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Question

Marking details

Marks

Available
(@ | (i)|L  Vibrations/ oscillations / displacements [accept particle
displacements ] are perpendicular / at right angles / 90° to the
propagation directions [or equiv.] 1
I Vibrations / oscillations / displacements [accept particle
displacements | are in one direction [accept in one plane] 1
(ii) | Alternates [gradually] between light and dark (1)
2 extinctions / dark places in 360/ or equivalent (1)
[Accept an answer which assumes initially bright or initially dark] 2
() | ()|L  Lightspreads out [round edge of each slit] [or equiv.] 1
I So light from the two slits overlaps [or equiv.] 1
G| 1o 20mmx050mm |
15m
=670 n[m] (1) [667 nm, accept 700 nm] 2
1L Fringe separation increased (1); [bright] fringes dimmer (1) 2
(c) 34=dsin 77° [or by impl.] (1)
1
d=————m[=2.00 x 10~ m] [or by impl.] (1)
5.00x10° e ] for by impl)
2=650 n[m] (1) 3
Question 2 total [13]
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Question

Marking details

Marks

Available
7 (@ Waves arrive in phase at P. (1) Accept twin graphs: displacement along

paths or displacement versus time at P.

“This oceurs if path difference = [0], 2, 24 ..._..... (1) Accept nA 2

®) | ()| insertion of a, Dand y into === even if powers of 10 incorrect, (1)
=600 n[m] (1)
2
(ii) | Beams (fringes, orders) :

brighter / sharper or more defined or narrower / further apart / slit separation

more accurately known (Any2x(1)) 2

Question 2 total 161





image9.png
(@)

®)

(©

(0]

(i)

« 1] >

o
v

~
Convincing algebra, e n 5 =L (1)

2L
‘When % = 820.0 nm,T:SM m

2L
thnl=82|.0nm.r=499v4 [}

(Give | mark if same arithmetical error in both)
n=499.00 (1) ecf [or by implication]
=821.60 [nm] (1) No mark if previous mark not given.

Less amplitude [or fewer photons...] reflected back from [partially
reflecting] mirror than arrive at it. (1)

+ (1) of the following:
 Mirror not a proper node
«  Amplitudes of progressive waves travelling in opposite directions

not equal. (Except near fully reflecting mirror)

Question 3 total
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Question

Marking details

Available

®

@

)

(i)
[0}

a

Constructive interference at P / waves arrive in phase at P (1)
Same path length from sources / AP = BP / no path difference (1)

522 and 502 (1)

5,220 cm] (1) ecfon sips
OR 56.8 and 52 (1)
3220 [em] (1) ecfon slips

AB or SP not very small compared with D OR maxima not evenly
spaced.

d=20x 10 [m] (1) or by implication

3= sin723° (1)

[d* needs to be related to d, even 5.0 x 10° would do]
2=635x107 [m] (1)

Up to 3* order visible, 1 + 3x2 beams seen OR diagram (1)
%-S.IS(I)

50 only 3 orders (1) not a freestanding mark
m%mn

50 only 3 orders (1) not a freestanding mark

Question 2 total

2
2]

2]

6]

6]
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Marks

Question 4 Marking details Available
4 @ Interference between or superposition of or sum of
two [progressive] waves [of equal amplitude and frequency] (1)
Travelling in opposite directions or reflect (1) 21
® | 0 I/
1 £
n 2
(ii) | 2=0.75[m] (1) or by implication
f=128Hz UNIT (1) 2
[N O I— ,\4/
= —l e m
(ii) | A=3.00 [m] or by implication ecf provided A consistent with
diagram (1) ]
S=32[Hz] (1) eef
) 32n[Hz] or equivalent 1]
Question 4 Total 110]
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Marks
Question 2 Marking details Available
2 |@ Use of v =2 evenif factor of 2 is omitted, or powers of 10
adrift (but not both these faults). (1)
v=340+10ms" UNIT (1) 2
Answer must be seen to be derived. No marks for gradient
attempt.
® | D1 2= m] (1) or by implication

2=0.040 [m] (1) [0.080 m, arising from y = 0.32 m, loses | el
mark]

1| v=332[ms"] el m

(ii) | 1| Dot nearest A should be marked ‘M’ U]

11| Waves [from S, and S;] arrive in phase at M U]
Accept constructive interference and whole number of
wavelengths path difference.

