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Mark schemes

(a)     (i)      the (maximum) kinetic energy/speed/velocity/momentum
of released electrons increases (1)

this is because increasing the frequency of the photons increases
their energy or correct application of photoelectric equation (1)

1

(ii)     the number of electrons emitted (per second) increases (1)

because there are now more photons striking the metal surface
(per second) (1)

4

(b)     experiment/observation needs to be performed (to test a theory) (1)

the results of (the experiment) need to be proved/repeatable/replicated/
confirmed (1)

[or threshold frequency (1) could not be explained by the wave
model (1)]

2

(c)     (i)      (use of 0)

6.63 × 10–34 × 5.5 × 1014 (1)

3.65 × 10–19 (1) J (1)

 = hf

 = 

 = 

(ii)     Ek = 6.63 × 10–34 × 6.2 × 1014 (1) – 3.65 × 10–19 (1)

Ek = 4.6 × 10–20 J (accept 5.1 × 10–20 J) (1)
6

[12]

(a)     (i)      –0.66 to –0.72keV line marked as B downward arrow

B1

2

(ii)     uses 7.06 (eV) (condone negative sign)

B1

attempts to multiply by 1.6 × 10–16 (condone incorrect
power of 10) and to divide by 6.63 × 10–34

B1

         1.7(0) × 1018 (Hz) cao

B1
4
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(b)     (i)      λ = h/mv or λ = h/p or correct substitution

C1

         4.4(2) × 106 (m s–1) [4.8(5) with h to 2 sf]

A1

(ii)     same order of magnitude as atomic spacing

B1

         produces wide diffraction angle/good diffraction

B1
4

[8]

(a)     ionisation energy = 13.6eV (1)
1

(b)     (i)

 

3

(ii)     energy in Joules = 1.90 (1) × 1.6 × 10–19 = 3.04 × 10–19 (J) (1)
(use of E = hc/λ)

3.04 × 10–19 = 6.63 × 10–34 × 3 × 108/λ (1)
(working/equation must be shown)

λ = 6.54 × 10–7 m (1)(1) (2 or 3 sf for second mark)
(accept 0.65 which gives an answer of λ = 1.91 × 10–6 m)

8

[9]
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(a)    
 

QWC descriptor mark
range

good-
excellent

The candidate provides a comprehensive and logical
explanation which recognises that light consists of photons of
energy hf and that an electron at or near the metal surface
can only gain the energy of a single photon when it interacts
with a photon. In addition, the candidate should recognise the
significance of the work function (of the metal) in this context
in relation to the maximum kinetic energy that an emitted
electron can have. The candidate should also provide some
indication of why the kinetic energy of an emitted electron
may be less than the maximum kinetic energy. Although the
term ‘work function’ might not be defined or used, the
candidate’s explanation should clearly state that each
electron needs a minimum amount of energy to escape from
the metal.

5-6

modest-
adequate

The candidate provides a logical and coherent explanation
which includes the key ideas including recognition that light
consists of photons of energy hf and that an electron at or
near the metal surface can only gain the energy of a single
photon when it interacts with a photon. In addition, the
candidate should be aware that each electron needs a
minimum amount of energy to escape from the metal. They
should appreciate that the kinetic energy of an emitted
electron is equal to the difference between the energy it gains
from a photon and the energy it needs (or uses) to escape
from the metal. However, the explanation may lack a key
element such as why the kinetic energy of the emitted
electrons varies.

3-4

poor-
limited

The candidate provides some correct ideas including
recognition that light consists of photons of energy hf and that
electrons in the metal (or at its surface) absorb photons and
thereby gain energy. Their ideas lack coherence and they fail
to recognise or use in their explanation the key idea that one
photon is absorbed by one electron.

1-2

4

Page 15 of 20
www.examqa.com



The explanations expected in a good answer should include most of the following
physics ideas

energy is needed to remove an electron from the surface

work function φ (of the metal) is the minimum energy needed by
an electron to escape from the surface

light consists of photons , each of energy E = hf

one photon is absorbed by one electron

an electron can escape (from the surface) if hf > φ

kinetic energy of an emitted electron cannot be greater than hf – φ

an electron below the surface needs to do work/uses energy to reach
the surface

kinetic energy of such an electron will be less than hf – φ

(b)     (i)

 

(ii)     parallel line, higher threshold frequency (1)(1)

(iii)     Planck’s constant (1)
4

(c)     (use of hf0 = 

hf = 6.63 × 10–34 × 2 × 5.6 × 1014 (1)

= 3.7(1) × 10–19 J (1)

Ek = 2 × 3.7 × 10–19 – 3.7 × 10–19 = 3.7 × 10–19 J (1)
3

[13]

)

 

(a)     electrons can have wavelike properties and particle like properties (1)
1

(b)     (i)      (use of λ = h/mv)

mv = 6.63 × 10–34/1.2 × 10–10 (1)

mv = 5.5 × 10–24 (1) kg m s–1 (1) (or Ns)

5
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(ii)     v = 5.5 × 10–24/9.11 × 10–31 (1)

v = 6.1 × 106 m s–1 (1)

(iii)     (use of E = ½mv2)

E = ½ × 9.11 × 10–31 × (6.1 × 106)2 (1) (must see working
or equation)

E = 1.6(9) × 10–17 J (1) (no working max 1)
7

[8]

(a)     intensity determines the number of photons per second (1)
fewer photoelectrons per second (1)
(individual) photon energies are not changed (1)
with no change in the (kinetic) energy/speed (1)
one photon interacts with one electron (1)

