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Question Acceptable Answers Additional guidance Mark
Number
= This question assesses a student’s ability to
show a coherent and logical structured
answer with linkage and fully-sustained
Teasoning.
Marks are awarded for indicative content
and for how the answer 1s stmictured and
shows lines of reasoning.
The following table shows how the marks
should be awarded for indicative content.
Number of indicative Number of marks awarded
POLOTS SEEN 1N ANSWET for indicative points
6 4
5-4 3
3-2 2
1 1
0 0
Indicative Content
*  Two waves fravelling in
opposite directions (1)
* Superpose / interfere (1)
*  Constructive (interference) if waves
in phase
Or Constructive (interference) if
path difference = nd (1)
* Destructive (interference) if waves
in antiphase
Or destructive (interference) if 6
path difference = (n + ¥:2)4 (1)
e Nodes are formed from points
of destructive (interference) or
antinodes are formed from
points of constructive
(interference) (1)
e Nodes are points with nun
amplitude and anfinodes are
points with max amplitude (1)
Q2.
Question Answer Mark
Number
D originate from one source 1

Incorrect Answers:

B — planes not relevant
C — amplitude not relevant

A — coherence requires a constant phase difference not necessarily 0

Q3.
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Question | Answer Mark
Number
(a) Idea of two or more waves meeting 1)
Displacement 1s sum of individual displacements (1) 2
Question | Answer Mark
Number
b)) | (QWC — Work must be clear and organised in a logical manner using technical
wording where appropriate — e g. if the term “supenimpose” 1s used tlus
mark 15 not awarded)
When in phase constructive interference/superposition occurs (1)
Or when path difference 1s 0 constructive interference/superposition occurs
When in antiphase destructive interference/superposition occurs
Or when path difference 1s (n + %2 ) 4 destructive interference/superposition (1)
oCCUrs
Light band forms when in phase Or path difference 1s nd Or constructive
Or Dark band forms when i antiphase Or path difference s (n+ %) 4 Or (1) 3
destructive
(b)(ii) | Oscillations of light from the two filters are perpendicular to each other (1)
So there are no opposite components to cancel each other out
Or so the waves do not inferact/interfere (1)
So zero amplitude not possible (1)
OR (If the candidate assumes that it is a source of polarised light)
One filter 15 parallel to the plane of polarisation of the light source. so light 15
transmuitted but the other one absorbs light (1)
So light now only reaches the screen from one filter, so there 15 no interference 1)
So zero amplitude not possible (1) 3
Q4.
Question Acceptable Answers Additional guidance Mark
Number
(i) An explanation that makes reference to the
following:
e  Path lengths (A-O and B-O) are equal
Or (1
Path difference 1s zero
+ Wil arnve in phase Or phase (1
difference 1is zero
3
¢ (Bright line is position of) constructive (1)
interference/superposition
(i1) ¢ 600 nmOr 600 = 10"mOr6.0=107 (1) | Do not accept (nk)
m Or one wavelength Or A
Accept any comrect 1
equivalent value
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Q5.

Question Acceptable Answers Additional Guidance Mark
Number
(a) An explanation that makes reference to: Accept relevant reference to
+  waves/light passing through a narrow gap spread’s out Huygen’s construction for
) first mark
o light reaches the wall from each part of the slit with
differing phase relationships (1) OR light reaches the
wall from each part of the slit with differing path
lengths (1)
» when the waves meet superposition takes place and if
the waves are in antiphase it results in destructive
interference so a dark spot is seen (1) OR when the 3
waves meet superposition takes place and if the waves
are 1 phase 1t results 1n constructive interference so a
bright(er) region is seen (1)
(b) An explanation that makes reference to- Accept a diagram clearly
) ) to the same scale and
* green light has a shorter wavelength than red light (1) showing a narrowed
OR red light has a longer wavelength that green light (1) pattern.
" i mor g g O e [MP2and M may e
awarded if reference 15 made
* 50 the dark points would be closer to the centre to frequency difference
or more dark points would be seen in the same space on rather than wavelength. 3
the wall or central fringe narrower (1)
(c) * use of trigonometrical functions to calculate & (1) Example of calculation:
= calculate diffraction grating spacing (1) f=tan? (0.23 m/1.5 m) = 8.7°
d=104300=33 = 10%m
s wavelength=51= 10" m (1) =33 x10fm = sin 8.7°
=51x10"m 2

Q6.



https://stemup.co.uk

Ll Lo Acceptable Answer Additional Guidance Mark
Number
x
This question assesses a student’s ability to Guidance on how the mark
show a coherent and logically structured scheme should be applied:
; ith linka d fully-sustained o
::;;;: ges o yrsustame The mark for indicative content
’ should be added to the mark for
Marks are awarded for indicative content lines of reasoning. For example
and for how the answer 1s structured and an answer with five indicative
shows lines of reasoning. marking points which 1s partially
structured with some linkages
The following table shows how the marks and lines of reasoning scores 4
should be awarded for indicative content. marks (3 marks for indicative
content and 1 mark for partial
structure and some linkages and
Number of Number of marks lines of reasoning).
indicative marking | awarded for .
points seen in indicative marking I t.here are no lmkagt?s b.em-'.een
answer points points, the same five indicative
3 marking points would yield an
4 overall score of 3 marks (3
5.4 3 marks for indicative content and
no marks for linkages).
3-2 2
1 1
0 0
Question ) Additional .
Number Acceptable Answer Guidance Mark
* The following table shows how the marks should be awarded
(continued) | for structure and lines of reasoning.

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

Answer shows a coherent and 2

logical structure with

linkages and fully sustained

lines of reasoning

demonstrated throughout

Answer 1s partially structured 1

with some linkages and lines

of reasoning

Answer has no linkages 0

between points and 1s

unstructured
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E':‘::::e]: Acceptable Answer gﬂ]; ::1‘ Mark
*
(continued) Indicative content
¢ Analyses and interprets the text to conclude that diffraction
occurs when light is reflected from the CD surface
# Each ring on the CD acts as a diffraction centre scattering
light in all directions
¢ Interference occurs (superposition of light from the multiple
light sources)
¢ In directions in which there 1s a phase difference equal to an
even multiple of T rad constructive interference
(remnforcement) occurs OR in directions in which there 1s a
path difference equal to a whole number of wavelengths
constructive interference (reinforcement) occurs
¢ White light 15 a range (mixture) of wavelengths
¢ Hence each wavelength of light reinforces in a different
direction which explains why a spectrum 1s seen 6
Q7.
{lg_uwm_l Acceptable Answer Additional Guidance Mark
umbei
e Coherent waves MP2-4: accept wavelength for
have a constant (1) | frequency
phase relationship
s Coherent waves (]]
have the same
frequency
e However, for each ) ) o
frequency present MP4: hence with a white light source
the (two) reflected you would see a set of coloured rings 4
waves are coherent
* Hence with a non- M
monochromatic
source, a set of dark
rings for each
frequency would be
produced

Q8.
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Question Answer Mark
Number
i 1

A T

Incorrect Answers:

B —no factor of 2

C —incorrect substitution of

D — mcorrect substitution of and no factor of 2

Q9.
Question Acceptable answers Additional guidance Mark
Numbher
Use of Ex =p* /2m (1) | MP1 accept use of p = mv and Use
of Ex = % nn”
Use of A = hp (1) | MP4acceptin+¥)iornd
respectively

A =50 = 10" (m) calculated 1
from Fj (1) Example of calculation
Or p=2x911 =107 kg = 9.6
Ex=9.7 % 107V () calculated fror 107°0) N _
A=50=10"m p=132=10"kgms™
Or A=663x10*]s/132=x 10" kg

Q10.

p=13=10F (kgems™)
calculated from Ex and
p=13x107% (kgms™)
calculated from A =5.0 = 107" m

path difference at X 15 12 1)
Or path difference at Y 1s 4
{(electron) waves at X are in

L (1)
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

m 5!