(i) A=11[m] or 2> a or 2>03[m]or 2>$,S;(1)

Maximum path difference possible [for waves from S, and S:] is
[the slit separation, which is only] 0.30 m or path difference can 2]
never be large enough (1)
Or [Young’s fringes equation gives] *first” maximum at 4.4 m
from central dot. Aceept fringes t0o far apart.
Question 2 total 191
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(@)

(b)

(©)

(i)

Direction of wave [or energy] travel and direction of [particle]
displacements [or oscillations] are the same [or parallel].

diffraction

No zeros (or waves spread right round)
s02203m (1)

%=09 m for 375 Hz or .= 0.09 m for 3 750 Hz or if 2 =0.3 m then f=
1100Hz (1)

375 Hz more likely with some supporting argument, e.g. the above, or
even just “Longer wavelengths [or lower frequencies] spread more.”] (1)

A=140[mm] (1)
Any2x(1):

Interference oceurs between [accept superposition of] waves travelling in
opposite directions [accept waves from speaker and reflected waves]
Board acts as reflector

Stationary wave set up

Question 2 total
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Question

Marking details

@ [0 Same point in cycle at same time or equivalent |
(i) S:P - SiP or equivalent. [Accept S;P-S:P] .
(i) | (1) | Path difference = 36 mm (1) which is 34, 50 constructive. (1)
Award | mark only for : $,Q = 281, $:Q = 250 therefore arrive in phase N
S0 constructive interference
(11) | [Path difference doesn’t change], so always constructive (1)
but signal strength will decrease as we move further from sources. (1) 2
™ 122360 o en if wnits inhomogencous (1) 2
»=120mm UNIT (1)
(b) correct insertion of 12 [mm] and 30 [mm] into grating equation or by
implication (1)
24° (1) 53° (1) award | mark if both angles wrong because of 4
arithmetic error
Either 0° or + 24°and  53° or equivalent. (1)
Question 3 total | _[12]
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(a)

(b)

(i)

(iii)

S:Q= V(350" + 120°) [mm] or equivalent (1)
‘Therefore $:Q - $1Q = (370 - 350) [mm] (1)

For any dot, path difference = nZ, or for P, path difference = 0 or any
other remark relevant o the conclusion that ... (1)
=10 [mm] (1)

l_(lzouo] o

350

2=10mm or 10.3mm UNIT (1)

‘With sensor in front of source either rotate sensor [at least through 90°]
or interpose array of metal rods /metal grille and rotate [at least through
90°] (1) Don’t accept metal grid

Signal strength changes (1)

Accept in words or in diagram

Question 2 total
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Question

Marking details

Marks
Available

(a)

®) | ()

(i)

(iii)

(iv)

[Flat, opaque] screen / sheet/ plate / material with shits / gaps (1)
Slits are parallel / vertical or equally spaced or closely spaced or many /
multiple (1)

L =[25x 10°m]
400000

24=2.5 x 10° sin 25.2° even with the 2 missing or mishandled (1)
Correct placing of the 2 (1)
2=532x 10" [m] ecfond only (1)

3x532=2500sin & orequivalent ecfon 2 (1)
0=39.7° or 40° ecfon 2. (1)

Young’s slits much further apart than slits in grating
Don’taccept slits much narrower or gaps are much smaller

Question 3 Total
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Question

Marking details

Marks
Available

()

©

[0)
(i)
@

(i)

[0)

(i)

Inphase [Accept: in step.]
Same amplitude everywhere [Accept: amplitude gets less and less ]
v=500mms" or 0.5 ms™ or T'=0.03 5. Accept without units. (1)
Attempted use of f=%nmc=3xl0‘ms") or f=

implication (1)
33[Hz) (1)

Working shows crests have moved gmimmnrbyinp!k m

Positions convincing by eye (1) Accept at 5 mm or third distance
between crests.
Fewer than 3 lines shown award 1 mark only.

