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Mark Scheme

Ql.

Q2.

%‘;::E:: Acceptable Answer Additional Guidance Mark
The deflection/fields experiments In MP1 allow a description of
mndicate that electrons have a mass (and a deflection e.g. electrons are
charge) deflected by (electric and
Or the deflection/fields experiments (1) | magnetic) fields indicating that
indicate that electrons have particle they have a mass (and charge) 3
behaviour.

The diffraction experiments indicate that (1)
electrons must have a wave nature
Idea that a model of electron behaviour (L
must include wave-particle duality
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Question Answer Mark
Number
B 1
Q3.
Question Answer Mark
Number
B — decreasing the speed of the electrons in the beam 1
Incorrect Answers:
A — the number of electrons does not affect the angle
C - the number of electrons does not affect the angle
D — increasing the speed would decrease the distance between the rings
Q4.
Question | Answer Mark
Number
A 1

Q5.
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Question
Number

Acceptable answers Additional guidance Mark
) ) : The following table shows how the marks should
This question assesses a student’s be awarded for structure and lines of reasoning
ability to show a coherent and
iﬁcaﬂ}' Stl;l ;Eﬁrttd miﬂ?.r e ;’d with Number of marks
ages an y-sustain awarded for
feasonumg. structure of answer
Marks are awarded for ndicative and sustained line
content and for how the answer 15 of reasoning
structured and shows lines of Answer shows a 2
reasoning. coherent and logical
structure with
The following table shows how the lmkages and fully
marks should be awarded for sustained lines of
indicative content. reasoning demonstrated
throughout
MNumber of MNumber of marks Answer 1s partially 1
mdicative marking awarded for structured with some
points seen in indicative marking linkages and lines of
answer points reasoming
6 4 Answer has no linkages 0
between points and 1s
5.4 3 unstructured
3-2 2
1 1
0 0

Indicative content

® This 15 a diffraction/interference
pattern

* Electrons behave as waves

* As speed/'momentum mncreases the
circles get smaller

*nl = dsiné used to justify that as &
decreases 4 decreases

# Refers de Broglie equation (1 = i/p) to
confirm that as speed/momentum
increases, wavelength decreases.

# Crystal has a regular/layered structure

PP2 Do not credit “electrons behave as waves or
particles” on its own

PP3 accept circles get condensed for circles get
smaller

PP4 do not credit use of equation to justify 4
same s17e as gaps in crystal or to measure the
gaps m the graplite

PP6 small gaps at uniform distances/lengths Or
accept that graphite 1s made up of more than a
single crystal
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Q6.

Question
Number

Answer

Mark

D their wave nature

Incorrect Answers:

A not demonstrated by this observation
B not demonstrated by this observation
C not demonstrated by this observation
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Mark Scheme

Q1.

Question

Number Acceptable Answer Additional Guidance Mark
Conversion of MeV toJ (1) | Example of calculation
()
See Q=79 x 1.6 x (1) | E,=5.5%10%Vx1.6x107]
10 and Q2 =2x 1.6 eV1=8.8x10713]
X 10—19
8.8x10%]=
Useof V = 4;5 ~and ) | 79x1.6x 1017Cx2x1.6x1071%C 4
w=ov 4mx8.85x10 2 Fmtr
14 r
r= 41x10 m {1) 3.64% 10-35 N ].nﬁ
=— =4.1x107*
8.8x1013 ] "
3 Electrons are behaving (1)
(":' like waves
e waves
wavelength=$ (1) | MP3: Accept electron
- wavelength mmst be similar to 3
Electron wavelength () | the distance between

must be similar to the
atomuic spacing in the
foil

{adjacent) nuclet
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Q2.

Question Acceptable Answers Additional guidance Mark
Number
(D e Useofi== (1) | Example of calculation
v
» recognise A = 2 % diameter of (1) 6.63 x10-%4 (s} 24
atom (1) T 2w 2.0%10-20 (m) 1.67x 107 ke 3
* 17x 107 kgms?! m 57
(ii) * A discrete number of half
wavelengths fit into the diameter of (1)
an atom
+ Referenceto E = % to link (1) 2
wavelength to discrete energy
levels
Q3.
Question Acceptable Answers Additional guidance Mark
Number
Use of p = mv using mass of (1) | Example of Calculation
electron B 6.63 x 107H] s
Use ofl:% (1) T 9.11x10 kg x 2.2 x 10’ ms ! 3
5 = —-11
1=33% 10~ m o A=33x100"m
Q4.
Question Answer Mark
Number
B 1

Q5.
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Question Answer Additional Guidance Mark

Number

* Useofd= % Example of calculation

Either h=14x1071"m x 4.8 x 107 kgms™
o h=67x10"3*(Js) h=67x10"*Js~ 6.63x107%** s

L compares answer
to 6.63 x 10734 (T 5)

e 1=138x10""(m)
. -:ompares answer to

1.40 x 1071% (m)

Q6.
Question Answer Mark
Number
B 1
Q7.
Question | Answer Mark
Number
C 1

Q8.
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Question Answer Mark
Number
(a) (i) Useof A = h/pandp =mv Orv = h/ml (1)
Use of m=9.11 x 10 kg (1)
v=728x10°ms? (1) 3
Example of calculation
A =h/mv
v=6.63 x 103*7s/(9.11 x 10 kg x 1.0 x 10 m)
v=728x10°ms’?
(a) (ii) Use of Ex= %> mv- Or E =p" 2m Orsee Ey=241x10""7 (1)
Divided by 1.60 = 107° (1)
Fx=151eV (accept values in range 150 — 152 V) (1) 3
(ecf value of v from (a))
Example of calculation g
Ex=":(9.11 x 107 ke)( 7.28 x 10° m s™)?/ (1.60 x 10 7 eV
|
)
Ex=151¢V
(b) The wavelength is similar in size to the nucleus (1)
The wavelength /nucleus is (much) smaller / 10°m / 10* m (1) 2
(1f walue 1s not given, ‘wavelength 1s small’ or ‘*wavelength 1s
very small” is not sufficient)
Q.
Question | Answer Mark
Number
(a) The wavelength (associated) with a particle/electron (1)
with a given momentum (1)
Or
A= hip o0
all terms defined (1) 2
(h)(@) Use of E,= el 1)
Use of Ey =p]-"2m Or useqofEk= a2 and p = mv (1)
Momentum =121 % 10 kgms™ (D 3
Example of calculation
E=16x10"Cx500V
P=2mE=2x911x10"" kg x (1.6 x 107 x 500) J
p=121x10"kgms™"
(b)) | Use of A = ivp 1%
A=3549 x 107" m (ecf value of p from (1)) 1) 2

(show that value gives 6.63 = 107" m)

Example of ca!cularion ) .
p=663 x 107 Ts/121 =102 kems ™
A=549 % 10" m

Total for question
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Q10.

Question | Answer Mark
Number
C 1
Qll1.
Question Answer Mark
Number
B — decreasing the speed of the electrons in the beam 1

Incorrect Answers:

A — the number of electrons does not affect the angle

C - the number of electrons does not affect the angle

D — mecreasing the speed would decrease the distance between the nings

Q1l2.
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?q::;g:: Acceptable answers Additional guidance Mark
» Useof Ex=p"/2m (1) | MP1 accept use of p = mv and Use
of Ex = ¥ mn?
o Useofi=hb (1) | MP4 acceptin+¥%)iorni
respectively
o 1 =503x10" (m) calculated 1
from Ex (1) Example of ca.l-:ulatifm
Or p=_:¢'{2x9.]1 % 107 kg % 9.6 x
Ex=9.7 = 1077 (T) calculated fros 10771 - _
i=50=10 " m p=132= lﬂ_:'" kgms™ N
Or A =6i63 * 1073 Js /132 = 105 kg
p=13=10% (kgms™) m s
calculated from Ex and A=50%10"m
p=13=10% (kgems™)
calculated from 2 =5.0 % 107! m 6
¢ path difference at X 15 A/2 1)
Or path difference at Y 1s 4
¢ (electron) waves at X are in )
antiphase
Or (electron) waves at Y are in
phase
¢ at X destructive 1)
interference/superposition takes
place
Or at Y constructive
interference/superposition takes
place
Q13.
S Acceptable answers Additional guidance Mark
Number
C
Q14.
Question | Answer Mark
Number
C 1
663 < 0™
Q11 = 1073 =y

Incomrect Answers:
A Tncorrect value for b

D Incorrect arrangement

B Incorrect arrangement and incorrect value for i
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Q15.

Question Acceptable Answer Additional Guidance Mark
Number
= This question assesses a student’s ability
to show a coherent and logically
structured answer with linkages and
fully sustained reasoming. IC IC Max Max
Marks are awarded for mdicative Points | Mark | linkage | final
content and for how the answer 1s mark | mark
structured and shows lines of reasoning. avail.
The table shows how the marks should 6 4 2 6
be awarded for indicative content and 5 3 2 =
structure and lines of reasoning. 4 3 1 4
3 2 1 3
MNumber of Number of 2 2 0 2
indicative marks awarded
. R 1 1 0 1
marking for indicative 0 0 0 0
points seen in | marking poinis
Answer
6 4
54 3
3-2 2
1 1
0 0

avwarded for
strscture of
anawer ainl
smstained
Lirsz oof
reasmmE
Apswer shows @ cohoremt smd 2
logical s with linkages :
and Rilly suctomed las of
reasoning demonstrated
thiroughorut

Amswer 15 panaally ssnactured 1
with soarw linkages amd lines of
FEREOTINGE

Answer has no linkages a
betwesn poials and is
unstructured

IC3 and IC4 must include a

menfion of the walls/container
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5]

Indicative content:

1.

As the temperature of the
gas mcreases the (average)
speed/Ex of the atoms
mcreases

Greater speed/E; so the
momentum of the atoms
mereases

The rate/frequency of
collision of atoms with the
container walls increases
Or the time between
collisions with the walls
decreases

The rate of change of
momentum at the walls
mcreases

Rate of change of
momentum 1s equal to the
force

force
and the

area )
force (on the walls) 1s
greater

Pressure 1s

Qle6.
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Question
Number

Acceptable answers Additional guidance Mark
) ) : The following table shows how the marks should
This question assesses a student’s be awarded for structure and lines of reasoning
ability to show a coherent and
iﬁcaﬂ}' Stl;l ;Eﬁrttd miﬂ?.r e ;’d with Number of marks
ages an y-sustain awarded for
feasonumg. structure of answer
Marks are awarded for ndicative and sustained line
content and for how the answer 15 of reasoning
structured and shows lines of Answer shows a 2
reasoning. coherent and logical
structure with
The following table shows how the lmkages and fully
marks should be awarded for sustained lines of
indicative content. reasoning demonstrated
throughout
MNumber of MNumber of marks Answer 1s partially 1
mdicative marking awarded for structured with some
points seen in indicative marking linkages and lines of
answer points reasoming
6 4 Answer has no linkages 0
between points and 1s
5.4 3 unstructured
3-2 2
1 1
0 0

Indicative content

® This 15 a diffraction/interference
pattern

* Electrons behave as waves

* As speed/'momentum mncreases the
circles get smaller

*nl = dsiné used to justify that as &
decreases 4 decreases

# Refers de Broglie equation (1 = i/p) to
confirm that as speed/momentum
increases, wavelength decreases.

# Crystal has a regular/layered structure

PP2 Do not credit “electrons behave as waves or
particles” on its own

PP3 accept circles get condensed for circles get
smaller

PP4 do not credit use of equation to justify 4
same s17e as gaps in crystal or to measure the
gaps m the graplite

PP6 small gaps at uniform distances/lengths Or
accept that graphite 1s made up of more than a
single crystal



https://stemup.co.uk

Q17.

Question

Number Acceptable answers Additional guidance Mark
a)(i) _ Example of calculation
@x o Useofl=hpandv=,»1 (1
» Momentum of photon =3.3 Momentum ;f photon = p = Iif/c ;
* 107 (N s) (D) |=663%x10*Tsx1.5%10°Hz+3.00% 10°m
g1 2
=3315x10%"Ns
Ll Acceptable answers Additional guidance Mark
Number
(a)(i) Ecf tum from (1) m parts (a)(1)
o NMomentum transfer = 6.6 < 10 (N s) (D ¢! momenfum Irom (1) m patis (a
and (c) 1
Question Acceptable answer Additional guid Mark
Number Acceptable answers : onal guidance ar
(b)) _ 1 . Example of calculation
© Usofif=¢+%miu (1) |hf=p+ % miam
b = -34 : b ] = -
e Useof Ex = % m? hf=663=107"Ts=x15=10"Hz=9.95 = 10
a |#y
« v=84x10° (ms") @ | -e=995x 10T -67x10°1=325x10" | 3
19 I
325 x 107 T=1%x911 x 10 kg x +*
v=84x10ms’!
e Acceptable answers Additional guidance Mark
Number
(o)) Example of calculation
s Useofp=mv M |p=911x10" kg x84 x10°m s
Momentum of photoelectron = 7.68 x 107 N s
e Momentum of (1) 2
?E'_:g? ;{rﬁ?mn =77 MP2: Using show that valuep=73 x 107 N s
Ll Acceptable answers Additional guidance Mark
Number
(c) An explanation that refers to the following

ponts:

s the change in momentum of the graphene (1)

oxade 15 the same as the change m
momentum of the photoelectron

* 50 the (change 1) momentum 15 nuch
larger for the photoelectron than for the

reflected photon

Accept converse statement and
answer that 15 consistent with
candidate’s values in (a) and (b)

(1)

(']
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Q1l8.

Q19.

Question Acceptable Answers Additional guidance Mark
Number
o Useofp=mv Example of calculation
withm=9.11 x 1073*
and v = 0.02 x 3.0 x 10° |4 6.63 x 10734] 5
+ Useofi==2 1y | 911x 1073 kgx 0.02 x 3.0 X 10°ms~?
g Bl i2x10om 3
e A=12%10""m L |+=-
Q,"EStmn Answer Mark
Number
C ksmis! 1

Incorrect Answers:

A — N is not an SI base umt and incorrect arrangement
B — N 1z not an SI base unit

D — incorrect arrangement
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Mark Scheme

Ql.
Question | Answer Mark
Number

(a) photon absorbed by electron (1)
electron moves to higher energy level Or electron excited (1)
where photon energy = difference in energy levels (1)
only certain changes/differences possible (1)
between discrete energy levels (1) 5

(b)(3) Useof E=}f (1)
Use of conversion factor to eV (1)
Energy of photon =191 (V) (1)
Identify levels 3.41 (V) and 1.51 (eV) Or levels 1 and 2 (1) 4
Example of calculation
E=663x107"]sx46x10"Hz(=3.05x 107" ])
E=663%10"Tsx46x10"Hz=16=10"Js
=191V
=341 eV — 151 eV (1.90 eV) as the closest match

(b)(ii) | Just-free electrons have zero energy state
Or energy value of level n =015 0 (1)
(Bound) electrons need to gain energy to attain this state
Or electrons need to gain energy to move to a higher level (1) 2
{(Accept Because they must gain energy to move up for second mark)
{accept answers in terms of iomisation energy)

(c) Look for corresponding pattern of lines / frequency spacings at different
place m spectrum Or reference to known normal positions (1)
moving away increases observed wavelength / decreases frequency (or the
case for moving towards) (1)
so 1f shufted to red end then moving away (or blue = towards) Or the greater
the velocity the greater the change 1n frequency (1) 3
Total for question 14



https://stemup.co.uk

Q2.

Question | Answer Mark
Number
(a)* (QWC — Work must be clear and orgamsed 1n a logical manner using techmcal
wording where appropriate)
Electrons/atoms move to higher energy levels / get excited (1)
They then move to lower energy levels (accept ground state) (1)
The energy from the move 1s given out in the form of a photon (1)
The energy levels are discrete Or only certain energy levels are possible (1)
The energy of the photon must be equal to the difference in energy levels
Or hif=E;—-E (1)
There are only a linuted number of energy differences and only a corresponding
number of frequencies (looking for differences /changes not levels) (1) | 6
(The marks above may be obtamned from a suitably labelled diagram — but the
order of excitation and de-excitation cannot be assumed for two marks just from
the presence of both)
(b) Doppler (accept blue shift) (1)
The wavelength of the radiation 1s decreased / frequencies increases (1)
Star moving towards Earth or vice versa (1) | 3
(c) Light behaves as both particle and wave Or wave-particle duality (1) |1
Total for question 10

Q3.
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Question

quickly)

Number Acceptable answers Additional guidance Mark
Thus question assesses a student’s ability | The following table shows how the marks
to show a coherent and logical structured | should be awarded for structure and lines of
answer with linkage and fully-sustamed reasoning
reasoning. Number of marks
Marks are awarded for indicative content awarded for structure
and for how the answer is structured and and lines of
shows lines of reasoning. reasoning
The following table shows how the marks || Answer shows a 2
should be awarded for indicative content. coherent and logical
Number of Number of marks structure with linkage
indicative points | awarded for and fully sustamned
SEEN 1N answer indicative pomts lines of reasoning
6 4 demonstrated
54 3 throughout
Answer 1s partially 1
3-2 2 .
structured with some
1 1 linkages and lines of
0 0 1EaS0MINg
Answer has no 0
linkage between
Indicative content points and is
unstructured
+ photon energy E=hf
* photon energy must be greater than IC2 accept answers in terms of threshold
work function (of metal) for photon frequency
to provide enough energy for IC5 & 6 there must be the 1dea of “rate” once
photoemission
* UV photons have sufficient energy }u.mber '_)f F(' Pos*:;l_hle linkage
for photoenmssion but lab light points awarded marks
photons do not 0.1 0
. : 2.3 1
» one photon interacts with one -
4.5 6 2
electron i
» with larger area more photons are
absorbed/incident 1n a given time
* more electrons are emuitted in a given
tume (so the charge 1s lost more 6

Q4.
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Question Answer Mark
Number
(a) Photon — quantum/packet of something relevant e g light, radiation, (1)
any other named e-m radiation, energy
{quantum/packet) of electromagnetic energy/radiation/waves (1) 2
{dependent mark)
(b) Use of (20.66 — 18.70) = 1.6 = 107 (1)
Use of £ = f (with energy m eV oor J) (1)
f=47x10"Hz @ 3
Example of calculation )
f=(20.66—18.70) = 1.6 x 107 /6.63 = 107**
f=4.73x 10"Hz
(c) From kinetic energy of atoms (1) 1
(d) Diffraction ()
Light spreads (sideways) as it passes through the slit (1)
Narrower slit causes more diffraction/spreading
Or diffraction increasing as gap width gets closer to wavelength (D
3
Total for guestion 9
Q5.
Question Acceptable Answers Addirional Guidance Mark
Number
+ The wave spreads out (after passing
through a gap) (1)
+ Each point on the wave acts as a source
of (secondary) wavelets (1
+ That interfere/superpose (1 3

Q6.
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Question
Number

Answer Additional
Guidance

Mark

o further support for wave theory by other scientists

e Experimental evidence became available (eg speed of MP1 the idea

light in water) of evidence

or MP?2 the 1dea of
wave model could be used to explain other properties further support
of light

or

Huygens’ construction could be used to explain
interference/diffraction (1)

(eg Thomas Young)
or
(younger) scientists were willing to accept new ideas (1)

Q7.