A=50>x10"m
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Question Additional guidance Mark
Number Acceptable answers
(i) | Either Example of calculation: 4
o Useofn== 8y 3.00 x 108 ms—! o 1
v U= - =217 X 10°m s~
¢  Useof v = fA (with v mn coating) (1) 1.38
Use of path diff: A 217 X 10%m 5™ 3.62% 1077
L & =— = = 3.
?e of pat erence = 6.00 X 102 Hz m
with factor of 2 () 1 362%x10"m .
=—=————=906X 107" m
o d=91x10%m oy 4 4
OR
¢ Useof v = fA (with ¢ in air)
Aair
¢ Useof n = =
coating
¢  Use of path difference = %
with factor of 2
d=91x10%m
Question Additional guidance | Mark
Number Acceptable answers
(ii) _ . . . 1
* Fed and blue light do not interfere destructively, so remain
in the reflected light
Or If green Light 1s cancelled/eliminated, then red and blue
light will remain m the reflected light. )
Q11.
Question Acceptable answer Additional guid Mark
Number Acceptable answers Additional guidance Mar
(i) i ] Example of calculation
* use of stram = extension / length (1) | Change inlength =12 * 107 » 4000
; - =48 %10 m
+ change in length =48 » 107 (m) m== .
Or max stramn for 0.001= proton size = (1) | Fraction of proton diameter
27 % 1072 =48x10m=88=10"m
T = 0.0055
* companson of thew change 1n length to L
8.8 x 107%(m)
3

Or comparison of their max stram to
1.2 x 107%
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Question - iy . .
Number Acceptable answers Additional guidance Mark
(id) .
* half wavelength path difference means (1) | Do not accept “out of phase” for MP1
waves in antiphase
s 5o destructive interference takes place (1)
s tlus results i zero amplitude, (so no 1
signal detected) @
* a4 change i length will result n a
change 1 path difference. so signal (1) | Accept reference to being “not out of
detected phase” for MP4
Or a change in length will result in a
change in phase difference. so signal 4
detected
Question - . . .
Number Acceptable answers Additional guidance Mark
(i) e _ . MP? alternative: a change from
» if imtially the path difference 1s zero minimum amplitude would represent a
there will be a maximum signal (1) | mmch larger percentage (therefore more
. . sensitive)
* ;ﬁ:ﬁ;ﬁ;?ﬁlg??nﬂﬁ?;ﬁ:lﬂgf @ MP2 Accept ‘1t 1s easter to detect the
: o o= change from no light to light’
(therefore less sensitive) MP2 Accept suitable reference to 2
uncertainty
Q1l2.
Question , o PO . -
Number Acceptable answers Additional guidance Mark
(a) An explanation that makes reference to the Marks may be shown on a clearly
following: labelled diagram
s The light 1s diffracted (1)
o (because) each pomt on wavefront acts as (1)
a source of secondary waves Or wavelets
emitted (from points on the wavefront)
.
Question \ . P . .
Number Acceptable answers Additional guidance Mark
(b) An explanation that makes reference to the
following:
* Path lengths (to centre of shadow from
edge of ball) are equal (1
Dl-
path difference (at spot) 1s zero
* Will arnve in phase Or phase difference 1)
15 Zeto
« (Bright spot 1s position of) constructive (1)
iterference/superposition 3
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Q13.

%L:,?E’Egp Acceptable answer Additional guidance |Mark
(a)* Guidance on how the

This guestion 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.

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

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
vield an overall score
of 3 marks (3 marks
for indicative content
and no marks for
linkages).
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Q14.

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

Mumber 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

)
ral

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

Answer has no 0
linkages between
points and is
unstructured

Indicative content

» the progressive waves are reflected

and two waves travelling in opposite
directions meet
superposition/interference takes place
where the waves are in phase, it is
constructive, forming antinodes
where the waves are in antiphase, it
is destructive, forming nodes
antinodes are points of maximum
amplitude, so water will not remain at
antinodes

nodes are points of zero
displacement, so water can stay at
these points

(6)
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Question | Answer Mark
Number
*(a) (QWC — Work must be clear and orgamsed 1n a logical manner using techmcal
wording where appropriate)
The waves superpose Or diffraction at the double slits (1)
‘Where they are m phase Or when path difference 15 a whole number of (1)
wavelengths constructive mterference takes place
‘Where they are i anfiphase / when path difference 1s an odd number of half (1)
wavelengths destructive interference takes place
Bright bands are when waves are in phase / when path difference 1s nk / (1) | 4
constructive mterference Or reverse for dark bands
(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. (1)
The 1idea that at a given pomnt there would sometumes be constructive
interference and sometimes destructive interference etc (1) | 2
(c) Interference (accept diffraction) only occurs with waves. (1) |1
Total for question 7
Q15.
Question Acceptable Answers Additional guidance Mark
Number
e  Waves (from gaps) (1) | Not superimpose
superpose/mterference
» Constructive (interference) when (1)
waves are in phase MP3 Do not accept out of phase
Or path difference 1s ok
¢ Destructive (interference) when (1)
waves are in antiphase
Or path difference 15 (ntik 4
* Links constructive interference to
maximum intensity Or hinks (1)
desmictive interference with
UMM Zero intensity
Q1l6.
uestion . .
Q Answers Additional Guidance Mark
Number
D have the same frequency (1)
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Q17.

Question
Number

Acceptable Answers

Additional guidance

Mark

that are in phase

Line/surface joinng points on a wave

8y

Q18.

