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640 CHAPTER 15. QUANTUM PHYSICS

338.9702_s21_qp_41 Q: 12

(a) Electromagnetic radiation of a single constant frequency is incident on a metal surface. This
causes an electron to be emitted.

Explain why the maximum kinetic energy of the electron is independent of the intensity of the
incident radiation.

............................................................................................................................................. [3]
(b) Ultraviolet radiation of wavelength 250nm is incident on the surface of a sheet of zinc.
The maximum kinetic energy of the emitted electrons is 1.4eV.
Determine, in eV:
(i) the energy of a photon of the ultraviolet radiation
BNEIGY = it a e eV [3]
(ii) the work function energy of the surface of the zinc.
[T L= o )RS eV [2]

[Total: 8]
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339. 9702_s21_qp_43 Q: 12

(a) Electromagnetic radiation of a single constant frequency is incident on a metal surface. This

(b)

causes an electron to be emitted.

Explain why the maximum kinetic energy of the electron is independent of the intensity of the
incident radiation.

............................................................................................................................................. [3]

Ultraviolet radiation of wavelength 250 nm is incident on the surface of a sheet of zinc.

The maximum kinetic energy of the emitted electrons is 1.4eV.

Determine, in eV:

(i) the energy of a photon of the ultraviolet radiation

BNEIGY = it eV [3]

(ii) the work function energy of the surface of the zinc.
[T = o )RR eV [2]

[Total: 8]
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642 CHAPTER 15. QUANTUM PHYSICS

340. 9702_w21 qp_42 Q: 9

(a) State what is meant by:

(i) the photoelectric effect

(b) A polished calcium plate in a vacuum is investigated by illuminating the surface with light.

It is found that no photoelectric current is produced when the frequency of the light is less
than 6.93 x 10" Hz.

(i) State the name of the frequency below which no photoelectric current is produced.

(ili) Calculate the work function energy, in eV, of calcium.

work fuNction ENErgy = ..o eV [2]

[Total: 9]
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341.9702_m20_qp_42 Q: 10

(a) By reference to the photoelectric effect, explain what is meant by work function energy.

(b) In an experiment, electromagnetic radiation of frequency fis incident on a metal surface.

The results in Fig. 10.1 show the variation with frequency f of the maximum kinetic energy
E,;ax Of electrons emitted from the surface.
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Fig. 10.1

(i) Determine the work function energy in J of the metal used in the experiment.

work function energy = ..o J [2]
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24

(i) The work function energy in eV for some metals is given in Table 10.1.

Table 10.1
metal work function/eV
tungsten 4.49
magnesium 3.68
potassium 2.26

Determine the metal used in the experiment. Show your working.

(c) The intensity of the electromagnetic radiation for one particular frequency in (b) is increased.
State and explain the change, if any, in:

(i) the maximum kinetic energy of the emitted electrons

[Total: 7]
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342.9702_s19_qp_43 Q: 11

(a) State three pieces of evidence provided by the photoelectric effect for a particulate nature of
electromagnetic radiation.

(b) The work function energies of some metals are shown in Fig. 11.1.

work function
energy/eV
sodium 2.4
calcium 2.9
zinc 3.6
silver 4.3
Fig. 11.1

Each metal is irradiated with electromagnetic radiation of wavelength 380 nm.

(i) Calculate the energy, in eV, of a photon of electromagnetic radiation of wavelength 380 nm.

BN Y = it eV [3]

(ii) Determine which metals will give rise to the emission of photoelectrons. Explain your
answer.

STEMUP.CO.UK


https://stemup.co.uk
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(c) Photons of wavelength 380nm are incident normally on a metal surface at a rate of
7.6 x 10147
All the photons are absorbed in the surface and no photoelectrons are emitted.

Calculate the force exerted on the metal surface by the incident photons.

[Total: 11]
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343.9702_wl19 _qgp_41 Q: 11

(a) With reference to the photoelectric effect, state what is meant by work function energy.

(b) The work function energy of a clean metal surface is 5.5 x 10719J.

Electromagnetic radiation of wavelength 280 nm is incident on the metal surface. The metal is
in a vacuum.

(i) Calculate:

1. the photon energy

PhOtON ENEIgY = ..o J [2]

2. the maximum speed v, Of the electrons emitted from the surface.
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(c) The electromagnetic radiation incident on the metal surface may change in intensity or in
frequency.

Complete Fig. 11.1 by inserting either ‘increases’ or ‘decreases’ or ‘no change’ to describe
the effects of the changes shown on the maximum speed and on the rate of emission of

electrons.
change maximum speed of rate of emission
electrons of electrons

reduced intensity at constant

freqUeNCY e | e

increased frequency at constant

INTENSILY e rres | e
Fig. 11.1

[4]

[Total: 12]
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344.9702_wl19 _qgp_43 Q: 11

(a) With reference to the photoelectric effect, state what is meant by work function energy.

(b) The work function energy of a clean metal surface is 5.5 x 10719J.

Electromagnetic radiation of wavelength 280 nm is incident on the metal surface. The metal is
in a vacuum.

(i) Calculate:

1. the photon energy

PhOtON ENEIgY = ..o J [2]

2. the maximum speed v, Of the electrons emitted from the surface.
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(c) The electromagnetic radiation incident on the metal surface may change in intensity or in
frequency.

Complete Fig. 11.1 by inserting either ‘increases’ or ‘decreases’ or ‘no change’ to describe
the effects of the changes shown on the maximum speed and on the rate of emission of

electrons.
change maximum speed of rate of emission
electrons of electrons

reduced intensity at constant

freqUeNCY e | e

increased frequency at constant

INTENSILY e rres | e
Fig. 11.1

[4]

[Total: 12]
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345. 9702_s18_qp_42 Q: 10

(@) Describe the photoelectric effect.

............................................................................................................................................... 2]
(b) Data for the work function energy @ of two metals are shown in Fig. 10.1.
@/J
sodium 3.8 x1071°
zinc 5.8 x 1071°
Fig. 10.1
Light of wavelength 420 nm is incident on the surface of each of the metals.
(i) State what is meant by a photon.
....................................................................................................................................... [2]
(i) Calculate the energy of a photon of the incident light.
ENEIGY = oo J[2]
(iii) State whether photoelectric emission will occur from each of the metals.
0T |11 4 TSP SRR VP P TUUPRRTPRIN
4| [PPSO VPR TOUPRRTPRN
[1]
[Total: 7]
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346. 9702_ml7 qp_42 Q: 10
(@) State what is meant by a photon.

(b) Light in a beam has a continuous spectrum that lies within the visible region. The photons of
light have enetrgies ranging from 1.60eV to 2.60¢eV.

The beam passes through some hydrogen gas. It then passes through a diffraction grating
and an absorption spectrum is observed.

(i) All of the light absorbed by the hydrogen is re-emitted. Explain why dark lines are still
observed in the absorption spectrum.

(if) Some of the energy levels of an electron in a hydrogen atom are illustrated in Fig.10.1.

A 054
~0.85

-1.51

energy/eV —3.40

-13.60

Fig.10.1 (not to scale)

The dark lines in the absorption spectrum are the result of electron transitions between
energy levels.

On Fig.10.1, draw arrows to show the initial electron transitions between energy levels
that could give rise to dark lines in the absorption spectrum. [2]

(ili) Calculate the shortest wavelength of the light in the beam.

wavelength = ... m [3]

[Total: 8]



https://stemup.co.uk

653
347. 9702_s17_qp_42 Q: 10

(i) The variation with % of E,ax for the metal surface is shown in Fig. 10.1.

4
EMA)(/10719J
3
/7
2
1
0
1.5 2.0 2.5 3.0 3.5 4.0
1_ 6 m—1
1110 m

Fig. 10.1

1. Use Fig. 10.1 to determine the magnitude of 4.

2. Use the gradient of Fig. 10.1 to determine a value for the Planck constant h.

(c) The metal surface in (b) becomes oxidised.
Photoelectric emission is still observed but the work function energy is increased.

On Fig. 10.1, draw a line to show the variation with % of E,ax for the oxidised surface. [2]

[Total: 9]
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348.9702_ml6_qp_42 Q: 11

(a) With reference to the photoelectric effect, state what is meant by the threshold frequency.

(b) Electromagnetic radiation of wavelength A is incident on a metal surface. Electrons of
maximum kinetic energy E,,,, are emitted.

(i) On Fig. 11.1, sketch the variation with 1/4 of E, ;.

|
Enmax

Fig.11.1
2]
(ii) State an equation relating the gradient of the graph drawn on Fig. 11.1 to the Planck

constant h.
Explain any symbols you use.

(iii) Explain why, for any particular wavelength of electromagnetic radiation, most of the
electrons are emitted with kinetic energies less than the maximum value E;,.
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(iv) Light of a particular wavelength is incident on a metal surface and gives rise to a
photoelectric current.

The wavelength is reduced. The intensity of the light is kept constant.

State and explain the effect, if any, on the photoelectric current.

[Total: 10]
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349. 9702 w16 _qp_ 41 Q: 10
(@) Explain what is meant by the photoelectric effect.

(b) One wavelength of electromagnetic radiation emitted from a mercury vapour lamp is 436 nm.

Calculate the photon energy corresponding to this wavelength.

ENEIGY = ooeeeeeeeeee et J [2]

(c) Light from the lamp in (b) is incident, separately, on the surfaces of caesium and tungsten
metal.

Data for the work function energies of caesium and tungsten metal are given in Fig. 10.1.

metal work function
energy/eV
caesium 1.4
tungsten 4.5
Fig. 10.1

Calculate the threshold wavelength for photoelectric emission from

(i) caesium,

threshold wavelength = ... nm [2]
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(if) tungsten.

threshold wavelength = ..., nm [1]

(d) Use your answers in (c) to state and explain whether the radiation from the mercury lamp of
wavelength 436 nm will give rise to photoelectric emission from each of the metals.

(7= =<1 11 0.0 DTSR SRS TSR

[Total: 9]
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350. 9702_wl16_qp_ 43 Q: 10
(@) Explain what is meant by the photoelectric effect.

(b) One wavelength of electromagnetic radiation emitted from a mercury vapour lamp is 436 nm.

Calculate the photon energy corresponding to this wavelength.

ENEIGY = ooeeeeeeeeee et J [2]

(c) Light from the lamp in (b) is incident, separately, on the surfaces of caesium and tungsten
metal.

Data for the work function energies of caesium and tungsten metal are given in Fig. 10.1.

metal work function
energy/eV
caesium 1.4
tungsten 4.5
Fig. 10.1

Calculate the threshold wavelength for photoelectric emission from

(i) caesium,

threshold wavelength = ... nm [2]
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(if) tungsten.

threshold wavelength = ..., nm [1]

(d) Use your answers in (c) to state and explain whether the radiation from the mercury lamp of
wavelength 436 nm will give rise to photoelectric emission from each of the metals.

(7= =<1 11 0.0 DTSR SRS TSR

[Total: 9]
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351.9702_s21_qp_42 Q: 11

(a) State the purpose of computed tomography (CT scanning).

[Total: 6]

STEMUP.CO.UK


https://stemup.co.uk

661
352.9702_s21_qp_42 Q: 12

(a) State what is meant by a photon.

(b) A stationary nucleus of samarium-157 (127

Sm) emits a gamma-ray (y-ray) photon of energy
0.57 MeV.

Determine, for one y-ray photon:

(1) its wavelength

wavelength =

(if) its momentum.

momentum =

STEMUP.CO.UK
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(c) (i) Using your answer to (b)(ii), determine the speed of the samarium-157 nucleus after
emission of the photon.

(if) By reference to your answer in (c)(i), explain quantitatively why the speed of the
samarium-157 nucleus may be assumed to be negligible compared with the speed of the
photon.

[Total: 9]
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353. 9702_w21_qp_41 Q: 10
(a) State an experimental phenomenon that provides evidence for:

(i) the particulate nature of electromagnetic radiation

(b) A particle of matter moves with momentum p.

(i) State the equation that gives the effective wavelength A of the particle. State the name of
any other symbols used.

(2]
(ii) State the name given to the wavelength of the moving particle.
..................................................................................................................................... [1]
(c) Electrons are accelerated from rest through a potential difference (p.d.) of 4.8kV.
(i) Show that the final speed of the electrons is 4.1 x 10" ms™".
(2]

(if) Calculate the effective wavelength of a beam of electrons moving at the speed in (c)(i).

wavelength = ... m [2]

[Total: 9]
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354. 9702_w21_qp_43 Q: 10

(a) State an experimental phenomenon that provides evidence for:

(i) the particulate nature of electromagnetic radiation

(ii) the wave nature of matter.

(b) A particle of matter moves with momentum p.

(i) State the equation that gives the effective wavelength 4 of the particle. State the name of
any other symbols used.

(2]
(ii) State the name given to the wavelength of the moving particle.
..................................................................................................................................... [1]
(c) Electrons are accelerated from rest through a potential difference (p.d.) of 4.8kV.
(i) Show that the final speed of the electrons is 4.1 x 10" ms™".
(2]

(ii) Calculate the effective wavelength of a beam of electrons moving at the speed in (c)(i).

wavelength = ... m [2]

[Total: 9]
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355. 9702_s19_qp_41 Q: 11

(a) State three pieces of evidence provided by the photoelectric effect for a particulate nature of
electromagnetic radiation.

SR
OO ST PO UP TP TUPRPRRPPRONt
B et et e ee ettt eeeeieeeeeeeeeeeefeeeeeeeeeseeeieseeeesiseteieseeseseeesiaseeeasseeeessseesissseeaasneesinsesianneaans
[3]
(b) The work function energies of some metals are shown in Fig. 11.1.
work function
energy/eV

sodium 2.4

calcium 2.9

zinc 3.6

silver 4.3

Fig. 11.1

Each metal is irradiated with electromagnetic radiation of wavelength 380 nm.

(i) Calculate the energy, in eV, of a photon of electromagnetic radiation of wavelength 380 nm.

ENEITY = ..o eV [3]

(i) Determine which metals will give rise to the emission of photoelectrons. Explain your
answer.

STEMUP.CO.UK


https://stemup.co.uk

666 CHAPTER 15. QUANTUM PHYSICS

(c) Photons of wavelength 380nm are incident normally on a metal surface at a rate of
7.6 x 10147
All the photons are absorbed in the surface and no photoelectrons are emitted.

Calculate the force exerted on the metal surface by the incident photons.

[Total: 11]
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356. 9702 s19 qp 42 Q: 11
(@) State what is meant by a photon.

............................................................................................................................................... 2]
(b) A stationary cobalt-60 (ggCo) nucleus emits a y-ray photon of energy 1.18 MeV.
(i) Calculate the wavelength of the photon.
wavelength = ... m [2]
(i) Show that the momentum of the photon is 6.3 x 10722N's.
[2]

(c) Use information in (b)(ii) to determine the recoil speed of the cobalt-60 nucleus when the
y-ray photon is emitted.

[Total: 8]
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357. 9702 _wl7 qp_ 41 Q: 11
(@) State what is meant by a photon.

............................................................................................................................................. [1]
(b) Indium-123 ('331In) is radioactive.
A nucleus of indium-123 emits a y-ray photon of energy 1.1 MeV.
Determine, for this y-radiation,
(i) the frequency,
frequeNCY = ..o Hz [2]
(ii) the momentum of a photon.
MOMENTUM = ... Ns [2]

(c) The indium-123 nucleus is stationary before emission of the y-ray photon.
Use your answer in (b)(ii) to estimate the recoil speed of the nucleus after emission of the
photon.

[Total: 7]
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358. 9702 w17 qp 42 Q: 10

(@) A metal surface is illuminated with light of a single wavelength A.
On Fig. 10.1, sketch the variation with A of the maximum kinetic energy E,,, of the electrons
emitted from the surface.
On your graph mark, with the symbol 4, the threshold wavelength.

A

EMAX

Fig. 10.1 [3]
(b) A neutron is moving in a straight line with momentum p.
The de Broglie wavelength associated with this neutron is A.
On Fig. 10.2, sketch the variation with momentum p of the de Broglie wavelength A.

A

Fig. 10.2 2]

[Total: 5]
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359. 9702 wl7 qp_ 43 Q: 11
(@) State what is meant by a photon.

............................................................................................................................................. [1]
(b) Indium-123 ('331In) is radioactive.
A nucleus of indium-123 emits a y-ray photon of energy 1.1 MeV.
Determine, for this y-radiation,
(i) the frequency,
frequeNCY = ..o Hz [2]
(ii) the momentum of a photon.
MOMENTUM = ... Ns [2]

(c) The indium-123 nucleus is stationary before emission of the y-ray photon.
Use your answer in (b)(ii) to estimate the recoil speed of the nucleus after emission of the
photon.