80 mm, 320 mm and 15 mm correctly put in double slit equation (1)
states or implies that first const int is at 60 mm from axis. (1)
concludes that there is dest int at P (1)

+ Give | mark if candidate claims first const int at 120 mm, having
put in 40 mm instead of 80 mm for slit separation, and another mark
if goes on to conclude that neither dest not const at P.

« If equation used *backwards’, putting in 30 mm and finding 7.5
mm for & award | mark and 2 mark if also states that dest int at P.
For the 3* mark it must be carefully explained why destructive
interference at P for .= 1Smm

Alternative solution:

Path difference =7.7 0.1 mm (1)

“This is equal to / approximately equal to % (U]

Hence destructive interference will occur (1)

Diffraction is spreading of waves at slits (1)
Without which waves wouldn’t overlap (or superpose) (1)

Question 1 total

2]
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Question

Marking details

Marks
Available

2 |(@

)

@

(i)

2.and d correctly inserted (nm is fine) in equation or by implic (1)
26° (1)
62° (1)

Beams drawn at 0° and at two different angles one side of normal (1)
2 beams either side of normal with some regard for symmetry (1) eef
on 1 angle found in (i)

Only 3 beams emerge (this must be stated in words) [Accept: no
second order beams.] (1)
First order beams at greater angle to zeroth (a calculation is

acceptable) or equivalent (1)
Reference to colours is irrelevant

Question 2 total

7
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Question

Marking details

Marks
Available

(@

()

(©

@

(i)

(i)

()

_532x10°x15

0.0004
y=2.0mm (1) unit mark

even if slips in powers of 10 (1)

Maxima on —4, -2, 0, 2, 4mm; minima on -3, -1, 1, 3mm ecf (1)
Reasonable attempt at smooth variation (1)

Maxima lower further from centre or evidence of single sit
diffraction envelope (1)

[Bright] fringes brighter (1)
Fringes closer together (1) don't accept fringes are smaller

+ No credit for “Fringes red instead of green”
Fringes further apart because Acea > Agroen

« Bright fringes dimmer and / or dark fringes brighter or uniform
brightness. [Accept fringes disappear” or "no fringes” or single
[broad] peak] (1)

because no [destructive o constructive] interference or because
we now have single slit diffraction (1)

1500 [nm)] sin 44° [or 46° or even 45°] = 21 or equivalent (1)
Amia = 521[nm] (1)
Jmax = 540 [nm] or 539 [nm) (1)

First experiment
‘Observed: no change in brightness or equivalent (1)
Explanation: oscillations in all directions [in plan of polariser] so
‘equal absorption for all angles [of polaroid] (1) Accept equal
absorption in all directions

‘Second experiment

Observed: Brightness changes as polaroid rotated (1)

from bright to dark or vice versa every 90° or bright twice every
revolution or any other correct quantitative remark (1)
Explanation: extinctions [when absorbing axes of polaroids] are
atright angles or crossed or equivalent (1)

Question 1 Total

g
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Question Marking details e
2 [(@ | (i) | Wavefronts [or waves] from each slit spread out (1)
[accept: waves diffract at each sit]
and overlap (1) [or superpose or interfere] 2
(ii) | 1. Sources which emit waves, which are at the same point in their
cycle at the same time [accept: “emit peaks at the same time”] 1
1L A maximum on central axis or microwave source central w.r.L
Siand S 1
(iii) | Correct insertion of values into 4= % (1) [or by implication]
A=0012m(1) 2
(iv) | 1. Constructive interference at P (1) [accept: waves reinforce]
So waves are in phase (1) [Accept: phase difference = 27 etc] 2
1L SP-S,P=n[forn=0,£1,42..] (1)
[ for central maximum, n = | for next one out from centre],
n=2atP.(l)
S0S/P - S,P=0.024m (1) 3
[Geometric method based upon Pythagoras v'v'¥ if correct]
® Interpose a grille of parallel metal rods and rotate. (1)
“The signal strength varies. (1)
[Accept rotation of the sensor / rial | 2
© Any 2% (1) of: "
o the radiation penetrates the potato v "
o absorbed within the potato, heating interior v r
o waves transfer energy [or equiv] v
o water content heated / water molecules made to vibrate s +
more v N
ns !
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Question

Marking details

Marks
Available

2.