Question
Number

Acceptable answers

Addirional guidance

Mark

Either

Wave and reflection will meet
Superposition / interference
oCCurs

Where in antiphase. destructive
interference

Zero/mumimum amplitude at
nodes — so mice won't hear

But node separation = ¥
wavelength = (about) 7 mun

Too small a space for a mouse to
avoid the ultrasound. so
suggestion not comrect

Or (MP5 and 6)

Wall absorbs some ultrasound so
reflected wave has smaller
amplitude than incident wave
Incomplete cancellation. some
ultrasound even at nodes, so
suggestion (probably) incomrect

Or (MP5 and 6)

Waves also amrive from other
walls/floor/ceiling/multiple
reflection

Complete cancellation unlikely
50 suggestion (probably)
incorrect

Or (MP3 and 6)

A standing wave will only be
formed if the length of the room
15 a whole number of half
wavelengths

Otherwise there will be no nodes
s0 no silent spots where the
mouse won 't hear

1)
1)

(1)

4y
1)

1
4y

1)
1)

1)

1)

Example of calculation
A2=0013m/2
=(.0065 m
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Q19.

Question Answer Mark
Number
(a) Calculates path difference = 12 (cm) (1)
Phase difference 0. 360° or 2n (1)
Or
Calculates number of wavelengths in two paths (1)
Phase difference 0. 360° or 21 (1) 2
() Waves superpose Or interference between two waves takes place (1)
In phase constructive Or Antiphase destructive (D
Links to amplitude maximum Or amplitude zero respectively (1)
In phase/constructive/max amplitude 1s where chocolate 1s hot with
opposite at cold spots.
Or Antiphase/destructive/min amplitude 1s where chocolate 1s cold
with opposite at hot spots. (1) 4
(c) Coherent means a constant phase relationship (1)
(If the relationship not constant) a point could sometimes be
constructive and sometimes destructive (1) 2
(d) Useofc =f1 _ (1)
Calculates ¢ =2.94 = 10° (ms™) Or 1 =122 (cm) Or f = 2500 (MHz) (1)
Sensible comment based on thewr calculated value. (1) 3
e.g. close to real value, so successful
Or reference to uncertainty in data
Example of calculation
c=245x10°Hzx 012 m
€=294x10° ms*
Total for gquestion 11
Q20.
%ﬂﬁ:g: Acceptable Answers ‘Edigi‘::;:l Mark

An explanation that makes reference to-

coherent means there is a constant phase relationship (1)

for some parts of the beam the phase difference could be 180%1in
antiphase (1)

causing destructive interference and therefore zero amplitude (1)
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Q21.

Q22.

Q23.

%‘;i;g:r Answer Mark
m

c 3 1
Incorrect Answers:
A —incorrect
B — incorrect
D — incorrect

Question ) - :

Number Acceptable answers Additional guidance | Mark
D 90 degrees 1
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2::::2: Acceptable answers Additional guidance Mark
* Gud how th k sche
This question assesses a student’s shm IE;EE o l?le' © mark scheme
ability to show a coherent and logically ould be app_le T
structured answer with linkages and The mark for indicative content should
fully-sustained reasoning. be added to the mark for lines of
img F 1 {
Marks are awarded for indicative re?lsorung_ or emp = an ansx?er
content and for how the answer s with five indicative marking points
structured and shows lines of reasoning. which 1s partially structured with some
linkages and lines of reasoning scores
The following table shows how the 4 marks (3 marks for indicative
marks should be awarded for indicative content and 1 mark for partial
content. structure and some linkages and lines
f ing).
Number of Number of ?f tf:r?:rfgn)o linkages between
indicative marks awarded
marking for indicative points, the same five indicative
points seen in | marking points marking points would vield an overall
answer score of 3 marks (3 marks for
6 4 indicative content and no marks for
5—4 3 :
) 3 linkages).
1 1
0 0
Question ... .
Humber Additional guidance Mark
* The following table shows how the marks should be awarded for
(continued) | structure and lines of reasoning.

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

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

2

i

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

Answer has no
linkages between
points and 1s
unstructured
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Question
Number

Acceptable answers

Additional
guidance

Mark

=

(continued)

Indicative content

¢ Sound waves incident upon surfaces within the concert hall
will be reflected.

¢ Some frequencies will arrive from different directions with a
phase difference of (any odd multiple of) 7 radians (1) OR
path difference 1s odd number of half wavelengths

¢ Destructive superposition‘interference will occur, causing
the waves with those frequencies to be quieter than others.

* Other frequencies arrive with a phase difference of zero or
(any multiple of) 27 radians (1) OR. a whole number of

wavelengths

* Constructive superposition/interference will occur, causing
waves with those frequencies to be louder than others.

& Problem arises due to reflections from walls, so use
absorbing material on surfaces to reduce reflections.

Question
Number

Acceptable answers

Additional
guidance

Mark

=

(continued)

Alternative approach based on standing waves:

* Sound waves incident upon surfaces withan the concert hall
will be reflected.

¢ Reflections from walls set up standing waves (in room)

* Nodes and antinodes are formed for certain frequencies of
sound

¢ Nodes are areas of zero/low amplitude so the frequencies of
those sound waves will be quieter than others

* Antinodes are areas of maximum amplitude so the
frequencies of these sound waves will be louder than others

& Problem arises due to reflections from walls, so use
absorbing material on surfaces to reduce reflections

Q24.

Question

Number

Acceptable Answers

Additional Guidance

Mark

Pendulum A 1s /2 ahead of (1)
pendulum B

(i) « T=12s from graph (1)
e Useof T=2m\(l/g) (D
e [=036m @

T=3.0s/2.5 oscillations
1.25=2m(l/9.81 Nkg™)
[=036m
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Q25.

Question | Answer Mark
Number
C 1
Q26.
Question Acceptable Answers Additional gnidance Mark
Number
(i) Amplitude/energy/mtensity of the
soundwave reduces with distance (1) | Assume they are talking about point B
travelled unless stated otherwise
Appreciate that at A or B two waves (1) | For MP3 Accept answers with respect to 3
are interfering destructively waves at point A having different
Or at A and B there are nodes amplitudes due to different distances
at B the waves have travelled similar (1)
distances so have similar amplitudes
Question Acceptable Answers Additional guidance Mark
Number
(ii) Uses graph to identify A = 1)
0.16 (m) using A = 0.08 gives v= 160 m s~ MP2
Use of v = fA with a valid (1) | only
value from the graph 3
»=320ms’ (1) | Example of Calculation
v=2000Hz x 0.16 m=320ms™*!