[Total: 7]
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360. 9702 w18 qp 42 Q: 11

(a) State what is meant by a photon.

............................................................................................................................................... 2]
(b) Describe the appearance of a visible line emission spectrum, as seen using a diffraction

grating.

............................................................................................................................................... 2]

O S -------- —0.38
~1.50 <-cemmeee N-0.85
--------- ~3.40
energy/eV
—13.6---------

Fig. 11.1 (not to scale)

(i) An electron is initially at the energy level —0.85eV. State the total number of different
wavelengths that may be emitted as the electron de-excites (loses energy).

NUMDEE = e [1]
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(i) Photons resulting from electron de-excitation from the —0.85eV energy level are incident
on the surface of a sample of platinum.

Platinum has a work function energy of 5.6eV.
Determine

1. the maximum Kinetic energy, in eV, of a photoelectron emitted from the surface of
the platinum,

Maximum €NErgy = ..o eV [2]

2. the wavelength of the photon producing the photoelectron in (ii) part 1.

wavelength = ... e m [3]

[Total: 10]
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361. 9702_s17_qp_41 Q: 11

A beam of light consists of a continuous range of wavelengths from 420nm to 740 nm.
The light passes through a cloud of cool gas, as shown in Fig. 11.1.

[

incident light emergent light

wavelengths 420nm—-740nm

Fig. 11.1

(@) The spectrum of the light emerging from the cloud of cool gas is viewed using a diffraction
grating.
Explain why this spectrum contains a number of dark lines.

(b) Some of the electron energy levels of the atoms in the cloud of gas are represented in
Fig. 11.2.

—0.38eV
A —0.54eV

—0.85eV

—1.5eV

energy
—-3.4eV

- 13.6eV

Fig. 11.2 (not to scale)
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(i) Light of wavelength 420nm has a photon energy of 2.96eV.
Calculate the photon energy, in eV, of light of wavelength 740 nm.

PhOtON €NEIgY = oo, eV [2]

(ii) Use data from (i) and your answer in (i) to show, on Fig. 11.2, the changes in energy
levels giving rise to the dark lines in (a). 2]

[Total: 8]
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362. 9702_s17_qp_42 Q: 11

An electron has charge —q and mass m. It is accelerated from rest in a vacuum through a potential
difference V.

(@) Show that the momentum p of the accelerated electron is given by

p = V(2mgV).

[2]
(b) The potential difference V through which the electron is accelerated is 120 V.
(i) State what is meant by the de Broglie wavelength.
....................................................................................................................................... [2]
(i) Calculate the de Broglie wavelength of the electron.
wavelength = ... m [3]

(c) The separation of copper atoms in a copper crystal is approximately 2x10-19m.
By reference to your answer in (b)(ii), suggest whether electron diffraction could be observed

using a beam of electrons that have been accelerated through a potential difference of 120V
and are then incident on a thin copper crystal.

[Total: 9]
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363. 9702 s17_qp_43 Q: 11

A beam of light consists of a continuous range of wavelengths from 420nm to 740nm.
The light passes through a cloud of cool gas, as shown in Fig. 11.1.

[

incident light emergent light

wavelengths 420nm-740nm

Fig. 11.1

(@) The spectrum of the light emerging from the cloud of cool gas is viewed using a diffraction
grating.
Explain why this spectrum contains a number of dark lines.

(b) Some of the electron energy levels of the atoms in the cloud of gas are represented in
Fig. 11.2.

—0.38eV
A —0.54eV

—0.85eV

—15eV

energy
—-3.4eV

- 13.6eV

Fig. 11.2 (not to scale)

STEMUP.CO.UK


https://stemup.co.uk

677

(i) Light of wavelength 420nm has a photon energy of 2.96eV.
Calculate the photon energy, in eV, of light of wavelength 740 nm.

PhOtON ENEIgY = oo, eV [2]

(ii) Use data from (i) and your answer in (i) to show, on Fig. 11.2, the changes in energy
levels giving rise to the dark lines in (a). 2]

[Total: 8]
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364. 9702_wl6_qp_42 Q: 12
(a) State an effect, one in each case, that provides evidence for

(i) the wave nature of a particle,

(b) Four electron energy levels in an isolated atom are shown in Fig. 12.1.

—0.54eV
-0.85eV

energy
—-1.51eV

-3.40eV

Fig. 12.1
For the emission spectrum associated with these energy levels,

(i) on Fig. 12.1, mark with an arrow the transition that gives rise to the shortest wavelength,

[1]

(i) show that the wavelength of the transition in (i) is 4.35x10~"m.

[2]
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(c) (i) State whatis meant by the de Broglie wavelength.

(i) Calculate the speed of an electron having a de Broglie wavelength equal to the
wavelength in (b)(ii).

[Total: 9]
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365. 9702_s20_qp_41 Q: 10

(a) White light passes through a cloud of cool low-pressure gas, as illustrated in Fig. 10.1.

cool gas
_— EEm—
—_— —
white emergent

. R  —E .

light light
—_
. —_—

Fig. 10.1

For light that has passed through the gas, its continuous spectrum is seen to contain a
number of darker lines.

Use the concept of discrete electron energy levels to explain the existence of these darker
lines.
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(b) The uppermost electron energy bands in a solid are illustrated in Fig. 10.2.

} conduction band (CB)

forbidden band (FB)

valence band (VB)

Fig. 10.2

Use band theory to explain the dependence on light intensity of the resistance of a
light-dependent resistor (LDR).

[Total: 9]
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CHAPTER 15. QUANTUM PHYSICS

366. 9702_s20_qp_42 Q: 11

(a)

(b)

The uppermost energy bands in a solid are known as the valence band (VB), the forbidden
band (FB) and the conduction band (CB).

A copper wire is at room temperature.

Use band theory to explain why the resistance of the copper wire increases as its temperature
increases.

The structure of a copper crystal is to be examined using electron diffraction.

Electrons, having been accelerated from rest through a potential difference V, are incident on
the crystal.

The de Broglie wavelength A of the electrons is 2.6 x 10~ m.

Calculate the accelerating potential difference V.

[Total: 8]
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367. 9702_s20_qp_43 Q: 10

(a) White light passes through a cloud of cool low-pressure gas, as illustrated in Fig. 10.1.

cool gas
_— EEm—
—_— —
white emergent

. R  —E .

light light
—_
. —_—

Fig. 10.1

For light that has passed through the gas, its continuous spectrum is seen to contain a
number of darker lines.

Use the concept of discrete electron energy levels to explain the existence of these darker
lines.
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(b) The uppermost electron energy bands in a solid are illustrated in Fig. 10.2.

} conduction band (CB)

forbidden band (FB)

valence band (VB)

Fig. 10.2

Use band theory to explain the dependence on light intensity of the resistance of a
light-dependent resistor (LDR).

[Total: 9]



https://stemup.co.uk

685

368. 9702 _ml19 qp_ 42 Q: 11
(@) State what is meant by a photon.

(b) Calculate the energy, in eV, of a photon of light of wavelength 540 nm.

ENEIGY = oo eV [3]

(c) The outermost electron energy bands of a semiconductor material are illustrated in Fig. 11.1.

conduction band

forbidden band

valence band

Fig. 11.1
The width of the forbidden band is 1.1eV.

Explain why, when photons of light, each of energy 2.1eV, are incident on the semiconductor
material, its resistance decreases.

[Total: 9]
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369. 9702 w19 qp_ 42 Q: 10

(@) The upper electron energy bands in an intrinsic semiconductor material are illustrated in
Fig. 10.1.

conduction
band

forbidden
band

valence
band

Fig. 10.1

Use band theory to explain why the resistance of an infrinsic semiconductor material
decreases as its temperature increases.
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(b) A comparator circuit incorporating an ideal operational amplifier (op-amp) is shown in
Fig. 10.2.

+3.0V0
+5V
1.50ke kE|\F?T _\}\
O
+ A
AN
-5V
VOUT
1.20kQ |H176 kQ
I- - - -

Fig. 10.2

The variation with temperature 6 of the resistance R of the thermistor is shown in Fig. 10.3.

3.5

P

3.0 N

7

R, /ke

2.5

2.0 =

71

15 =

1.0

g/°C

Fig. 10.3
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(i) Determine the temperature at which the light-emitting diode (LED) in Fig. 10.2 switches
on or off.

temperature = . °C [4]

(ii) State and explain whether the thermistor is above or below the temperature calculated
in (i) for the LED to emit light.

[Total: 11]
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370.9702_ml18 qp_ 42 Q: 11

Some electron energy bands in a solid are shown in Fig. 11.1.

conduction band

gap between conduction band
and valence band (forbidden band)

valence band

Fig. 11.1

The width of the forbidden band and the number density of charge carriers occupying each band
depends on the nature of the solid.

Use band theory to explain why

(@) the resistance of a metal at room temperature increases gradually with temperature,

(b) the resistance, at constant temperature, of a light-dependent resistor (LDR) decreases with
increasing light intensity.

[Total: 7]
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371. 9702_s18_qp_41 Q: 11

(@) (i) Explain what is meant by a photon.

(i) By reference to intensity of light, state one piece of evidence provided by the photoelectric
effect for a particulate nature of light.

(b) Some electron energy levels in a solid are illustrated in Fig. 11.1.

-

%~ conduction band

> forbidden band

> valence band

Fig. 11.1

A semiconductor material has a very high resistance in darkness.
Light incident on the semiconductor material causes its resistance to decrease.

Explain the resistance of the semiconductor material in different light conditions.

[Total: 8]
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372.9702_s18_qp_43 Q: 11

(@) (i) Explain what is meant by a photon.

(i) By reference to intensity of light, state one piece of evidence provided by the photoelectric
effect for a particulate nature of light.

(b) Some electron energy levels in a solid are illustrated in Fig. 11.1.

-~

% conduction band

> forbidden band

> valence band

Fig. 11.1

A semiconductor material has a very high resistance in darkness.
Light incident on the semiconductor material causes its resistance to decrease.

Explain the resistance of the semiconductor material in different light conditions.

[Total: 8]
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373.9702_wl8 qp 41 Q: 10

Some of the electron energy bands in a semiconductor material at the absolute zero of temperature
are shown in Fig. 10.1.

> conduction band (empty)

- ——-

> forbidden band

\. valence band (filled)

Fig. 10.1

Use band theory to explain why, as the temperature of the semiconductor material rises, the
electrical resistance of the sample of material decreases.

STEMUP.CO.UK
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374. 9702 w18 qp 43 Q: 10

Some of the electron energy bands in a semiconductor material at the absolute zero of temperature
are shown in Fig. 10.1.

> conduction band (empty)

- ——-

> forbidden band

\. valence band (filled)

Fig. 10.1

Use band theory to explain why, as the temperature of the semiconductor material rises, the
electrical resistance of the sample of material decreases.

STEMUP.CO.UK
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375.9702_ml7 qp_42 Q: 11

Use band theory to explain why, unlike a copper wire, the resistance of an intrinsic semiconductor
decreases with an increase of temperature.

[Total: 5]
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376. 9702 _wl6_qp 41 Q: 11
Some of the electron energy bands in a solid are illustrated in Fig. 11.1.

~

conduction band
~ (partially filled)

AN

> forbidden band

> valence band

Fig. 11.1

The width of the forbidden band and the number of charge carriers occupying each band depends
on the nature of the solid.

Use band theory to explain why the resistance of a sample of a metal at room temperature
changes with increasing temperature.

[Total: 5]
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377. 9702 _wl6_qp 43 Q: 11
Some of the electron energy bands in a solid are illustrated in Fig. 11.1.

~

conduction band
¢ (partially filled)

N

> forbidden band

> valence band

Fig. 11.1

The width of the forbidden band and the number of charge carriers occupying each band depends
on the nature of the solid.

Use band theory to explain why the resistance of a sample of a metal at room temperature
changes with increasing temperature.

STEMUP.CO.UK
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378.9702_m21 qp_ 42 Q:11

(a) Electrons are accelerated through a potential difference of 15kV. The electrons collide with a
metal target and a spectrum of X-rays is produced.

(i) Explain why a continuous spectrum of energies of X-ray photons is produced.

(ii) Calculate the wavelength of the highest energy X-ray photon produced.

wavelength = ... m [3]

STEMUP.CO.UK
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(b) Abeam of X-rays has an initial intensity I . The beam is directed into some body tissue. After
passing through a thickness x of tissue the intensity is I. The graph in Fig. 11.1 shows the
variation with x of In (I/I ).

x/em
0 1 2 3 4 5 6 7 8 9 10 N

In (/1) Ny

-1.0

-1.2

pd
i

yd

Fig. 11.1

(i) Determine the linear attenuation (absorption) coefficient u for this beam of X-rays in the
tissue.

(ii) Determine the thickness of tissue that the X-ray beam must pass through so that the
intensity of the beam is reduced to 5.0% of its initial value.

thICKNESS = i cm [2]

[Total: 10]
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Q: 11

(a) State how, in a modern X-ray tube, the intensity of the X-ray beam and its hardness are

controlled.

11 (=T ST 18 S PPN

(b) A model of a limb consists of soft tissue and bone, as illustrated in Fig. 11.1.

incident
intensity

bone

Fig. 11.1

tfransmitted
intensity

tissue

The soft tissue has a thickness of 9.0cm. The bone within the soft tissue has a thickness of

3.0cm.

Data for the linear attenuation (absorption) coefficient x4 of X-rays in soft tissue and in bone
are shown in Table 11.1.

Table 11.1
ulem™
soft tissue 0.92
bone 2.9

STEMUP.CO.UK
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A parallel beam of X-rays of intensity I, is incident normally on the model.
Calculate, in terms of I;:

(i) the transmitted intensity I through soft tissue alone

(ii) the transmitted intensity I, through soft tissue and bone.

(c) By reference to your answers in (b), suggest, with a reason, whether good contrast on an
X-ray image would be obtained.

[Total: 7]
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380. 9702_s21_qp_43

Q: 11

(a) State how, in a modern X-ray tube, the intensity of the X-ray beam and its hardness are

controlled.

101 (] g E= 1 O T PP

{(b) A model of a limb consists of soft tissue and bone, as illustrated in Fig. 11.1.

incident
intensity

bone

Fig. 11.1

transmitted
intensity

tissue

The soft tissue has a thickness of 9.0cm. The bone within the soft tissue has a thickness of

3.0cm.

Data for the linear attenuation (absorption) coefficient u of X-rays in soft tissue and in bone
are shown in Table 11.1.

Table 11.1
ulem™
soft tissue 0.92
bone 29

STEMUP.CO.UK
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A parallel beam of X-rays of intensity I, is incident normally on the model.
Calculate, in terms of I;:

(i) the transmitted intensity I through soft tissue alone

(ii) the transmitted intensity I, through soft tissue and bone.

(c) By reference to your answers in (b), suggest, with a reason, whether good contrast on an
X-ray image would be obtained.

[Total: 7]
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381.9702_w21 qgp_ 41 Q: 11

(a)

(b)

(c)

State, for an X-ray image, what is meant by:

(i) sharpness

A parallel X-ray beam passes through a thickness of 2.3cm of soft body tissue. The intensity
of the emerging beam is 12% of the intensity of the incident beam.

Calculate the linear attenuation (absorption) coefficient u of the soft body tissue. Give a unit
with your answer.

In medical diagnosis, X-rays may be used to produce a single X-ray image or may be used in
computed tomography (CT scanning).

Suggest an advantage and a disadvantage of CT scanning compared with single X-ray
imaging for diagnosis.

= T V7= a1 2= o= ST SRR

[Total: 7]
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382.9702_ w21 qgp_43 Q: 11

(a)

(b)

(c)

State, for an X-ray image, what is meant by:

(i) sharpness

A parallel X-ray beam passes through a thickness of 2.3cm of soft body tissue. The intensity
of the emerging beam is 12% of the intensity of the incident beam.

Calculate the linear attenuation (absorption) coefficient u of the soft body tissue. Give a unit
with your answer.

In medical diagnosis, X-rays may be used to produce a single X-ray image or may be used in
computed tomography (CT scanning).

Suggest an advantage and a disadvantage of CT scanning compared with single X-ray
imaging for diagnosis.

= T V7= T a1 2= Lo = SRR SRR

[Total: 7]
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383.9702_m20 qp_42 Q: 11

Electrons are accelerated through a potential difference of 100kV. They are then incident on a
metal target, they decelerate, and X-ray photons are emitted.