(@)

(b)

(c)

[0)

(i)

(i)
(i)

"At [centres of] bright fringes:
o Path lengths from slits differ by 0, 4,
24 [if sources in phase]
'« Waves arrive in phase or skeich
‘graphs of in-phase waves
o Waves interfere constructively or any 4 x (1)
displacements add to make larger
displacement.
»  Assume slits act as coherent sources
o waves diffract at slits

Separation of cenres of fringes =

Somm /1.3 mm /133 mm for

equiv, or by impl] (1)
Correct data substitution into 2= % ignoring factors of 10 [e.c.£] (1)
A=63x10"m(1)

2[.00] x 10 m

Attempt to use n2 = dsin@ with d=2.00 x 10° m [e.c.£] (1)
0=72°(1)

n=3(1)

2=6.3%107m (1) [e.c.L. only on d from (B)(i))

More uncertainty with Young's method (1).... because...
cither fringe separation is small and difficult to measure [whereas
grating beams are well spaced]
or fringes are not sharp compared to the beams (1)
[accept: d can be measured more accurately for grating [because
there are more slits]

114]
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(@)

(b)

()

(d)

[0)

(i)

[0)

(ii)

20x18 _
A==5=m (1) for by impl] =030 m (1)

Reflected sound [would affect the pattern]

Previously, sound from the two speakers superposed / interfered [or
by implication)(1) destructively [accept: cancel] at that point (1) as it
arrived in antiphase [accept: exactly out of phase] (1)

Quiet spots are where loud sounds used to be [or equiv.]

y= % (1) thus [or other qualification, e.g. recalculation] y halves

(1) [or equiv] [because a doubles]
[Qual. answer “y decreases” + correct qual reasoning — | mark]

Wavelength halves [or equiv] (1)
Separation halves (1)
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(a)

)

©

[6

(i)

Spreads out [or equiv. but not just “bends"]

constant phase relationship (1) [between light from slits / sources]
re-arrangement of formula at any stage (1) [or by impl.]

answer correct except, perhaps, for powers of 10 (1)
19m (1)

Dark fringes caused by destructive interference (1).
With one slit closed, light from the other slit not cancelled [or
equiv.J(1)

n
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Question

Marking details

Available

b)

i)

(ii)

(i)

(ii)

Formula correctly transposed at any stage (1).
n=2(1).d=22pm (1)

Uncertainty [accept error] in measuring angle makes lower
uncertainty [aceept error] in d.

22=22%10% sin 35.1° [e.c.6] (1) [or by impl]
2=633nm (1)

Either %- 35 for <4]or % and %ev:lwzd in an attempt to

find sind]. (1) [e.c.f. on d or 4]
3" order deduced by valid reasoning (1).
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Question

Marking details

Marks
Available

(@)

(b)

(c)

(i)
(i)

(i)

(i)
(i)

(iii)

(iv)

Diffraction

[Slit width much] greater than the wavelength (1)

[Angular] spread [of central maximum] s small. (1)

[Width of] spread decreases (1) [accept: less diffraction]

Peak intensity increases (1)[or intensity increases because more light
is let through).

1.25 mm
Useof A= % with symbols correctly interpreted (1)

/=625 nm [ecfon y] (1)

When path difference is a whole number of wavelengths [not just:
path difference = 0] (1), waves from the slits arrive [or equiv.] in
phase (1) and interfere constructively (1)

Less light diffracted at greater angles / intensity envelope the same as
the diffraction graph.

Any 2 x (1) from:
«  Light from laser may be brighter v' [not just collimated]
o Light from laser coherent / no need for single slit / light
source need not be distant '
« light [more nearly] monochromatic v

114]