Q27.
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Question
Number

Answer

Mark

(@)

(sound waves travel as) longitudinal waves
Or
(Air molecules) vibrate parallel to direction of travel of wave

(sound waves travel as) a sertes of compressions and rarefactions Or (sound
waves travel as) areas of high and low pressure

The 1dea that these vibrations create a pressure/force/stress/strain on the film
Or The 1dea that these compressions/rarefactions create a
pressure/force/stress/strain on the film

This pressure/force/stress/strain generates a potential difference
(accept 1dea that vibration/pressure/force/stress/strain causes redistribution of
charge within crystal)

(1)

(1)

(1)

(1)

(b)

Thin film 15 flexible / lightweight
The 1dea that there 1s not much energy m sound

Large area gathers more sound (energy)
Or Large area generates more power/current/pd

(1)

(1)

(1)

b

(c)

Use of P=E/t with any fime, energy in J or kJ
Conversion of kJ—7T and correct time i s (36000 5)
P =0.56 W (accept T s )

Example of calculation
Power =200007T/ 10 x 3600 s
Power=056 W

(1)
(1)
(1)

L]

(d)

ONE Disadvantage
Expensive,

Not washable

Only works with (loud) noise
Long time to charge a phone
Low output power

ONE Advantage

Free source of energy

Lower/zero running cost

Portable

Can be used when away from mains electricity

[Credit should be given for any reasonable correct physics point but not for
generalised comments such as “good for the planet” ‘environmentally
friendly’]

(1)

(1)

Q28.
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Question Answer Additional Guidance Mark
Number
use of v =11 (D 4
. 1%, Example of calculation
Path difference needs to be = (n + E)"" L
Or , _340ms”!
. i h=—m: =243m
Path difference needs to be - 140s
Or . .
i path difference = 2/ =t4im
Length of chamber needs to be 7 (1) 2
- 2.43
Or 24m M =22 =061m
See =—— (1)
* (s0) waves meet in anfiphase
* destructive interference
Q29.
Question Acceptable Answers Additional guidance Mark
Number
» Interference of soundwaves occurs in the tube (1)
* (and a) stationary wave is formed
Or
nodes and antinodes are formed (1}
+ (where) constructive interference occurs the
amplitude is maxinmm
Or
at antinodes the amplitude is maximum )
+ (where) destructive interference occurs the
amplitude 1s zero/minimum
Or
at nodes the amplitude is zero/minimum o
+ Powder is displaced from points of max
amplitude to min amplitude points
or (1) 5
Powder is displaced from antinode fo nodes 2
Q30.
Question Answer Mark
Number
B2ntf 1

Incorrect Answers:

A —incorrect expression
C- incorrect expression
D — incofrect expression
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Mark Scheme

Q1.
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Question
Number

Acceptable Answers

Additional guidance

Mark

*

This question assesses a student’s ability to
show a coherent and logical structured
answer with linkage and fully-sustained
Teasoning.

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

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

Number of mdicative Number of marks awarded
POLOTS SEEN 1N ANSWET for indicative points

B
o
o 12w 4=

Indicative Content

*  Two waves fravelling in

opposite directions (1)
* Superpose / interfere (1)
*  Constructive (interference) if waves

in phase

Or Constructive (interference) if

path difference = nd (1)
* Destructive (interference) if waves

in antiphase

Or destructive (interference) if

path difference = (n + ¥:2)4 (1)
e Nodes are formed from points

of destructive (interference) or

antinodes are formed from

points of constructive

(interference) (1)
e Nodes are points with nun

amplitude and anfinodes are

points with max amplitude (1)

Q2.

Question
Number

Answer

Mark

(a)

Idea of two or more waves meeting
Displacement 1s sum of individual displacements

(1)
(1)

[
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Question
Number

Answer

Mark

(b) (@

(QWC — Work must be clear and organised in a logical manner using technical
wording where appropniate — e g. if the term “supenimpose” 1s used tlus
mark 15 not awarded)

When in phase constructive interference/superposition occurs
Or when path difference 1s ni constructive interference/superposition occurs

When in antiphase destructive interference/superposition occurs
Or when path difference 1s (n + % ) 4 destructive interference/superposition
OCCUTS

Light band forms when in phase Or path difference 1s 0l Or constructive
Or Dark band forms when in antiphase Or path difference s (n+%:) 4 Or
destructive

(1)

(1)

(1)

(b) (i)

Oscillations of light from the two filters are perpendicular to each other

So there are no opposite components to cancel each other out
Or so the waves do not interact/interfere

So zero amplitude not possible

OR (If the candidate assumes that it 1s a source of polanised light)

One filter 1s parallel to the plane of polarisation of the light source. so light 1s
transmutted but the other one absorbs light

So light now only reaches the screen from one filter, so there 15 no interference

So zero amplitude not possible

(1

(1)
1

(1)
(1)
(1)

Q3.
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Ll Lo Acceptable Answer Additional Guidance Mark
Number
x
This question assesses a student’s ability to Guidance on how the mark
show a coherent and logically structured scheme should be applied:
; ith linka d fully-sustained o
::;;;: ges o yrsustame The mark for indicative content
’ should be added to the mark for
Marks are awarded for indicative content lines of reasoning. For example
and for how the answer 1s structured and an answer with five indicative
shows lines of reasoning. marking points which 1s partially
structured with some linkages
The following table shows how the marks and lines of reasoning scores 4
should be awarded for indicative content. marks (3 marks for indicative
content and 1 mark for partial
structure and some linkages and
Number of Number of marks lines of reasoning).
indicative marking | awarded for .
points seen in indicative marking I t.here are no lmkagt?s b.em-'.een
answer points points, the same five indicative
3 marking points would yield an
4 overall score of 3 marks (3
5.4 3 marks for indicative content and
no marks for linkages).
3-2 2
1 1
0 0
Question ) Additional .
Number Acceptable Answer Guidance Mark
* The following table shows how the marks should be awarded
(continued) | for structure and lines of reasoning.

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

Answer shows a coherent and 2

logical structure with

linkages and fully sustained

lines of reasoning

demonstrated throughout

Answer 1s partially structured 1

with some linkages and lines

of reasoning

Answer has no linkages 0

between points and 1s

unstructured
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ti Additional
E':‘::I:e]: Acceptable Answer Gui d:l:::;; Mark
*
(continued) Indicative content
¢ Analyses and interprets the text to conclude that diffraction
occurs when light is reflected from the CD surface
# Each ring on the CD acts as a diffraction centre scattering
light in all directions
¢ Interference occurs (superposition of light from the multiple
light sources)
¢ In directions in which there 1s a phase difference equal to an
even multiple of T rad constructive interference
(remnforcement) occurs OR in directions in which there 1s a
path difference equal to a whole number of wavelengths
constructive interference (reinforcement) occurs
¢ White light 15 a range (mixture) of wavelengths
¢ Hence each wavelength of light reinforces in a different
direction which explains why a spectrum 1s seen 6
Q4.
Question Acceptable answer Additional guid Mark
Number Acceptable answers Additional guidance Mar
(i) i ] Example of calculation
* use of stram = extension / length (1) | Change inlength =12 * 107 » 4000
- _ 18 m=48x=10"m
I 10N ) | Facionof oo
5% 102 SR =48x 10 m=88x10%%m
T = 0.0055
» comparison of their change in lengthto (1)
8.8 % 107%(m)
Or comparison of their max strain to 3
1.2 x 1072
e Acceptable answers Additional guidance Mark
Number
(i) :
* half wavelength path difference means (1) | Do not accept ‘out of phase” for MP1
waves in antiphase
* 5o destructive interference takes place (1)
» this results in zero amplitude, (so no 1
signal detected) @
» achange m length will result m a
change 1n path difference, so signal (1) | Accept reference to being “not out of
detected phase” for MP4
Or a change mn length will result i a
change 1n phase difference. so signal 4
detected
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g‘;:;::l Acceptable answers Additional guidance Mark
(i) S _ . MP2 alternative: a change from
* ifinitia !1}’ the path filﬁ'e;ren_ce 1s Zero minimum amplitude would represent a
there will be a maximum signal (1) | much larger percentage (therefore more
- . sensiive)
* sedl:gi;fﬂmg??nﬂm?mi:]ﬂgf MP2 Accept ‘it is easier to detect the
(t]?;reforetless sensitive) a N () | change from no light to light
MP2 Accept suitable reference to 2
uncertainty
Q5.
t}‘l_uesﬁon Acceptable answers Additional guidance Mark
Number
(a) An explanation that makes reference to the Marks may be shown on a clearly
following: labelled diagram
* The light 1s diffracted (1)
o (because) each point on wavefront acts as (1)
a source of secondary waves Or wavelets
emitted (from points on the wavefront)
”
Question Acceptable answer Additional guid Mark
Number Acceptable answers : onal guidance Mar
(b) An explanation that makes reference to the
following:
* Path lengths (to centre of shadow from
edge of ball) are equal (1)
Ol-u
path difference (at spot) 1s zero
* Will arnve in phase Or phase difference 1)
15 ZeTo
* (Bright spot 1s position of) constructive @)
mterference/superposition 3