(a) Calculate the maximum possible frequency of the emitted X-ray photons.

frequenCY = .. Hz [2]

(b) Explain why an aluminium filter may be placed in the X-ray beam when producing an X-ray
image of a patient.

(c) The linear attenuation (absorption) coefficients u for X-rays in bone, blood and muscle are
given in Table 11.1.

Table 11.1
ulcm™
bone 3.0
blood 0.23
muscle 0.22

(i) A beam of these X-rays is incident on a person.

Calculate the percentage of the intensity of the X-ray beam that has been absorbed after
passing through 0.80cm of blood.

percentage of intensity absorbed = ..., % [2]

STEMUP.CO.UK
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(ii) In an X-ray image, white regions show greater absorption of X-rays than dark regions.

State and explain the difference between the X-ray image of bone compared to that of
muscle.

[Total: 9]

384.9702_ml19 qp_42 Q: 9

Outline the principles of computed tomography (CT) scanning.

[Total: 5]
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385. 9702 w19 qp 42 Q: 7

Describe the principles of computed tomography (CT) scanning.
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386. 9702 _ml8 qp_ 42 Q: 12

(@) Suggest two causes of lack of sharpness of an X-ray image.

(b) The thickness of a sheet of metal is examined using a parallel X-ray beam, as illustrated in
Fig. 12.1.

»3.2mm;

+
parallel
X-ray beam
+

Fig. 12.1 (not to scale)

Part of the beam passes normally through the metal of thickness 3.2 mm. Another part of the
beam passes normally through the metal of thickness x mm.

The linear attenuation (absorption) coefficient for the X-ray beam in the metal is 1.5cm™".

The ratio

intensity of X-ray beam transmitted through 3.2 mm of metal
intensity of X-ray beam transmitted through x mm of metal

is found to be 0.81.

(i) Calculate the thickness x.
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(i) The ratio of the intensities is also the ratio of the powers of the X-ray beams.
Calculate this ratio in decibels.

[Total: 6]
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387. 9702_s18_qp_41 Q: 12

An X-ray beam is used to produce an image of a model of a thumb.
A parallel beam of X-ray radiation of intensity I, is incident on the model, as illustrated in Fig. 12.1.

b soft tissue
one
S )
incident beam 1.3cm emergent beam
. . —_—
intensity I,
2.8cm
\
Fig. 121

Data for the attenuation (absorption) coefficient . in bone and in soft tissue are shown in Fig. 12.2.

w/em™?
bone 3.0
soft tissue 0.90

Fig. 12.2

(a) Calculate, in terms of the incident intensity I, of the X-ray beam, the intensity of the beam
after passing through

(i) athickness of 2.8cm of soft tissue,

iNtensity = .o I, [2]

STEMUP.CO.UK
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388. 9702_s18_qp_42 Q: 11

(@) Describe the basic principles of CT scanning (computed tomography).

(b) By reference to your answer in (a), suggest why

(i) CT scanning was not possible before fast computers with large memories were available,

[Total: 7]
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389. 9702 s18 qp_43 Q: 12

An X-ray beam is used to produce an image of a model of a thumb.
A parallel beam of X-ray radiation of intensity I, is incident on the model, as illustrated in Fig. 12.1.

b soft tissue
one

~_( ™

S )
incident beam 1.3cm emergent beam
. . _—— _——
intensity I,
2.8cm
N J
Fig. 121

Data for the attenuation (absorption) coefficient xin bone and in soft tissue are shown in Fig. 12.2.

w/cm™!
bone 3.0
soft tissue 0.90

Fig. 12.2

(a) Calculate, in terms of the incident intensity I, of the X-ray beam, the intensity of the beam
after passing through

(i) athickness of 2.8cm of soft tissue,

iNtensity = ..o, 1,12]
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(i) the bone and soft tissue, as shown in Fig. 12.1.

iNtensity = .o I, [2]

(b) (i) State whatis meant by the contrast of an X-ray image.

(i) By reference to your answers in (a), suggest whether the X-ray image of the model has
good contrast.

[Total: 7]
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390. 9702 w18 qp 42 Q: 10

(@) The root-mean-square (r.m.s.) value of the voltage of a sinusoidal alternating supply is 9.9 V.
The frequency of the supply is 50Hz.

Derive an expression for the variation with time ¢ (in second) of the potential difference V
(in volt) of the supply.

(b) Explain the function of the non-uniform magnetic field superposed on the large constant
magnetic field in diagnosis using magnetic resonance imaging (NMRI).
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(c) Aparallel beam of X-rays of intensity I, is incident normally on some soft tissue and bone, as

illustrated in Fig. 10.1.

incident

intensity I, ~ 77"

soft tissue

1.8cm

Fig. 10.1

transmitted
intensity I

The bone is 0.40cm thick and the total thickness of the bone and the soft tissue is 1.8cm.
The intensity of the transmitted beam is I.

Data for the linear attenuation (absorption) coefficient « of bone and of soft tissue are given in

Fig. 10.2.

Calculate, in dB, the ratio

ulcm™1
bone 2.9
soft tissue 0.92
Fig. 10.2

transmitted intensity I

incident intensity I,

[Total: 9]
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391. 9702_s17_qp_41 Q: 10

(a) State

(i) what is meant by the hardness of an X-ray beam,

....................................................................................................................................... [2]
(i) how the hardness of an X-ray beam from an X-ray tube is increased.

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

(b) The same parallel beam of X-ray radiation is incident, separately, on samples of bone and of

muscle.

Data for the thickness x of the samples of bone and of muscle, together with the linear
attenuation (absorption) coefficients w of the radiation in bone and in muscle, are given in Fig.

10.1.
x/cm ulcm™!
bone 15 2.9
muscle 4.0 0.95
Fig. 10.1

Determine the ratio

intensity transmitted through bone
intensity transmitted through muscle

[Total: 5]
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392. 9702_s17_qp_43 Q: 10

(a) State

(i) what is meant by the hardness of an X-ray beam,

....................................................................................................................................... [2]
(i) how the hardness of an X-ray beam from an X-ray tube is increased.

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

(b) The same parallel beam of X-ray radiation is incident, separately, on samples of bone and of

muscle.

Data for the thickness x of the samples of bone and of muscle, together with the linear
attenuation (absorption) coefficients w of the radiation in bone and in muscle, are given in Fig.

10.1.
x/cm ulcm™!
bone 15 2.9
muscle 4.0 0.95
Fig. 10.1

Determine the ratio

intensity transmitted through bone
intensity transmitted through muscle

[Total: 5]
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393. 9702 w17 qp_ 41 Q: 9

(@) In computed tomography (CT scanning), it is necessary to take a series of many X-ray
images.
Qutline briefly the principles of CT scanning.
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(b) A student creates a model for CT scanning.
A section is divided into four voxels, with pixel numbers A, B, C and D, as shown in Fig. 9.1.

A B
V1
D C
A v,
Vv
4 V3
Fig. 9.1

The section is viewed from four different directions V,, V,, V5 and V,, as shown in Fig. 9.1.

The detector readings for each direction are noted and then summed. The result is shown in

Fig. 9.2.
47 59
44 32
Fig. 9.2

The background count is 26.

Determine the pixel numbers A, B, C and D as shown in Fig. 9.1.

[3]
[Total: 7]
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394. 9702 w17 qp 43 Q: 9

(@) In computed tomography (CT scanning), it is necessary to take a series of many X-ray
images.
Qutline briefly the principles of CT scanning.
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(b) A student creates a model for CT scanning.
A section is divided into four voxels, with pixel numbers A, B, C and D, as shown in Fig. 9.1.

A B
V1
D C
A v,
Vv
4 V3
Fig. 9.1

The section is viewed from four different directions V,, V,, V5 and V,, as shown in Fig. 9.1.

The detector readings for each direction are noted and then summed. The result is shown in

Fig. 9.2.
47 59
44 32
Fig. 9.2

The background count is 26.

Determine the pixel numbers A, B, C and D as shown in Fig. 9.1.

[3]
[Total: 7]
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395. 9702 _ml6_qp_ 42 Q: 12

(a) Inan X-ray tube, the hardness of an X-ray beam may be controlled.

(i) State what is meant by the hardness of the beam.

(b) State one advantage and one disadvantage of producing a CT scan image of a person rather
than a standard X-ray image.

E= Lo Y= T ) =T =SS

[2]
[Total: 4]
396. 9702 _wl6_qp_ 42 Q: 13
Outline the principles of computed tomography (CT scanning).
...................................................................................................................................................... [6]

[Total: 6]
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337.9702_wl7_MS_42 Q: 11

Answer Marks

(a)(i) circles drawn only around the top left and bottom right diodes B1
(a)(ii) | B shown as (+)ve and A shown as (-)ve B1
(b)i) | Vims (=5.6/42)=4.0V Ad
(b)(ii) | 380 = 2xfor f=60.5Hz c1
number (= 2f) = 120 A1

(e)(i) peak values (all) unchanged B1
(all) minima shown at 4.0V B1

three lines from near peak showing concave curves after leaving dotted line B1

not ‘kinked’ and not cutting the peak
reaching candidate’s minimum at the point where the decay meets the next dotted line

three lines drawn along the dotted lines showing rise in voltage from minima back to peak values B1
(c)(ii) | mean p.d. is higher M1

or

r.m.s. p.d. is higher

or

capacitor supplies energy to resistor

so (mean) power increases A1

338.9702_s21 MS_41 Q: 12

| Answer Marks

(a) « frequency determines energy of photon B2
* intensity determines number of photons (per unit time)
* intensity does not determine energy of a photon

Any two points, 1 mark each

kinetic energy (of the electron) depends on the energy of one photon B1
(b)i) |E=hcl/A c1
or

E=hf and c=f4

E = (6.63 x 103* x 3.00 x 10%) /(250 x 10?) c1
(=7.96x1071°)) A1

=50eV
(b)(ii) | Emax = photon energy — work function c1
work function=5.0-1.4 A1l

=3.6eV
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| Answer Marks
(a) * frequency determines energy of photon B2
* intensity determines number of photons (per unit time)
* intensity does not determine energy of a photon
Any two points, 1 mark each
kinetic energy (of the electron) depends on the energy of one photon B1
(b)(i) |E=hclA c1
or
E=hf and c=fA
E =(6.63 x 10 x 3.00 x 10%)/(250 x 10-%) c1
(=7.96x1071°J) A1
=50eV
(b)(ii) | Emax = photon energy — work function c1
work function =5.0-1.4 A1
=3.6eV
340. 9702_w21_MS_42 Q: 9
Answer Marks
(a)(i) emission of electrons (from a metal surface) B1
when electromagnetic radiation is incident (on electrons) B1
a(ii) minimum energy required for an electron to leave surface B1
(b)(i) threshold (frequency) B1
(b)(ii) +« photons are (discrete) packets of energy B2
+ energy of photons depends on frequency (of EM radiation)
+ electrons can only absorb a single photon (of energy)
Any two peints, 1 mark each
emission only possible if photon energy is at least the work function B1
(b)(iii) | work function = hfy =6.63 x 10 x 6.93 x 10" c1
=4.59x 107 () A1
=4.59x1019/1.60 x 10-'? (eV)
=287eV
341.9702_m20_MS_42 Q: 10
Answer Marks
(a) energy of a photon required to remove an electron B1
either. energy to remove electron from a surface B1
or. minimum energy to remove electron
or. energy to remove electron with zero kinetic energy
(b)(i) | Correct read off from graph of fas 5.45 x 10 Hz when Ewax = 0 c1
5.45 x 10" x 6.63 x 103
=3.6x10"J A1
(b)(ii) |3.6x10-19/1.6 x 10-19 =2 3 eV so potassium A1
(c)() each photon has same energy so no change B1
(c)(ii) | more photons (per unit time) so (rate of emission) increases B1

STEMUP.CO.UK
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342.9702_s19_MS_43 Q: 11

APPENDIX A. ANSWERS

Answer Marks
(a) Any three points from: B3
s (max) energy of emitted electrons depends on frequency
+ (max) energy of emitted electrons does not depend on intensity
+ rate of emission of electrons depends on intensity (at constant frequency)
¢ existence of frequency below which no emission of electrons
* instantaneous emission of electrons
* increasing the frequency at constant intensity decreases the rate of emission of electrons
(b)(i) | photon energy = hc/ A c1
=(6.63 x 103* x 3.0 x 108)/(380 x 10°) c1
(=5.23x1071%)
=3.3eV A1
(b)(ii) | photon energy must be greater than work function (energy) B1
so sodium and calcium B1
(c) A=hlp [o4]
p =(6.63 x 10~*)/(380 x 10-9) c1
=1.74x 102 Ns
force =174 x102%7 x 7.6 x 10" A1
=13x10"2N
343.9702_wl19 MS_41 Q: 11
Answer Marks
(a) energy (of photon) required to remove electron M1
from a surface A1
or
reference to minimum energy
or
reference to zero kinetic energy
(b)) | 1. photon energy =hc/2 c1
=(6.63x 1073 x 3.00 x 10%) /(280 x 107%) A1
=71x1019J
2. electron energy=(7.1-5.5)x 1019 J c1
1% x9.11x 103" xv2=(7.1-5.5)x 10-19 Cc1
v=59x105ms-! A1
(b)(ii) | energy is required to bring electron to the surface B1
() |[nochange |[decreases | B4
|incr | decrea |
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Answer Marks
(a) energy (of photon) required to remove electron M1
from a surface A1
or
reference to minimum energy
ferference to zero kinetic energy
(b)i) |1. photonenergy =hc/2A c1
=(6.63x 10 x 3.00 x 10%) /(280 x 10-%) A1
=71x1019)
2. electron energy=(7.1-5.5)x10-"2J C1
Y% x9.11x1031 xv2=(7.1-5.5)x 10-1? c1
v=59x10°ms-! A1
(b)(ii) | energy is required to bring electron to the surface B1
() |[nochange |decreases | B4
lincreases [ decreases |
345. 9702 s18 MS_42 Q: 10
Answer Marks
@) emission of electron B1
when electromagnetic radiation incident (on surface) B1
(b)(i) packet/quantum/discrete amount of energy M1
of electromagnetic radiation A1
(b)) |E =hcld c1
=(6.63 x 10 x 3.00 x 10%)/ (420 x 1079) A1
=47 x107"J
(b)(iii) | sodium: yes B1
zinc: no
346. 9702_ml17_MS_42 Q: 10
Answer Marks
(a) packet/quantum of energy M1
of electromagnetic radiation A1
(b)(i) light is re-emitted in all directions/only part of the re-emitted light is in the direction of the beam B1
(b)(ii) an arrow between —3.40eV and —1.51eV and an arrow between —3.40eV and —0.85eV B1
all arrows shown point ‘upwards’ B1
(b)(ii) | E=hc/AorE=hf andc="fi c1
2.60 x 1.60 x 1079 = (6.63 x 107 x 3.00 x 10%)/ 4 c1
A=48x10"m A1
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347.9702_s17_MS_42 Q: 10

‘ Answer Marks

(a) two from: B2
frequency below which electrons not ejected

maximum energy of electron depends on frequency
maximum energy of electrons does not depend on intensity
instantaneous emission of electrons

(b)) | (4 is the) threshold wavelength B1
or

wavelength corresponding to threshold frequency
or

maximum wavelength for emission of electrons

(b)(ii)1. | intercept=1/4p=2.2 x 10°m™ Al

20=4.5 x 107 m or 450 nm

(b)(ii)2. ‘ gradient = hc c1
‘ gradient = 2.0 x 1072 or correct substitution into gradient formula c1

‘ h=(2.0x10%)/(3.0x10%) =67 x 10 Js A1

(c) ‘ line: same gradient B1

‘ straight line, positive gradient, intercept at greater than 2.2 x 10° when candidate’s line extrapolated B1

348.9702_ml16_MS_42 Q: 11

(a) minimum frequency for electron(s) to be emitted (from surface) M1
reference to frequency of electromagnetic radiation/photon A1l
or

frequency causing emission of electron(s)
from surface with_zero kinetic energy (M1)
reference to frequency of electromagnetic radiation/photon (A1) [2]
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(b)

(i) positive intercept on (1/.1)-axis (when extrapolated)
straight line with positive gradient

(ii) gradient = hc where c is the speed of light

(ifi) maximum kinetic energy when electron emitted from surface
energy is required to bring an electron to the surface

(iv) each photon has more energy
fewer photons per unit time
fewer electrons per unit time/less current

349. 9702_wl6_MS_41 Q: 10

(a)

(b)

(c)