Question
Number

Answer

Mark

*(a)

(QWC — Work must be clear and orgamised in a logical manner using technical
wording where appropriate)

The waves superpose Or diffraction at the double slits
Where they are m phase Or when path difference i1s a whole number of
wavelengths constructive mterference takes place

‘Where they are m antiphase / when path difference 1s an odd number of half
wavelengths destructive interference takes place

Bright bands are when waves are m phase / when path difference is nk /
constructive mterference Or reverse for dark bands

(1)

(1)

(1)

(1)

(b)

coherent = constant phase relationship/difference (between light arriving from
the two sources)
Or if they are not coherent the phase relationship/difference will vary.

The idea that at a given point there would sometimes be constructive
interference and sometimes destructive interference etc

(1)

(1)

(c)

Interference (accept diffraction) only occurs with waves.

(1)

Total for question

Q8.
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Question Acceptable Answers Additional Guidance Mark
Number
» Light is an electromagnetic wave
Or
Light is oscillations of electric and
magnetic fields
= (1)
+  Oscillations are perpendicular to the Accept direction of wave
direction of energy transfer (1) travel
2
Qo.
C{uestmn Answer Mark
Number
D visible line spectra 1

Incorrect Answers:
A — wave model
B — wave model
C — wave model

Q1l0.
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Question Answer Mark
Number

(a) max kinetic energy Or kegp, (1)
joule/] Or electronvolt/eV (1)
Or (1)
stopping potential Or V.
volt'V (1) 2
{Unit mark can be scored if no quantity grven.
If incorrect quantity given no marks awarded but KE/energy in
joules/eV scores MP2)

(b)
Idea that one photon 1s absorbed by one electron (1)
Photon energy given by E = iif
Or photon energy increases with frequency (1)
The 1dea that there 1s a nunimum energy needed for emuission of a
{photo)electron (1)
{So) enussion of electrons only occurs if frequency of light greater
than the threshold frequency
Or threshold frequency 1s the minmimum frequency for the emission of
{(photo)electrons (1) 4
Total for gquestion 6

Q1ll.
Question | Acceptable . . .
Number answer Additional guidance Mark
D The only correct answer is D: a wave of greater intensity would still transfer 1

even if they could absorb energy continuously
Wave energy

time

amplitudes and energy could increase over time to higher values

energy af a greater rate which could release photoelectrons at a greater rate
A is not correct because time would be required for absorption of sufficient
B is not correct because absorption of sufficient wave energy would occur over

C is not correct because at higher infensities the waves would have higher

Q1l2.
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Question
Number

Answer

Mark

The only correct answer 1s C because wave nature would predict
a greater emuission rate with a greater incident power

A because instantaneous emission 15 only predicted by particle nature
B because dependence of maximum kinetic energy on frequency 1s only predicted

by particle nature

D because mimmum frequency for enussion 1s only predicted by particle nature

Q13.

Question
Number

Acceptable answers

Additional guidance

Mark

This gquestion assesses a student’s ability to

show a coherent and logically structured answer

with hnkages and fully-sustamed reasoming.

Marks are awarded for indicative content and
for how the answer is structured and shows lines

of reasoning.

The following table shows how the marks
should be awarded for indicative content.

Mumber | Number of Max Max
of marks linkage final
indicative | awarded mark mark
marking for available
points indicative
seen in marking
answer potnts
] 4 2 6
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
] 0 0 0

The following table shows how the marks
should be awarded for structure and lines
of reasomng

Number of marks
awarded for
structure and lines
of reasoning

Answer shows a 2
coherent and
logical structure
with linkage and
fully sustained
lines of reasoning
demonstrated
throughout

Answer 15 partially 1
structured with

some linkages and
lines of reasoning

Answer has no 0
linkage between
points and 1s
unstructured

Gwdance on how the mark scheme should
be applied: The mark for indicative content
should be added to the mark for lines of
reasoning. For example, an answer with
five indicative marking points which is
partially structured with some linkages and
lines of reasoning scores 4 marks (3 marks
for indicative content and 1 mark for
partial structure and some bnkages and
lines of reasoning). If there are no linkages
between points, the same five indicative
marking points would vield an overall
score of 3 marks (3 marks for indicative
content and no marks for linkages).
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Indicative content

Observations

Models

L

Photoelectrons emitted instantaneously
when radiation incident on surface
There is no photoemission below the
threshold frequency

The maximum ke of the photoelectrons
is independent of the intensity of the
incident radiation

The rate of photoemission is
proportional to the intensity of the
incident radiation

One photon 15 absorbed by one electron
Or all of the energy of one photon 15
transferred to one electron

With waves. energy can be supplied to
the electron continuously

Or with waves, energy can “build up’

There are 4 observations and 2 models.
Linkage 15 demonstrated by linking
observations and models.

Two linkage marks can only be
awarded if reference is made to both
models and more than one observation

Q14.
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Question | Answer Mark
Number

(a) Quantum of ... Or (discrete) packet of ... Or discrete quantity of ... (1)
(To score the mark must refer to something relevant e.g. light / energy) (1) 2
Of electromagnetic radiation/energy

* (b) (QWC — Work must be clear and organised in a logical manner using
technical
wording where appropriate)
)

describe relevant interaction between single photon and single electron
photon energy depends on frequency Or reference to E = hf (must be (1)
link to photons/light) (1)
if photon energy greater than work function, electron emitted (1)
(immediately)
whereas for waves energy could build up Or with waves that the (1) 5
electron can absorb energy continuously or over time
so any frequency should work Or but this build up doesn’t happen

(€)(i) |Useofd.3x1.6x10"" (1)

)

Use of E = hf (1) 3
f=10x10"Hz
Example of caleulation
E=43Vx16x107°C
=6.9x 1017
6.9 x 1017 7=6.63 x 10 s x f
f=10x10"Hz

(e)(ii) | Ultraviolet (1) 1
Accept ultraviolet even if frequency in ¢(i) 1s incorrect, but allow ecf
from candidate’s value of frequency to appropriate part of
electromagnetic spectrum
Total for question 11

Q15.
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Question
Number

Acceptable answers

Additional
guidance

Mark

(1)

An explanation that makes reference to:

quantisation of energy is the idea that energy 1s ematted/radiated
in discrete packets/photons (1)

each photon has an energy which 1s related to frequency OR
suttable reference to E = Ff (1)

(ii)

Model A 1s successful at long wavelengths because the curve for
model A follows the experimental curve (1)

But model A breaks down for short wavelengths, since it
suggests that the mtensity tends to infimity as the wavelength
gets shorter (1)

Model B 1s successful for short wavelengths because curve B
follows the experimental curve (1)

But model B indicates higher than expected intensities at larger
wavelengths (1)

Ql6.

Question Acceptable Answers
Number

Additional guidance

Mark

5] ¢ Do not stare into laser (1)

(ii) ¢ Lack of other evidence (supporting

wave theory)

Or

Was vet to be reproduced

Or (1)
There was support / evidence for the

particle model

Q17.
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the work function 1s gamned by the
electron as kinetic energy

Wave model

* It would be expected that the energy
of the electron would build up and
eventually be enutted.

o The (kinetic) energy of the (enutted)
electrons would depend on the
intensity of the wave (and not the
frequency)

Question Acceptable Answers Additional Guidance Mark
Number
o This question assesses a student’s ability to The following table shows how the marks
show a coherent and logical structured answer | should be awarded for structure and lines of
with linkage and fully-sustained reasoning. reasoning
Marks are awarded for indicative content and Number of marks
for how the answer 1s structured and shows awarded for
lines of reasoning. structure and lines
The following table shows how the marks of reasoning
should be awarded for indicative content. Answer shows a 2
Number of Number of marks coherent and logical
indicative pomis awarded for structure with
Seefl in answer indicative points linkage and fully
6 4 sustained lines of
5-4 3 reasomng
3-2 2 demonstrated
1 1 throughout
0 0 Answer is partially 1
Particle model srmcm_red with
s  One photon interacts with one Some linkages _ﬁﬂd
electron lines of reasoning
» And each photon has energy Answer has no 0
proportional to the frequency. Or linkage between
reference to E=hf points and 1s
» The electron is emitted (instantly) unstructured
only if the energy of the photon 1s
greater than the work function (of the | Linkage marks
metal)
Or The electron is emitted (instantly) Indicative content | Possible linkage
only if the energy of the photon is points marks 0
greater than the energy needed for an 0.1
electron to break free (from metal 2.3 1
surface) 4. 5, 6 with points
*  Any photon energy over and above from both models 2

Q1s.
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Question
Number

Answer

Mark

(@)

Diode / LED
(Any type of recognised diode scores the mark but if diode 1s included 1n a
list of other components the mark cannot be gained.)

(1)

(b)

Infinite / infinity / oo
Or
Very high Or very large

(1)

(©)

Use of R=V/AT
Correct value of R for their current in range 040 Ato 043 A

(Any valid pair of values for first mark.
Use of tangent or gradient scores no marks)

Example of calculation
BR=070V/041 A

=170

(1)
(1)

(d)

Any One from, e.g.

To protect components / circuits

Rectification

Restricts current / flow (of charge) to one direction
AC to DC

Produce DC supply

Power indicator light

Light source, e.g. Christmas tree light, torch
Regulate voltage

{Accept any reasonable practical use for diode or LED)

(1)

Q19.

Question
Number

Acceptable answers Additional guidance

Mark

*» Wave model (1)

Any two
* (Demonstration) provided experimental
evidence (in support of wave model) @)
* (Demonstration) supported previous
evidence 1)
* (This demonstration was) reproducible
Or (This demonstration) could be (1)
repeated by others

Q20.

Question
Number

Answer

Mark
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Mark Scheme

Q1.

Q2.

Question
L . Mark

Number Acceptable answers Additional guidance

* Line of best fit drawn (1) Emple of calculation 4

* Gradient determined (1) | Gradient =4.14x ]‘[_]_-J - .

- . . I | h=414x 10075 eVsx16x 107 TeV!
* Applies eV to J conversion factor (1 34
. - | A=6.62x107"Ts
e h=662x1034Ts (64 %10 Tst068 (1)
% 1074 Ts)

MP4 dependent on calculation from graph
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Question

Reads a pair of co-ordinates from graph

Useof p=hf—E
@=273 eV, so metal 15 (probably)

caesium (allow ecf for /1 from (a))

¢ =6.62x107*T 5 x55x10" Hz
=3.64x107°7

3.64 x 10717
P =1ex10 D Jev-i

= 2.28 eV

.. ; Mark
Number Acceptable answers Additional guidance

¢ x-mtercept determined (1) MP2: allow use of standard 3
o Useofg=hfy (1) | value for /r or _ _
e ¢=23eV. sometal is (probably) value of /i deternuned 1n (a)

caesium (allow ecf for / from (a)) (1) Example of calculation

fo =755 x 10 Hz

OR

Q3.
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Question | Answer Mark
Number
(a) photon absorbed by electron (1)
electron moves to higher energy level Or electron excited (1)
where photon energy = difference in energy levels (1)
only certain changes/differences possible (1)
between discrete energy levels (1) 5
(b)(i) Use of E=hf (1)
Use of conversion factor to eV (1)
Energy of photon =191 (V) (1)
Identify levels 3.41 (V) and 1.51 (eV) Or levels 1 and 2 (1) 4
Example of calculation
E=663%10"Tsx46=10"Hz(=3.05%107°])
E=663x107"Tsx46x10"Hz=16=107"Js
=191V
=341eV—1.31eV (1.90 V) as the closest match
(b)(ii) | Just-free electrons have zero energy state
Or energy value of level n =015 0 (1)
{(Bound) electrons need to gain energy to attain this state
Or electrons need to gain energy to move to a higher level (1) 2
(Accept Because they must gain energy to move up for second mark)
{accept answers in terms of iomisation energy)
(c) Look for corresponding pattern of lines / frequency spacings at different
place mn spectrum Or reference to known normal positions (1)
moving away increases observed wavelength / decreases frequency (or the
case for moving towards) (1)
so 1if shifted to red end then moving away (or blue = towards) Or the greater
the velocity the greater the change in frequency (1) 3
Total for question 14
Q4.
Question Answer Additional Guidance Mark
Number
3
Useof E=hfand v =fi (1) Example of calculation
Conversion eV to J (1) e 66310 s X 3.0x10°ms™! _ 280
- 4.3 8Vx 1.6x1071% C = cosmm
A=29x10"m (1)
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Q5.

Q6.

%‘;::E:: Acceptable answers Additional guidance Mark
Thus question assesses a student’s ability | The followmng table shows how the marks
to show a coherent and logical structured | should be awarded for structure and lines of
answer with linkage and fully-sustained reasoning
reasoning. Number of marks
Marks are awarded for indicative content awarded for structure
and for how the answer 1s structured and and lines of
shows lines of reasoning. reasoning
The following table shows how the marks || Answer shows a 2
should be awarded for indicative content. coherent and logical
Number of Number of marks structure with hinkage
indicative points | awarded for and fully sustamed
SEEN 1N ANSWer indicative pomts lines of reasoning
6 4 demonstrated
54 3 throughout
Answer is partially 1
32 2 ;
structured with some
1 1 linkages and lines of
0 0 reasonmng
Answer has no ]
linkage between
Indicative content poufs and 1s
unstructured
« photon energy £=hf
* photon energy must be greater than IC2 accept answers 1n terms of threshold
work function (of metal) for photon frequency
to provide enough energy for IC5 & 6 there must be the idea of “rate” once
photoenussion
s UV photons have sufficient energy _\u.mber ?f F(' POS?'_ble linkage
for photoenussion but lab Light points awarded marks
photons do not 0.1 0
. ) 2.3 1
+ one photon interacts with one :
4,56 2
electron i
* with larger area more photons are
absorbed/incident 1 a given time
s more electrons are enutted in a given
time (so the charge is lost more 6

quickly)
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JEELED Acceptable answers Aclc_iltlonal Mark
Number guidance
a
(a) the lowest frequency (of incident
radiation) that will cause the emission
of (photo)electrons (from the surface)
(1)
%ﬁﬁgg? Acceptable answers Additional guidance Mark
(b) e uUse of ¥ m Ve (1) | Example of calculation:
E=6.63x1031sx 8.9
e use of @ = hf - (1) | = 10%Hz = 5.9 x 1017 )
max ke
V2 M Vimax® = ¥2 x 9.11 x
e divides energy in (1) |1031 kg x (6.7 x 10° m s~
joule by 1.6 x 12 = 2.045 x 10717 ]
10 C @ =59 x 10171~ 2.045
x 10717 ] = 3.8 x 101?)
e p = 2.4V (1)
=1.8x 10 ]+ 1.6 x 10°
19 C
= 2.4 eV (4)
Q7.
Question Answer Mark
Number
(a) Photon — quantum/packet of something relevant e.g. light, radiation, (1)
any other named e-m radiation, energy
{quantum/packet) of electromagnetic energy/radiation/waves (1) 2
{dependent mark)
(b) Use of (20.66 — 18.70) x 1.6 x 107" @
Use of £ = if (with energy in eV oor J) (1)
f=47=10"Hz 1) 3
Example of calculation .
f=(20.66—18.70) = 1.6 = 107 /6.63 = 107
f=473x10"Hz
(c) From kinetic energy of atoms (§H) 1
(d) Daffraction (§h)
Light spreads (sideways) as 1t passes through the slit (1)
Narrower slit causes more diffraction/spreading
Or diffraction imncreasing as gap width gets closer to wavelength (1)
3
Total for guestion 9
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Q8.

