30

5.

6.

7.

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

Nov/2023/Paper_ 9702/12/No.38

Two nuclides are different isotopes of the same element. E Q

Which statement about the nuclides is correct? ‘\

A Neutral atoms of the nuclides have the same number of ele
B Nuclei of the nuclides have different numbers of proton

C Nuclei of the nuclides have the same number of nu@
D Nuclei of the nuclides have the same numbc@:

Nov/2023/Paper_ 9702/12/No0.39
The charge-to-mass ratio r of a pa' en by the equation shown.

_ charge on particle
mass of particle

L
The value of nis n a-particle, a p* particle and a proton p.
*

Which list shows the p es in order of increasing magnitude of r from left to right?

A usp op

B a—-p-op’
C poa—p’
D posp -

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



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 q
When a sample of a radioactive isotope decays by u-particle em'@si -particles emitted
have a single discrete energy. \
When a sample of a radioactive isotope decays by p~ parti ission, the p~ particles emitted

have a continuous range of energies.
What is the explanation for this? @
A An antineutrino is emitted with a [~ particle G@h an a-particle.

An antineutrino is emitted with an w-parti ot with a ™ particle.

B
C The u-particles have much more en the [~ particles.
D

The [~ particles have much mo than the u-particles.

10. Nov/2023/Paper_ 9702/

Some particles a
rYs

Which combination of
zero?

of three quarks.

oes not result in a particle with a charge of either +1.6 x 107'°C or

A up, down, down

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

D up,up,up



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 ckls for them.

Table 7.1 *\

classi
particle name
baryon ron lepton
neutrino
neutron a

positron

ing ticks (v') in the boxes to indicate the classifications that apply

(2]

Complete Table 7

to each icl
24
g



(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 107%" 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.

MASS = .ooeiiieerceemeceeeeeseescmeesernesseneeeeees. U [1]

(ii) Determine a possible quark composition of a hadron with a charge of +2e.
Explain your reasoning.

o ;
o [Total: 8]




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) Anucleus of thorium-230 (230Th) decays in stages, by emitting a-particles and - particles, to
form a nucleus of lead-206 (235Pb).

Determine the total number of a-particles and the total number of g~ 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-particle

number of B~ pati

C\{ )

(c) A meson has a charge of —1e, wher e elementary charge. The quark composition of
the meson includes a charm anti @

State and explain a possible (type) of the other quark in the meson.

&

*

- [2]
[Total: 5]



13. Nov/2023/Paper_9702/21/No.8

(a) The nuclide fglvlg is an isotope of magnesium that undergoes p* decay to form a new

nuclide X according to the equation

Four numbers are missing from the equation.

(i) For the nuclide ngg, state what is represented by the numbers 23 and 12.

=T o1 =T T= oSSR

T2 PO PIESENES. it ictiiee e e e e e s et e e e e e e e ee e s e srnsee e e se s areee e e sranbaeeee e rnee £esnnrnnnaaesennnane

(i) Complete the equation by inserting the missing numbersi

(iii) State the name of the group (class) of fundamental
neutrino belong.

Q°Q0

to which the positron a

\)

[2]
[2]
nd

(1]



(b) A radioactive 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 pE!c@

Fig. 8.1
g L/

State how Fig. 8.1 shows that these nuclei do not unde*\la—decay.

- [1]
[Total: 6]