(d)

electromagnetic radiation/photons incident on a surface

causes emission of electrons (from the surface)

E=hcla
= (6.63 x 107 x 3.00 x 108)/(436 x 1079
=4.56 x 1071°J (4.6 x 107°J)

(i) @ =hcli

Ao = (6.63 x 107 % 3.00 x 10°)/(1.4 x 1.60 x 107")
=890nm
(ii) 4 =(8.63 x 107 x 3.00 x 10°)/(4.5 x 1.60 x 107")

=280nm

caesium:

wavelength of photon less than threshold wavelength (or v.v.)
or

Ao =890 nm > 436 nm

so yes

tungsten:

wavelength of photon greater than threshold wavelength (or v.v.)
or

A0 =280 nm < 436 nm

SO no

B1
B1

B1

B1
B1

M1
M1
A1l

B1

B1

C1

A1

C1

A1

A1

Al

A1

(2]
(1]

(2]

(3]

[2]

[2]

[2]

(1]

[2]
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350. 9702_w16_MS_43 Q: 10

(a) electromagnetic radiation/photons incident on a surface B1
causes emission of electrons (from the surface) B1 [2]
(b) E=hc/A
=(6.63 x 107 x 3.00 x 10°)/(436 x 107) C1
=4.56 x 107°J (4.6 x 107"°)) Al [2]

(c) (i) @=hcli
Ao = (6.63 x 107°* % 3.00 x 10%)/(1.4 x 1.60 x 107"°) c1
=890 nm A2
(ii) 4o =(6.63 x 107 x 3.00 x 10%)/(4.5 x 1.60 x 107%)

= 280nm Al 1]

(d) caesium:
wavelength of photon less than threshold wavelength (or v.v.)
or
20 =890 nm > 436 nm
SO yes A1l

tungsten:

wavelength of photon greater than threshold wavelength (or v.v.)

or

A0 =280nm < 436 nm

SO ho Al [2]

351.9702_s21 MS_42 Q: 11

| Answer Marks

(a) to produce a 3-dimensional image of structure/body B1

(b) X-rays (are used) B1

scanning in sections B1

scanning from many angles B1

image of each section is 2-dimensional B1

scanning repeated for many sections B1
i(r)'r:ages of many sections combined together
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352.9702_s21_MS_42 Q: 12

949

Answer Marks
(b)ii) [p =h/A c1
=(6.63x 107)/(2.2x 107?) A1
=3.0x10%2Ns
or
p =Elc (C1)
=(0.57 x 105 x 1.60 x 10-'9)/(3.00 x 108) (A1)
=30x10%Ns
(c)(i) | mass (of Sm-157 nucleus) = 157 x 1.66 x 1027 c1
:’nrass (of Sm-157 nucleus) = 0.157 /(6.02 x 10%)
recoil speed = (3.00 x 10722)/ (157 x 1.66 x 10-%") A1
=12x103ms"
(e)ii) | (1.2x) 103 ms-1is much less than (3.0 x) 108 ms-! B1
353. 9702 w21 _MS_41 Q: 10
Answer Marks
(a)(i) | photoelectric effect B1
(a)(ii) | electron diffraction B1
(b)i) [A=hip M1
his the Planck constant A1
(b)(ii) | de Broglie (wavelength) B1
(e)i) | vmv?=eV c1
% x9.11x10¥ x 12 =1.60x 10" x 4800 sov=4.1 x 10" ms™ A1
(e)ii)y | A =h/imv c1
=6.63x 1034/(9.11 x 103" x 4.1 x 107)
=1.8x10"m A1
354. 9702_w21_MS 43 Q: 10
Answer Marks
(a)(i) | photoelectric effect B1
(a)(ii) | electron diffraction B1
(b)) |A=hip M1
h is the Planck constant A1
(b)(ii) | de Broglie (wavelength) B1
(e)i) | vamv?=eV c1
%x9.11 x10%" x 2 =1.60x 10"°x 4800 so v=4.1 x 10" ms™ A1
(eXii) | A =himv c1
=6.63x 1034/(9.11 x 103" x 4.1 x 107)
=1.8x10"m A1
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950 APPENDIX A. ANSWERS
355. 9702_s19 MS_41 Q: 11
Answer Marks
(a) Any three points from: B3
s (max) energy of emitted electrons depends on frequency
+ (max) energy of emitted electrons does not depend on intensity
+ rate of emission of electrons depends on intensity (at constant frequency)
¢ existence of frequency below which no emission of electrons
¢ instantaneous emission of electrons
* increasing the frequency at constant intensity decreases the rate of emission of electrons
(b)(i) | photon energy = hc/ A c1
=(8.63 x 1073* x 3.0 x 108)/(380 x 109) c1
(=5.23x107"9)
=3.3eV A1
(b)(ii) | photon energy must be greater than work function (energy) B1
so sodium and calcium B1
(c) A=hlp [o4]
p =(6.63 x 10-*)/(380 x 10-%) c1
=1.74x107 Ns
force =1.74x 10727 x 7.6 x 10" A1
=13x10"2N
356. 9702 s19 MS_42 Q: 11
Answer Marks
(a) packet/quantum of energy M1
of electromagnetic radiation A1
(b)i) |E=heli c1
1.18 x 1.60 x 10-13 = (6.63 x 10-34 x 3.00 x 108)/ 1 A1
A=1.05x10"m
(b)(ii) |A=h/p or E=pc Cc1
p =(6.63 x 10-3)/(1.05 x 10-12) B1
:l’= (1.18 x 1.60 x 10-13)/(3.00 = 10%)
leadingto p=6.3x 102 Ns
(c) 6.3x1022=60x1.66x 107 x v c1
v=63x103ms™ A1

STEMUP.CO.UK


https://stemup.co.uk

357.9702_wl7_MS_41 Q: 11

951

Answer Marks
(a) packet/quantum of energy of electromagnetic/EM radiation B1
(b)) | E=hf c1
11x105x1.60x 10" =663 x 107 x
f=2.7 x 10%(2.65 x 10?°) Hz A1l
(b)ii) |p=hii=hfic Cc1
=(6.63 x 107 x 2.65 x 10%°)/(3.00 x 10%)
or
p =Elc
= (1.1 x 1.60 x 107%)/(3.00 x 10%)
p =59x1072 (587 x 102)Ns A1
(€) [123x166x10™ xv=587x 107 c1
v=29x10°ms™’ A1
358. 9702 w17 _MS 42 Q: 10
Answer Marks
(a) Ag marked and graph line passing through Eyax=0at A= 4 B1
graph line with 1 always < Ay B1
negative gradient with correct concave curvature B1
(b) curve with negative gradient and correct concave curvature M1
not touching either axis A1
359.9702_wl7_MS 43 Q: 11
Answer Marks
(a) packet/quantum of energy of electromagnetic/EM radiation B1
(b)) | E=hf c1
11x105x160x 109 =6.63x 104 xf
f=2.7 x 10%°(2.65 x 10%%) Hz A1l
(b)ii) |p=hii=hfic Cc1
= (6.63 x 107 x 2.65 x 10%°)/(3.00 x 10%)
or
p =Elc
= (1.1 x 1.60 x 107"%)/(3.00 x 10%)
p =59x102 (587 x 10)Ns A1
(€) [123x166x10™ xv=587 %107 c1
v=29x10°ms™ A1
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360. 9702_ w18 MS_42 Q: 11

APPENDIX A. ANSWERS

Answer Marks
(@) discrete amount/quantum/packet of energy M1
of electromagnetic radiation A1
(b) mostly dark/dark background B1
coloured lines B1
(c)i) |6 A1
(e)(iiy | 1. maximum photon energy=13.6 —0.85 C1
(=12.75eV)
maximum kinetic energy = (13.6 - 0.85)- 56 A1
=7.2eV
2. energy = hc/A c1
A=(663x 107 x 3.00 x 10°)/[(13.6 — 0.85) x 1.60 x 107'°] c1
=9.8x10°m A1
361. 9702 s17_MS_41 Q: 11
Answer Marks
(a) electrons (in gas atoms/molecules) interact with photons B1
photon energy causes electron to move to higher energy level/to be excited B1
photon energy = difference in energy of (electron) energy levels B1
when electrons de-excite, photons emitted in all directions (so dark line) B1
(b)(i) photon energy oc 1/ 4 c1
energy = 1.68 eV A1
or
E=hc/A (c1)
E =6.63 x 107 x 3.0 x 10°/ (740 x 107°)
=2.688 x 107
energy = 1.68 eV (A1)
(b)(ii) |34eV—15eV B2
34eV—0.85eV
34eV—0.54eV
all correct and none incorrect 2/2
2 correct and 1 incorrect or only 2 correctly drawn 1/2
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362. 9702_s17_MS_42 Q: 11

953

‘ Answer Marks
(a) loss of (electric) potential energy = gain in kinetic energy B1
g\r/ =v%m?
or
Ex=p’l2m=qV
‘ p = mv with algebra leading to p = V(2mgqV) B1
(b)(i) ‘ particle/electron has a wavelength (associated with it) B1
dependent on its momentum B1
\?»/Lenlbecause particle is moving
(b)(ii) ‘ p=(2x9.11 x 107 x 1.60 x 107" x 120)"? c1
‘ A =(6.63 x 1074/ (5.91 x 107%) c1
‘ =1.12x10"m Al
(e) ‘ wavelength is similar to separation of atoms M1
‘ so diffraction observed A1
363. 9702_s17_MS_43 Q: 11
Answer Marks
(a) electrons (in gas atoms/molecules) interact with photons B1
photon energy causes electron to move to higher energy level/to be excited B1
photon energy = difference in energy of (electron) energy levels B1
when electrons de-excite, photons emitted in all directions (so dark line) B1
(b)(i) photon energy oc 1/ 4 c1
energy = 1.68 eV A1
or
E=hc/A (c1)
E =6.63 x 107 x 3.0 x 10°/ (740 x 107%)
=2.688 x 107
energy = 1.68 eV (A1)
(b)(ii) |3.4eV—15eV B2

3.4eV — 0.85eV

3.4eV — 0.54eV

all correct and none incorrect 2/2

2 correct and 1 incorrect or only 2 correctly drawn 1/2
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364. 9702_w16_MS_ 42 Q: 12

(a) (i) electron diffraction/electron microscope (allow other sensible suggestions) B1 [1]
(ii) photoelectric effect/Compton scattering (allow other sensible suggestions) B1 [1]

(b) (i) arrow clear from —0.54 eV to -3.40 eV B1 [1]
(ii) E=hc/A or E=hf and c=1fi C1

2=(6.63x 10 x 3.00 x 10%)/[(3.40 —0.54) x 1.60 x 107¥] =4.35x 10" m Al [2]

(c) (i) wavelength associated with a particle M1
that is moving/has momentum/has speed/has velocity Al [2]
(i) A=h/mv
v =(6.63 x 107/ (9.11 x 107" x 4.35 x 107) C1
=1.67 x 10°ms™ Al [2]

365. 9702 520 MS_ 41 Q: 10

| Answer Marks

(a) photon gives energy to electron (in an inner shell) or electron (in an inner shell) absorbs a photon B4
electron moves (from lower) to higher energy level
energy (of photon) is equal to difference in energy levels
electron de-excites giving off photon (of same energy)

photons emitted in all directions

Any four points, 1 mark each

(b) (in light) photons gives energy to electrons in VB B1
or
(in light) electrons in VB absorb photons

electron crosses FB/jumps to CB B1
(positive) holes left/created in VB B1
low intensity: few electrons in CB/most electrons in VB B1

or

high intensity: more photons so more electrons in CB
or

electron-hole pairs are charge carriers

more charge carriers results in lower resistance B1
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366. 9702_s20 MS_42 Q: 11

955

| Answer Marks
(a) conduction band and valence band overlap B1
number (density) of charge carriers does not vary B1
increase in temperature gives rise to increased lattice vibrations B1
(lattice) vibrations hinder movement of charge carriers so resistance increases B1
(b) mv=hiA c1
v =(6.63x10734)/[(2.6 x107"") % (9.11 x 10731)] c1
(=2.80x10"ms™)
qV = vamv? c1
V =19.11x 103" x (2.80 x 107)?]/[2 x 1.60 x 10719] A1
=22x10%V
367.9702_s20 MS_43 Q: 10
| Answer Marks
(a) * photon gives energy to electron (in an inner shell) or electron (in an inner shell) absorbs a photon B4
+ electron moves (from lower) to higher energy level
* energy (of photon) is equal to difference in energy levels
* electron de-excites giving off photon (of same energy)
* photons emitted in all directions
Any four points, 1 mark each
(b) (in light) photons gives energy to electrons in VB B1
Ei,r: light) electrons in VB absorb photons
electron crosses FB/jumps to CB B1
(positive) holes left/created in VB B1
low intensity: few electrons in CB/most electrons in VB B1
Eirgh intensity: more photons so more electrons in CB
:Irectron-hole pairs are charge carriers
more charge carriers results in lower resistance B1
368.9702_ml19 MS 42 Q: 11
Answer Marks
(a) quantum/ packet/ discrete amount of energy M1
of electromagnetic radiation A1
(b) E =hc/A c1
=(6.63 x 103 x 3.0 x 108) /(540 x 10-9) c1
=(3.68 x 10-19)/ (1.6 x 10-19) A1
=23eV
(c) Any 4 from: B4
photon absorbed by electron in valence band (]
photon energy > energy of forbidden band 1)
electron promoted to conduction band (O]
hole left in valence band (]
more charge carriers so lower resistance 1)
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369. 9702 w19 MS 42 Q: 10

APPENDIX A. ANSWERS

Answer Marks
(a) (as temperature rises) electrons in valence band gain energy B1
electrons jump to conduction band B1
holes are left in the valence band B1
increased number (density) of charge carriers causes lower resistance B1
(b)(i) V=V c1
1.50/1.20=Rr/1.76 c1
Rr=2.2 (k) c1
temperature =14 °C A1
(b)(ii) | (For LED to conduct,) Vour must be negative B1
v v B1
R must be lower so temperature must be above (b)(i) value B1
370. 9702_m18 MS_42 Q: 11
Answer Marks
(a) no forbidden band / valence and conduction bands overlap B1
no change in number of charge carriers (as temperature rises) B1
increased lattice vibrations so resistance increases B1
(b) photons captured / absorbed by electrons in valence band B1
electrons promoted to conduction band B1
leaving holes in the valence band B1
more holes and/ or electrons so resistance decreases B1
371.9702_s18_MS_41 Q: 11
Answer Marks
(a)(i) | packet/quantum/discrete amount of energy M1
of electromagnetic radiation A1
(a)(ii) | (maximum) energy of emitted electrons is independent of intensity B1
:; emission of electrons below the threshold frequency regardless of intensity

:; emission of electrons when photon energy is less than work function (energy) regardless of intensity
(b) in darkness: conduction band empty so high resistance B1
in daylight: electrons in valence band absorb photons B1
in daylight: electrons ‘jump’ to conduction band B1
this leaves holes in valence band B1
more charge carriers in daylight so resistance decreases B1
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372.9702_s18 MS_43 Q: 11
Answer Marks
(a)(i) | packet/quantum/discrete amount of energy M1
of electromagnetic radiation A1
(a)(ii) | (maximum) energy of emitted electrons is independent of intensity B1
or
no emission of electrons below the threshold frequency regardless of intensity
or
no emission of electrons when photon energy is less than work function (energy) regardless of intensity
(b) in darkness: conduction band empty so high resistance B1
in daylight: electrons in valence band absorb photons B1
in daylight: electrons ‘jump’ to conduction band B1
this leaves holes in valence band B1
more charge carriers in daylight so resistance decreases B1
373.9702_wl18 MS_ 41 Q: 10
Answer Marks
Any five points from: B5
e as temperature rises electrons gain energy
e electrons enter conduction band
+ (positively charged) holes left in valence band
+ more charge carriers (so resistance decreases)
« (as temperature rises,) lattice vibrations increase
« effect of increase in number of electrons or holes or charge carriers outweighs effect of increased lattice vibrations (so
resistance decreases)
374.9702_wl18 MS 43 Q: 10
Answer Marks
Any five points from: B5
e as temperature rises electrons gain energy
e electrons enter conduction band
+ (positively charged) holes left in valence band
+ more charge carriers (so resistance decreases)
e (as temperature rises,) lattice vibrations increase
« effect of increase in number of electrons or holes or charge carriers outweighs effect of increased lattice vibrations (so
resistance decreases)
375.9702_ml17_MS 42 Q: 11
Answer Marks
any five from: B5

electrons need energy to enter conduction band (from valence band)