Question Answer Mark
Number
D 1
Incorrect Answers:
A — absorption of the longest wavelength
B — emission with the longest wavelength
C — absorption of the shortest wavelength
Q9.
i Acceptable answers Addirional guidance Mark
Number
o Useof E=hfandc =fA Example of calculation
* ConvertJto eV E=663%10"J5%3.00x10°ms/
e 21eV 589x107m
*  Amow drawn on diagram from =338 % 10°9]
—304eVito—5.14 €V e o 4
338107/ 160 % 107 C=211eV
Q10.
Question ) " .
Accepiable Answers Additional Guidance Mark
Number

use of difference in energy levels in eV and
use of "= QF for conversion to Joule (1)

use of E = #f (1)
frequency = 7.2 = 103 Hz (1)

Example of calculation:

difference in energy levels

=-0355eV—-(—085eV)=03¢V

=03V=x1a=101C=48 =100

J

F=48 =100 T+663=x10%Js
=72= 108 He

Ql1.
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Question

Number

Answer

Mark

electron emitted by absorption of lightUV/photon
one photon absorbed by one electron

if frequency above threshold frequency then electron enutted
Or
if photon energy above work function energy then electron emitted

Use of if =¢ (using work function to find corresponding frequency or
wavelength)

Or

Use photon energy = if (using any identified frequency or wavelength of visible
light or UV to find comresponding photon energy)

Threshold frequency = 1.0 * 10* Hz Or wavelength=2.9 x 107 m

Or

Photon energy for light = a value between 2.9 > 107° Jand 5.1 » 107 J Or
photon energy for UV = a value between 5.1 = 107 Jand 1.99 x 1077 J

State visible light frequency too low / wavelength too long
Or compare photon energy to work function

Example of calculation ]
f=688x107"T+633x107"Ts
=10=10"Hz

(D
(D

(1

ey

(1)

(1)

Total for question

Q1l12.

Question
Number

Acceptable Answer

Additional Guidance

Mark

(i) Guidance on how
the mark scheme
should be applied:

This question assesses a student’s ability to
show a coherent and logically structured
answer with linkages and fully-sustained

lines of reasoning.

The following table shows how the marks
should be awarded for indicative content:

marking points seen in | awarded for indicative
answer marking points

5-4
3-2

L) [l | SN AN

fs= B ol

reasoning. The mark for
Marks are awarded for indicative content and indicative content
for how the answer is structured and shows should be added to

the mark for lines of
reasoning. For
example, an answer
with five indicative
marking points
Number of indicative Number of marks which is partially
structured with
some linkages and
6 4 lines of reasoning
scores 4 marks (3
marks for indicative
content and 1 mark
for partial structure
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Q13.

The following table shows how the marks
should be awarded for structure and lines of
reasoning:

Number of marks
awarded for
structure of
answer and

sustained line of

reasoning

Answer shows a 2
coherent and
logical structure
with linkages and
fully sustained
lines of reasoning
demanstrated
throughout

Answer is partially 1
structured with
some linkages and
lines of reasoning

Answer has no 0
linkages between
points and is
unstructured

Indicative content
« photon energy discrete/quantised

electron

(photo)electron

(photo)electron
+ reference to E = hf

be a current for all frequencies

« one photon transfers all of its energy to one
Or one photon cause the emission of one
« photon must have energy greater than /

equal to work function energy to release

if light was a wave, energy could build up
if light was a wave, any frequency could
provide sufficient energy in time there would

and some linkages
and lines of
reasoning). If there
are no linkages
between points, the
same five indicative
marking points
would yield an
overall score of 3
marks (3 marks for
indicative content
and no marks for
linkages).

(6)
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Question
Number

Acceptable answers

Addirtional guidance

Mark

(i

* The electrons/atoms can only

exist in discrete/specific energy
levels (in the sodivm atoms)

¢ Electrons/atoms become

excited
Or Electrons/atoms move to
higher energy levels

¢ The electrons/atoms then move

to lower energy levels. giving
out energy in the form of
photons

* The energy of the photon 1s

equal to the energy difference
between the energy levels

« E=Jfand i =c/s0

wavelength depends on the
photon energy

* There are only certain energy

transitions possible (between
discrete levels) so only certain

(L

@™

@™

0y

L

accept E=he/ A

MP% — Allow reference to few or

limited number for ‘certain’. Allow

reference to discrete differences in
energy levels.

frequencies/wavelengths are
visible.

(if)

Useofni=dsin g
d=177%10"%m

Choose d=2.0 * 107% m as a smaller
value than d = 1.77 » 107% m would
cause greater diffraction angles so the
third order would not be seen. but 3.3
* 107 m would produce smaller
angles than 2.0 * 1079 m, causing

larger relative uncertainty in
measurement

Useofni=dsin 8

A correct value of sin & or &
d=10x10%m > 1.77
d=17%10%m > 1.04
d=20%10%"m > 088 62°
d=33%10%m > 0535 32°

Choose d=20%10"%m. 1.7=10%m

would give a sine value greater than 1,

50 no 3% order is visible, and 3.3 =
1078 m would produce smaller angles
than 2.0 * 107 m, causing larger
relative uncertainty in measurement

1)
4y

1)

1)

1)

1)

Example of ta}culation
3589 = 107" m=dsin 90°
d=177=10%m
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Q14.

%‘::;::: Acceptable Answer Additional Guidance Mark
(a) As graphene is only 1 atom thick so the MP1: accept graphene can only
CSA/thickness is far smaller than for a be 1 atom thick but steel can be
sample of steel any thickness
Or most applications need a thickness
greater than one atom (MP1, treat references to
Or if more than one laver of graphene cost/energy as neutral)
is used i1t will be weaker or the bonds
between the layers will not be strong
Or Graphene 1s difficult to
manufacture because 1t has only one
atomic layer (1)
Although praphene has a greater (1
breaking stress 1t will break at a lower
force
2
%:2{::: Acceptable Answer Additional Guidance Mark
(b) Use of depth of graphite = 100 = (1) | Example of calculation
diameter of 1 carbon atom Depih of graphite = 100 x 1.4 x
I 10Ym=14=10%m
Use of cross-sectional area = depth = X s
(0.5 * 107 m) CSA=14=10"m=0.50=
1) 107 m=70x=10"m?
RA
Use of p = i (1) 1029 %1050 % 7.0 x10742m?
N . _0200m N
p=36*10"0OmOr36pOm 36x107Qm 4
%:2::: Acceptahble Answer Additional Guidance Mark
(c) Max 3
Silicon will only release a (photo) MP1: accept single frequency
electron for a (1) | for limited range
limited range of
frequencies/wavelengths
(1)
Silicon releases only one (photo)
electron per incident photon (1)
Greater current (for the same
illumination) 1n graphene (1)
Graphene (cells are) more efficient
Or graphene cells could be smaller /
cheaper / thinner 3
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Q15.

Question Acceptable answers Adl:.htmnal Mark
number guidance
(i) Either
* When x =R, F = GMm/Ro* (1)
¢ F=GMmRyRy so k =me?=GMm/Re® (1)
o  Use of T=2w'ew (1)
e T?=dxle?=4n Re*’GM
So T = 2m/(RE /GM) (1)
OR
* From graph F=-(g/R.)r (1)
» From which @ =V(g/Ry) (1)
¢ Useof T=2n/e (1)
s SoT =2m/(R, /g) (1)
4
Question .. . .
Acceptable answers Additional guidance Mark
number
(ii) Either
Centripetal force = mviRo = GMm/Rq? (1)
o 4! Re¥/ T'Ro= GMRe? (1)
o T?=dale?=4n Re*/GM
So T = 2mV(R2 /GM) (1)
OR
¢ mg=mv Ri=m Ry (1)
s Som= v"(gfﬁ‘o)_ (1)
o T=2m/c=2mV(Ry/g) (1) 3

Ql6.

Question
Number

Acceptable Answer

Additional Guidance

Mark

e Light consists of (particles called) (1)
photons

¢ These particles:
are discrete packets of energy
Or are quanta of energy 1)
Or have momentum

Q17.



https://stemup.co.uk

Q1s.

LliE2El Acceptable Answer Additional Guidance | Mark
Number
(a)() |+ an°maybe (1) | Allow
uuOr dd
¢ it must be a quark
combined with its
own antiguark so
that overall charge (1)
is 0
OR it can only contain
up or down quarks (as
it is not a strange
particle)
(2)
(a)(ii) | mesons are made up (1)
of quarks, whereas
leptons are
fundamental particles
(1)
Question Acceptable Answer Additional Guidance Mark
Number
(b)(i) |* useofwv=s/t (1) | Example of calculation:
5 15%10°m :
- -5 t=2= =505%10"s
* £=5.05x10"s (1) v 099x3x10°ms™
(2)
(b)(in) |, use of Afiz =0693 (1) Examgle of calculation:
(1| 4= In2 =L93_6=3.15><10-*s-1
e A=3.15 x 10°s iy  2.2x107s
) - ir =£—.J..' =e—3.'.5-rl|}‘5-::-c§ 051075 — 123 y 10—'-'
e use of ¥V ="Noe (1) '°
. N =123x=1077 (1) }f =1.1x107" if "show that” value used
N, No (4)
(b)(iii)| » This is much smaller than 10% indicating (1)
the muon lifetime is much greater than the
expected value
¢ The high speed of the muon has led to (1)
relativistic effects
(2)
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Question Answer Mark
Number
(a) max kinetic energy Or kegp, (1)
joule/] Or electronvolt/eV (1)
Or (L)
stopping potential Or V.
volt'V (L) 2
{Unit mark can be scored if no quantity grven.
If incorrect quantity given no marks awarded but KE/energy in
joules/eV scores MP2)
(b)
Idea that one photon 1s absorbed by one electron (1)
Photon energy given by E = iif
Or photon energy increases with frequency (1)
The 1dea that there 1s a nunimum energy needed for emuission of a
{photo)electron (1)
{So) enussion of electrons only occurs if frequency of light greater
than the threshold frequency
Or threshold frequency 1s the minmimum frequency for the emission of
{(photo)electrons (1) 4
Total for gquestion 6
Q1lo.
gﬁf;gg: Acceptable Answer Additional Guidance Mark
The student’s answer should
* Include the idea that “threshold” (1) | For MP1, accept
refers to a (minimum) frequency that wavelength has
to be below a
» state that photons have an 1 o .
energy given by if (1) | certain “threshold
e recognise that the energy used (1) | Max 3 ifthe 4
to release electrons 1is called the response 1s not a
work function discussion of the
e include the idea that one photon (1) student’s answer
15 absorbed by one electron

Q20.
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?;:ﬁigg: Acceptable Answer Additional Guidance Mark

« work function = hfg (1) | Example of calculation

o useof hf =@ + V2 mMvPmax (1) | work function = hfy

« division by 1.6 x 107% (1) | = 6.63 x 101 s x 8.17
x 10* Hz

s V=0.60V (1)
=542 x 10720]
V2 mvZmax
= (6.63 x 107* 15 x 9.62
% 10 Hz) - 5.42
x 107201
=9.61 x 102°]
V=9.61x102%"]1/1.6 x
1012 C
V=060V

(4)
Q21.
(13'11:2:::-1 Acceptable answers Additional guidance Mark
Example of calculation 4

17 2
Y2 MV max

triangle

o h=T76%10%]s

s)

e Substitute el for % e in Aif= ¢+

¢ Rearranges to identify gradient = i'e

¢ Attempt to find gradient using large

(range: 75 % 107 Jsto 7.7 = 107H#]

(1)
W= o+ % i mas
D) | hf=g+eV

@) | ev=hi-g

V= hile — gve

@ gradient = i/e

h=758x10%7Ts

gradient =4.72 x 107 Vs

gradient = (240 V-1.00 V) =
(6.975 = 10" Hz — 4.025 = 10" Hz)

h=4T72=x10%*Vsx16=x 107 C

Q22.
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%‘ﬁgg: Acceptable answers Additional guidance Mark
a)(i) ) Example of calculation
@x o Useofl=hpandv=,»1 1)
+ Momentum of photon =3 3 Momentum of photon =p = iific
x 107 (N's) D) |=663x10*Tsx15x10°Hz=3.00 % 10°m i
'5'1 =
=3315%10%"Ns
Question - P . §
Number Acceptable answers Additional guidance Mark
@ : Ecf momentum from (i) in parts ()(i
s Momentum transfer = 6.6 = 107 (N 5) (1) cf momentum from (1) m parts (a)(1)
and (c) 1
Question . " . :
Number Acceptable answers Additional guidance Mark
(b)(i) _ _ 1 5 Example of calculation
© Useof if =@ +%mium M) |if=g+% mime
* Useof Ex = %2 m* 1) hf=663 %107 Ts % 1.5 105 Hz=9.95 % 10°
z ( 19
e v=84x10"(msh) ay | -9=995x 10° - 67x10°7=325=10" | 3
19 I
325%x 10 T=% %0911 x 10 kg =+
v=84x10"ms"!
gﬁ::: Acceptable answers Additional guidance Mark
(b)(ii) Example of calculation
s Useofp=mv M | p=911x10" kg =84 x 10° ms™ )
. M s of @ Momentum of photoelectron = 7.68 x 107 N s )
Momentum o 2
;;1[1]011;:: ‘;lrezﬁon =77 MP2: Using show that value p =73 x 107 N s
Question ; ) - . §
Number Acceptable answers Additional guidance Mark
(c) An explanation that refers to the following
points:
. thf; clhjnge in momentum of the _graphene (1) Accept converse statement and
oxide 1s the S;n;f “"iﬂle cllmlge m answer that 1s consistent with
momentum of the photoelectron candidate’s values in (a) and (b)
8y 2
* 5o the (change in) momentum 15 nuch
larger for the photoelectron than for the
reflected photon

Q23.
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Question
Number

Acceptable answers

Addirtional guidance Mark

* (Faint and difficult to see, so may
not be seen at the correct p.d. and) @)
recorded p.d. could be too high

+ (Range of frequencies could mean )
light 1s seen before the light at the
stated frequency and) recorded
p-d. could be too low

+  Discussion of these poinfs, e.g. 1)
opposite effects. could cancel or
could be systematic errors and not
affect gradient

Q24.

Q25.

Question Acceptable Answers
Number

Additional Guidance

Mark

* Useof E= gi’n'[:’z

o Useof E=hfandec=
fa

s A=(24-25)X
1077 (m)

* leading to a conclusion that

radiation 1s ultraviolet Or
conclusion consistent with

their value for wavelengih

(D
(D

(D

(D

MP4 dependent on MP2

Example of Calculation
AE; = Zxo.11x10-% kgx{(2.5 % 105m 5~1)2
—(21x10°ms"1)%)

AE, =84 x 107 (D)

4o 6.63 X 10735 X3 X 108 ms~?
B 8.4x10719]

1=24x10""(m)
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Question Acceptable answers Aﬂ(llltll]]lal Mark
Number guidance
(i) An explanation that makes reference to:
* guantisation of energy is the idea that energy 1s ematted/radiated
in discrete packets/photons (1)
* each photon has an energy which 1s related to frequency OR
suttable reference to E = Ff (1) 2
(i) ¢ Model A is successful at long wavelengths because the curve for

model A follows the experimental curve (1)

But model A breaks down for short wavelengths, since it
suggests that the mtensity tends to infimity as the wavelength
gets shorter (1)

Model B 1s successful for short wavelengths because curve B
follows the experimental curve (1)

But model B indicates higher than expected intensities at larger
wavelengths (1)
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Mark Scheme

Q1.
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Question Acceptable Answers Additional guidance Mark
Number
* (High intensity of light means) (1)
photons strike the photocell at a
greater rate
¢ (One to one interaction between (1)
photons and electrons 4
*  So Electrons released at a greater (1)
rate
®  So greater current/charge/power m (1)
external circut
Q2.

%‘;::E:: Acceptable answers Additional guidance Mark
Thus question assesses a student’s ability | The followmng table shows how the marks
to show a coherent and logical structured | should be awarded for structure and lines of
answer with linkage and fully-sustained reasoning
reasoning. Number of marks
Marks are awarded for indicative content awarded for structure
and for how the answer 1s structured and and lines of
shows lmes of reasoming. Teasonng
The following table shows how the marks || Answer shows a 2
should be awarded for indicative content. coherent and logical

Number of Number of marks structure with hinkage
indicative points | awarded for and fully sustamed
SEEN 1N ANSWer indicative pomts lines of reasoning
6 4 demonstrated
54 3 throughout
Answer is partially 1
3-2 2 .
structured with some
1 1 linkages and lines of
0 0 reasonmng
Answer has no ]
linkage between
Indicative content poufs and 1s
unstructured
s photon energy £=hf
* photon energy must be greater than IC2 accept answers 1n terms of threshold
work function (of metal) for photon frequency
to provide enough energy for IC5 & 6 there must be the idea of “rate” once
photoenussion
s UV photons have sufficient energy _\u.mber ?f Ic Pos“_hle linkage
for photoenussion but lab Light points awarded marks
photons do not 0.1 0
. ) 2.3 1
+ one photon interacts with one :
4,56 2
electron i
* with larger area more photons are
absorbed/incident 1 a given time
s more electrons are enutted in a given
time (so the charge is lost more 6

quickly)
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Q3.

Question | Answer Mark
Number
(a) Lowest / munimum frequency (of light / photons incident on a metal) that will
cause electrons to be enutted (from surface)
Or the frequency of (light / photons) that will cause electrons to be emitted
(from the surface of a metal) with zero kinetic energy (1) 1
(accept only just enutied)
(h) Conversion of eV to ] (1)
Use of E= Iif (1)
f=55x10"Hz (1) 3
Example of calculation
o =(228eV x 16 x107°C)
=3.65x107""J ]
F=365=x10"7/6.63 =107 JTs=550x10"Hz
Total for Question 4
Q4.
LTSI Acceptable answers Aclc_iltlonal Mark
Number guidance
a
(a) the lowest frequency (of incident
radiation) that will cause the emission
of (photo)electrons (from the surface)

(1)
dlsElil Acceptable answers Additional guidance Mark
Number

(b) e Use of ¥ m Ve (1) | Example of calculation:
E=6.63x1031sx 8.9
* use of @ = hf - (1) | = 10 Hz = 5.9 x 10173 )
max ke
Vo M Vimaxs = Y2 x 9.11 x
e divides energy in (1) [103' kg x (6.7 x 10° m s~
joule by 1.6 x 132 = 2.045 x 10719 ]
10 C @ =59 x 101%1- 2.045
x 1001 =3.8 x 1071%]
s p = 2.4V (1)
=1.8x 10" ]+ 1.6 x 10"
19 C
= 2.4 eV (4)
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Q5.