Q6.
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Question
Number

Acceptable answer

Additional guidance

Mark

(a)*

This gquestion 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 for indicative
points seen | marking points
in answer
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.

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 marks for
linkages).

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

2>
=

Answer is partially
structured with
some linkages and
lines of reasoning

Answer has no
linkages between
points and is
unstructured

(6)
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Indicative content

» the progressive waves are reflected
and two waves travelling in opposite

directions meet

» superposition/interference takes place

» where the waves are in phase, it is
constructive, forming antinodes

» where the waves are in antiphase, it
is destructive, forming nodes

¢ antinodes are points of maximum
amplitude, so water will not remain at
antinodes

» nodes are points of zero
displacement, so water can stay at
these points

Q7.

Question
Number

Answer

Mark

*(a)

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

The waves superpose Or diffraction at the double slits
‘Where they are m phase Or when path difference 1s 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 in phase / when path difference is ni /
constructive mterference Or reverse for dark bands

(1)

(1)

(1)

(1)

(b)

coherent = constant phase relationship/difference (between light armving 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
mterference 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
Number

Answer

Additional guidance

Mark

(A/2)

(1)

QO.

Question
Number

Acceptable answers

Addirional guidance

Mark

Either

Wave and reflection will meet
Superposition / interference
oCCurs

Where 1in antiphase. destructive
interference

Zero/mumimum amplitude at
nodes — so mice won't hear

But node separation = ¥
wavelength = (about) 7 mm

Too small a space for a mouse to
avoid the ultrasound. so
suggestion not comrect

Or (MP5 and 6)

Wall absorbs some ultrasound so
reflected wave has smaller
amplitude than incident wave
Incomplete cancellation. some
ultrasound even at nodes, so
suggestion (probably) incomrect

Or (MP5 and 6)

Waves also amrive from other
walls/floor/ceiling/multiple
reflection

Complete cancellation unlikely
50 suggestion (probably)
incorrect

Or (MP5 and 6)

A standing wave will only be
formed if the length of the room
15 a whole number of half
wavelengths

Otherwise there will be no nodes
s0 no silent spots where the
mouse won 't hear

1)
1
1
1)

1
1)

1
1

(1)
1)

1)

1)

Example of calculation
A2=0013m/2
=(.0065 m

Q1l0.
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Question ) L. . o
Number Acceptable answers Additional guidance Mark
(@
+ Identification of & between a wavefront (1)
and a vertical lime
@
+ Clear evidence of extra distance before
and after reflection
L ] L ] L] » -
e Acceptable answers Additional guidance Mark
Number
(id) * There 1s more than one order (of (1) | Accept:
diffraction)
path difference of one A for 1* ning and
2 4 for 2° ring
rings occur for any whole number of
wavelengths
each ring corresponds to a different
layer of atoms from which the
electrons reflect.
1
Q1l11.
Question | Answer Mark
Number
C 1

Q1l2.
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Question Answer Mark
Number
(a) Calculates path difference = 12 (cm) (1)
Phase difference 0. 360° or 2n (1)
Or
Calculates number of wavelengths 1n two paths (1)
Phase difference 0. 360° or 2n (1) 2
(b) Waves superpose Or interference between two waves takes place (1)
In phase constructive Or Antiphase destructive (1)
Links to amplitude maximum Or amplitude zero respectively (1)
In phase/constructive/max amplitude 1s where chocolate 1s hot with
opposite at cold spots.
Or Antiphase/destructive/min amplitude 1s where chocolate 1s cold
with opposite at hot spots. (1) 4
(c) Coherent means a constant phase relationship (1)
(If the relationship not constant) a point could sometimes be
constructive and sometimes destructive (1) 2
(d) Use of ¢ =f4 _ (1)
Calculates ¢ =2.94 = 10° (ms") Or 1 =122 (cm) Or = 2500 (MHz) (1)
Sensible comment based on their calculated value. (1) 3
e g close to real value, so successful
Or reference to uncertamnty in data
Example of calculation
c=245%x10°Hz=x 012 m
=294 x10° ms*
Total for question 11
Q13.
Question _ - " . .
Number Acceptable answers Additional guidance | Mark

D 90 degrees

Q14.
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2::::2: Acceptable answers Additional guidance Mark
* Gud how th k sche
This question assesses a student’s shm IE;EE o l?le' © mark scheme
ability to show a coherent and logically ould be app_le T
structured answer with linkages and The mark for indicative content should
fully-sustained reasoning. be added to the mark for lines of
img F 1 {
Marks are awarded for indicative re?lsorung_ or emp = an ansx?er
content and for how the answer s with five indicative marking points
structured and shows lines of reasoning. which 1s partially structured with some
linkages and lines of reasoning scores
The following table shows how the 4 marks (3 marks for indicative
marks should be awarded for indicative content and 1 mark for partial
content. structure and some linkages and lines
f ing).
Number of Number of ?f tf:r?:rfgn)o linkages between
indicative marks awarded
marking for indicative points, the same five indicative
points seen in | marking points marking points would vield an overall
answer score of 3 marks (3 marks for
6 4 indicative content and no marks for
5—4 3 :
) 3 linkages).
1 1
0 0
Question ... .
Humber Additional guidance Mark
* The following table shows how the marks should be awarded for
(continued) | structure and lines of reasoning.

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

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

2

i

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

Answer has no
linkages between
points and 1s
unstructured
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Question
Number

Acceptable answers

Additional
guidance

Mark

=

(continued)

Indicative content

¢ Sound waves incident upon surfaces within the concert hall
will be reflected.

¢ Some frequencies will arrive from different directions with a
phase difference of (any odd multiple of) 7 radians (1) OR
path difference 1s odd number of half wavelengths

¢ Destructive superposition‘interference will occur, causing
the waves with those frequencies to be quieter than others.