(positively-charged) holes are left in valence band

moving charge carriers/holes/electrons are current

(increase of temperature leads to) more (positive and negative) charge carriers/ more holes/more electrons so
more current

more charge carriers/holes/electrons gives rise to less resistance

(increase of temperature causes) greater (amplitude of) vibrations of atoms/ions/lattice

+ effect of more charge carriers/holes/electrons is greater than effect of greater vibrations (and so resistance
decreases)
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376. 9702_w16_MS_41 Q: 11

in metal, conduction band overlaps valence band/no forbidden band/no band gap B1
as temperature rises, no increase in number of free electrons/charge carriers B1
as temperature rises, lattice vibrations increase M1
(lattice) vibrations restrict movement of electrons/charge carriers M1
(current decreases) so resistance increases A1 [5]

377. 9702 w16 MS_43 Q: 11

in metal, conduction band overlaps valence band/no forbidden band/no band gap B1
as temperature rises, no increase in number of free electrons/charge carriers B1
as temperature rises, lattice vibrations increase M1
(lattice) vibrations restrict movement of electrons/charge carriers M1
(current decreases) so resistance increases A1 [9]

378.9702_m21_MS 42 Q: 11

Answer Marks
(a)(i) | electrons decelerate (on hitting target) so X-ray photons produced B1
range of decelerations B1
pheton energy depends on (magnitude of) deceleration B1
(a)ii) eV = E c1
A
_ 6.63x10™ x3.0x10° c1
T 16x1079x15000
=8.3x10"m A1
or (C1)
E = hfand c = f4 and electron energy = eV
or
E = hc/ A and electron energy = eV
electron energy = 1.6 x 10-'? x 15000
=24x10"
176.63x10’34x3.0x10“ (C1)
24x107®
1=83x10"m (A1)
(b)(i) |p=-gradientorin (I/l)= —ux c1
(e.g.2.08/10.0)=0.21 cm™ A1
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Answer Marks
®Xii) | In(0.05) =—ux c1
4. n0.05 A1
—u
eg.x=14cm
379.9702_s21_MS_41 Q: 11
Answer Marks
(a) intensity: vary filament current/p.d. across filament B1
hardness: vary accelerating potential difference B1
(b)) | I=TIe™ c1
Is = Iy exp(—0.92 x 9.0) A1
=25x104 1
(b)(ii) | Ic = [exp(—0.92 x 6.0) x exp(—2.9 x 3.0)] Iy c1
=6.7x107 I A1
(c) conclusion consistent with values in (b)(i) and (b)(ii) B1
e.g. Is » Ic so good contrast
380. 9702_s21_MS 43 Q: 11
Answer Marks
(a) intensity: vary filament current/p.d. across filament B1
hardness: vary accelerating potential difference B1
(b)(i) | I=Ipe c1
Is = Ip exp(—0.92 x 9.0) A1
=25x104 1
(b)(ii) | Ic =[exp(—0.92 x 6.0) x exp(—2.9 x 3.0)] I c1
=6.7x107 I A1
(c) conclusion consistent with values in (b)(i) and (b)(ii) B1
e.g. I's » Ic so good contrast
381. 9702 w21 MS_41 Q: 11
Answer Marks
(a)(i) | ease with which edges can be distinguished B1
(a)(ii) | difference in degrees of blackening B1
() | I=1Ioexp (—ux) c1
0.12 =exp (—ux 2.3) c1
In0.12=-23xu
#=0.92cm™ A1
(c) advantage: produces 3-dimensional image B1
disadvantage: (much) greater exposure to radiation B1
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382.9702_w21_MS_43 Q: 11

Answer Marks

(a)(i) | ease with which edges can be distinguished B1

(a)(ii) | difference in degrees of blackening B1

(b) | I=1Ioexp (-ux) c1

012 =exp (—ux 2.3) c1

INn0.12=-23xu

#4=0.92cm! A1

(c) advantage: produces 3-dimensional image B1

disadvantage: (much) greater exposure to radiation B1

383.9702_m20 MS_42 Q: 11

Answer Marks

(a) eV =hf c1
f=1.60x10""x 100000/6.63 x 10-3*

=2.41x10"Hz A1

(b) (aluminium filter) absorbs (most) low energy X-rays B1

Any 2 from B2

+ X-ray beam contains many wavelengths
+ solow energy X-rays are not absorbed in the body
+ low energy X-rays can can cause harm but do not contribute to the image

©)i) |I/L,=e* c1

e023x080 =083

17% absorbed A1

(c)(ii) | bone is seen as lighter / muscle is seen as darker B1
either bone has a higher p value so absorbs more B1
or muscle has a lower J value so transmits more

384.9702_m19_MS_42 Q: 9

Answer Marks
X-rays (are used) B1
(object is) scanned in sections / slices B1
either: scans taken at many angles / directions B1
or images of each section / slice are 2-dimensional
scans of many sections/ slices are combined B1
(to give) 3-dimensional image (of whole structure) B1
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385. 9702 w19 MS 42 Q: 7

Answer | Marks
X-rays are used B1
section (of object) is scanned B1
scans/images taken at many angles/directions B1
;:r:ages of each section are 2-dimensional
images of (many) sections are combined B1
(to give) 3-dimensional image of (whole) structure B1
386. 9702_ml18 MS 42 Q: 12
Answer Marks
(a) Any 2 from: B2
scattering of X-ray beam/no lead grid
lack of collimation of beam / aperture large
anode area large
beam p.d. low/photon energy low / X-ray soft
(b)) |0.81=(e"x"?)j(e"*x¥) c1
x=1.8mm A1
Answer Marks
(b)(ii) | ratio/dB = 10 Ig(0.81) c1
=(-)0.92 dB A1
387.9702_s18 MS_41 Q: 12
Answer Marks

(@)i) |I=Ie™ c1
=Iyexp(—0.90 x2.8) A1
=0.0801,

(@)ii) | I=Iyexp[(~0.90 x 1.5) x (-3.0 x 1.3)] c1
=1, (0.259 x 0.20) A1
=0.00521

(b)i) | difference in degrees of blackening M1

between structures A1

(b)(ii) | large difference in intensities so good contrast B1
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388. 9702_s18_MS_42 Q: 11

APPENDIX A. ANSWERS

Answer Marks

(a) X-ray image(s) taken of one slice M1
(many images) taken from different angles A1
(computer) produces 2D image of slice B1

(this is) repeated for (many) slices M1

to build up a 3D image (of structure) A1

(b)(i) | combining of images involves (very) large number of calculations B1

(b)(if) | CT scan consists of (very) many (single X-ray) images B1

389. 9702 s18 MS_43 Q: 12
Answer Marks

@)y |I=Ie™ c1
=Iyexp(—0.90 x2.8) A1
=0.0801,

(a)(ii) | I'=I,exp[(~0.90 x 1.5) x (3.0 x 1.3)] c1
=1, (0.259 x 0.20) A1l
=0.00521

(b)(i) | difference in degrees of blackening M1

between structures A1

(b)(ii) | large difference in intensities so good contrast B1

390. 9702_wl18 MS 42 Q: 10
Answer Marks
(a) Vo= V2 x Vims = V2 x 9.9 (= 14V) c1
and
@= 2nf= 271 x 50 (= 314rads™)
V =14 sin 314¢ A1
(b) enables (resonating) nuclei to be located B1
resonant frequency depends on magnetic field strength B1
Any one from: B1
+ non-uniform field is (accurately) calibrated
* (non-uniform) field may be varied to enable detection in different positions
e unique (magnetic) field strength/frequency at each point
(c) I = Ipexp(—ux) c1
1= In [eXp(—#X)bone % €XP(—£H)solt isue] c1
I=1I, [exp(—2.9 x 0.40) x exp(—0.92 x 1.4)]
111, =0.0865 c1
ratio/dB = 10 Ig 0.0865 A1
=-11dB

STEMUP.CO.UK
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391. 9702_s17_MS_41 Q: 10

963

Answer Marks
(a)(i) penetration of beam M1
greater hardness means greater penetration/shorter wavelength/higher frequency/higher photon energy A1
(a)(ii) | greater accelerating potential difference B1
:rreater p.d. between anode and cathode
(b) I = Iy exp(—ux) c1
ratio = (exp {—1.5 x 2.9})/ (exp {—4.0 x 0.95}) (= exp {-0.55})
=0.58 A1
392. 9702 _s17_MS_43 Q: 10
Answer Marks
(a)(i) penetration of beam M1
greater hardness means greater penetration/shorter wavelength/higher frequency/higher photon energy A1
(a)(ii) | greater accelerating potential difference B1
:rreater p.d. between anode and cathode
(b) I = Iy exp(—ux) c1
ratio = (exp {—1.5 x 2.9})/ (exp {—4.0 x 0.95}) (= exp {-0.55})
=0.58 A1
393.9702_wl17_MS 41 Q: 9
Answer Marks
(@) image of one slice/section (B1)
images (of one slice) taken from different angles (M1)
to give 2D image (of one slice) (A1)
(repeated for) many slices (M1)
to build up 3D image (of whole body/structure) (A1)
Max. 4 marks total 4
(b) evidence of subtraction of background (—26) c1
evidence of division by three Cc1
11 Al
2

STEMUP.CO.UK
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964 APPENDIX A. ANSWERS

394. 9702_wl17_MS 43 Q: 9

Answer Marks
(a) image of one slice/section (B1)
images (of one slice) taken from different angles (M1)
to give 2D image (of one slice) (A1)
(repeated for) many slices (M1)
to build up 3D image (of whole body/structure) (A1)
Max. 4 marks total 4
(b) evidence of subtraction of background (—26) Cc1
evidence of division by three Cc1
7 11 Al
6 2
395. 9702 ml6 MS 42 Q: 12
(a) (i) the penetration of the beam B1 [1]
(ii) either decrease the accelerating voltage
or decrease voltage between cathode and anode B1 [1]

(b) advantage: image gives depth/image is 3D/final image can be

viewed from any angle B1
disadvantage: greater exposure /more risk to health/ more expensive/
person must remain stationary B1 [2]

396. 9702_wl6_MS 42 Q: 13

X-ray image of a (single) slice/cross-section (through the patient) M1
taken from different angles/rotating X-ray (beam) A1l
computer is used to form/process/build up/store image B1
2D image (of the slice) B1
repeated for many/different (neighbouring) slices M1

to build up 3D image A1 [6]
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QL.

7 (a) State the de Broglie relation, explaining any symbols you use.

[

(b) An electron of mass m has kinetic energy E. Show that the de Broglie wavelength A of
this electron is given by

h

A=— .
x'sz

(2]

(¢) Calculate the potential difference through which an electron, initially at rest, must be
accelerated so that its de Broglie wavelength is equal to D.40nm (the diameter of an
atom).

potential difference = .V [3]

Q2.
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7 A parallel beam of electrons, all travelling at the same speed, is incident normally on a
carbon film. The scattering of the electrons by the film is observed on a fluorescent screen,
as illustrated in Fig. 7.1.

glass envelope

fluorescent
screen
carbon film
beam of
-
electrons
_________ A
vacuum
Fig.7.1

{a) Assuming that the electrons behave as particles, predict what would be seen on the
screen.

1]
{b) In this experiment, the electrons do not behave as particles.

Describe briefly the pattern that is actually observed on the screen. You may draw a
sketch if you wish.

il

STEMUP.CO.UK
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(¢} The speed of the electrons is gradually increased.

State and explain what change, if any, is observed in the pattern on the screen.

Q3.

5 (a) (i) Explain whatis meant by a phofon.

ii ow that the photon energy of ight of wavelengtl nmis 568 = 107 1.
(i) Sh hat the ph gy of light of length 350 is 568 % 10712

(iii} State the value of the ratio

energy of photon of light of wavelength 700 nm
energy of photon of light of wavelength 350nm -

ratic = ...

STEMUP.CO.UK
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[1]

[1]
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{b) Two beams of monochromatic light have similar intensities. The light in one beam has
wavelength 350nm and the light in the other beam has wavelength 700 nm.

The two beams are incident separately on three different metal surfaces. The work
function of each of these surfaces is shown in Fig. 5.1.

metal waork function / eV
tungsten 4.49
magnesium 3.68
potassium 2.26
Fig. 5.1

(i) Explain what is meant by the work function of the surface.

L2

(i) State which combination, if any, of monochromatic light and metal surface could
give rise to photo-electric emission. Give a quantitative explanation of your answer.

Q4.

STEMUP.CO.UK
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7

(i)

(ii)

The Millikan oil-drop experiment enabled the charge on the electron to be determined.

(a) State a fundamental property of charge that was suggested by this experiment.

{(b) Two parallel metal plates P and Q are situated in a vacuum. The plates are harizontal
and separated by a distance of 5. 4 mm, as illustrated in Fig. 7.1.

plate Q

plate P L

Fig. 7.1

The lower plate P is earthed. The potential difference between the plates can be varied.
An oil droplet of mass 7.7 x 107'% kg is observed to remain stationary between the
plates when plate Q is at a potential of +850V.

Suggest why plates P and Q must be parallel and horizontal.

Calculate the charge, with its sign, on the oil droplet.

STEMUP.CO.UK
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(¢) The procedure in (b) was repeated for three further oil droplets. The magnitude of
the charge on each of the droplets was found to be 3.2 x 107'°C, 6.4 x 107'°C and
3.2 = 1018C.
Explain what value these data and your answer in (b)(ii) would suggest for the charge
on the electron.

Q5.

8 (a) Explain why, for the photoelectric effect, the existence of a threshold frequency and a
very short emission time provide evidence for the particulate nature of electromagnetic
radiation, as opposed to a wave theory.

(b) State and explain two relations in which the Planck constant h is the constant of
proportionality.

Q6.

STEMUP.CO.UK
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7  Expeniments are conducted to investigate the photoelectric effect.

{a) It is found that, on exposure of a metal surface to light, either electrons are emitted
immediately or they are not emitted at all.

Suggest why this observation does not support a wave theory of light.

(b) Data for the wavelength 1 of the radiation incident on the metal surface and the maximum
kinetic energy £, of the emitted electrons are shown in Fig. 7.1.

J./nm E, /10719
650 ~
240 4.44

Fig. 7.1

(i) Without any calculation, suggest why no value is given for £, for radiation of
wavelength 650 nm.

(ii) Use data from Fig. 7.1 to determine the work function energy of the surface.

work functionenergy = J [3]

STEMUP.CO.UK
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(¢) Radiation of wavelength 240 nm gives rise to a maximum photoelectric current I

The intensity of the incident radiation is maintained constant and the wavelength is now
reduced.

State and explain the effect of this change on

(i) the maximum kinetic energy of the photoelectrons,

.............................................................................................................................. [2]
(ii) the maximum photoelectric current I.
.............................................................................................................................. 2]
Q7.
7 (a) State what is meant by the de Broglie wavelength.
____________________________________________________________________________________________________________________________________ 2]

(b) An electron is accelerated in a vacuum from rest through a potential difference of 850V

(i) Show that the final momentum of the electron is 1.6 x 10-23Ns.

(2]

STEMUP.CO.UK
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(i) Calculate the de Broglie wavelength of this electron.

wavelength = . m [2]

(c) Describe an experiment to demonstrate the wave nature of electrons.
You may draw a diagram if you wish.

Q8.

STEMUP.CO.UK
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8

QO.

6

(a) Explain what is meant by a photon.

(b) An emission spectrum is seen as a series of differently coloured lines on a black
background.

Suggest how this observation provides evidence for discrete electron energy levels in
atoms.

(a) Describe the main principles of the determination of the charge on an oil drop by
Millikan's experiment. You may draw a diagram if you wish.

STEMUP.CO.UK
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()

Q10.

7

In an experiment to determine the fundamental charge, values of charge on oil drops

were found by a student to be as shown below.
32x1071%C;  64x101%C; 16x101C; 97 x1013C;

128 x 10718C; 31 x10"Cc; 63x1019C.

State the value, to two significant figures, of the fundamental charge that is suggested

by these values of charge on oil drops.

fundamental charge = . C[1]

The photoelectric effect may be represented by the equation
photon energy = work function energy + maximum Kinetic energy of electron.

(a) State what is meant by work function energy.

STEMUP.CO.UK
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(b) The variation with frequency f of the maximum kinetic energy Ey of photoelectrons
emitted from the surface of sodium metal is shown in Fig. 7.1.

0.8
06
EleV
04 v,
02 =
G L [
45 50 55 6.0 6.5 7.0 75 8.0
f/10"Hz

Fig. 7.1

Use the gradient of the graph of Fig. 7.1 to determine a value for the Planck constant f1.
Show your working.