Question | Answer Mark
Number
electron emutted by absorption of light TUV/photon (1)
one photon absorbed by one electron (1)
if frequency above threshold frequency then electron enutted
Or
if photon energy above work function energy then electron emuitted (1)
Use of if =¢ (using work function to find corresponding frequency or
wavelength)
Or
Use photon energy = if (using any 1dentified frequency or wavelength of visible
light or UV to find comresponding photon energy) (1)
Threshold frequency = 1.0 x 10” Hz Or wavelength =29 x 107 m
Or
Photon energy for light = a value between 2.9 > 107" Jand 5.1 = 107 J Or
photon energy for UV = a value between 5.1 x 107 Jand 1.99 = 107" ] (1)
State visible light frequency too low / wavelength too long
Or compare photon energy to work function (1) ]
Example of calculation .
f=688x107"T+633x107"Ts
=10= 10" Hz
Total for question 6
Q6.
Question .- . .
mumber Acceptable answers Additional guidance Mark
(i) ¢ use of F= 010v4nz0? (1)
use of F = Gmmz¥ (1)
Expresses forces as a ratio (1)
OR. calculates the individual
forces F-=8.1 x 108 N F.=
36x 104N (1)
Ratio = 2 x 10% or 5 x 1040 and 4
identifies gravitational force as
insignificant (1)
(i) * useofF= ;vravz.-“r and F'= Example of calculation:
O102/4mep (1)
_ @10
¢ toderiverv = %(l) v_qu
¢ velocity=22%10m 5! v L& x107% Cx 1.6 x107*7 C
(1) ) 4mwxB8.85-1% Fm~1x5,3 ¥ 10~ 1mx9.1310~51 k=
v =2.185x 106 m &1 3

Q7.
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(i)

This question assesses a student’s ability to
show a coherent and logically structured
answer with linkages and fully-sustained
reasoning.

Marks are awarded for indicative content and
for how the answer is structured and shows
lines of reasoning.

The following table shows how the marks
should be awarded for indicative content:

Number of indicative Number of marks
marking points seen in | awarded for indicative
answer marking points
b 4
5-4 3
3-2 2
1 1
0 0

The following table shows how the marks
should be awarded for structure and lines of
reasoning:

Number of marks
awarded for
structure of
answer and

sustained line of

reasoning

Answer shows a 2

coherent and

logical structure
with linkages and
fully sustained
lines of reasoning
demonstrated
throughout

Answer is partially 1

structured with

some linkages and
lines of reasoning

Answer has no 0

linkages between

points and is
unstructured

Indicative content
+« photon energy discrete/quantised

Guidance on how
the mark scheme
should be applied:

The mark for
indicative content
should be added to
the mark for lines of
reasoning. For
example, an answer
with five indicative
marking points
which is partially
structured with
some linkages and
lines of reasoning
scores 4 marks (3
marks for indicative
content and 1 mark
for partial structure

and some linkages
and lines of
reasoning). If there
are no linkages
between points, the
same five indicative
marking points
would yield an
overall score of 3
marks (3 marks for
indicative content
and no marks for
linkages).
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electron
Or one photon cause the emission of one
(photo)electron

+ photon must have energy greater than /

equal to work function energy to release
(photo)electron

+ reference to E = Af

if light was a wave, energy could build up
if light was a wave, any frequency could

provide sufficient energy in time there would

be a current for all frequencies

one photon transfers all of its energy to one

(6)

Q8.

Question
Number

Answer

Mark

(a)

Oscillations/vibrations (of molecules) parallel to direction of propagation

Or oscillations parallel to direction of wave travel

Or oscillations parallel to direction of energy transfer

Produces compressions and rarefactions

(1)

(1)

(b)

Otherwise there wouldn’'t be a way of telling which bit of reflected sound

origmated with which bit of enutted sound
Or so one returns before one enutted

(1)

(ci)

time (= 1=16 Hz) = 0.063 (5 ) (at least 2 sf)

(1)

(cii)

Use of factor of 2

Use of v =5/t

distance =48 m

(Use of ‘show that” value gives 46m)

Example of calculation
2 x distance = 1530 m s % 0.063 s

distance =43 m

(1)
(1)
(1)

(ciii)

A shorter time between clicks because the distance 1s shorter
Or more frequent clicks allow rapid motion to be perceived.
Or allow position to be deternuned precisely/accurately.

(1)

(d)

Speed m air lower than speed in water

So  wavelength 1 awr shorter  than

wavelength

Or pulse length in air is shorter than pulse length in water

Or attempt at numerical comparison of wavelength or pulse length

m

water

So bat echolocation will detect smaller targets Or detect smaller differences in

position (conditional on MP2)
(Accept ‘show more detail’ or “better resolution”)

(1)

(1)

(1)

Total for question

11
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Q9.

Q10.

Qluesnun Acceptable Answer Additional Guidance Mark
Number
(a) As graphene is only 1 atom thick so the MP1: accept graphene can only
CSA/thickness 1s far smaller than for a be 1 atom thick but steel can be
sample of steel any thickness
Or most applications need a thickness
greater than one atom (MP1, treat references to
Or if more than one layer of graphene cost/energy as neutral)
15 used it will be weaker or the bonds
between the layers will not be strong
Or Graphene 1s difficult to
manufacture because 1t has only one
atomic layer (1)
Although graphene has a greater (1)
breaking stress 1t will break at a lower
force
2
Question .- . _
Number Acceptable Answer Additional Guidance Mark
(b) Use of depth of graphite = 100 = (1) | Example of calculation
diameter of 1 carbon atom Depth of graphite = 100 x 1.4 x
D 10" m=14=10%m
Use of cross-sectional area = depth =
(0.5 x 10~ m) CSA=14x10"m = 0.50
1) 107 m=70x10"m?
RA
Use of p = Fa (1) L0259 x10°0 x 7.0 107 2 m?
. _0200m
p=36>x10"0OmOr36u0m 3.6x107Qm 4
Question A . e - .
~ cceptable Answer Additional Guidance Mark
Number
(c) Max 3
Silicon will only release a (photo) MP1: accept single frequency
electron for a (1) | for limited range
limited range of
frequencies/wavelengths
(1)
Silicon releases only one (photo)
electron per incident photon (L
Greater current (for the same
illumination) in graphene (1)
Graphene (cells are) more efficient
Or graphene cells could be smaller /
cheaper / thinner 3
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Question Answer Additional | Mark
Number Guidance
3
one photon interacts with one electron (1)
¢  when the energy of the photon is equal to or greater (1)
than the work function (of the metal) an electron 1s
released
* energy of photon = if so thereisa
minimum/threshold frequency (1)
Q1l11.
Q'uesnou .-h:tept_able Additional guidance Mark
Number answer
D The only correct answer is D: a wave of greater intensity would still transfer 1
energy at a greater rate which could release photoelectrons at a greafer rate
even if they could absorb energy continuously
A 15 not correct because fime would be required for absorption of sufficient
Wave energy
B is not correct because absorption of sufficient wave energy would occur over
time
C 1s not correct because at higher intensities the waves would have higher
amplitudes and energy could increase over time to higher values
Ql2.
Question . . e - o
Number Acceptable Answer Additional Guidance Mark
The student’s answer should
e Include the idea that “threshold’ (1) | For MP1, accept
refers to a (mimmum) frequency that wavelength has
to be below a
e state that photons have an 1) L ;
energy given by hf certain ‘threshold
e recognise that the energy used (1) | Max 3 if the 4
to release electrons 1s called the response 1s not a
work function discussion of the
» include the idea that one photon (1) student’s answer
1s absorbed by one electron
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Q13.

Question

Number

Answer

Mark

(a)

max kinetic energy Or keg,
joule/T Or electronvolt/eV

Or
stopping potential Or F,
volt'V

{(Unit mark can be scored if no quantity grven.
If incorrect quantity given no marks awarded but KE/energy in
joules/eV scores MP2)

(1)
(1)

(1)
(1)

(b)

Idea that one photon 1s absorbed by one electron

Photon energy given by E = iif
Or photon energy mcreases with frequency

The 1dea that there 15 a nunimum energy needed for enussion of a
{photo)electron

(So) emission of electrons only occurs if frequency of light greater
than the threshold frequency

Or threshold frequency 1s the minimum frequency for the emission of
(photo)electrons

(1)

(1

(1

(1)

Total for gquestion

Q14.
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Question
Number

Acceptable answers Additional guidance Mark
i ) o The following table shows how the marks
This question assesses a student’s ability to should be awarded for structure and lines
show a coherent and logically structured answer of reasoning
with linkages and fully-sustammed reasoning. Number of marks
Marks are awarded for indicative content and a:;;a.;f::i ford line
for how the answer 15 structured and shows lines Sf = an s
£ o of reasoning
of redsomng Answer shows a 2
The following table shows how the marks Tuh.erf_lntha.udm
hould b ded for indicati tent. ogica” stue
sho e awarded for cative con with linkage and
Number | Number of Max Max ELHF s‘ftmd.
of matrks linkage final €S of reasomng
. 5 demonstrated
indicative awarded mark mark throushout
marking for available —— ——
points indicative Answer is pgﬂmllj- !
- - stuctured with
seenin marking some hnkages and
amewe points lines of reasoning
6 4 2 6 Answer has no 0
linkage between
5 3 2 5 points and 15
unstructured
4 3 1 4
Guidance on how the mark scheme should
3 y) 1 3 be applied: The mark for mdicative content
should be added to the mark for lines of
2 2 0 2 reasoning. For example, an answer with
five indicative marking points which is
1 1 0 1 partially structured with some linkapes and
lines of reasoning scores 4 marks (3 marks
for indicative content and | mark for
0 0 0 0 partial structure and some linkages and
lines of reasoning). If there are no linkages
between points, the same five indicative
marking points would yield an overall
score of 3 matks (3 marks for indicative
content and no marks for linkages).

Indicative content
Observations

+ Photoelectrons emitted instantaneously
when radiation incident on surface

+ There is no photoemission below the
threshold frequency

* The maximum ke of the photoelectrons
is independent of the intensity of the
incident radiation

+  The rate of photoemission is
proportional fo the infensity of the
incident radiation

Models
*  One photon 1s absorbed by one electron
Or all of the energy of one photon is
transferred to one electron
»  With waves. energy can be supplied to
the electron continuously
Or with waves, energy can “build up’

There are 4 observations and 2 models.
Linkage is demonstrated by linking
observations and models.

Two linkage marks can only be
awarded if reference 15 made to both
models and more than one observation
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Q15.

Qle6.

Question Acceptable Answers Additional guidance Mark
Number
Max 6
Similarities
*  An electron absorbs a photon
Or electrons gain energy from a photon (1)
+ photons need a minimum amount of (1)
energy
s 5o light must be above a certain 1))
frequency
s increasing the light intensity increases
the mumber of electrons (released per (1)
sec)
+ Fvidence for the particle model of light (1)
Differences
+ In the photoelectric effect electrons are
released from the surface (1)
+ But electrons remain within the LDE. (1) 6
* Photoelectric effect occurs in metals )

Or LDR is a semiconductor
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Question
Number

Answer

Mark

(a)

When illuminated:

Use of the word photon

photons/light cause emission of (photo)electrons
Idea that (photo) electrons form a current

photon energy greater than or equal to work function.

In darkness:
No photons so no photoelectrons released

(1)
(1)
(1)
(1)

(1)

(b)

Use of E = hf

Conversion of eV to J

One of the 4 values below correct

f=52x10"Hzor A =5.8 x10" m for caesium

f=88x10"Hzori= 3.4 %107 m for zinc

Comment that Cs 1s in the visible range or Zn 1s ultraviolet — allow even without
supporting calculation

Alternative method

Allow assumed max freq/mun wavelength for visible light then, calculation of
work function, quoted in eV, comparison with given work functions, conclusion:
Use of (1); work fn (1), in eV (1), comparison (1)

Example of calculation
f=o+h=(2.14x16%x10) T+ 663 x10"Js
= 5.2 %10 Hz for caesium
f=0=h=(3.63x1.6x1077)J=6.63x107"Js
= 8.8 x10™ Hz for zinc

(1)
(1)

(1)
(1)

(ci)

Maximum displacement of the wave Or maximum displacement from the mean
Or maximum displacement from equilibrium

(1)

(cii)

Max 3

Size of the gap (in the soundtrack) determines the amount of light

Amount of light determines number of photons

Number of photons determunes number of (photo) electrons (released by
phototube)

Number of electrons determines size of current (in the circuit)

(Combining MP 1 and 2 by writing “size of the gap determuines number of
photons™ scores 1 mark.

Combimng MP 2 and 3 by writing “the amount of light deternmunes number of
(photo) electrons™ also scores 1 mark)

(1)
(1)

(1)
(1)

Total for question

13

Q17.
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%‘ﬁgg: Acceptable answers Additional guidance Mark
a)(i) ) Example of calculation
@x o Useofl=hpandv=,»1 1)
+ Momentum of photon =3 3 Momentum of photon =p = iific
x 107 (N's) D) |=663x10*Tsx15x10°Hz=3.00 % 10°m i
'5'1 =
=3315%10%"Ns
Question - P . §
Number Acceptable answers Additional guidance Mark
@ : Ecf momentum from (i) in parts ()(i
s Momentum transfer = 6.6 = 107 (N 5) (1) cf momentum from (1) m parts (a)(1)
and (c) 1
Question . " . :
Number Acceptable answers Additional guidance Mark
(b)(i) _ _ 1 5 Example of calculation
© Useof if =@ +%mium M) |if=g+% mime
* Useof Ex = %2 m* 1) hf=663 %107 Ts % 1.5 105 Hz=9.95 % 10°
z ( 19
e v=84x10"(msh) ay | -9=995x 10° - 67x10°7=325=10" | 3
19 I
325%x 10 T=% %0911 x 10 kg =+
v=84x10"ms"!
gﬁ::: Acceptable answers Additional guidance Mark
(b)(ii) Example of calculation
s Useofp=mv M | p=911x10" kg =84 x 10° ms™ )
. M s of @ Momentum of photoelectron = 7.68 x 107 N s )
Momentum o 2
;;1[1]011;:: ‘;lrezﬁon =77 MP2: Using show that value p =73 x 107 N s
Question ; ) - . §
Number Acceptable answers Additional guidance Mark
(c) An explanation that refers to the following
points:
. thf; clhjnge in momentum of the _graphene (1) Accept converse statement and
oxide 1s the S;n;f “"iﬂle cllmlge m answer that 1s consistent with
momentum of the photoelectron candidate’s values in (a) and (b)
8y 2
* 5o the (change in) momentum 15 nuch
larger for the photoelectron than for the
reflected photon

Q18.
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Question
Number

Answer

Mark

(a)

Quantum of ... Or (discrete) packet of ... Or discrete quantity of ...

(To score the mark must refer to something relevant e.g. light / energy)
Of electromagnetic radiation/energy

(0))
(0))

* (b)

(QWC — Work must be clear and organised in a logical manner using
technical
wording where appropriate)

describe relevant interaction between single photon and single electron
photon energy depends on frequency Or reference to E = hf (must be
link to photons/light)

if photon energy greater than work function, electron emitted
(immediately)

whereas for waves energy could build up Or with waves that the
electron can absorb energy continuously or over time

so any frequency should work Or but this build up doesn’t happen

(0))
(1)
(1)
(1)

(0))

tn

(e)(@)

Useof4.3 x 1.6 x 107~

Use of E = hf
f=10x10"Hz

Example of caleulation
E=43Vx16x107C
=6.9x10"77]

6.9 x 1017 7=6.63 x 10 s x f
f=10x10"Hz

(0))
(0))
(0]

(e)(ii)

Ultraviolet

Accept ultraviolet even if frequency in ¢(i) 1s incorrect, but allow ecf
from candidate’s value of frequency to appropriate part of
electromagnetic spectrum

(0))

Total for question

11

Q19.

Question
Number

Acceptable answers Additional guidance

Mark

(a) * (UV radiation consists of) photons (1) | Accept quanta/packets of energy

* One photon interacts with one
electron
Or energy of photon depends on 1)
frequency
# Electrons released if energy (of
photon) greater than work function
Or frequency is greater than 1)
threshold frequency
Or energy supplied is sufficient to
remove electron
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Question
Number

Acceptable answers

Additional guidance

Mark

(b))

* when shder at the bottom - reading
on voltmeter is zero
Or mimmum resistance - reading on
voltmeter 1s zero

* When slider at the top — reading on
voltmeter is 1.5V
Or maxmmum resistance - reading on
voltmeter is 1.5V

+ Potential difference split between top
and bottom part of resistor (either
side of shider)

Or reading on voltmeter depends on
the ratio of resistances (etther side of
slider)

Or moving the slider changes the
resistance that the voltmeter 1s across

(1

1)

(1

Question
Number

Acceptable answers

Additional guidance

Mark

®)G)

Maxumum Kimnetic Energy of electron = 0.6
(eV)

(1

Question
Number

Acceptable answers

Additional guidance

Mark

(©)

Max 4
Valid because:
s Moon and photocell both have vacuum

* Both demonstration and theory use
photoelectric effect

Not valid becanse:
» Dnfferent wavelengths in each case
+ On the moon there 1s dust not metal

* Dust 15 free to move but the metal plate 1s
fixed

* On the moon UV removes electrons from
{individual) atoms and
in the demo light removes electrons from
metal surface

* Demonstration 1s based on photoelectric
effect but effect on moon could be
1onisation

1)

1)

1)
1)

1)

(1)

(1)

Full marks can only be scored if a
correct link is made between at least
one physics point and the
demonstration being valid or not valid

Accept the same concept for
photoelectric effect

Accept one uses light the other UV

Accept different matenials for MP4
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Q20.