* Other frequencies arrive with a phase difference of zero or
(any multiple of) 27 radians (1) OR. a whole number of

wavelengths

* Constructive superposition/interference will occur, causing
waves with those frequencies to be louder than others.

& Problem arises due to reflections from walls, so use
absorbing material on surfaces to reduce reflections.

Question
Number

Acceptable answers

Additional
guidance

Mark

=

(continued)

Alternative approach based on standing waves:

* Sound waves incident upon surfaces withan the concert hall
will be reflected.

¢ Reflections from walls set up standing waves (in room)

* Nodes and antinodes are formed for certain frequencies of
sound

¢ Nodes are areas of zero/low amplitude so the frequencies of
those sound waves will be quieter than others

* Antinodes are areas of maximum amplitude so the
frequencies of these sound waves will be louder than others

& Problem arises due to reflections from walls, so use
absorbing material on surfaces to reduce reflections

Q15.

Question
Number

Answer

Mark
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Qle6.

Question | Answer
Number

‘Mark‘

| B

Q17.

Q18.

Question
Number

Answer

Additional Guidance

Mark

use of v =f1 (1)
Path difference needs to be = (n + %)z

Or

Path difference needs to be %

Or

Length of chamber needs to be % (1)

Or
See

(1)

24m
: &

(so0) waves meet mn anfiphase
destructive mterference

Example of calculation

=

path difference =2/ =

{

340mst

_24Im

la0sL = 243m

243m

=0.61m

Question
Number

Acceptable Answers

Addirional guidance

Mark

Interference of soundwaves occurs in the tube

(and a) stationary wave 1s formed
Or
nodes and anfinodes are formed

(where) constructive interference occurs the
amplitude 15 maximmum
Or

at antinodes the amplitude is maximum

(where) destructive interference occurs the
amplitude is zero/minimum

Or

at nodes the amplifude is zero/minimum

Powder is displaced from points of max
amplitude to min amplitude points

Or

Powder is displaced from antinode to nodes

(1

(1)

(1)

(1)

(D

rh
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Q1l19.

Question

Number Acceptable answers

Addirional guidance

Mark

Waves are reflected at ends of strings (1)
#  The reflected waves meet and superpose/interfere (1)
+  Where they meet in phase constructive interference

takes place producing points of maximum

amplitude

Or

Where they meet in phase constructive interference

takes place producing antinodes

Or

Where they meet in anfiphase destructive

interference takes place producing points of

zero/minimum amplitude

Or

Where they meet in antiphase destructive

interference takes place producing nodes (1)

Q20.

Question
Number

Answer

Mark

A
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Mark Scheme

Q1.
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Question
Number

Acceptable Answers Additional guidance

Mark

Either
* The wavelength of the
electron is less than the (n
wavelength of light (1)
® (50) less diffraction (with the
electron beam)

Or (1)
*  The wavelength of the light (1)
is greater than the
wavelength of the electrons
* (So) more diffraction (with
light beam)

[

Q2.

Question

Number

Answer

Mark

Q3.

Quesiion
Number

Answer

Mark

(a)

Human body contains water molecules
Or body has same structure as food

So cells/tissues would gain infernal energy
{Accept cells/tissues would be heated)

(1)
(1)

(b) (@)

Waves spread out
After passing through a gap Or after passing around an obstacle

(1)
(1

(b)(if)

Useofc =fAwithc=3.0%10"ms"
1=012m

Example of calculation
4=30%x10°ms" =25 % 10°Hz
A=012m

(1)
(1

(b)(iii)

Diameter = 2mm

(1)

*(D)(iv)

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

Duffraction greatest when wavelength 1s about the same as gap size

Diameter of holes much greater than wavelength of light and diameter of holes
less than microwave wavelength

so no/little diffraction of Light takes place

Or s0 microwave radiation still diffracted through large angle but intensity is
very small.

MP3 must follow on from relevant part of MP2

(1

()

(1)
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Q4.

gﬂf:;:g: Acceptable Answers Additional Guidance Mark
A 1
Q5.
"3_‘:.::';:: Answers Mark

The only correct answer is B
A is incorrect because amplitude dees not affect the diffraction effect

C is incorrect because frequency affects the wavelength and hence the diffraction effect
D is incorrect because the speed of sound affects the wavelength and hence the

diffraction effect

Q6.
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Question

Acceptable Answers Additional Guidance Mark
Number
(a) An explanation that makes reference to: Accept relevant reference to
o  waves/light passing through a narrow gap spread’s out Huygen’s construction for
) first mark
* light reaches the wall from each part of the slit with
differing phase relationships (1) OR light reaches the
wall from each part of the slit with differing path
lengths (1)
» when the waves meet superposition takes place and if
the waves are in antiphase it results in destructive
mterference so a dark spot i1s seen (1) OR when the 3
waves meet superposition takes place and if the waves
are in phase it results in constructive interference so a
bright{er) region is seen (1)
(h) An explanation that makes reference to: Accept a diagram clearly
) ) to the same scale and
* green light has a shorter wavelength than red light (1) showing a narrowed
OR red light has a longer wavelength that green light (1) pattern.
" i mor e g BT [MP2andMP may e
awarded if reference 1s made
» 50 the dark points would be closer to the centre to frequency difference
or more dark points would be seen in the same space on rather than wavelength. 3
the wall or central fringe narrower (1)
(c) + use of trigonometrical functions to calculate & (1) Example of calculation:
» calculate diffraction grating spacing (1) f=tan?! (0.23 m/1.5 m)=8.7°
d=10%300=33 = 10¢%m
¢ wavelength=351= 10" m (1) 3.=33 = 10¢m = gin 8.7°
=51%10"m 3

Q7.
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Ll Lo Acceptable Answer Additional Guidance Mark
Number
x
This question assesses a student’s ability to Guidance on how the mark
show a coherent and logically structured scheme should be applied:
; ith linka d fully-sustained o
::;;;: ges o yrsustame The mark for indicative content
’ should be added to the mark for
Marks are awarded for indicative content lines of reasoning. For example
and for how the answer 1s structured and an answer with five indicative
shows lines of reasoning. marking points which 1s partially
structured with some linkages
The following table shows how the marks and lines of reasoning scores 4
should be awarded for indicative content. marks (3 marks for indicative
content and 1 mark for partial
structure and some linkages and
Number of Number of marks lines of reasoning).
indicative marking | awarded for .
points seen in indicative marking I t.here are no lmkagt?s b.em-'.een
answer points points, the same five indicative
3 marking points would yield an
4 overall score of 3 marks (3
5.4 3 marks for indicative content and
no marks for linkages).
3-2 2
1 1
0 0
Question ) Additional .
Number Acceptable Answer Guidance Mark
* The following table shows how the marks should be awarded
(continued) | for structure and lines of reasoning.