{¢) The sodium metal in (b) has a work function energy of 2.4eV. The sodium is replaced by
calcium which has a work function energy of 2.9eV.

On Fig. 7.1, draw a line to show the variation with frequency f of the maximum kinetic
energy E, of photoelectrons emitted from the surface of calcium. [3]
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Q11.

7 Some data for the work function energy @ and the threshold frequency f; of some metal

surfaces are given in Fig. 7.1.

metal @/1071% fo/10MHz
sodium 3.8 58
zinc 58 88
platinum 9.0
Fig. 7.1

(a) (i) State whatis meant by the threshold frequency.

(ii) Calculate the threshold frequency for platinum.

threshold frequency = ..., Hz [2]

STEMUP.CO.UK
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(b) Electromagnetic radiation having a continuous spectrum of wavelengths between
300nm and 600nm is incident, in turn, on each of the metals listed in Fig. 7.1.
Determine which metals, if any, will give rise to the emission of electrons.

(c) When light of a particular intensity and frequency Is incident on a metal surface,
electrons are emitted.

State and explain the effect, if any, on the rate of emission of electrons from this surface
for light of the same intensity and higher frequency.

Q12.

7 (a) Theemission spectrum of atomic hydrogen consists of a number of discrete wavelengths.

Explain how this observation leads to an understanding that there are discrete electron
ehergy levels in atoms.

STEMUP.CO.UK

Exami


https://stemup.co.uk

{b) Some electron energy levels in atomic hydrogen are illustrated in Fig. 7.1.
-0 54eV
-0.85eV ‘
—15eV
energy
—3.4eV
Fig. 7.1

The longest wavelength produced as a result of electron transitions between two of the o
energy levels shown in Fig. 7.1 15 4.0 = 10°m. Examiner
Use

(i) OnFig.71,

1. draw, and mark with the letter L, the transition giving rise to the wavelength of
40x10°m, [1]

2. draw, and mark with the letter S, the fransition giving rise to the shortest
wavelength. [1]

(ii) Calculate the wavelength for the transition you have shown in (i) part 2.

wavelength = m [3]
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(c) Photon energies in the visible spectrum vary between approximately 3.66eV and
1.83eV.

Determine the energies, in eV, of photons in the visible spectrum that are produced by
transitions between the energy levels shown in Fig. 7.1.

PROION BNEI OIS e eV [2]
Q13.
2  Fig.2.1 gives information on three lines observed in the emission spectrum of hydrogen
atoms.

wavelength/nm photon energy /10719
656 3.03
486 [
1880 1.06

Fig.2.1

(a) Complete Fig. 2.1 by calculating the photon energy for the wavelength of 486 nm.

[2]

STEMUP.CO.UK
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(b) Fig.2.2 is a partially completed diagram to show energy levels of a hydrogen atom.

.
3.03x10%J
wavelength energy above
of photon level L
= 656mm
level L

Fig.2.2

On Fig.2.2 draw one further labelled energy level, and complete the diagram with
arrows to show the energy changes for the other two wavelengths. [3]

Q14.
6 (a) Explain what is meant by a photon of electromagnetic radiation.

(b) The photoelectric effect provides evidence for the particulate nature of electromagnetic
radiation. State three experimental observations that support this conclusion.

STEMUP.CO.UK
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(c) Electromagnetic radiation of wavelength A and intensity I, when incident on a metal
surface, causes n electrons to be gjected per unit time. The maximum kinetic energy of
the electrons is £ ..

State and explain the effect, if any, on nand £, when

(i) the intensity is reduced to % I but the wavelength A is unchanged,

(ii) the wavelength A is reduced but the intensity I'is not changed.

Q15.

7  The photoelectric effect may be summarised in terms of the word equation
photon energy = work function energy + maximum kinetic energy of emitted electrons.
(a) Explain
(i) what is meant by a photon,

STEMUP.CO.UK
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(b) Light of constant intensity is incident on a metal surface, causing electrons to be
emitted.

State and explain why the rate of emission of electrons changes as the frequency of the
incident light is increased.

Q16.

7 (a) State three pieces of evidence provided by the photoelectric effect for a particulate
nature of electromagnetic radiation.

SO
D
G T ST
[3]
(b) (i) Briefly describe the concept of a photon.
______________________________________________________________________________________________________________________________ [2]

(ii) Explain how lines in the emission spectrum of gases at low pressure provide
evidence for discrete electron energy levels in atoms.

STEMUP.CO.UK
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(c) Three electron energy levels in atomic hydrogen are represented in Fig. 7.1.

increasing
energy

Fig. 7.1

The wavelengths of the speciral lines produced by electron transitions between these
three energy levels are 486 nm, 656 nm and 1880 nm.

{i) OnFig. 7.1, draw arrows to show the electron transitions between the energy levels
that would give rise to these wavelengths.
Label each arrow with the wavelength of the emitted photon. [3]

(ii) Calculate the maximum change in energy of an electron when making transitions
between these levels.

ENEIGY = e J 3]

Q17.

STEMUP.CO.UK
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7

(@) Explain how a line emission spectrum leads to an understanding of the existence of

discrete electron energy levels in atoms.

(b) Some of the lines of the emission spectrum of atomic hydrogen are shown in Fig. 7.1.

410 434 486 656

wavelength/nm

Fig. 7.1

The photon energies associated with some of these lines are shown in Fig. 7.2

wavelength/nm | photon energy/10-19J
410 485
434 4.58
486 | .
656 3.03
Fig.7.2

(i) Complete Fig. 7.2 by calculating the photon energy for a wavelength of 486 nm.

STEMUP.CO.UK
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(ii) Energy levels of a single electron in a hydrogen atom are shown in Fig. 7.3.

energy/ 10719

—0.60
—0.87

—1.36
—2.42

—5.45

-21.80

Fig. 7.3 (not to scale)

Use data from (i) to show, on Fig. 7.3, the transitions associated with each of the

four spectral lines shown in Fig. 7.1. Show each transition with an arrow.

Q18.

STEMUP.CO.UK
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7 (a) State an effect, one in each case, that provides evidence for

For
Examiner
(i) the wave nature of a particle, Use
.............................................................................................................................. [1]
(ii) the particulate nature of electromagnetic radiation.
______________________________________________________________________________________________________________________________ [

{(b) Four electron energy levels in an atom are shown in Fig. 7.1.

—0.87 x 10719y

—136 = 10719y

electron
energy —2.42 x 10719y

-5.44 x 1079y

Fig. 7.1 (not to scale)

An emission spectrum is associated with the electron transitions between these energy
levels.
For this spectrum,
(i) state the number of lines,
.............................................................................................................................. [
(ii) calculate the minimum wavelength.
wavelength= .. m [Z]

Q19.
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8

Q20.

(a) By reference to the photoelectric effect, state what is meant by the threshold frequency.

(b) The surface of a zinc plate has a work function of 5.8 = 10719y,
In a particular laboratory experiment, ultraviolet light of wavelength 120nm is incident
on the zinc plate. A photoelectric current I is detected.
In order to view the apparatus more clearly, a second lamp emitting light of wavelength
450 nm is switched on. No change is made to the ultraviolet lamp.

Using appropriate calculations, state and explain the effect on the photoelectric current
of switching on this second lamp.

STEMUP.CO.UK
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7 (a) Explain how the line spectrum of hydrogen provides evidence for the existence of
discrete electron energy levels in atoms.

[3]
(b) Some electron energy levels in atomic hydrogen are illustrated in Fig. 7.1
-0.85eV
—1.50eV
L energy
A B
Y Y
—3.40eV
Fig. 7.1
Two possible electron transitions A and B giving rise to an emission spectrum are
shown.
These electron transitions cause light of wavelengths 654 nm and 488 nm to be emitted.
(i) OnFig. 7.1, draw an arrow to show a third possihble transition. [1]
(ii) Calculate the wavelength of the emitted light for the transition in (i)
wavelength= . m [3]

STEMUP.CO.UK
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{€) The light in a beam has a continuous spectrum of wavelengths from 400nm to 700 nm.

Far
The light is incident on some cool hydrogen gas, as illustrated in Fig. 7.2. Examiners
Use
e e
incident emergent
light cool hydrogen gas light
—_———— —_———
Fig. 7.2
Using the values of wavelength in (b), state and explain the appearance of the spectrum
of the emergent light.
______________________________________________________________________________________________________________________________________ [4]
Q21.
7  Anexplanation of the photoelectric effect includes the terms photon energy and work function For
energy. Examing
Use

{a) Explain what is meant by

(i) a photon,

(ii) work function energy.

STEMUP.CO.UK
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(k) In an experiment to investigate the photoelectric effect, a student measures the
wavelength A of the light incident on a metal surface and the maximum kinetic energy

E iy Of the emitted electrons. The variation with £, of 7 is shown in Fig. 7.1.

T
H
4 ot
A6 —1 ot
= 7 10%m 0
I
3 1
2
1
0
—4 -3 -2 -1 0 1 2 3 4
Epa! 10719
Fig. 7.1

(i) The work function energy of the metal surface is @.

State an equation, in terms of A, @and £ _ , to represent conservation of energy

for the photoelectric effect. Explain any other symbols you use.
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(i) Use your answer in (i) and Fig. 7.1 to determine or
Evaminers
1. the work function energy & of the metal surface, Use

2. avalue for the Planck constant.

Planck constant= ... Js [3]

Q22.

STEMUP.CO.UK
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8 (a) State what is meant by a photon.

(b) It has been observed that, where photoelectric emission of electrons takes place, there
15 negligible time delay between illumination of the surface and emission of an electron.

State three other pieces of evidence provided by the photoelectric effect for the
particulate nature of electromagnetic radiation.

(c) The work function of a metal surface is 3.5eV. Light of wavelength 450 nm is incident on
the surface.
Determine whether electrons will be emitted, by the photoelectric effect, from the
surface.

[3]

Q23.

STEMUP.CO.UK

Examiner:



https://stemup.co.uk

7 (a) State what is meant by the de Broglie wavelength.

(b) An electron is accelerated from rest in a vacuum through a potential difference of 4 7k

(i) Calculate the de Broglie wavelength of the accelerated electron.

wavelength= .. m [5]

(ii) By reference to your answer in (i), suggest why such electrons may assist with an
understanding of crystal structure.

Q24.

STEMUP.CO.UK
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7  Electrons, travelling at speed v in a vacuum, are incident on a very thin carbon film, as Eor

illustrated in Fig. 7.1. Examiners
Lise
fluorescent
thin carbon soreen
film
electron,
speed v
Fig. 7.1

The emergent electrons are incident on a fluorescent screen.
A series of concentric rings is observed on the screen.

(a) Suggest why the observed rings provide evidence for the wave nature of particles.

(b) The initial speed of the electrons is increased. State and explain the effect, if any, on the
radii of the rings observed on the screen.

STEMUP.CO.UK
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(e) A proton and an electron are each accelerated from rest through the same potential For
difference. Examir
Determine the ratio Use

de Broglie wavelength of the proton
de Broglie wavelength of the electron

FAHG = i iwisio Sunesis Sonudzany [4]
Q25.
7 (a) By reference to the photoelectric effect, explain For
Examiners
(i) whatis meant by work function energy. Use
.............................................................................................................................. [2]

(ii) why even when the incident light is monochromatic, the emitted electrons have a
range of kinetic energy up to a maximum value.

STEMUP.CO.UK
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{b) Electromagnetic radiation of frequency f is incident on a metal surface. The variation
with frequency f of the maximum kinetic energy £y, of electrons emitted from the

(i)

(ii)

(iif)

surface is shown in Fig. 7.1.

4
Eppx/ 10-18]
3
11

2

1

0

0] 1 2 3 4 5
F/1013Hz
Fig. 7.1
Use Fig. 7.1 to determine the work function energy of the metal surface.
work function energy = J [3]

A second metal has a greater work function energy than that in (i).
On Fig. 7.1, draw a line to show the variation with fof £y, for this metal. [2]

Explain why the graphs in (i) and (ii) do not depend on the intensity of the incident
radiation.

Examiners
Lise
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Q26.

(a) State what is meant by quantisation of charge.

(b) A student carries out an experiment to determine the elementary charge.
A charged oil drop is positioned between two horizontal metal plates, as shown in Fig.8.1.

+680V

oil drop—___

Fig.8.1

The plates are separated by a distance of 7.0 mm. The lower plate is earthed.

The potential of the upper plate is gradually increased until the drop is held stationary. The
potential for the drop to be stationary is 680V.

The weight of the oil drop, allowing for the upthrust of the air, is 4.8 x 10~ 1#N.

Calculate the value for the charge on the oil drop.

STEMUP.CO.UK
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(¢) The student repeats the experiment and determines the following values for the charge on oil
drops.

3.3x1071°C 49x10712C 9.7x10719C 3.4x10-19C

Use these values to suggest a value for the elementary charge. Explain your working.

elementary charge = ... C [2]

Q27.

9  For a particular metal surface, it is observed that there is a minimum frequency of light below
which photoelectric emission does not occur. This observation provides evidence for a particulate
nature of electromagnetic radiation.

(a) State three further observations from photoelectric emission that provide evidence for a
particulate nature of electromagnetic radiation.

13l
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(b) Some data for the variation with frequency fof the maximum kinetic energy E,,y of electrons
emitted from a metal surface are shown in Fig.9.1.

0.6

0.5
Enax
feV

0.4

0.3 A

0.2 4

01

0
55 6.0 6.5 7.0 7.5
f/1014 Hz

Fig.9.1

(i) Explain why emitted electrons may have kinetic energy less than the maximum at any
particular frequency.

(ii) Use Fig.9.1 to determine

1. the threshold frequency,

threshold frequEeNCY = ..o s Hz [1]

2. the work function energy, in eV, of the metal surface.

work function energy = ..o eV [3]
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Q28.

8 Light of wavelength 590 nm is incident normally on a surface, as illustrated in Fig.8.1.

light surface
wavelength 590 nm

2%

Fig.8.1

The power of the light is 3.2mW. The light is completely absorbed by the surface.

(a) Calculate the number of photons incident on the surface in 1.0s.

NUMDET = .oicciciicicirmens i s semeecemsinmes sessmseenace |3

(b) Use your answer in (a) to determine

(i) the total momentum of the photons arriving at the surface in 1.0s,

MOMENTUM = ..ocvcercereecer e s seense e k@Ms™ [3]

(ii) the force exerted on the surface by the light.

force = i N[

STEMUP.CO.UK
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Q29.

8 White light is incident on a cloud of cool hydrogen gas, as illustrated in Fig. 8.1.

cool
_— hydrogen gas >
incident emergent
. —— >—
white light light
+
Fig. 8.1

The spectrum of the light emerging from the gas cloud is found to contain a number of dark lines.

(a) Explain why these dark lines occur.

.. [3]

(b) Some electron energy levels in a hydrogen atom are illustrated in Fig. 8.2.

-0.38
A -0.55
-0.85
—1.51
energy
eV
—3.41
Fig.8.2

STEMUP.CO.UK


https://stemup.co.uk

One dark line is observed at a wavelength of 435 nm.

(i) Calculate the energy, in eV, of a photon of light of wavelength 435 nm.

ENEIY = oveervevrmrrrssessesseeeeesresreeeneessnnneenes €V [4]

(ii) On Fig. 8.2, draw an arrow to indicate the energy change that gives rise to this dark line.

(1]

Q30.

7 (a) State what is meant by quantisation of charge.

L[]

(b) Charged parallel plates, as shown in Fig. 7.1, produce a uniform electric field between the
plates.

beam of
protons

Fig. 7.1
The electric field outside the region between the plates is zero.

A uniform magnetic field is applied in the region between the plates so that a beam of protons
passes undeviated between the plates.
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(i) State and explain the direction of the magnetic field between the plates.

.. [2]
(ii) The magnetic flux density between the plates is now increased.

On Fig. 7.1, sketch the path of the protons between the plates. [2]

Q31.

8 (a) State whatis meant by a photon.

.12

(b) A beam of light is incident normally on a metal surface, as illustrated in Fig. 8.1.

light beam

metal surface

area of cross-section
1.8x105m?2 f """"""""

Fig. 8.1

The beam of light has cross-sectional area 1.3x10~5m? and power 2.7 x 10~3W.
The light has wavelength 570 nm.

The light energy is absorbed by the metal and no light is reflected.
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(i) Show that a photon of this light has an energy of 3.5x1019J.