Question Acceptable Answers Additional Guidance Mark
Number
* Thus question assesses a student’s ability to The following table shows how the marks
show a coherent and logical structured answer | should be awarded for structure and lines of
with linkage and fully-sustained reasoming. reasoning
Marks are awarded for indicative content and Number of marks
for how the answer is structured and shows awarded for
lines of reasoning. structure and lines
The following table shows how the marks of reasoning
should be awarded for mdicative content. Answer shows a 2
Number of Number of marks coherent and logical
indicative ponts awarded for structure with
SEEN 1N answer mdicative pois linkage and fully
6 4 sustained lines of
5-4 3 reasoning
3.2 2 demonstrated
1 1 throughout
0 0 Answer 1s partially 1
Particle model Eml’:m_f’?d with
»  One photon interacts with one some linkages and
electron lines of reasoning
» And each photon has energy Answer has no 0
proportional to the frequency. Or linkage between
reference to E=hf potnts and is
* The electron is enutted (instantly) uastructured
only 1f the energy of the photon 1s
oreater than the work function (of the | Linkage marks
meital)
Or The electron is emitted (instantly) Indicative content | Possible linkage
only 1f the energy of the photon is points marks 6
greater than the energy needed for an 0.1
electron to break free (from metal 23 1
Elll'fﬂCE} 456 ’ﬁ-'ith pOiI]TS
s Any photon energy over and above from both models 2

the work function 1s gained by the
electron as kinetic energy

Wave model

o It would be expected that the energy
of the electron would build up and
eventually be emitted.

s The (kinetic) energy of the (emitted)
electrons would depend on the
intensity of the wave (and not the
frequency)
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Mark Scheme

Q1.
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Question - - . -
Number Acceptable answers Additional guidance Mark
; _ Example of calculation
Use of gradient (1) | gradient=3.00x 1077+
_ —34 (10.15 = 10" Hz — 5.70 = 10™ Hz)
h from graph =674 = 107" I s M) |h=674x10%7Ts
Suitable percentage calculation ]
allowing comparison with 1% percentage difference -
and conclusion = ['5?‘1 x 1!}_34 Js—603=107"1] 5}
(1) |/6.63% 10775 x 100%
=1.66% which is greater than 1% so it 15 not
within 1%
D]I 1 ]
6.63 x 107 T s % 101% =6.70 KﬂlO"‘J 5
which is smaller than 6. 74 x 10~ I s so itis
not within 1% 3
Q2.
Question
.. . Mark
Number Acceptable answers Additional guidance
* Line of best fit drawn (1) | Example of ca.lculatip_n 4
* Gradient determined (1) | Gradient=4.14x107 _ .
. . : | A=414x= 1078 eVs =1 6= 107 JeV
* Applies eV to J conversion factor (1) N a4
. . 1 h=662=107"Ts
e 1=662x104Ts(64=10*Tst06.8 (1)
x 1074 I s)

MP4 dependent on calculation from graph

Q3.
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Question

Reads a pair of co-ordinates from graph

Useof p=hf—E
@=273 eV, so metal 15 (probably)

caesium (allow ecf for /1 from (a))

¢ =6.62x107*T 5 x55x10" Hz
=3.64x107°7

3.64 x 10717
P =1ex10 D Jev-i

= 2.28 eV

.. ; Mark
Number Acceptable answers Additional guidance

¢ x-mtercept determined (1) MP2: allow use of standard 3
o Useofg=hfy (1) | value for /r or _ _
e ¢=23eV. sometal is (probably) value of /i deternuned 1n (a)

caesium (allow ecf for / from (a)) (1) Example of calculation

fo =755 x 10 Hz

OR

Q4.
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Question

quickly)

Number Acceptable answers Additional guidance Mark
Thus question assesses a student’s ability | The following table shows how the marks
to show a coherent and logical structured | should be awarded for structure and lines of
answer with linkage and fully-sustamed reasoning
reasoning. Number of marks
Marks are awarded for indicative content awarded for structure
and for how the answer is structured and and lines of
shows lines of reasoning. reasoning
The following table shows how the marks || Answer shows a 2
should be awarded for indicative content. coherent and logical
Number of Number of marks structure with linkage
indicative points | awarded for and fully sustamned
SEEN 1N answer indicative pomts lines of reasoning
6 4 demonstrated
54 3 throughout
Answer 1s partially 1
3-2 2 .
structured with some
1 1 linkages and lines of
0 0 1EaS0MINg
Answer has no 0
linkage between
Indicative content points and is
unstructured
+ photon energy E=hf
* photon energy must be greater than IC2 accept answers in terms of threshold
work function (of metal) for photon frequency
to provide enough energy for IC5 & 6 there must be the 1dea of “rate” once
photoemission
* UV photons have sufficient energy }u.mber '_)f F(' Pos*:;l_hle linkage
for photoenmssion but lab light points awarded marks
photons do not 0.1 0
. : 2.3 1
» one photon interacts with one -
4.5 6 2
electron i
» with larger area more photons are
absorbed/incident 1n a given time
* more electrons are emuitted in a given
tume (so the charge 1s lost more 6

Q5.
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Question | Answer Mark
Number
(a) Lowest / minimum frequency (of light / photons incident on a metal) that will
cause electrons to be emitted (from surface)
Or the frequency of (light / photons) that will cause electrons to be emutted
(from the surface of a metal) with zero kinetic energy (1) 1
{accept only just emitied)
(h) Conversion of eV to J (1)
Use of E= if (1)
f=55=10"Hz (1) 3
Example of calculation
o =(228¢eV x 1.6 x107°C)
=3.65 =107 ]
f=365=x10"71/6.63 %107 Js=15.50 x10"* Hz
Total for Question 4
Q6.
dlztil Acceptable answers Aclcliltlonal Mark
Number guidance
a
(a) the lowest frequency (of incident
radiation) that will cause the emission
of (photo)electrons (from the surface)
(1)
Sl Acceptable answers Additional guidance Mark
Number
(b) e use of ¥ m Vmax (1) | Example of calculation:
E=6.63x103]Js x 8.9
e use of ¢ = hf - (1) | = 10 Hz = 5.9 x 1019 ]

Q7.

max ke

VaMm Vmaxs = %2 x 9,11 x
divides energy in (1) |1031 kg x (6.7 x 10°m s~

joule by 1.6 x 12 = 2.045 x 10717 ]
10 C @ =5.9x 107 ] - 2.045
x 10717 ] = 3.8 x 10719 ]
e = 2.4eV (1)
=1.8x 101+ 1.6 x 10°
19 C
= 2.4eV (4)
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Question

Number Acceptable Answer Additional Guidance Mark
* Photoelectric equation stated n
words (1) | MP1: Accept iifs for ¢ [with f5
Or hf =¢ defined]. and Ey max for  mvd
+% muawith ¢
defined
e MP2: el does not
have to be the subject
e Henceel,=hf — ¢ (1) | of the equation
Or By mzx = Af — ¢and Ey oy
= QI}’:
e Compare with y = mx + ¢ (1)
5
e So plot a graph of V. aganst f (1)
Or plot a graph of eV, against [ MPS is dependent
5 is dependen
upon MP4
¢ Gradient = E @ |7
Or gradient =h
Q8.

QO.

Question Answer
Number

Mark

A — amount of energy of a photon needed to release an electron

Incorrect Answers:

B- an electron does not release a photon
C — reference to frequency incorrect
D - reference to frequency incorrect and electron does not release a photon
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Question

Number

Answer

Mark

electron emitted by absorption of lightUV/photon
one photon absorbed by one electron

if frequency above threshold frequency then electron enutted
Or
if photon energy above work function energy then electron emitted

Use of if =¢ (using work function to find corresponding frequency or
wavelength)

Or

Use photon energy = if (using any identified frequency or wavelength of visible
light or UV to find comresponding photon energy)

Threshold frequency = 1.0 * 10* Hz Or wavelength=2.9 x 107 m

Or

Photon energy for light = a value between 2.9 > 107° Jand 5.1 » 107 J Or
photon energy for UV = a value between 5.1 = 107 Jand 1.99 x 1077 J

State visible light frequency too low / wavelength too long
Or compare photon energy to work function

Example of calculation ]
f=688x107"T+633x107"Ts
=10=10"Hz

(D
(D

(1

ey

(1)

(1)

Total for question

Q10.

Question
Number

Acceptable Answer

Additional Guidance

Mark

(i) Guidance on how
the mark scheme
should be applied:

This question assesses a student’s ability to
show a coherent and logically structured
answer with linkages and fully-sustained

lines of reasoning.

The following table shows how the marks
should be awarded for indicative content:

marking points seen in | awarded for indicative
answer marking points

5-4
3-2

L) [l | SN AN

fs= B ol

reasoning. The mark for
Marks are awarded for indicative content and indicative content
for how the answer is structured and shows should be added to

the mark for lines of
reasoning. For
example, an answer
with five indicative
marking points
Number of indicative Number of marks which is partially
structured with
some linkages and
6 4 lines of reasoning
scores 4 marks (3
marks for indicative
content and 1 mark
for partial structure
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Q11.

The following table shows how the marks
should be awarded for structure and lines of
reasoning:

Number of marks
awarded for
structure of
answer and

sustained line of

reasoning

Answer shows a 2
coherent and
logical structure
with linkages and
fully sustained
lines of reasoning
demanstrated
throughout

Answer is partially 1
structured with
some linkages and
lines of reasoning

Answer has no 0
linkages between
points and is
unstructured

Indicative content
« photon energy discrete/quantised

electron

(photo)electron

(photo)electron
+ reference to E = hf

be a current for all frequencies

« one photon transfers all of its energy to one
Or one photon cause the emission of one
« photon must have energy greater than /

equal to work function energy to release

if light was a wave, energy could build up
if light was a wave, any frequency could
provide sufficient energy in time there would

and some linkages
and lines of
reasoning). If there
are no linkages
between points, the
same five indicative
marking points
would yield an
overall score of 3
marks (3 marks for
indicative content
and no marks for
linkages).

(6)
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Question
Number

Answer

Mark

(a)

Oscillations/vibrations (of molecules) parallel to direction of propagation
Or oscillations parallel to direction of wave travel

Or oscillations parallel to direction of energy transfer

Produces compressions and rarefactions

(1)

(1)

(k)

Otherwise there wouldn’'t be a way of telling which bit of reflected sound
origmated with which bit of enutted sound
Or so one returns before one enutted

(1)

(ci)

time (= 1=16 Hz) = 0.063 (5 ) (at least 2 sf)

(1)

(cii)

Use of factor of 2

Use of v =5/t

distance =48 m

(Use of ‘show that” value gives 46m)

Example of calculation
2 x distance = 1530 m s % 0.063 s

distance =43 m

(1)
(1)
(1)

(ciii)

A shorter time between clicks because the distance 1s shorter
Or more frequent clicks allow rapid motion to be perceived.
Or allow position to be deternuned precisely/accurately.

(1)

(d)

Speed m air lower than speed in water

So  wavelength i awr shorter than  wavelength in  water
Or pulse length in air is shorter than pulse length in water
Or attempt at numerical comparison of wavelength or pulse length

So bat echolocation will detect smaller targets Or detect smaller differences in
position (conditional on MP2)
(Accept ‘show more detail’ or “better resolution”)

(1)

(1)

(1)

Total for question

11

Q1l12.
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%‘::l::: Acceptable Answer Additional Guidance Mark
(a) ¢ As graphene 1s only 1 atom thick so the MP1: accept graphene can only
CSA/thickness 1s far smaller than for a be 1 atom thick but steel can be
sample of steel any thickness
Or most applications need a thickness
greater than one atom (MP1. treat references to
Or 1f more than one layer of graphene cost/energy as neutral)
15 used 1t will be weaker or the bonds
between the layers will not be strong
Or Graphene 1is difficult to
manufacture because it has only one
atomic layer (1)
¢ Although graphene has a greater (1)
breaking stress it will break at a lower
force
2
Question .. . \
Number Acceptable Answer Additional Guidance Mark
(b) Use of depth of graphite = 100 = (1) | Example of calculation
diameter of 1 carbon atom Depth of graphite = 100 x 1.4 x
O 10" m=14=10"%m
Use of cross-sectional area = depth =
(0.5 x 10~ m) CSA=14x10"m =050 %
D) 107 m=7.0x 101w’
RA
Use of p = i (1) 029 %1050 % 7.0 X107 2m?
P= 0.200m -
p=36x10°0mOr36u0m 36%10°Qm 4
Question .- . \
Number Acceptable Answer Additional Guidance Mark
(c) Max 3
Silicon will only release a (phota) MP1: accept single frequency
electron for a (1) | for lmmited range
limited range of
frequencies/wavelengths
(1)
Silicon releases only one (photo)
electron per incident photon (1
Greater current (for the same
illumination) in graphene (1)
Graphene (cells are) more efficient
Or graphene cells could be smaller /
cheaper / thinner 3

Q13.
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Question
Number

Acceptable answers

Additional
guidance

Mark

The only correct answer 15 A because. using Einstein’s
photoelectric equation. 7if = @ + %2 7V max. since the work function
1s constant, an increase in frequency results mn an mcrease 1n the
maximum kinetic energy of the photoelectrons

B 1s not correct because, using Einstein’s photoelectnic equation. /if
= @ + Vo i gy, intensity has no effect on the maxinum kinetic
energy of the photoelectrons. just the rate at which they are enutted
C 1s not correct because . using Einstein’s photoelectric equation, /if
= @ + Y2 MV e, and since the work function is equal to (the Planck
constant * threshold frequency). a lugher threshold frequency wall
lead to a lower maxinmm kinetic energy of the photoelectrons

D is not correct because, using Einstein’s photoelectnic equation, /if
= @ + Y2 iV e, a higher work function will lead to a lower
maximum kinetic energy of the photoelectrons

Q14.

Question Answer
Number

Additional
Guidance

Mark

one photon interacts with one electron
when the energy of the photon is equal to or greater
than the work function (of the metal) an electron 1s
released

* energy of photon = /if so there1s a
minimum/'threshold frequency

(D
(1

(1)

L#Y)

Q15.
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Question Answer Mark
Number
(a) max kinetic energy Or kegp, (1)
joule/] Or electronvolt/eV (1)
Or (L)
stopping potential Or V.
volt'V (L) 2
{Unit mark can be scored if no quantity grven.
If incorrect quantity given no marks awarded but KE/energy in
joules/eV scores MP2)
(b)
Idea that one photon 1s absorbed by one electron (1)
Photon energy given by E = iif
Or photon energy increases with frequency (1)
The 1dea that there 1s a nunimum energy needed for emuission of a
{photo)electron (1)
{So) enussion of electrons only occurs if frequency of light greater
than the threshold frequency
Or threshold frequency 1s the minmimum frequency for the emission of
{(photo)electrons (1) 4
Total for gquestion 6
Qle.
gﬁf;gg: Acceptable Answer Additional Guidance Mark
The student’s answer should
* Include the idea that “threshold” (1) | For MP1, accept
refers to a (minimum) frequency that wavelength has
to be below a
» state that photons have an 1 o .
energy given by if (1) | certain “threshold
e recognise that the energy used (1) | Max 3 ifthe 4
to release electrons 1is called the response 1s not a
work function discussion of the
e include the idea that one photon (1) student’s answer
15 absorbed by one electron

Q17.
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%‘;ﬁzgr Acceptable Answers Additional Guidance Mark
C 1
Q1l8.
uestion
Q Answer Mark
Number|
1
The only correct answer 1s C because wave nature would predict
a greater enussion rate with a greater incident power
A because instantaneous emission 15 only predicted by particle nature
B because dependence of maximum kinetic energy on frequency 1s only predicted
by particle nature
D because mummum frequency for emission 1s only predicted by particle nature
Q19.
SOEERIT Acceptable Answer Additional Guidance Mark
Number

work function = hfa
use of hf = @ + V2 My max
division by 1.6 x 107

V=060V

(1)
(1)
(1)
(1)

Example of calculation

work function = hfy

6.63 x 101 s x 8.17
10%* Hz

*

5.42 x 10720 ]

l:"’.Z n?vzmax

= (6.63 x 103 ]1s x 9.62
x 10 Hz) - 5.42

x 1072°]

=9.61 x 1072°]

V=961x10%"1/1.6 x
102 C

V=060V

(4)
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Q20.

Question
Number

Acceptable answers

Additional guidance

Mark

This gquestion assesses a student’s ability to
show a coherent and logically structured answer
with linkages and fully-sustained reasoning.

Maiks are awarded for indicative content and
for how the answer is structured and shows lines
of reasoming.

The following table shows how the marks
should be awarded for indicative content.

Number | Number of Max Max
of marks linkage final
indicative | awarded mark mark
marking for available
points indicative
SEEM in marking
Answer points
6 4 2 [
5 3 2 3
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
] 0 0 0

The following table shows how the marks
zhould be awarded for structure and lines
of reasoning

Number of marks
awarded for
structure and lines
of reasoning

Answer shows a 2
coherent and
logical structure
with linkage and
fully sustained
lines of reasoning
demonstrated
throughout

Answer is partially 1
structured with

some linkages and
lines of reasoning

Answer has no 0
linkage between
points and is
unstmctured

Guidance on how the mark scheme should
be applied: The mark for indicative content
should be added to the mark for lines of
reasoning. For example, an answer with
five indicative marking points which is
partially structured with some linkages and
lines of reasoning scores 4 marks (3 marks
for indicative content and 1 mark for
partial structure and some linkages and
lines of reasoning). If there are no linkages
between points, the same five indicative
markmg points would yield an overall
score of 3 marks (3 marks for indicative
content and no marks for linkages).