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

Answer shows a coherent and 2

logical structure with

linkages and fully sustained

lines of reasoning

demonstrated throughout

Answer 1s partially structured 1

with some linkages and lines

of reasoning

Answer has no linkages 0

between points and 1s

unstructured



https://stemup.co.uk

Question
Number

Acceptable Answer

Additional
Guidance

Mark

*

(continued)

Indicative content

¢ Analyses and interprets the text to conclude that diffraction
occurs when light is reflected from the CD surface

# Each ring on the CD acts as a diffraction centre scattering
light in all directions

¢ Interference occurs (superposition of light from the multiple
light sources)

¢ In directions in which there 1s a phase difference equal to an
even multiple of T rad constructive interference
(remnforcement) occurs OR in directions in which there 1s a
path difference equal to a whole number of wavelengths
constructive interference (reinforcement) occurs

¢ White light 15 a range (mixture) of wavelengths

¢ Hence each wavelength of light reinforces in a different
direction which explains why a spectrum 1s seen

Q8.

Question

Number

Answer

Mark

(a)

Photon — quantum/packet of something relevant e.g. light, radiation,
any other named e-m radiation, energy

{quantum/packet) of electromagnetic energy/radiation/waves
{dependent mark)

(88

(1)

[ ]

(b)

Use of (20.66 — 18.70) = 1.6 = 107
Use of £ = if (with energy in eV oor J)
f=47=10"Hz

Example of calculation .
f=(20.66—18.70) = 1.6 = 107 /6.63 = 107
f=473x10"Hz

(1)
(1)
8y

(c)

From kinetic energy of atoms

(88

(d)

Duffraction
Light spreads (sideways) as 1t passes through the slit

Narrower slit causes more diffraction/spreading
Or diffraction imncreasing as gap width gets closer to wavelength

(1)
(1)

(1

Total for guestion

QO.
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Question , - N s . -
Number Acceptable answers Additional guidance Mark
(a) An explanation that makes reference to the Marks may be shown on a clearly
following: labelled diagram
» The light 1s diffracted (1)
¢ (because) each point on wavefront acts as (1)
a source of secondary waves Or wavelets
enutted (from points on the wavefront)
.
Question Acceptable answer Additional guid Mark
Number Agcceptable answers : onal guidance Mar
) An explanation that makes reference to the
following:
» Path lengths (to centre of shadow from
edge of ball) are equal (1
Dl-u
path difference (at spot) 1s zero
* Will arnve in phase Or phase difference (1)
15 Zero
« (Bright spot is position of) constructive (1)
miterference/superposition 3
Q1o0.
Question Acceptable Answers Addirional Guidance Mark
Number
+ The wave spreads out (after passing
through a gap) (1)
* FEach point on the wave acts as a source
of (secondary) wavelets (1
+ That interfere/superpose (1 3
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Mark Scheme

Q1.

Q2.

Q3.

Question Answer Mark
Number
A Using ni=dsin 8 1
Number of slits per mm in the Wavelength of the light source
diffraction grating
Increased Increased
Incorrect Answers:
B — wavelength decreasing would cause d to decrease
C — number of slits/mm decreasing would cause d to decrease
D —both decreasing causes d to decrease
Question " - . -
Number Acceptable answers Addirtional guidance Mark
) ) Example of calculation
* Useofd=1/no of slits per d=1/600000=167 * 107 a!
metre M |n=1 '
o Useofnl=dsind 61%107m=167%10"m " siné
D |g=2147°
« g=121°
M 3
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Question Answer

Number

Additional Guidance

Mark

o calculates 8 =24%andd =33 x 10 %m

Example of calculation

0.89m

» use of ni = dsind tand = e g8 = 24°
* 67— 68x107"m
_ 1x107® -6
i =0 = 3.3x107°m
_ 3.3x107 2rn:<sin24 — 678 nm
Q4.
g:;:g: Acceptable Answer Additional Guidance Mark
* Use of trigonometry to determine (1) Example ngEai;:lulanm 3
g (1) |tané = - ~ 8 =19.0°
145 m
¢ (alculation of both angles 1)
0.40 m
¢ Useofd sinf = ni, tocalculate (1) | tanf = ~ 8 =15.4°
d 1.45m
4y
* Useofd sing = nd, withd 650 X 10’ m
=5 7 (5 ~ sin19.0° _
* 727335107 m (530 nm) =1.99%10"¢m

A; =199 X 10 °m
* sin 15.4°
=529x 107 'm

Q5.
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fleool Acceptable Answer Additional Guidance Mark
Number
(a) use of nA = dsin@ (1) | Example calculation
d =650 x 10 m / sin 19.9°
use of 1/d (1) |=1.9x 10%m
1/ 1.9 x 10°°* m = 520 000
520 000 lines per (1) | lines per metre
metre (3)
DibistlnL Acceptable Answer Additional Guidance Mark
Number
(b) s measure angle for first (1)
order on either side
and divide by 2
o if there is a zero error it (1)
will be eliminated
OR
* measure a larger angle (1)
o this will reduce the (1)
percentage uncertainty (2)
Q6.
Question Answer Mark
Number

D — using laser light with a higher frequency

Incorrect Answers:

A — this would have no effect
B — this would make the maxima further from the central maximum
C — thus would make the maxima further from the central maxinmm

Q7.
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%L:Jers’ggp Acceptable Answer %c{;:ilélt;r::ael Mark
(a) ¢ laser light (1)
should not he
aimed directly
into the eye
¢ as concentrated (1)
beam can cause
damage to the
retina
(2)
L=l Acceptable Answer Additional Guidance Mark
Number
(b) (i) EITHER Do not award repeat
» all x values should be readings, not appropriate
recorded to the same in this experiment (1)
number of decimal
places, so x2 and x4 are
incorrectly recorded
(1)
OR
» all processed data should
he recorded to the same
number of significant
figures, so sin A for x1 is
incorrectly recorded
(b)(ii) e use of tan&:% [0 = 22.9° (4 %’H
tand =m =0.423
e sin@ = 0.390 (1) 175
L 8=229°
- siné = 0.3899 (2)
(b)(iii) | point plotted correctly and hest (1)
straight line drawn through points (1)
Lol Acceptable Answer Additional Guidance Mark
Number
(b)(iv) . sina?:E, so gradient = A (1) ExamDI:i:- of calculation:
d d d=——_=333:10°m
3x107m
e gradient = 0.194 (1)
e use of d = 1/number of (1) ]| 2=333%10°m~=0.194
lines per mm =647%107m
(5)
o d=23.33x10°%(m) (1)

L=6.5x%x107m

(1)
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Question
Number

Acceptable Answer

Additional Guidance | Mark

(c)

An answer that makes

reference to two of the

following pairs:

» use a Vernier scale to
record x

* 5o that data to the
nearest 0.1 cm could
be obtained to reduce
the percentage
uncertainty

¢ use a larger grating to
screen distance

¢ so that all x values
would he greater to
reduce the percentage
uncertainty

« measure from nth
order on one side to
nth order on the other
side

+ so that the distance
measured is larger
hence reducing the
percentage
uncertainty in x

¢ use a grating with
more lines per mm

« so that values of x will

he greater to reduce
the percentage

uncertainty

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

Do not award
repeat readings, not
appropriate in this
experiment

(4)

Q8.