[1]
(ii) Calculate, for a time of 1.0s,
1. the number of photons incident on the surface,
NUMDBEN = e 2]
2. the change in momentum of the photons.
change in momentum = ......ccooeeeveeeveceeneccerceeeene. kgms™! [3]
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() Use your answer in (b)(ii) to calculate the pressure that the light exerts on the metal surface.

pressures= oo Pa [2)

Q32.

1 (a) State the significance of the Millikan experiment.

(b) In the Millikan experiment, oil droplets were found to have the following charges.
156 x 10719 C
483x10719¢C
164x10719¢C
3.14x109¢
476x 1071 C
Use these data to determine a value for the elementary charge. Explain your working.
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QL.

Q2.

Q3.

Q4.

(a)

(b)

(c)

(a)
(b)
(c)

A=hlpor i =hmv
with A, h and (or mv) p identified

E =1 m?
2
= p2!2m orv= \"(2Efm]. hence
A = hih(2mE)
E=qV

(0.4 x 109 x2x9.11 x 10" x 1.6 x 10" x V = (6.63 x 10%)?
V=94V (2sf scores 2/3)
Total

‘uniform’ distribution
concentric rings
higher speed, more momentum

A=h/p
so A decreases and ring diameter decreases

(a) (i) packet/discrete quantity/quantum (of energy) of e.m. radiation

(ii) either E =(6.63 x 107 x 3 x 10%)/(350 x 107%)
or E= (6.63 x 107 x 8.57 x 10"
E=568x%10"

(iii) 0.5

(b) (i) energy of photon

to cause emission of electron from surface
either with zero k.e or photon energy is minimum

(ii) cormrect conversion eV — J orJ — eV seen once

photon energy must be greater than work function
350 nm wavelength and potassium metal

STEMUP.CO.UK

M1
Al

C1
M1
AO

C1
C1
Al

B1

B1

M1
M1
Al

B1

M1

AD

B1

M1
A1l
B1

C1
Al

[2]

[2]

[3]
(71

[1]
[1]

[3]

(]

(1
(1

[2]

[31
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7 (a)

charge is quantised / discrete quantities

(b} (i) parallel so that the electric field is uniform / constant

(c)

Q5.

(b)

Q6.

7 (a)

(b)

horizontal so that either oil drop will not drift sideways
or field is vertical

or electric force is equal to weight

(i) gE = mg
gx850/(54x107) = 7.7x 10598
g = 4.8 x 107" C and is negative

charge changes by 1.6 x 107" C between droplets / integral multiples

so charge on electronis 1.6 x 107 C

wave theory predicts any frequency would give rise to emission of electron

if exposure time is sufficiently long

photon has (specific value of) energy dependent on frequency

emission if energy greater than threshold / work function / energy to remove

electron from surface

photon is packet/quantum of energy
of electromagnetic radiation
(photon) energy = h x frequency

every particle has an (associated) wavelength
wavelength = h/p
where p is the momentum (of the particle)

for a wave, electron can ‘collect’ energy continuously
for a wave, electron will always be emitted /

electron will be emitted at all frequencies.....

after a sufficiently long delay

(i) either wavelength is longer than threshold wavelength
or frequency is below the threshold frequency
or photon energy is less than work function

(i) he/Ai= ¢+ Eunx

(c)

(6.63 x 107 % 3.0 x 10%)/ (240 x 107°%) = g+ 4.44 x 107"
#= 3.8 x107"°J (allow 3.9 x 107*%))

(i) photon energy larger
so (maximum) kinetic energy is larger

(ii) fewer photons (per unit time)

Q7.

so (maximum) current is smaller
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B1

M1
A1l

B1

C1
C1
Al

M1

Al

M1
Al

B1

B1

B1

C1
C1
A1l

M1
AD

(1]

[2]

(3]

(1]

4]

8]

[B]

3]

1]

3]

[2]

[2]
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7 (a) wavelength of wave associated with a particle M1

that is moving A1 2]
(b) (i) energy of electron =850 x 1.6 107" M1
=1.36 x 107"¢J
energy =p°/ 2m or p=mv and Ex= Y%mv’
momentum =V (1.36 x 107 x 2 x 9.11 x 10™") M1
=16x 10%Ns AD [2]
(iiy A=h/p C1
wavelength = (6.63 x 107%) /(1.6 x 107%)
=41%x10"m A1 [2]

(c) diagram or description showing:
electron beam in a vacuum B1
incident on thin metal target / carbon film B1
fluorescent screen B1
pattern of concentric rings observed M1
pattern similar to diffraction pattern observed with visible light Al [5]

Q8.

8 (a) packet/quantum/discrete amount of energy M1
of electromagnetic radiation A1l
(allow 1 mark for ‘packet of electromagnetic radiation’)
energy = Planck constant x frequency (seen here orin b) B1 [3]

(b) each (coloured) line corresponds to one wavelength/frequency B1
energy = Planck constant * frequency
implies specific energy change between energy levels B1
so discrete levels A0 [2]

QO.

6 (a) oildrop charged by friction/beta source B1
between parallel metal plates B1
plates are horizontal (1)
adjustable potential difference/field between plates B1
until oil drop is stationary B1
mg=q» V/d B1
symbols explained (1)
oil drop viewed through microscope (1)
m determined from terminal speed of drop (when p.d. is zero) (1)
(any two extras, 1 each) B2 [7]

(b) 3.2x107C Al [1]

Q10.
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Q11.

7

Q12.

(a) minimum energy to remove an electron from the metal/surface

(b) gradient=4.17 x 107'° (allow 4.1 — 4.3)
h=415x10"x16x10" or h=411043x10""eVs
=6.6x10%Js

(c) graph: straight line parallel to given line
with intercept at any higher frequency
intercept at between 6.9 x 10" Hz and 7.1 x 10™Hz

(a) (i) lowestfrequency of e.m. radiation
giving rise to emission of electrons (from the surface)

(i) E=hf
threshold frequency = (9.0x 107'%)/ (6.63 x 107*)

(
1.4 x 10" Hz

(b) either 300nm =10 x 10"®Hz (and 600nm = 5.0 x 10" Hz)
or 300nm =6.6 x 107%J (and 600nm = 3.3 x 107"°J)
or zinc Ay = 340 nm, platinum A; = 220nm (and sodium A, = 520nm)
emission from sodium and zinc

(c) each photon has larger energy
fewer photons per unit time
fewer electrons emitted per unit time
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B1

C1
Al
AO

B1
B1

M1
Al

C1

A1

M1
Al

M1

Al

(1

[2]

3]

(2]

[2

[2]
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7 (a) each wavelength is associated with a discrete change in energy M1

discrete energy change / difference implies discrete levels Al [2]
(b) (i) 1. armrow from—0.54 eV to —0.85 eV, labelled L B1 [1]
2. amow from—-0.54 eV to -3.4 eV , labelled S B1 [1]

(two comrect arrows, but only one label — allow 2 marks)
(two comect arrows, but no labels — allow 1 mark)

(i) E=hcli c1
(3.4-0.54) x 16x 10" =(6.63x 107 x 3.0 x 10%)/ A c1
A=435x10"m A1 [3]

(c) -1.50 - -34=19eV
-0.85 — -3.4 = 2.55¢eV (allow 2.6 eV)
—0.54 — -3.4 = 2.86 eV (allow 2.9 V)
3 correct, 2 marks with —1 mark for each additional energy
2 correct, 1 mark but no marks if any additional energy differences B2 [2]

Q13.
2 (@) E=hc/A=(663x10"x3.0x10%/(486x10%) .....ccceceecreree. Cl
= 4.09%x 10T (AoW25D)cuuveiiieeeeieeeeeeeeeeeeen Al [2]
(b) energy level drawn at4.09 x 1073 ... [ Bl
transition 4.09 x 10™ to zeroclear ..........ceceveeeeeeirinnieieneenn. Bl
transition 4.09 x 10" t03.03 x 10 clear ......................... Bl [3]

(-1 for reversed arrows, -1 for extra level at 1.06)

Q14.

6 (a) packet/quantum of energy ... M1
eNergy = hli i i il i aivt g it i i Sm it sl ki v i s dndiy dntmiiwinih s aidiiati Al 2]

(b) e.g. threshold frequency outlined
max. k.e. independent of intensity
max. k.e. dependent on frequency (n.b. NOT proportional)
photoelectric current depends on intensity
instantaneous emission .... (T each, max 3)........ccocooene B3 [3]

(c) (i) photons have same energy so Eg., unchanged
intensity OR number of photons per unit time is halved,
SO Y2 OR N redUCE ..o e e e B1
(allow 1 mark for statement that E;... unchanged and n reduced)

(ii) photons have higher energy so E,, iNCreases........cccevvveeeeiiinnnn, B1
but fewer photons per unit time so ndecreases ..........c.ccoeeeeeen.. B1 4]

(allow 1 mark for statement that Ena. increases and n reduced)
(allow any argument based on increased efficiency)

Q15.
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7 (a) (i) quantum/packet/discrete amount of energy
electromagnetic mentioned

(ii) max. k.e. corresponds to electron emitted from surface
energy is required to bring electron to surface

(b)  athigher frequency, fewer photons {per second) for same intensity
so rate of emission decreases
(allow argument based on photoelectric efficiency)

Q16.

7 (a) e.qg.’instantaneous’ emission (of electrons)
threshold frequency below which no emission
(max) electron energy dependent on frequency
{max) electron energy not dependent on intensity
rate of emission (of electrons) depends on intensity
(any three sensible suggestions, 1 each)

(b) (i) ‘packet / quantum of energy
of electromagnetic energy / radiation

(ii) discrete wavelengths mean photons have particular energies
energy of photon determined by energy change of (orbital) electron

so discrete energy levels

(c) (i) three energy changes shown correctly
arrows ‘pointing’ in correct direction
wavelengths correctly identified

(ii) chooses A =486 nm

AE = hel A
(6.63 x 107 x 3.0 x 10%) / (4.86 x 10°%)
4.09x 10" ) (allow 2 s.f)

Q17.

7 (a) each line corresponds to a (specific) photon energy

photon emitted when electron changes its energy level ...

discrete energy changes so discrete levels

(b) () E

(663 x 10 x 3.0 x 10°%) / (486 x 10°%)
4.09 x 10"

(i) four transitions to/from —5.45 x 107% J level ......ocooivcriiere.

all transitions shown from higher to lower energy (level)

Q18.
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he/ A ...(allow rafio ideas) .......ceeeiiicieieeee e eeaeaaaane

M1
Al

B1
B1

M1
Al

B3

M1

M1
M1
A0
B1
B1

C1
C1

Al

,,,,,,,,,,,,,,,,,,, B1
..B1

,,,,,,,,,,,,,,,,,,,, C1

A1

,,,,,,,,,,,,,,,,,,,, B1
,,,,,,,,,,,,,,,,,,,, B1

[2

[2

[2

(3]

[2]

[2]

(3]

(3]

(3]

[2

[2]

[Total: 7]
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7 (a) (i) e.g.electron/ particle diffraction

(ii) e.g. photoelectric effect

(b) (i) 6

(i) change in energy = 4.57 x 107'%J
A=hc/E
= (6.63 x 107 % 3.0 x 10%/ (4.57 % 107")
=4.4x107"m

Q19.

8 (a) minimum frequency for electron to be emitted (from surface)
of electromagnetic radiation / light / photons

(b) E=hc/A or E=hfand c=fi
either threshold wavelength = (6.63 x 107 x 3.0 x 10% / (5.8 x 107"%)
=340 nm
or energy of 340 nm photon = 4.4 x 107 J
or threshold frequency = 8.7 x 10" Hz
or 450 nm — 6.7 x 10" Hz
appropriate comment comparing wavelengths / energies / frequencies
so no effect on photo-electric current

Q20.

7 (a) each line represents photon of specific energy
photon emitted as a result of energy change of electron
specific energy changes so discrete levels

(b) (i) arrow from —0.85 eV level to —1.5 eV level

(i) AE = hcia
= (1.5-085)x1.6x10™
= 1.04x 107 J
A = (663 %10 % 3.0 x 10%/(1.04 x 107"%)
=19x%x10%m

(¢) spectrum appears as continuous spectrum crossed by dark lines
two dark lines

electrons in gas absorb photons with energies equal to the excitation energies

light photons re-emitted in all directions

Q21.
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B1

B1

Al

C1

Al

M1
Al

C1

Al
B1
B1

B1

C1

C1

Al

B1

M1
Al
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(1
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7

(a) (i) packet/quantum of energy M1
of electromagnetic radiation Al
(ii)) minimum energy to cause emission of an electron (from surface) B1
(b) (i) hc/i= &+ Epa M1
¢ and h explained Al
(ii) 1. either when 1/41=0, &= -E.,
or evidence of use of x-axis intercept from graph
or chooses point close to the line and substitutes values of 1/4 and
Enax into ho/i = & + E 5, C1
@ =4.0x 107" J (allow +0.2 x 107 J) Al
2. either gradient of graph is 1/hc C1
gradient = 4.80 x 10%* —» 5.06 x 10 M1
h = 1/(gradient x 3.0 x 10%)
= 66x10Js - 6.9x10Js A1
or chooses point close to the line and substitutes values of 1/4 and
Emax into holA = & + Epa (C1)
values of 1/4 and E,... are correct within half a square (M1)
h=66x10%Js —» 69x10*Js (A1)

Q22.

8

Q23.

(a)

(b)

(c)

(Allow full credit for the correct use of any appropriate method)
(Do not allow ‘circular’ calculations in part 2 that lead to the same value of
Planck constant that was substituted in part 1)

discrete quantity / packet/quantum of energy of electromagnetic radiation B1
energy of photon = Planck constant x frequency B1
threshold frequency (1)

rate of emission is proportional to intensity (1)

max. kinetic energy of electron dependent on frequency (1)

max. kinetic energy independent of intensity (1)

(any three. 1 each, max 3) B3
either E = ha/A or he/A=eV C1
A =450 nm to give work function of 3.5 eV

energy =4.4x 10" or2.8 eV to give 4 = 355nm M1
2.8eV < 3.5eV so no emission 355nm < 450nm so no Al

orwork function = 3.5eV

threshold frequency = 8.45x10" Hz C1
450nm = 6.67x10"% Hz M1
6.67 x 10'“Hz < 8.45 x 10¥Hz Al
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7

(a) wavelength associated with a particle

that is moving

(b) (i) kinetic energy = 1.6 x 107" x 4700

Q24.

(a)

(b)

(c)

Q25.

=7.52x 1078
either energy = p*/2m or Ex = Y>mV* and p = mv
p=vV(7.52%x10"%%x2x9.1x 107"
=3.7 x 102 Ns
A=hip
=(6.63 x 107*)/ (3.7 x 107%)
=18%10"m

(ii) wavelength is about separation of atoms
can be used in (electron) diffraction

either if light passes through suitable film / cork dust etc.
diffraction occurs and similar pattern observed
or concentric circles are evidence of diffraction
diffraction is a wave property

(speed increases so) momentum increases
A= h/p so A decreases
hence radii decrease

(special case: wavelength decreases so radii decreases — scores 1/3)

or
(speed increases so) energy increases
A=h{(2Em) so A decreases

hence radii decrease

electron and proton have same (kinetic) energy
either E = p*/ 2m or p = V(2Em)
ratio = ps / p, = V(M [ my)

={(9.1 % 10731 / (1.67 x 1072")}

=23x 107
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7

Q26.

Q27.

(a) (i) minimum photon energy
minimum energy to remove an electron (from the surface)

(ii) either maximum KE is photon energy — work function energy
or max KE when electron gjected from the surface
energies lower than max because energy required to bring electron to
the surface

(b) (i) threshold frequency = 1.0 x 10" Hz (allow =0.05 x 10')
work function energy = hfy
=6.63x 107% % 1.0 x 10"
=6.63x 107
(allow altemative approaches based on use of co-ordinates of points on
the line)

(ii) sketch: straight line with same gradient
displaced to right

(iii) intensity determines number of photons arriving per unit time
intensity determines number of electrons per unit time (not energy)

(a) discrete and equal amounts (of charge)
allow: discrete amounts of 1.6 x 107 'S’C/e!ementary charge/e
integral multiples of 1.6 x 107"*C/elementary charge/e

(b

—_

weight = gV/d
4.8 x 107 = (g x 680)/(7.0 x 107
g=4.9x10"C

(c) elementary charge = 1.6 x 107" C (allow 1.6 x 107 Cto 1.7 x 1079 C )
either the values are (approximately) multiples of this
or it is a common factor
it is the highest common factor

(a) e.g. notime delay between illumination and emission
max. (kinetic) energy of electron dependent on frequency
max. (kinetic) energy of electron independent of intensity
rate of emission of electrons dependent on/proportional to intensity
(any three separate statements, one mark each, maximum 3)

(b) (i) (photon)interaction with electron may be below surface
energy required to bring electron to surface
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B1

B1

B1
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(ii) 1. threshold frequency = 5.8 x 10" Hz

2. @ = hf,
= 6.63x10*x58x=10"
= 3.84x 107 (J)
= (3.84 x 107"%)/(1.6 x 107%)
= 24eV
ar
hf= @+ Epyax

chooses point on line and substitutes values Ey.x, fand h into
equation with the units of the Afterm converted from J to eV
¢=24eV

Q28.