Indicative content
Observations

+ Photoelectrons emitted instantaneously
when radiation incident on surface

+ There is no photoemission below the
threshold frequency

*  The maximum ke of the photoelectrons
is independent of the mtensity of the
incident radiation

#  The rate of photoemission is
proportional fo the intensity of the
incident radiation

Models
*  One photon is absorbed by one electron
Or all of the energy of one photon is
transferred to one electron
+  With waves. energy can be supplied to
the electron continuously
Or with waves, energy can “build up’

There are 4 observations and 2 models.
Linkage is demonstrated by linking
observations and models.

Two linkage marks can only be
awarded if reference 15 made to both
models and more than one observation
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Q21.

Question
Number

Answer

Mark

(a)

When illuminated:

Use of the word photon

photons/light cause emission of (photo)electrons
Idea that (photo) electrons form a current

photon energy greater than or equal to work function.

In darkness:
No photons so no photoelectrons released

(1)
(1)
(1)
(1)

(1)

(b)

Use of E = hf

Conversion of eV to J

One of the 4 values below correct

f=52 x10"* Hz or 2 = 5.8 x10”" m for caesium

f=88x10"Hzori= 3.4 %107 m for zinc

Comment that Cs 1s in the visible range or Zn is ultraviolet — allow even without
supporting calculation

Alternative method

Allow assumed max freq/mun wavelength for visible light then, calculation of
work function, quoted in eV, comparison with given work functions, conclusion:
Use of (1); work fn (1), mn eV (1), comparison (1)

Example of calculation

f=0+h=(214x 16 x107°) T+ 663 x10™' J 5
=52 x10"* Hz for caesium
f=9=h=(363x16x10")T=663x107"Ts
= 8.8 x10" Hz for zinc

(1)
(1)

(1)
(1)

(ci)

Maximum displacement of the wave Or maximum displacement from the mean
Or maximum displacement from equilibrium

(1)

(cii)

Max 3

Size of the gap (in the soundtrack) determines the amount of hight

Amount of light determines number of photons

Number of photons determunes number of (photo) electrons (released by
phototube)

Number of electrons determines size of current (in the circuit)

(Combining MP 1 and 2 by writing “size of the gap deterrmnes number of
photons™ scores 1 mark.

Combining MP 2 and 3 by writing “the amount of light determunes number of
(photo) electrons™ also scores 1 mark)

(1)
(1)

(1)
(1)

Total for question

13

Q22.
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Q23.

Question

Number Acceptable answers Additional guidance Mark
ai Example of calculation
@@ o Useofl=hpandv=,»1 15
+ Momentum of photon =33 Momentum ;f photon =p =_};ﬁ‘c ;
x 107 (N s) (D |=663x10"Tsx1.5%10"Hz=3.00 % 10°m
1 2
s 2
=3315%10%"Ns
Question - P . §
Number Acceptable answers Additional guidance Mark
(a)() 17 Ecf momentum from (1) i parts (a)(u)
* NMomentum transfer = 6.6 = 10~ (N s) (1) P
and (c) 1
Question . " . :
Number Acceptable answers Additional guidance Mark
(b)(i) _ _ 1 ) Example of calculation
© Useof if=¢+%mimm (1) |hf=p+ % mnviem
s Useof Ex =1 m" 1) hf=6.63 10 Ts % 1.5 10 Hz=9.95 x 10°
: ( 19y
« v=84x10"(ms") @ | -e=995x107T-67x10°1=325x 10 3
19 I
325%x 10 T=% %0911 x 10 kg =+
v=84x10"ms"!
gﬁ::: Acceptable answers Additional guidance Mark
(b)(ii) Example of calculation
s Useofp=mv M | p=911x10" kg =84 x 10° ms™ )
. M s of @ Momentum of photoelectron = 7.68 x 107 N s )
Momentum o 2
;;1[1]011;:: ‘;lrezﬁon =77 MP2: Using show that value p =73 x 107 N s
Question ; ) - . §
Number Acceptable answers Additional guidance Mark
(c) An explanation that refers to the following

points:

the change 1 momentum of the graphene (1)

oxide 15 the same as the change m
momentum of the photoelectron

so the (change m) momentum 15 much
larger for the photoelectron than for the

reflected photon

Accept converse statement and
answer that 15 consistent with
candidate’s values in (a) and (b)

(1)

(&)



https://stemup.co.uk

the work function 1s gamned by the
electron as kinetic energy

Wave model

* It would be expected that the energy
of the electron would build up and
eventually be enutted.

o The (kinetic) energy of the (enutted)
electrons would depend on the
intensity of the wave (and not the
frequency)

Question Acceptable Answers Additional Guidance Mark
Number
o This question assesses a student’s ability to The following table shows how the marks
show a coherent and logical structured answer | should be awarded for structure and lines of
with linkage and fully-sustained reasoning. reasoning
Marks are awarded for indicative content and Number of marks
for how the answer 1s structured and shows awarded for
lines of reasoning. structure and lines
The following table shows how the marks of reasoning
should be awarded for indicative content. Answer shows a 2
Number of Number of marks coherent and logical
indicative pomis awarded for structure with
Seefl in answer indicative points linkage and fully
6 4 sustained lines of
5-4 3 reasomng
3-2 2 demonstrated
1 1 throughout
0 0 Answer is partially 1
Particle model srmcm_red with
s  One photon interacts with one Some linkages _ﬁﬂd
electron lines of reasoning
» And each photon has energy Answer has no 0
proportional to the frequency. Or linkage between
reference to E=hf points and 1s
» The electron is emitted (instantly) unstructured
only if the energy of the photon 1s
greater than the work function (of the | Linkage marks
metal)
Or The electron is emitted (instantly) Indicative content | Possible linkage
only if the energy of the photon is points marks 0
greater than the energy needed for an 0.1
electron to break free (from metal 2.3 1
surface) 4. 5, 6 with points
*  Any photon energy over and above from both models 2

Q24.



https://stemup.co.uk

Question e c .
Number Acceptable answers Additional guidance Mark
* Useofc=fiand E=if(1) | Example of calculation:
* Converts eV to J (1) pohe 663x1077x3x10°%ms™ _ oy sy
A 2.54=107"m
o Useof E= W+ KEmax (1)
Work function =651 x 1017
o KEna=13x 102 7(1)
E=W+KE,_
KE__ =783x107°1—-6.51x10-197 =1.32x10™] .
Q25.
Question Acceptable Answers Additional guidance Mark
Number
¢ Useof if = B + mv? (1) | Example of Calculation
2
= ; (1)
* v=63x10°m+s? E, = (6.63% 10715 x 2.8 x 101 571y -
6.9 % 1071 (7) = 1.78712 x 10-%7 ]
2% LTAT12x107 7] _ 2

v= =6.26 %

W ellx10T3 kg

10% m gt
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Mark Scheme

Q1.
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gﬂ:;gg: Acceptable Answer Additional Guidance Mark
* Conversion of MeVtoJ (1) | Example of calculation
(1)
o SeeQ;=79x16x (1) | E;=5.5x10%eVx1.6x 107"
10 and Q:=2x%16 eV1=8.8x10713]
X 10—19
8.8x10713]=
¢ UseofV = 4; —and (1) | 79%1.6% 10719Cx2x1.6x1071°C 4
W= ov ’ 4mx8.85x 102 Fmr
.
o r=41x10"%m (1) 3.64% 10726 N m?
=— =4.1x10
8.8x1013] m
N e Electrons are behaving (1)
(ii) .
like waves
. wavelength=$ (1) | MP3: Accept electron
o wavelengih must be sinular to 3
* Electron wavelength D | the distance befween
must be similar to the (adjacent) nuclei
atomuc spacing in the
foil
Q2.
Question
Number Acceptable answers Additional guidance L
* Line of best fit drawn (1) | Example of calculation 4

Gradient determined

x 1074 T g)

MP4 dependent on calculation from graph

Applies eV to J conversion factor (1)
h=6.62% 105 (64 % 10 Tst06.8 (1)

(1) | Gradient =4 14x107"
h=414= 10 eVs=x1.6= 107" JeV!
h=662=10%]Ts

Q3.
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Question

Reads a pair of co-ordinates from graph

Useof p=hf—E
@=273 eV, so metal 15 (probably)

caesium (allow ecf for /1 from (a))

¢ =6.62x107*T 5 x55x10" Hz
=3.64x107°7

3.64 x 10717
P =1ex10 D Jev-i

= 2.28 eV

.. ; Mark
Number Acceptable answers Additional guidance

¢ x-mtercept determined (1) MP2: allow use of standard 3
o Useofg=hfy (1) | value for /r or _ _
e ¢=23eV. sometal is (probably) value of /i deternuned 1n (a)

caesium (allow ecf for / from (a)) (1) Example of calculation

fo =755 x 10 Hz

OR

Q4.
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Question | Answer Mark
Number
(a) photon absorbed by electron (1)
electron moves to higher energy level Or electron excited (1)
where photon energy = difference in energy levels (1)
only certain changes/differences possible (1)
between discrete energy levels (1) 5
(b)(i) Use of E=hf (1)
Use of conversion factor to eV (1)
Energy of photon =191 (V) (1)
Identify levels 3.41 (V) and 1.51 (eV) Or levels 1 and 2 (1) 4
Example of calculation
E=663%10"Tsx46=10"Hz(=3.05%107°])
E=663x107"Tsx46x10"Hz=16=107"Js
=191V
=341eV—1.31eV (1.90 V) as the closest match
(b)(ii) | Just-free electrons have zero energy state
Or energy value of level n =015 0 (1)
{(Bound) electrons need to gain energy to attain this state
Or electrons need to gain energy to move to a higher level (1) 2
(Accept Because they must gain energy to move up for second mark)
{accept answers in terms of iomisation energy)
(c) Look for corresponding pattern of lines / frequency spacings at different
place mn spectrum Or reference to known normal positions (1)
moving away increases observed wavelength / decreases frequency (or the
case for moving towards) (1)
so 1if shifted to red end then moving away (or blue = towards) Or the greater
the velocity the greater the change in frequency (1) 3
Total for question 14
Q5.
Question Answer Additional Guidance Mark
Number
3
Useof E=hfand v =fi (1) Example of calculation
Conversion eV to J (1) e 66310 s X 3.0x10°ms™! _ 280
- 4.3 8Vx 1.6x1071% C = cosmm
A=29x10"m (1)
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Q6.

Question
Number

Answer

Mark

()

The wavelength (associated) with a particle/electron
with a given momentum

Or

A=hp

all terms defined

@
@0

1)
1

[§]

(b)(1)

Use of By = eI’
Use of By = p]Qm Or useqof Ey=mv/2 and p = mv
Momentum =121 % 10  kgm s

Example of calculation

E=16x10"Cx500V
P=2mE=2x911x10%" kg = (1.6 x 107 x 500) J
p=121x10"kgms™"

@
@
@

LF¥]

(b)(ii)

Use of A = h/p
A=549 x 107" m (ecf value of p from (1))
(show that value gives 6.63 = 107" m)

Example of ca!cularion ) .
p=663 x 107 Ts/121 =102 kems ™
A=549 % 10" m

(1)
0} 2

Total for question

Q7.

Question
Number

Answer

Mark

(@)

Lowest / munimum frequency (of light / photons incident on a metal) that waill
cause electrons to be emutted (from surface)

Or the frequency of (light / photons) that will cause electrons to be emitted
(from the surface of a metal) with zero kinetic energy

(accept only just emitted)

(1

(b)

Conversion of eV to ]
Use of E= hf
f=55x10"Hz

Example of calculation

o =(228eV = 16 =x107°C)

=365 =107"7

F=365=107"1/663 %107 Ts=5.50 x10" Hz

0]
0]
1)

Total for Question

Q8.
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JEELED Acceptable answers Aclc_iltlonal Mark
Number guidance
a
(a) the lowest frequency (of incident
radiation) that will cause the emission
of (photo)electrons (from the surface)
(1)
%ﬁﬁgg? Acceptable answers Additional guidance Mark
(b) e uUse of ¥ m Ve (1) | Example of calculation:
E=6.63x1031sx 8.9
e use of @ = hf - (1) | = 10%Hz = 5.9 x 1017 )
max ke
V2 M Vimax® = ¥2 x 9.11 x
e divides energy in (1) |1031 kg x (6.7 x 10° m s~
joule by 1.6 x 12 = 2.045 x 10717 ]
10 C @ =59 x 10171~ 2.045
x 10717 ] = 3.8 x 101?)
e p = 2.4V (1)
=1.8x 10 ]+ 1.6 x 10°
19 C
= 2.4 eV (4)
QoO.
Question Answer Mark
Number
(a) Photon — quantum/packet of something relevant e.g. light, radiation, (1)
any other named e-m radiation, energy
{quantum/packet) of electromagnetic energy/radiation/waves (1) 2
{dependent mark)
(b) Use of (20.66 — 18.70) x 1.6 x 107" @
Use of £ = if (with energy in eV oor J) (1)
f=47=10"Hz 1) 3
Example of calculation .
f=(20.66—18.70) = 1.6 = 107 /6.63 = 107
f=473x10"Hz
(c) From kinetic energy of atoms (§H) 1
(d) Daffraction (§h)
Light spreads (sideways) as 1t passes through the slit (1)
Narrower slit causes more diffraction/spreading
Or diffraction imncreasing as gap width gets closer to wavelength (1)
3
Total for guestion 9
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Q10.

Q11.

Q12.

Q13.

Question Answer Mark
Number
D 1
Incorrect Answers:
A — absorption of the longest wavelength
B — emission with the longest wavelength
C — absorption of the shortest wavelength
L Acceptable answers Addirional guidance Mark
Number
o Useof E=hfandc =7 (1) | Example of calculation
* ConvertJtoeV gg E =6.63%10%J5%3.00 x 10°ms/
e 21eV 580% 107 m
*  Amow drawn on diagram from =338 % 10°9]
—3.04eVto—5.14 eV @ e o 4
338107/ 160 % 107 C=211eV
Question Answer Mark
Number
B ground state to level 2 1

Incorrect Answers:

A — incorrect change 1n energy

C — incorrect change in energy and direction
D — incorrect direction
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%::;E:: Acceptable answers Additional guidance Mark
e attempt to determine Am=22597713u—(221.97040u +
mass difference (1) | 4.00151v) .
between radium and =522 % 193 u=3522x -
radon-plus-alpha 107 > 1.66 l_gc._
e conversion to kg (1) kg =867 x 10 <
e Useof AE=cAm (1) AE ,Eg (3 x 10° )
-19 =Cc Aam= x m
. Eiioc:.fl.ﬁ % 10 (1) 1Y x 8.67 x 10
*  Answer=487 leg =7.80 x 1077
MeV) D) | AEinMeV=7.80x 107"
” J+16x107%C
=4.87 MeV
Q14.
Question | Answer Mark
Number
electron emutted by absorption of light TUV/photon (1)
one photon absorbed by one electron (1)
if frequency above threshold frequency then electron enutted
Or
if photon energy above work function energy then electron emuitted (1)
Use of if =¢ (using work function to find corresponding frequency or
wavelength)
Or
Use photon energy = if (using any 1dentified frequency or wavelength of visible
light or UV to find comresponding photon energy) (1)
Threshold frequency = 1.0 x 10” Hz Or wavelength =29 x 107 m
Or
Photon energy for light = a value between 2.9 > 107" Jand 5.1 = 107 J Or
photon energy for UV = a value between 5.1 x 107 Jand 1.99 = 107" ] (1)
State visible light frequency too low / wavelength too long
Or compare photon energy to work function (1) 6
Example of calculation .
f=688x107"T=633x107"Ts
=10= 10" Hz
Total for question 6

Q15.
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Question .. . .
number Acceptable answers Additional guidance Mark
(i) o use of F = Q10 4mer? (1)
use of F = Gmyma¥ (1)
Expresses forces as a ratio (1)
OR calculates the individual
forces F-=8.1 x 108 N F:=
36x 104 N (1)
Ratio = 2 x 10% or 5 x 1040 and 4
identifies gravitational force as
insignificant (1)
(ii) * uscof F= rfvz.-“r and F'= Example of calculation:
C102/4menr (1)
_ @1@=
s toderive v = %[1) v—qu
o  velocity =2 2x 106m S-] y= 16 X107 Cxle x107*% C
'0)) ) 47x8.85-1% Fm~2x5.3 x10-1imx9.1x 1054 kg
v=7185x 106 m &1 3
Q1l6.
Question | Answer Mark
Number
A 1

Q17.
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Question
Number

Answer

Mark

(a)

Oscillations/vibrations (of molecules) parallel to direction of propagation
Or oscillations parallel to direction of wave travel

Or oscillations parallel to direction of energy transfer

Produces compressions and rarefactions

(1)

(1)

(k)

Otherwise there wouldn’'t be a way of telling which bit of reflected sound
origmated with which bit of enutted sound
Or so one returns before one enutted

(1)

(ci)

time (= 1=16 Hz) = 0.063 (5 ) (at least 2 sf)

(1)

(cii)

Use of factor of 2

Use of v =5/t

distance =48 m

(Use of ‘show that” value gives 46m)

Example of calculation
2 x distance = 1530 m s % 0.063 s

distance =43 m

(1)
(1)
(1)

(ciii)

A shorter time between clicks because the distance 1s shorter
Or more frequent clicks allow rapid motion to be perceived.
Or allow position to be deternuned precisely/accurately.