Question
Number

Acceptable answers

Additional guidance

Mark

[ and from centre to dot x

«  usetand=x/1to determine &

+ measure distance from grating to screen

(N

(1

(=]
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Question

i Acceptable answers Additional suidance Mark
Number
s Axes with labels (1)
» scales 18]
: 1)
* Plot& El} MP2: scales only in 1.2 4.5 and must
* line of best fit cover at least half of paper
MP3: a2 mm square tolerance, check
all points
Ou“m].l Acceptable answers Additional guidance Mark
Number
calculation of a gradient
(1 Example of calculation
use gradient = d/.1
. ) 40
gradient = —— = 5.26
use d =0.001 /300 1 0.76
. 0.001
wavelength=6.3 x 107" m ——=526x41
s @ 300
wavelength =63 * 107 m 4
Qo.
Ou“m].l Acceptable answers Additional guidance Mark
Number
calculation of a gradient
(1) Example of calculation
use gradient = d/.1
. 1) 4.0
gradient = ——= 5.26
use d=0.001/300 ) 0.76
. 0.001
wavelength=6.3 » 107 m () ——=526x%x41
300
wavelength = 6.3 * 10"m 4

Q1lo0.
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gu“zi';::'_l Acceptable Answer Additional Guidance Mark
(i) » setup diffraction grating at right An annotated diagram could score
angles to light from laser (1) | these marks
Or setup grating parallel to screen
s measure the distance between the (1) | MP3 accept between other correct
diffraction grating and the screen specified orders.
» measure the distance between 1st 1)
order images on the screen 3
gu“zsli]:::..l Acceptable Answer Additional Guidance Mark
(ii) A MP4 dependent on MP3
* useof q’sm g =ni _ ) (1) | Example of calculation:
* Calculation of one of the diffraction (L)
angles (for any 1) o 656.2%10"m
. Ar;lmlpt to calculate a difference inthe (1) | %% = 755770
angles
- 8 =17354°
Or statement that the two angles are ! P
very simmlar sin &, :—656'0“?‘5 m
*  So (accurate) measurement would be L) 22x10"m
very difficult o6, =17.348°
Or the difference in wavelength could ) . s o 4
not be determuned with this grating - Ag=17.354"—17.348" =0.006

Ql1.
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gﬂf:;:g: Acceptable Answers Additional Guidance Mark

(a) An explanation that makes reference to: Accept relevant reference to
o  waves/light passing through a narrow gap spread’s out Erlggnilri construction for

@

* light reaches the wall from each part of the slit with
differing phase relationships (1) OR light reaches the
wall from each part of the slit with differing path
lengths (1)

s when the waves meet superposition takes place and if
the waves are in antiphase it results in destructive
interference so a dark spot 1s seen (1) OR when the 3
waves meet superposition takes place and if the waves
are in phase it results in constructive interference so a

bright(er) region 15 seen (1)
(h) An explanation that makes reference to: Accept a diagram clearly
) ) to the same scale and
» green light has a shorter wavelength than red light (1) showing a narrowed

OR red light has a longer wavelength that green light (1) pattern.

s 50 green light diffracts less than red light or red light MP2 and MP3 may be

diffracts more green light (1) awarded if reference 1s made
» 50 the dark points would be closer to the centre to frequency difference
or more dark points would be seen in the same space on rather than wavelength. 3
the wall or central fringe narrower (1)
(c) + use of trigonometrical functions to calculate & (1) Example of calculation:
» calculate diffraction grating spacing (1) f=tan?! (0.23 m/1.5 m)=8.7°
d=10%300=33 = 10¢%m
¢ wavelength=351= 10" m (1) 3.=33 = 10¢m = gin 8.7°
=51%10"m
3
Q1l2.
Question Acceptable Answers Addirional guidance Mark
Number
(i) Any one
* Monochromatic or small range of
wavelength / frequencies
+ (Coherent
+ Little divergence of wave over a 1
distance
*  Produces plane wavefronts
(i) * 4 =0005mm or use of 4 (1) | Example of Calculation
S () |d=——==0005mm
200 mm [1) 200 mm
+ Use oftan to find & (1) )
o Use of ni=dsing with n =3 6= tan*(‘o—)-188°
. 0 m
¢ 1=54x1077 (m) . (5%10”°m)xsinig.8” _ 537
+ Concludes that the laser light is = 3 =23l
green 107"'m
Or (1) so light is green 5

conclusion consistent with their
value of 4
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Q13.

Question
Number

Acceptable answers

Addirional guidance

Mark

]

The electrons/atoms can only
exist in discrete/specific energy
levels (in the sodium 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=nhfand L= c/fso
wavelength depends on the
photon energy

There are only certain energy
transitions possible (between
discrete levels) so only certain
frequencies/wavelengths are
visible.

(1)

1)

(1)

@

@

accept E = he /L

MP6 — Allow reference to few or

limited nmumber for “certain’. Allow

reference to discrete differences in
energy levels.
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(ii)

Useofnl=dsin 8
d=177=10%m

Choose =20 = 107° m as a smaller
value than 4 = 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 * 107 m, causing
larger relative uncertainty in
measurement

Useofni=dsin @

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

Choosed=20=10"%m 1.7 10%m

would give a sine value greater than 1,

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

1)
@)

1)

1)

1)

1)

Example of calculation
3% 580 % 107" m=d sin 90°
d=177%10%m

Q14.



https://stemup.co.uk

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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Q15.

Question
Number

Acceptable answers

Additional
guidance

Mark

The only correct answer 15 C because the maximum order reached
corresponds to the highest mteger value less than or equal to line
spacing divided by wavelength, which is 4, and there are that many
orders either side of the maximum plus a central order

A 1s not correct because the maximum order reached cormresponds to
the highest integer value less than or equal to line spacing divided
by wavelength, which 1s 4, and there are that many orders erther
side of the maxumum plus a central order, but this answer only gives
the number of orders on one side of the central order

B 1s not correct because the maximum order reached corresponds to
the highest integer value less than or equal to line spacing divided
by wavelength, which 1s 4, but thas order rounds 4.7 to 5 and
doesn’t consider the central maxinmm or that there are orders on
either side

D is not correct because the maximum order reached corresponds to
the highest integer value less than or equal to line spacing divided
by wavelength, which 1s 4, but this order rounds 4.7 to 5 and then
adds the orders on the other side and the central maximum
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	65. Know and understand what is meant by wavefront, coherence, path difference,...
	Mark Scheme

	66. Use the relationship between phase difference and path difference
	Mark Scheme

	83. Understand what is meant by diffraction and use Huygens’ construction to explain...
	Mark Scheme

	84. Use nλ = dsinθ for a diffraction grating
	Mark Scheme