3

6

(b)     energy of a photon is proportional to frequency (or E = hf) (1)
photon of red light has less energy than a photon of blue light
[orfred <fblue or λred > λblue] (1)
the energy is insufficient to overcome the work function of the metal
[or the frequency is below the threshold frequency] (1)

3

(c)     (i)      Hz (1)

(ii)      (1)

=3.5 × 1014Hz  (1)
(3.47 × 1014Hz)

(iii)     (use of  gives)

Ex = (6.63 x 10-34 x 1.5 x 1015) - 2.3 x 10-19 (1)

7.6 × 10–19 (J) (1)

(7.645 × 10–19(J))

(allow C.E for value of f from (i))
5

[11]

A

[1]
7

B

[1]
8
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D

[1]
9

C

[1]
10

C

[1]
11
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Examiner reports

Part (a) was answered reasonably well and candidates seemed to appreciate the effects of
changing the frequency and changing the intensity of the incident light. In the legacy
specification, this topic has often confused candidates and it was pleasing to see many confident
responses. A minority of less able candidates did confuse the meaning of frequency, taking it to
mean the rate of photon arrival rather than the frequency of individual photons.

Part (b) (iv) assessed How Science Works and candidates answered this question well,
demonstrating that the idea of validated evidence is well understood.

The calculation in part (c) was, for the most part, done well and identifying the unit for the work
function did not really cause many problems. The only common error occurred in part (c) (ii)
when the maximum kinetic energy was calculated by equating it to the photon energy and
ignoring the work function in spite of the fact that this had been successfully calculated in part (c)
(i).

1

In part (a) (i) a good number of candidates correctly identified the energy change B. A significant
minority penalised themselves by marking the arrow upwards. Others were penalised for making
the change on top of the change A.

Most candidates attempting part (a) (ii) identified the energy changes as being 7.06 keV correctly
and many then went on to convert this energy into joules (some forgetting the factor of 1000). Of
those that did not convert the energy into joules, many divided their answer by the Planck
constant. A significant number of candidates interpreted this question as being an example of the
photoelectric effect.

Although many candidates gained the correct answer to part (b) (i) using the de Broglie equation,
a large proportion managed to juggle c = f λ to obtain a speed of 3.00 × 108 m s–1. It was also
common for the less able candidates to simply write down both these equations to gain no credit.

Part (b) (ii) was not done well and many candidates either completely missed it out or else said
no more than the wavelength was small. Few candidates recognised that for effective diffraction
the atomic spacing in the crystal needs to be of the same order of magnitude as the de Broglie
wavelength of the incident particles.

2

Correct responses for part (a) were common, although a significant minority of candidates did
give the answer 12.75 eV which is the energy change from level one to level four.

The other parts of the question were answered well by the majority of candidates, with the only
common errors occurring in the transition diagram, where often too many arrows were drawn or
the arrows were shown in the wrong direction or there was no arrow at all. The calculation in part
(b) (ii) was approached with confidence by many candidates and most appreciated that they
were required to limit the number of significant figures in their answers.

3
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Part (a) was not answered well and there was much confusion as to the processes involved in
the photoelectric effect. However, a significant number of candidates confused the effect with
excitation and line spectra. Only a minority of candidates were able to explain why the kinetic
energy of the emitted electrons varied. A common response referred to the photons having a
variety of energies even though the question stated that the light had a certain frequency. Most
answers lacked significant detail such as the idea that a photon interacts with one electron and
how threshold frequency and work function are related.

This question assessed quality of written communication and it was clear that most candidates
appreciated that their answers needed a logical structure. However, few candidates were able to
give a coherent and comprehensive answer.

Part (b) generated better answers although a significant minority of candidates did not appreciate
the fact that the gradient of the maximum kinetic energy against frequency graph is the Planck
constant.

Part (c) proved more difficult than expected and a number of candidates calculated the energy of
the photon using the threshold frequency and failed to calculate the work function.

4

Part (a) was answered reasonably well and candidates generally understood the meaning of
particle wave duality. Some candidates just referred to wave properties, presumably assuming
that particle properties were self-evident.

In part (b) (i) it was noticeable that less able candidates confused momentum with energy. The
unit for momentum also caused significant problems. The penalty for not being able to calculate
momentum was not a major one, as consequential error was allowed for parts b (ii) and b (iii).

5

Part (a) was answered very poorly. Most candidates realised that there were fewer
photoelectrons but this was rarely quoted as a rate and the reasons given were often suspect. It
was a commonly held view that the change in intensity changed the energy.

Part (b) produced better marks. The change in the frequency or wavelength was known to most
candidates and about 50% of them referred to the work function or threshold frequency. Less
able candidates just wrote about the wavelength being different, which was not acceptable.
Overall, candidates did not seem to be as knowledgeable in distinguishing between the effects of
intensity and frequency of the source as in previous examinations. Part (c) caused a few
problems for less able candidates because they were often confused between f0 and/

6

This question was little more than recall of the features of the graph of maximum kinetic energy
against frequency of incident radiation. Over 60% of students correctly selected the correct
answer.

7

The majority of students selected the correct answer. Of those who got it wrong, most of them
chose distractor C (20% of all responses); these students could not determine how increasing
the distance between the slits and the screen affected the spacing of the maxima. A quick sketch
of the grating and typical pattern of the maxima would certainly have aided students in making
this connection.

8

Less than 20% of students selected the correct answer. Nearly 40% of students selected
distractor C and in doing so failed to notice that the angle required was double 23.6°. Students
need to pay close attention to the wording in questions as this type of extra detail is typical of
multiple choice questions.

9
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