(1)

(d)

Speed m air lower than speed in water

So  wavelength i awr shorter than  wavelength in  water
Or pulse length in air is shorter than pulse length in water
Or attempt at numerical comparison of wavelength or pulse length

So bat echolocation will detect smaller targets Or detect smaller differences in
position (conditional on MP2)
(Accept ‘show more detail’ or “better resolution”)

(1)

(1)

(1)

Total for question

11

Q1s.
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Question
Number

Answer

Mark

(a)

When illuminated:

Use of the word photon

photons/light cause emission of (photo)electrons
Idea that (photo) electrons form a current

photon energy greater than or equal to work function.

In darkness:
No photons so no photoelectrons released

(1)
(1)
(1)
(1)

(1)

(b)

Use of E = hf

Conversion of eV to J

One of the 4 values below correct

f=52x10"Hzor A =5.8 x10" m for caesium

f=88x10"Hzori= 3.4 %107 m for zinc

Comment that Cs 1s in the visible range or Zn 1s ultraviolet — allow even without
supporting calculation

Alternative method

Allow assumed max freq/mun wavelength for visible light then, calculation of
work function, quoted in eV, comparison with given work functions, conclusion:
Use of (1); work fn (1), in eV (1), comparison (1)

Example of calculation
f=o+h=(2.14x16%x10) T+ 663 x10"Js
= 5.2 %10 Hz for caesium
f=0=h=(3.63x1.6x1077)J=6.63x107"Js
= 8.8 x10™ Hz for zinc

(1)
(1)

(1)
(1)

(ci)

Maximum displacement of the wave Or maximum displacement from the mean
Or maximum displacement from equilibrium

(1)

(cii)

Max 3

Size of the gap (in the soundtrack) determines the amount of light

Amount of light determines number of photons

Number of photons determunes number of (photo) electrons (released by
phototube)

Number of electrons determines size of current (in the circuit)

(Combining MP 1 and 2 by writing “size of the gap determuines number of
photons™ scores 1 mark.

Combimng MP 2 and 3 by writing “the amount of light deternmunes number of
(photo) electrons™ also scores 1 mark)

(1)
(1)

(1)
(1)

Total for question

13

Q1l19.
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Question | Answer Mark
Number
(a) Quantum of ... Or (discrete) packet of ... Or discrete quantity of ... (1)
(To score the mark must refer to something relevant e.g. light / energy) (1) 2
Of electromagnetic radiation/energy
* (b) (QWC — Work must be clear and organised in a logical manner using
technical
wording where appropriate)
()]
describe relevant interaction between single photon and single electron
photon energy depends on frequency Or reference to E = hf (must be (1)
link to photons/light) (1)
if photon energy greater than work function, electron emitted (1)
(immediately)
whereas for waves energy could build up Or with waves that the (1) 5
electron can absorb energy continuously or over time
so any frequency should work Or but this build up doesn’t happen
()(i) |Useof43x1.6x10" (1)
(0))
Use of E = hf (1) 3
f=10x10"Hz
Example of caleulation
E=43Vx16x107°C
=6.9x 1017
6.9 x 1017 7=6.63 x 10 s x f
f=10x10"Hz
(e)(ii) | Ultraviolet (1) 1
Accept ultraviolet even if frequency in ¢(i) 1s incorrect, but allow ecf
from candidate’s value of frequency to appropriate part of
electromagnetic spectrum
Total for question 11
Q20.
Question .
Number Answers Mark

The only correct answer is C

A is incorrect because the energy is calculated in eV’

B is incorrect because the mass and energy conversions are incorrect
D is incorrect because the mass conversion is incorrect
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Q21.

Question | Answer Mark
Number
(a)i) |400Q (1) 1
(a)(ii) | Use of ¥=IR (1)
I=0.75 A (ec) (1) 2
Example of calculation
I=3V/ 40
=0T75A
(a)(iii) | Use of P=FR or P=FIor P=V*/R (1)
Power =2.0 W (ecf) (1) 2
Example of calculation
P=(0.75A7x3.60Q
P=20W
(b) Total resistance (of circuit) will increase (1)
Current will decrease (1)
Reference to P = IR to explain power decreasing Or P = FT to explain
power decreasing (1)
Or
Lost volts imncreases Or [ increases (1)
I across element decreases (1)
Reference to P = F7 to explain power decreasing Or P=F/R to explain power
decreasing (1) 3
Q22.
Question Acceptable Answers Addirional guidance Mark
Number
# Useof E=hfandv = f1 (1) | Example of calculation
« Converts between eV to J (1) | E=62eVx16x107**C
« 1=20x10"7 (m)and
conclusion that superradiance can E= 6.63 x 107 Js x 3.0 x 10° ms™*
occur 1 A
A =201 nm so superradiance can occur 3

Q23.
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gﬁgﬂ: Acceptable answers Additional guidance Mark
(a) s (UV radiation consists of) photons (1) | Accept quanta/packets of energy
*  One photon interacts with one
electron
Or energy of photon depends on @)
frequency
* Electrons released if energy (of
photon) greater than work function
Or frequency is greater than oy
threshold frequency
Or energy supplied is sufficient to
remove electron
3
L Acceptable answers Additional guidance Mark
Number ; i
(b)(i) + when shder at the bottom - reading
on voltmeter 1s zero
Or minimum resistance - reading on
voltmeter i1s zero (1
*  When shder at the top — reading on
voltmeter is 1.5V
Or maximum resistance - reading on
voltmeter is 1.5V (1)
» Potential difference split between top
and bottom part of resistor (either
side of shider)
Or reading on voltmeter depends on
the ratio of resistances (etther side of
shder)
Or moving the slider changes the
resistance that the voltmeter is across (1)
3
Lo Acceptable answers Additional guidance Mark
Number
(by(ii) | Maximum Kinetic Energy of electron = 0.6 (1)
(eV) 1
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Question , - N A aies . -
Number Acceptable answers Additional guidance Mark
(c} Max 4 Full marks can only be scored 1f a
correct link is made between at least
Valid because: one physics point and the
demonstration being valid or not valid
* Moon and photocell both have vacuum 1)
» Both demonstration and theory use (1) | Accept the same concept for
photoelectric effect photoelectric effect
Mot valid because:
e Different wavelengths in each case (1) | Accept one uses light the other UV
*  On the moon there 15 dust not metal (1) | Accept different materials for MP4
+ Dust 15 free to move but the metal plate 15 @)
fixed
+ On the moon UV removes electrons from
{individual) atoms and
1n the demo light removes electrons from
metal surface @
* Demonstration 15 based on photoelectric 1
effect but effect on moon could be @
ionisation
4
Q24.
Question | Answer Mark
Number
A 1

Q25.
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Question
Number

Acceptable answers

Additional guidance

Mark

Draws one labelled scaled vector (either
pion of muon)

start of muon line should begin at start
of pion line

Or end of muon line should coincide
with end of pion line

angle between them should be approx
30°

pof antinentrino=95* 107 Ns= 0.5
x 107N s

angle of antineutrino with muon = 150¢
+ 5°

Or angle of antineutrino with pion =
1200« 50

(D

(D
(D

(1)

(1)

Label can be “pion” or momenfum
value. The line should be straight and
have an arrow.

L¥ ]
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Mark Scheme

Q1.
Question | Answer Mark
Number
(a)* (QWC — Work must be clear and orgamised in a logical manner using techmical
wording where appropriate)
Electrons/atoms move to higher energy levels / get excited (1)
They then move to lower energy levels (accept ground state) (1)
The energy from the move 1s given out in the form of a photon (1)
The energy levels are discrete Or only certain energy levels are possible (1)
The energy of the photon must be equal to the difference m energy levels
Or }?f=Ez—E1 (1)
There are only a limited number of energy differences and only a corresponding
number of frequencies (looking for differences /changes not levels) (1) | 6
(The marks above may be obtained from a suitably labelled diagram — but the
order of excitation and de-excitation cannot be assumed for two marks just from
the presence of both)
(b) Doppler (accept blue shift) (1)
The wavelength of the radiation 1s decreased / frequencies increases (1)
Star moving towards Earth or vice versa (1) | 3
(c) Light behaves as both particle and wave Or wave-particle duality (1 |1
Total for question 10
Q2.
‘%:ii?:: Acceptable Answer Additional Guidance Mark
* (for deoxygenated blood) i 15 (1) | Acceptvalues for p which
greater for red show U.s =t for MP1
® hence more red 1s absorbed
Or intensity 1s smaller for red (1) | Allow numerical substitutions
Or ™ is smaller for red for MP2 and MP3
(1) Accept converse argument 3

So I/ly 15 smaller for red

[dependent upon MP2]

leading to same conclusion
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Q3.

g::::z: Acceptable Answer Additional Guidance Mark
* uread from graph (1) | Accept u n the range 140 (m™) -
160 (m™)
o Useof [ = [je 4 (1)
I=15Wm (1) 3
* m Accept answers that round to 1.4
Wm™
or 1.5 W m™? dependent upon value
of u for MP3
Example of calculation:
1=1.8 Wm™
x o 130m 1414 410%m —_ { 46 W m2
Q4.
Question | Answer Mark
Number
electron emitted by absorption of lightUV/photon (1)
one photon absorbed by one electron (1)
if frequency above threshold frequency then electron enutted
Or
if photon energy above work function energy then electron enutted (1)
Use of if =p (using work function to find corresponding frequency or
wavelength)
Or
Use photon energy = if (using any identified frequency or wavelength of visible
light or UV to find corresponding photon energy) (1)
Threshold frequency = 1.0 x 10” Hz Or wavelength=2.9 x 107 m
Or
Photon energy for light = a value between 2.9 > 107° Jand 5.1 * 107 J Or
photon energy for UV = a value between 5.1 x 107 Jand 1.99 x 107 J (1)
State visible light frequency too low / wavelength too long
Or compare photon energy to work function (1) ]
Example of calculation ]
f=688x10"T+633x107"Ts
=10=10"Hz
Total for question 6
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Q5.

Question
Number

Acceptable Answer

Additional Guidance

Mark

(i)

This question assesses a student’s ability to
show a coherent and logically structured
answer with linkages and fully-sustained
reasoning.

Marks are awarded for indicative content and
for how the answer is structured and shows
lines of reasoning.

The following table shows how the marks
should be awarded for indicative content:

Number of indicative Number of marks
marking points seen in | awarded for indicative
answer marking points
5] 4
5-4 3
3-2 2
1 1
0 0

The following table shows how the marks
should be awarded for structure and lines of
reasoning:

Number of marks
awarded for
structure of
answer and

sustained line of

reasoning

Answer shows a 2

coherent and

logical structure
with linkages and
fully sustained
lines of reasoning
demonstrated
throughout

Answer is partially 3

structured with

some linkages and
lines of reasoning

Answer has no 0

linkages between

points and is
unstructured

Indicative content
+ photon energy discrete/quantised

Guidance on how
the mark scheme
should be applied:

The mark for
indicative content
should be added to
the mark for lines of
reasoning. For
example, an answer
with five indicative
marking points
which is partially
structured with
some linkages and
lines of reasoning
scores 4 marks (3
marks for indicative
content and 1 mark
for partial structure

and some linkages
and lines of
reasoning). If there
are no linkages
between points, the
same five indicative
marking points
would yield an
overall score of 3
marks (3 marks for
indicative content
and no marks for
linkages).
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« one photon transfers all of its energy to one
electron
Or one photon cause the emission of one
(photo)electron

+ photon must have energy greater than /
equal to work function energy to release
(photo)electron

« reference to E = hf
if light was a wave, energy could build up
if light was a wave, any frequency could

provide sufficient energy in time there would (6)
be a current for all frequencies
Q6.
Question Answer Additional | Mark
Number Guidance
3
one photon interacts with one electron (1)
when the energy of the photon is equal to or greater (1)
than the work function (of the metal) an electron 1s
released
* energy of photon = if so thereisa
minimum/threshold frequency (1)
Q7.
Question | Acceptable - . .
Number answer Additional guidance Mark
D The only correct answer is D: a wave of greater intensity would still transfer 1

even if they could absorb energy continuously
wave energy

time

energy at a greater rate which could release photoelectrons at a greater rate
A 15 not correct because fime would be required for absorption of sufficient
B is not correct because absorption of sufficient wave energy would occur over

C 1s not correct because at higher intensities the waves would have higher
amplitudes and energy could increase over time to higher values
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Q8.

Question
Number

Acceptable answers

Additional guidance

Mark

This gquestion assesses a student’s ability to
show a coherent and logically structured answer
with linkages and fully-sustained reasoning.

Maiks are awarded for indicative content and
for how the answer is structured and shows lines
of reasoming.

The following table shows how the marks
should be awarded for indicative content.

Number | Number of Max Max
of marks linkage final
indicative | awarded mark mark
marking for available
points indicative
SEEM in marking
Answer points
6 4 2 [
5 3 2 3
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
] 0 0 0

The following table shows how the marks
zhould be awarded for structure and lines
of reasoning

Number of marks
awarded for
structure and lines
of reasoning

Answer shows a 2
coherent and
logical structure
with linkage and
fully sustained
lines of reasoning
demonstrated
throughout

Answer is partially 1
structured with

some linkages and
lines of reasoning

Answer has no 0
linkage between
points and is
unstmctured

Guidance on how the mark scheme should
be applied: The mark for indicative content
should be added to the mark for lines of
reasoning. For example, an answer with
five indicative marking points which is
partially structured with some linkages and
lines of reasoning scores 4 marks (3 marks
for indicative content and 1 mark for
partial structure and some linkages and
lines of reasoning). If there are no linkages
between points, the same five indicative
markmg points would yield an overall
score of 3 marks (3 marks for indicative
content and no marks for linkages).

Indicative content
Observations

+ Photoelectrons emitted instantaneously
when radiation incident on surface

+ There is no photoemission below the
threshold frequency

*  The maximum ke of the photoelectrons
is independent of the mtensity of the
incident radiation

#  The rate of photoemission is
proportional fo the intensity of the
incident radiation

Models
*  One photon is absorbed by one electron
Or all of the energy of one photon is
transferred to one electron
+  With waves. energy can be supplied to
the electron continuously
Or with waves, energy can “build up’

There are 4 observations and 2 models.
Linkage is demonstrated by linking
observations and models.

Two linkage marks can only be
awarded if reference 15 made to both
models and more than one observation
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Q9.

Question | Answer Mark
Number

(a) Quantum of ... Or (discrete) packet of ... Or discrete quantity of ... (1)
(To score the mark must refer to something relevant e.g. light / energy) (1) 2
Of electromagnetic radiation/energy

# (b) (QWC — Work must be clear and organised in a logical manner using
technical
wording where appropriate)
M

describe relevant interaction between single photon and single electron
photon energy depends on frequency Or reference to E = hf (must be (1)
link to photons/light) (1)
if photon energy greater than work function, electron emitted (1)
(immediately)
whereas for waves energy could build up Or with waves that the (1) 5
electron can absorb energy continuously or over time
s0 any frequency should work Or but this build up doesn’t happen

(c)i) |Uscofd.3x1.6x10" (1)

1)

Use of E = hf (1) 3
f=1.0x10"Hz
Example of calculation
E=43Vx16x10"7C
=6.9x10"7
6.9 x 101 1=6.63 x 10 s = f
f=1.0x10"Hz

(c)(ii) | Ultraviolet (1) 1
Accept ultraviolet even if frequency in ¢(i) 1s incorrect, but allow ecf
from candidate’s value of frequency to appropriate part of
electromagnetic spectrum
Total for question 11

Q10.
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gﬁgﬂ: Acceptable answers Additional guidance Mark
(a) s (UV radiation consists of) photons (1) | Accept quanta/packets of energy
*  One photon interacts with one
electron
Or energy of photon depends on @)
frequency
* Electrons released if energy (of
photon) greater than work function
Or frequency is greater than oy
threshold frequency
Or energy supplied is sufficient to
remove electron
3
L Acceptable answers Additional guidance Mark
Number ; i
(b)(i) + when shder at the bottom - reading
on voltmeter 1s zero
Or minimum resistance - reading on
voltmeter i1s zero (1
*  When shder at the top — reading on
voltmeter is 1.5V
Or maximum resistance - reading on
voltmeter is 1.5V (1)
» Potential difference split between top
and bottom part of resistor (either
side of shider)
Or reading on voltmeter depends on
the ratio of resistances (etther side of
shder)
Or moving the slider changes the
resistance that the voltmeter is across (1)
3
Lo Acceptable answers Additional guidance Mark
Number
(by(ii) | Maximum Kinetic Energy of electron = 0.6 (1)
(eV) 1
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Question

Acceptable answers

Additional guidance

Mark

Number
(c) Max 4 Full marks can only be scored if a
correct link is made between at least
Valid because: one physics point and the

* Moon and photocell both have vacuum

+ Both demonstration and theory use
photoelectric effect

Not valid becanse:

» Dnfferent wavelengths in each case

+ On the moon there 15 dust not metal

+ Dust 15 free to move but the metal plate 15
fixed

+ On the moon UV removes electrons from
{individual) atoms and
1n the demo light removes electrons from
metal surface

* Demonstration 15 based on photoelectric
effect but effect on moon could be
ionisation

@)
1)

@
(1)
1)

@

@

demonstration being valid or not valid

Accept the same concept for
photoelectric effect

Accept one uses light the other UV

Accept different matenials for MP4
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Mark Scheme

Q1.
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Question | Answer Mark
Number
(a) photon absorbed by electron (1)
electron moves to higher energy level Or electron excited (1)
where photon energy = difference in energy levels (1)
only certain changes/differences possible (1)
between discrete energy levels (1) 5
(b)(i) Use of E=hf (1)
Use of conversion factor to eV (1)
Energy of photon =191 (V) (1)
Identify levels 3.41 (V) and 1.51 (eV) Or levels 1 and 2 (1) 4
Example of calculation
E=663%10"Tsx46=10"Hz(=3.05%107°])
E=663x107"Tsx46x10"Hz=16=107"Js
=191V
=341eV—1.31eV (1.90 V) as the closest match
(b)(ii) | Just-free electrons have zero energy state
Or energy value of level n =015 0 (1)
{(Bound) electrons need to gain energy to attain this state
Or electrons need to gain energy to move to a higher level (1) 2
(Accept Because they must gain energy to move up for second mark)
{accept answers in terms of iomisation energy)
(c) Look for corresponding pattern of lines / frequency spacings at different
place mn spectrum Or reference to known normal positions (1)
moving away increases observed wavelength / decreases frequency (or the
case for moving towards) (1)
so 1if shifted to red end then moving away (or blue = towards) Or the greater
the velocity the greater the change in frequency (1) 3
Total for question 14

Q2.
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Question | Answer Mark
Number
(a)* (QWC — Work must be clear and organised in a logical manner using techmical
wording where appropriate)
Electrons/atoms move to higher energy levels / get excited (1)
They then move to lower energy levels (accept ground state) (1)
The energy from the move 1s given out in the form of a photon (1)
The energy levels are discrete Or only certain energy levels are possible (1)
The energy of the photon must be equal to the difference in energy levels
Or }?szg—El (1)
There are only a linuted number of energy differences and only a corresponding
number of frequencies (looking for differences /changes not levels) (1) | 6
(The marks above may be obtamned from a suitably labelled diagram — but the
order of excitation and de-excitation cannot be assumed for two marks just from
the presence of both)
(b) Doppler (accept blue shift) (1)
The wavelength of the radiation 1s decreased / frequencies increases (1)
Star moving towards Earth or vice versa (1) | 3
(c) Light behaves as both particle and wave Or wave-particle duality (1) |1
Total for question 10

Q3.
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Question
Numbher

Acceptable Answers

Additional Guidance

Mark

Electrons exist in discrete (1)
energy levels

(After the mercury atomis (1)
excited) electrons move

back to a lower energy

lewvel

Or (After the mercury

atom 1s excited) electrons

move back down from a

lugher energy level

Photons are emitted (1)
Frequency of emitted (1)
radiation / photons

depends on the difference

in energy between the

energy levels

Or reference to AE = hf

Since there are only (1)
certain energy changes

possible. only certain
frequencies are possible

Accept excited state for hugher energy
level

Accept ground state for lower energy
state

¥ ]

Q4.