8 (a) photonenergy = hec/A
= (6.63 x 107 x 3.0 x 10%)/(590 x 10
=337 %107

number = (3.2 x 107)/(3.37 x 107"
= 9.5 x 10" (allow 9.4 x 10'%)

(b) () p =hla
= (6.63 x 107*)/(590 x 107)
=1.12x 10 kgms™

total momentum = 9.5 x 10'° x 1.12 x 107
1.06 x 10" kgms™

(ii) force = 1.06 x 107" N
Q29.

8 (a) photon ‘absorbed’ by electron
photon has energy equal to difference in energy of two energy levels
electron de-excites emitting photon (of same energy) in any direction

(b) (i) E =hcli
= (6.63 x 107 x 3 x 10%)/(435 x 107°)
=4.57 x 107" (allow 2 s.f.)
= (4.57 x 107%)/(1.6 x 107'°) (eV)
=2.86eV (allow 2 s.f)

(ii) arrow pointing in either direction between —3.41eV and —0.55eV

Q30.
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7 (a) eithercharge exists in discrete and equal quantities
or multiples of elementary charge/e/1.6 x 1077C

(b) (i) force due to magnetic field must be upwards
B-field into the plane of the paper

(ii) sketch showing: deflection consistent with force in (b)(i)
reasonable curve

Q31.

8 (a) discrete amount/packet/quantum of energy
of electromagnetic radiation/ EM radiation

(b) (i) E =hcli
= (6.63 x 107 x 3.0 x 10%)/(570 x 107%) =3.49 x 107"°

(i) 1. number = (2.7 x 107)/(3.5 x 107"
=7.7x10%

hid
(6.63 x 107*)/(570 x 10°%)
=1.16 x 10 kgms™

2. momentum of photon

change in momentum =1.16 x 1072 x 7.7 x 10"
=8.96 x 10"’kgm s’

(allow E = pc route to 9 x 10°%)

(change in momentum per second)/area

(c) pressure
(8.96 x 107'%)/(1.3 x 107)

6.9 x 107 Pa
Q32.
1 (a) charge is quantised/enabled electron charge to be measured
(b) all are (approximately) nx (1.6 x 10" C)

soe=16x10" C (allow 2 sig. fig. only
summing charges and dividing ten, without explanation scores 1/2
Total
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Quantum Physics — 2020 A2

1. Nov/2020/Paper_41/No.11

A photon of wavelength 540nm collides with an isolated stationary electron, as illustrated in
Fig. 11.1.

electron

incident photon

wavelength 540 nm

wavelength 544 nm

Fig. 11.1

The photon is deflected elastically by the electron.
The wavelength of the deflected photon is 544 nm.

(a) (i) State whatis meant by a photon.

..................................................................................................................................... [2]
(ii) On Fig. 11.1, draw an arrow to indicate the approximate direction of motion of the
deflected electron. [1]

1
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(b) Calculate:

(i) the momentum of the deflected photon

MOMENTUM = ... e Ns [2]

(ii) the energy transferred to the deflected electron.

EBNEIGY = oot J [2]
(c) Another photon of wavelength 540 nm collides with an isolated stationary electron.

Explain why it is not possible for the deflected photon to have a wavelength less than 540 nm.

[Total: 9]

2
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2,

Nov/2020/Paper_42/No.11

(a)

(b)

Electromagnetic radiation is incident on a metal surface.

It is observed that there is a minimum frequency of electromagnetic radiation below which
emission of electrons does not occur.

This observation provides evidence for a particulate nature of electromagnetic radiation.

State two other observations associated with photoelectric emission that provide evidence
for a particulate nature of electromagnetic radiation.

The maximum kinetic energy E,,,y of electrons emitted from a metal surface is determined
for different wavelengths 4 of the electromagnetic radiation incident on the surface.

_— o1 : -
The variation with —-of E,, ,  is shown in Fig. 11.1.

A
0.6
Eyiax/€V oat
0.4 mR=a
0.2 P Es
0
1.9 2.0 2.1 2.2 2.3 2.4
A 106 et
—/10°m

Fig. 11.1


https://stemup.co.uk

(i) Use Fig. 11.1 to determine the threshold frequency f,.

(ii) Use the gradient of the line on Fig. 11.1 to determine a value for the Planck constant h.
Explain your working.

(c) The electromagnetic radiation is now incident on a metal with a larger work function energy
than the metal in (b).

On Fig. 11.1, sketch the variation with % of Eyyax- 2]

[Total: 10]
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3. June/2020/Paper_41/No.10
(a) White light passes through a cloud of cool low-pressure gas, as illustrated in Fig. 10.1.

cool gas
—_— —_—
E— _— >
white emergent
. _— —_— .
light light
N —_—
e —_—

Fig. 10.1

For light that has passed through the gas, its continuous spectrum is seen to contain a
number of darker lines.

Use the concept of discrete electron energy levels to explain the existence of these darker
lines.

5
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(b) The uppermost electron energy bands in a solid are illustrated in Fig. 10.2.

} conduction band (CB)

forbidden band (FB)

valence band (VB)

Fig. 10.2

Use band theory to explain the dependence on light intensity of the resistance of a
light-dependent resistor (LDR).

[Total: 9]
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June/2020/Paper_41/No.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
rest.

The 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, in J

EBNEIGY = ooiieiiiieiee ettt J [2]

(ii) its momentum.

[Total: 6]
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5. June/2020/Paper_42/No.11

(a) The uppermost energy bands in a solid are known as the valence band (VB), the forbidden
band (FB) and the conduction band (CB).

A copper wire is at room temperature.

Use band theory to explain why the resistance of the copper wire increases as its temperature
increases.

(b) The structure of a copper crystal is to be examined using electron diffraction.

Electrons, having been accelerated from rest through a potential difference V, are incident on
the crystal.

The de Broglie wavelength A of the electrons is 2.6 x 107" m.

Calculate the accelerating potential difference V.

[Total: 8]
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6. March/2020/Paper_42/No.10
(a) By reference to the photoelectric effect, explain what is meant by work function energy.

(b) In an experiment, electromagnetic radiation of frequency fis incident on a metal surface.

The results in Fig. 10.1 show the variation with frequency f of the maximum kinetic energy
E,ax Of electrons emitted from the surface.

1.4

Epax/1071°J P
1.2 ol

1.0

A Y

0.8 y

0.6 .

LY

0.4

0.2

0
5.0 5.5 6.0 6.5 7.0 7.5

f/1014Hz

Fig. 10.1

(i) Determine the work function energy in J of the metal used in the experiment.

work function energy = ... J [2]


https://stemup.co.uk

(ii) The work function energy in eV for some metals is given in Table 10.1.

Table 10.1
metal work function/eV
tungsten 4.49
magnesium 3.68
potassium 2.26

Determine the metal used in the experiment. Show your working.

(c) The intensity of the electromagnetic radiation for one particular frequency in (b) is increased.
State and explain the change, if any, in:

(i) the maximum kinetic energy of the emitted electrons

[Total: 7]

10
STEMUP.CO.UK


https://stemup.co.uk

Quantum Physics — 2021 A2

1. Nov/2021/Paper_41/No.10
(a) State an experimental phenomenon that provides evidence for:

(i) the particulate nature of electromagnetic radiation

(b) A particle of matter moves with momentum p.

(i) State the equation that gives the effective wavelength A of the particle. State the name of
any other symbols used.

[2]
(ii) State the name given to the wavelength of the moving particle.
..................................................................................................................................... [1]
(c) Electrons are accelerated from rest through a potential difference (p.d.) of 4.8kV.
(i) Show that the final speed of the electrons is 4.1 x 10" ms™".
[2]

1
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(ii) Calculate the effective wavelength of a beam of electrons moving at the speed in (c)(i).

wavelength = .. m [2]

[Total: 9]

2
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2.

Nov/2021/Paper_42/No.9
(a) State what is meant by:

(i) the photoelectric effect

(b) A polished calcium plate in a vacuum is investigated by illuminating the surface with light.

It is found that no photoelectric current is produced when the frequency of the light is less
than 6.93 x 10'4Hz.

(i) State the name of the frequency below which no photoelectric current is produced.

..................................................................................................................................... [3]
(iii) Calculate the work function energy, in eV, of calcium.

work function energy = ... eV [2]

[Total: 9]

3
STEMUP.CO.UK


https://stemup.co.uk

June/2021/Paper_41/No.12
(a) Electromagnetic radiation of a single constant frequency is incident on a metal surface. This
causes an electron to be emitted.

Explain why the maximum kinetic energy of the electron is independent of the intensity of the
incident radiation.

............................................................................................................................................. [3]
(b) Ultraviolet radiation of wavelength 250 nm is incident on the surface of a sheet of zinc.
The maximum Kinetic energy of the emitted electrons is 1.4eV.
Determine, in eV:
(i) the energy of a photon of the ultraviolet radiation
BNEIGY = eoteeiieteeiee e e eee e eeee e e e e e e e e eenaes eV [3]
(i) the work function energy of the surface of the zinc.
ENEIGY = eeteeiieteeeeiieee e eeeeeeaa e e e e aaea e e aennnes eV [2]
[Total: 8]
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4. June/2021/Paper_42/No.12
(a) State what is meant by a photon.

(b) A stationary nucleus of samarium-157 (1g£Sm) emits a gamma-ray (y-ray) photon of energy
0.57MeV.

Determine, for one y-ray photon:

(i) its wavelength

wavelength = m [2]
(ii) its momentum.
MOMENTUM = ... e e e Ns [2]
5
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(c) (i) Using your answer to (b)(ii), determine the speed of the samarium-157 nucleus after
emission of the photon.

(ii) By reference to your answer in (c)(i), explain quantitatively why the speed of the
samarium-157 nucleus may be assumed to be negligible compared with the speed of the
photon.

[Total: 9]
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5. March/2021/Paper_42/No.11

(a) Electrons are accelerated through a potential difference of 15kV. The electrons collide with a
metal target and a spectrum of X-rays is produced.

(i) Explain why a continuous spectrum of energies of X-ray photons is produced.

(ii) Calculate the wavelength of the highest energy X-ray photon produced.

wavelength = ... m [3]

7
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(b)

A beam of X-rays has an initial intensity I_. The beam is directed into some body tissue. After
passing through a thickness x of tissue the intensity is I. The graph in Fig. 11.1 shows the
variation with x of In (I/I,).

(ii)

x/cm
0 1 2 3 4 5 6 7 8 9 10 11

pd

yd
l,
7

4
g

|
=N
2]
y
F

.4
7

Fig. 11.1

Determine the linear attenuation (absorption) coefficient u for this beam of X-rays in the
tissue.

EES e e em™! [2]

Determine the thickness of tissue that the X-ray beam must pass through so that the
intensity of the beam is reduced to 5.0% of its initial value.

thiCKNESS = . oo cm [2]

[Total: 10]
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Quantum Physics — 2023 A2 Physics 9702

1. Nov/2023/Paper_9702/41/No.8

(a) (i) Show that the momentum p of a photon of electromagnetic radiation with wavelength A is
given by

o
I
>

where h is the Planck constant.

(2]

(ii) Use the expression in (a)(i) to show that a photon in free space that has a momentum of
9.5 x 1028 N s is a photon of red light.

(1]
(b) Abeam of red light of intensity 160 Wm™2 is incident normally on a plane mirror, as shown in
Fig. 8.1. The momentum of each photon in the beam is 9.5 x 10728 N's.

plane mirror

-

S
-

beam of red light,
intensity 160 Wm™2

Fig. 8.1

All of the light is reflected by the mirror in the opposite direction to its original path.
The cross-sectional area of the beam is 2.5 x 10°m?.

1
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(i) Show that the number of photons incident on the mirror per unit time is 1.4 x 101%s1.

(2]

(ii) Use the information in (b)(i) to determine the pressure exerted by the light beam on the
mirror.

PrESSUIME = L.iiieiieeieceieeseee s e e e nnnns Pa [3]

(c) The beam of red light in (b) is now replaced with a beam of blue light of the same intensity.

Suggest and explain whether the pressure exerted on the mirror by the beam of blue light is
less than, the same as, or greater than the pressure exerted by the beam of red light.

[Total: 10]
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2. Nov/2023/Paper_9702/42/No.8
(a) State what is meant by a photon.

(b) When the surface of a metal plate is illuminated with electromagnetic radiation, electrons are
sometimes emitted from the metal.

(i) State the name of this phenomenon.

(ii) It is observed that this phenomenon occurs only when the frequency of the
electromagnetic radiation is greater than a certain minimum value, regardless of the
intensity of the radiation.

Explain how this observation provides evidence for the existence of photons.

(c) Fig. 8.1 shows the variation of the maximum kinetic energy of the emitted electrons in (b) with
the frequency of the incident radiation.

A

maximum
kinetic energy

0 =
0 frequency

Fig. 8.1

3
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State the name of the quantity represented by:

(i) the gradient of the line in Fig. 8.1

[Total: 8]
3. June/2023/Paper_9702/41/No.7
(a) State what is meant by the de Broglie wavelength.

]

(b) Fig. 7.1 shows a glass tube in which electrons are accelerated through a high p.d. to form a
beam that is incident on a thin graphite crystal.

graphite crystal

fluorescent
screen

filament
cathode anode

/
—ta (

o

[ ] -
@ “\
electron beam

_ + collimator

) glass tube
high p.d.

Fig. 7.1 (not to scale)

After passing through the graphite crystal, the electrons reach the fluorescent screen. The
screen glows where the electrons strike it.

Fig. 7.2 shows the fluorescent screen viewed end-on, from the right-hand side of Fig. 7.1.

4
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Fig. 7.2

5
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(i) State the name of the phenomenon demonstrated by the pattern shown in Fig. 7.2.

(c) The electrons in (b) are now accelerated through a greater potential difference between the
cathode and the anode.

(i) On Fig. 7.3, sketch the pattern that is now seen on the fluorescent screen in Fig. 7.1.

Fig. 7.3
(2]

(ii) Explain, with reference to de Broglie wavelength, the change in the pattern on the
fluorescent screen.

[Total: 9]
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4.

June/2023/Paper_9702/42/No.8
Fig. 8.1 shows the lowest four energy levels of an electron in an isolated atom.

n=4
n=3
n=2
increasing
energy
n=1

Fig. 8.1

Fig. 8.2 shows the lines in the emission spectrum of the atom that correspond to the transitions of
the electron fromn=3ton=1andfromn=4ton=1.

increasing frequency
—_—

Fig. 8.2

(a) Explain, with reference to photons, why there is a single frequency of electromagnetic
radiation that corresponds to each of these transitions.

(b) (i) OnFig. 8.2, draw a line that corresponds to the transition of the electron fromn=2ton=1.
Label this line A. 2]

(ii) OnFig. 8.2, draw a line that corresponds to the transition of the electron fromn=3ton=2.
Label this line B. 2]

7
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(c) The frequency of radiation represented by line Ais fj.
The frequency of radiation represented by line B is f5.
The energy of the ground state (n = 1) is E;.

Determine an expression, in terms of f,, f;, E, and the Planck constant h, for the energy E, of
the energy level n = 3.

[Total: 8]

8
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March/2023/Paper_9702/42/No.7

(a) A beam of white light passes through a cloud of cool gas. The spectrum of the transmitted
light is viewed and contains a number of dark lines.

Explain why these dark lines occur.

- [4]

(b) Some energy levels for the electron in an isolated hydrogen atom are illustrated in Fig. 7.1.

nfﬁ
A 23
n=3
energy
n=2
Fig. 7.1

Table 7.1 shows the wavelengths of photons that are emitted in the transitions to n = 2 from
the other energy levels shown in Fig. 7.1.

Table 7.1

wavelength/nm
412
435
488
658

The energy associated with the energy level n = 2 is —3.40eV.

9
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Calculate the energy, in J, of energy level n = 3.

BNEIGY = ot J [3]

[Total: 7]
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