Question
Number

Answer

Additional Guidance

Mark

Useof E=hfand v=f4 (1)
Conversion eV to J (1)

A=29x10""m (1)

Example of calculation

A=

_ 66310775 % 3.0x10°m ™!

4.3 eVx 1.6x10719 C

=289 nm

L]

Q5.
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._?-lllli:gs Acceptable Answer Additional Guidance Mark
o (for deoxygenated blood) x 1s (1) | Accept values for p which
greater for red show U =tr for MP1
* hence more red 1s absorbed
Or mtensity 1s smaller for red (1) | Allow numerical substitutions
Or ™ 15 smaller for red for MP2 and MP3
(1) | Accept converse argument 3
P g
e So 'l 15 smaller for red leading to same conclusion
[dependent upon MP2]
Q6.
Question Acceptable Answer Additional Guidance Mark
Number
s uread from graph (1) | Accept  in the range 140 (m™) -
160 (m™)
¢ Useof [ = e # (1
I=15Wm (D 3
* m Accept answers that round to 1.4
Wm™
or 1.3 W m™ dependent upon value
of g for MP3
Example of calculation:
=18 Wm
x 13014 10%m _ 46 W
Q7.
Question | Answer Mark
Number
& 1

Q8.
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Question Answer Additional | Mark
Number Guidance
3
electron falls back down energy levels enutting a photon (1)
wavelength (of photon) 1s mversely proportional to the
energy change (1)
refers to energy transition #»=3 to #n=2 or n=2 to n=1 (1)
Qo.
Question Answer Mark
Number
(a) Photon — quantum/packet of something relevant e.g. light, radiation, (1)
any other named e-m radiation, energy
{quantum/packet) of electromagnetic energy/radiation/waves (1) 2
{dependent mark)
(b) Use of (20.66 — 18.70) x 1.6 = 107 (1)
Use of £ = if (with energy m eV or J) (1)
f=47x10"Hz 1) 3
Example of calculation .
F=(2066—18.70) = 1.6 = 107" /6.63 = 107"
f=473=10"Hz
(c) From kinetic energy of atoms (D 1
(d) Daffraction (1)
Light spreads (sideways) as it passes through the slit (1)
Narrower slit causes more diffraction/spreading
Or diffraction increasing as gap width gets closer to wavelength (§h)
3
Tatal for guestion 0
Q10.
Question Answer Mark
Number
D 1

Incorrect Answers:

A — absorption of the longest wavelength
B — emission with the longest wavelength
C — absorption of the shortest wavelength
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Q11.

Q1l12.

Q13.

Q14.

%ueslmu Acceptable answers Addirional guidance Mark
Number

o Useof E=hfand c =fi (1) | Example of calculation

* ConvertJtoeV gg E =6.63%10%J5x3.00%10°ms/

s 21eV 589x107m

*  Agow drawn on diagram from =338 % 10°9]

—304eVito—5.14 €V @) e o 4
338107/ 160 % 107 C=211eV

Question Answer Mark
Number

B ground state to level 2 1

Incorrect Answers:

A —incorrect change 1n energy

C —incorrect change in energy and direction

D — incorrect direction
C{uestmn Answer Mark
Number

D shortest arrow pointing to ground state 1

Incorrect Answers:
A — shortest wavelensth absorbed

B - longest wavelength absorbed
C — shortest wavelength emitted
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CLIEELAT Acceptable answers AdQltlonal Mark
Number guidance
*

This question assesses a
student’s ability to show a
coherent and logically structured
answer with linkages and fully-
sustained reasoning.

Marks are awarded for indicative
content and for how the answer is
structured and shows lines of

reasoning.

The following table shows how
the marks should be awarded for

indicative
content.
Number of Number of
indicative marks awarded
marking points for indicative
seen in answer marking points
6 4
5-4 3
3-2 2
1 1
0 0

The following table shows how
the marks should be awarded for
structure and lines of reasoning.

Guidance on how
the mark scheme
should be
applied: The
mark for
indicative content
should be added
to the mark for
lines of
reasoning. For
example, an
answer with five
indicative
marking points
which is partially
structured with

some linkages
and lines of
reasoning scores
4 marks (3 marks
for indicative
content and 1
mark for partial
structure and
some linkages
and lines of
reasoning). If
there are no
linkages hetween
points, the same
five indicative
marking points
would yield an
overall score of 3
marks (3 marks
for indicative
content and no
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Q15.

Number of
marks awarded
for structure of
answer and
sustained line
of reasoning

Answer shows a
coherent and
logical structure
with linkages and
fully sustained
lines of reasoning
demonstrated
throughout

[l

Answer is
partially
structured with
some linkages
and lines of
reasoning

Answer has no
linkages between
points and is
unstructured

Indicative content
+ electrons/atoms move to higher
energy levels
Or electrons/atoms are excited
« they then move to lower energy

levels (accept ground state) and the

energy (from the change) is given
out in the form of a photon

possible

corresponding set of

will produce different

« the energy levels are discrete
Or only certain energy levels are

« the energy of the photon is equal to
the difference in energy levels
Orhf=Ez:—E10r hc/A=E - E
« there are only a limited number of
energy differences and only a

frequencies/wavelengths
« different elements have different
energy level (differences), so they

frequencies/wavelengths

marks for
linkages).

(6)

looking for energy
differences
/changes not
energy levels
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Question
Number

Acceptable Answer

Additional Guidance

Mark

different energy

the atoms have
discrete energy levels

(1)

atoms gain energy and
get excited / electrons
move to higher energy
levels

(1)

atoms/electrons move
to lower energy levels
and emit energy as
photons

(1)

(1)
changes cause

photons with different
frequencies/wavelengt

hs

(4)

Qle6.

Question
Number

Acceptable answers

Additional guidance

Mark

(1

s (Moving) electrons collide with
lattice/ions

* Transfer of energy to (lattice) ions so
they vibrate with larger amplitude/speed
(and the temperature increases)

1)

1

[ 5]

(ii)

¢ Flectrons/ions in the tube collide with
mercury/phosphor atoms and excite
electrons (in the mercury/phosphor
atoms)

¢ [Energy is released in the form of
photons as the electrons move back
down (to the ground state)

1)

1

Mention of work function scores 0

MP2 Allow de-excite for move back
down

[ 5]

Q17.
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Question
Number

Acceptable Answer

Additional Guidance

Mark

Electrons are excited
to higher energy
states / levels (by
incident electrons)

An electron returns
to the lower energy
state / level resulting
in the enussion of a

photon

The energy of the
photon 1s equal to
the difference of the

energy states / levels

Large difference in
energy states / levels
so as E=hf,
radiation 1s high
frequency

(1

D

(1

(€Y

For MP1 and MP?2 allow

¢ Electrons knock electrons out of
low energy levels

e Electrons cascade down fo fill up
the levels

Q18.
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Question
Number

Acceptable answers

Additional
guidance

Mark

This question assesses a student’s ability to show a coherent and logically
structured answer with linkages and fully-sustamned reasoning. Total marks

awarded 1s the sum of marks for indicative content and the marks for structure

and lines of reasoning

IC points | IC mark | Max structure mark Max final mark

6 4

=Tl I S=1 AVE] B L
O | et | e | b [ a0 |
(=] E= K ) Dl (RN B8]
L=0 Lot 151 VS B LS L=

Marks are awarded for indicative content and for
how the answer 1s structured and shows lines of
reasoning.

The following table shows how the marks should be
awarded for indicative content.

Number of Number of

indicative
marking
points seen in
answer

marks awarded
for indicative
marking points

MNumber ol
marks
awnreed for
stractuire of
amswer and
sustanivod
line ol

T ORING

A Fawer shows B colerent aml
logical anscoure wath linkages

3

and Mully sustxined lines of
reasoming demansimaicd
throughout

6
54
322

|

0

A mawer s partially sirsetured |
wilh some limkages amd lines of
rensoning

b | L |

=1

Anseer has no Enkapes LU
betweem poinds and is

unsiracaured

IC3 and IC6 can be awarded if suitable equations with
terms explained are used

Indicative content
IC1  Electrons in neon atoms/molecules absorb energy due to electron
collisions

Or neon atoms/molecules absorb energy due to electron collisions
IC2  Electrons in neon atoms/molecules move to higher energy levels/states
Or Electrons in neon atoms/molecules are excited

Or Neon atoms/molecules are excited

IC3 A photon 1s released when an electron drops down energy levels
Or A photon 1s released when an atoms/electron de-excites

IC4

IC5

Electrons/atoms/molecules have discrete energy levels/states
Frequency/wavelength (of enutted photon) 1s determuned by difference m
energy levels/states

Or E-—E; = hf where 1s f 1s frequency

IC6  Limited number of possible energy levels/states, and so only
certain/particular/specific frequencies/ wavelengths are ematted
Or Ouly certain energy changes possible, and so only
certain/particular/specific frequencies/ wavelengths are emutted
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Q19.

Q20.

g‘ﬁg:? Acceptable Answer Additional Guidance Mark
i 1 3 Example of calculation:
® Usenf—m(f‘2>=—i’T
2 2 ®
et -20 Lon{c?) =2 k1
mean kineticenergy = 6.4x107"J @ E”‘{" )‘E
=ﬂ%x1.33:- 105 TE ™ %3100 K =6.42x107°T -
gﬁg:? Acceptable Answer Additional Guidance Mark
(i) There are electron transitions (1)
between energy levels in the atoms,
When electrons retum to a lower 4y

level they emmt energy in the form of
photons
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Question
Number

Acceptable answers

Addirtional guidance

Mark

(i

* The electrons/atoms can only

exist in discrete/specific energy
levels (in the sodivm atoms)

¢ Electrons/atoms become

excited
Or Electrons/atoms move to
higher energy levels

¢ The electrons/atoms then move

to lower energy levels. giving
out energy in the form of
photons

* The energy of the photon 1s

equal to the energy difference
between the energy levels

« E=Jfand i =c/s0

wavelength depends on the
photon energy

* There are only certain energy

transitions possible (between
discrete levels) so only certain

(L

@™

@™

0y

L

accept E=he/ A

MP% — Allow reference to few or

limited number for ‘certain’. Allow

reference to discrete differences in
energy levels.

frequencies/wavelengths are
visible.

(if)

Useofni=dsin g
d=177%10"%m

Choose d=2.0 * 107% m as a smaller
value than d = 1.77 » 107% m would
cause greater diffraction angles so the
third order would not be seen. but 3.3
* 107 m would produce smaller
angles than 2.0 * 1079 m, causing

larger relative uncertainty in
measurement

Useofni=dsin 8

A correct value of sin & or &
d=10x10%m > 1.77
d=17%10%m > 1.04
d=20%10%"m > 088 62°
d=33%10%m > 0535 32°

Choose d=20%10"%m. 1.7=10%m

would give a sine value greater than 1,

50 no 3% order is visible, and 3.3 =
1078 m would produce smaller angles
than 2.0 * 107 m, causing larger
relative uncertainty in measurement

1)
4y

1)

1)

1)

1)

Example of ta}culation
3589 = 107" m=dsin 90°
d=177=10%m
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Q21.

Question

Number

Acceptable Answers

Additional Guidance

Mark

atoms/electrons
have
fixed/discrete/spe
cific energy levels

electrons get
excited by
absorbing photons

energy of photon
absorbed =

difference mn
energy levels

only certain
transitions
possible, so only
certam photon
energies absorbed
so only certain
frequencies
IMISSIng

the set of
frequencies
absorbed depends
on the element

()

(L

(L

(L

(L

Answers in terms of emission spectrum can be
awarded MP1. 4 and 5

th

Q22.
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Question Acceptable Answers Additional guidance Mark
Number
Max 6
Similarities
*  An electron absorbs a photon
Or electrons gain energy from a photon (1)
+ photons need a minimum amount of (n
energy
*  Sp light must be above a certain 1
frequency
* increasing the light intensity increases
the mumber of electrons (released per (1)
sec)
e Ewvidence for the particle model of light (1)
Differences
* In the photoelectric effect electrons are
released from the surface (1)
o But electrons remain within the LDRE (1) 6
s Photoelectric effect occurs in metals
Or ILDR is a semiconductor (1

Q23.
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Question | Answer Mark
Number

(a) Quantum of ... Or (discrete) packet of ... Or discrete quantity of ... (1)
(To score the mark must refer to something relevant e.g. light / energy) (1) 2
Of electromagnetic radiation/energy

* (b) (QWC — Work must be clear and organised in a logical manner using
technical
wording where appropriate)
)

describe relevant interaction between single photon and single electron
photon energy depends on frequency Or reference to E = hf (must be (1)
link to photons/light) (1)
if photon energy greater than work function, electron emitted (1)
(immediately)
whereas for waves energy could build up Or with waves that the (1) 5
electron can absorb energy continuously or over time
so any frequency should work Or but this build up doesn’t happen

(€)(i) |Useofd.3x1.6x10"" (1)

)

Use of E = hf (1) 3
f=10x10"Hz
Example of caleulation
E=43Vx16x107°C
=6.9x 1017
6.9 x 1017 7=6.63 x 10 s x f
f=10x10"Hz

(e)(ii) | Ultraviolet (1) 1
Accept ultraviolet even if frequency in ¢(i) 1s incorrect, but allow ecf
from candidate’s value of frequency to appropriate part of
electromagnetic spectrum
Total for question 11

Q24.
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Question Acceptable Answers Additional Guidance Mark
Numbher
* Useof E Z%?mﬂz 6y
o Useof E=hfandc= (D
7!
* A=(24-25)X )]
1077 (m) MP4 dependent on MP2
. . 1
. leac_im_g toa ::oncl_u.smn that (1) Example of Calculation
radiation 1s ultraviolet Or 1 . -
j : . AEp = Swon1x107 kg ([ 2.5 % 105m s~1)°
conclusion consistent with 2 (21 x 10°ms-1)7)
their value for wavelength Tledxims
AE, =84 X107 (D)
41— 6.63 X 10735 X3 X 108 ms™?!
- 8.4x 10719
4
A=24x%10""(m)
Q25.
Question | Answer Mark
Number
(@G |40Q 1) 1
(a)(ii) | Use of ¥=IR (1)
I=075 A (ec) (1) 2
Example of calculation
I=3V/ 40
=075A
(a)(iii) | Use of P=FR or P=Flor P=V"/R (1)
Power =2.0 W (ecf) (1) 2
Example of calculation
P=(0.75 A’ x3.60Q
P=20W
(b) Total resistance (of circuit) will increase (1)
Current will decreai;e (1)
Reference to P = I'R to explain power decreasing Or P = FT to explain
power decreasing (1)
Or
Lost volts increases Or [ increases (1)
I across element decreases (1)
Reference to P = VT to explain power decreasing Or P=F"/R to explain power
decreasing (1) 3
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	86. Understand how diffraction experiments provide evidence for the wave nature of...
	Mark Scheme

	87. Use the de Broglie equation
	Mark Scheme

	90. Understand how the behaviour of electromagnetic radiation can be described in...
	Mark Scheme

	91. Use the equation E = hf, that relates the photon energy to the wave frequency
	Mark Scheme

	92. Understand that the absorption of a photon can result in the emission of a...
	Mark Scheme

	93. Understand the terms threshold frequency and work function and be able to use the...
	Mark Scheme

	94. Use the electronvolt (eV) to express small energies
	Mark Scheme

	95. Understand how the photoelectric effect provides evidence for the particle nature...
	Mark Scheme

	96. Understand atomic line spectra in terms of transitions between discrete energy...
	Mark Scheme


