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M1. (@) showed that light was a wave (rather than a particle)/wave nature
(of light) (1)

(b) (i) single wavelength (or frequency) (1)
(i)  (waves/source(s) have) constant phase difference (1)

(i)  any sensible precaution, eg do not look into laser/do not point
the laser at others/do not let (regular) reflections enter the
eye/safety signs/suitable safety goggles (1)

(©) (0.16/8) = 0.02(0) (1)

_ 0.020x0.30(x107}
10.0

=6.0 x 10" m (1) (= 600 nm) ecf from calculation of fringe spacing

(1) ecf from calculation of fringe spacing

3
(d) maxima closer together (1)
(quotes equation and states that) spacing is proportional to wavelength/
D and s are constant therefore as A decreases so w decreases (1)
or links smaller wavelength to smaller path difference (1)
2
(9]
M2. (@) slits act as coherent sources (1)
waves/light diffract at slits (1)
waves overlap/superpose/meet/cross (1)
bright patches : constructive/waves in phase/reinforce (1)
dark patches : destructive/waves out of phase/cancel (1)
max 3

QwWcC 2
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(b) (i) spacingw=

w =3.0 or 2.9 mm (1) (2.92 + 0.04 mm)

15 or more fringes used (1)

2892x107 x0.90x 107

472 @)

(i) (useofi= = gives) 4=
0
=6.26 x 107
(allow C.E. for sensible value of w from (i)

(7]

M3. (&) same wavelength or frequency (1)

same phase or constant phase difference (1)
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(b)

The marking scheme for this part of the question includes an overall
assessment for the Quality of Written Communication (QWC).
There are no discrete marks for the assessment of QWC but the
candidates’ QWC in this answer will be one of the criteria used

to assign a level and award the marks for this part of the question.

Level Descriptor

an answer will be expected to meet most of the criteria in the
level descriptor

Mark range

Good 3 — answer includes a good attempt at the explanations required

— answer makes good use of physics ideas including
knowledge beyond that given in the question

— explanation well structured with minimal repetition or
irrelevant points and uses appropriate scientific language

— accurate and logical expression of ideas with only
minor/occasional errors of grammar, punctuation and
spelling

5-6

Modest 2 | — answer includes some attempts at the explanations required

— answer makes use of physics ideas referred to in the
question but is limited to these

— explanation has some structure but may not be complete

— explanation has reasonable clarity but has a few errors of
grammar and/or punctuation and spelling

Limited 1 | — answer includes some valid ideas but these are not
organised in a logical or clear explanation

— answer lacks structure

— several errors in grammar, punctuation and spelling

1-2

0 — incorrect, inappropriate or no response
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the explanations expected in a competent answer should include a coherent selection of
the following physics ideas:
. narrow single slit gives wide diffraction
. to ensure that both S and S are illuminated
. slit S acts as a point source
. narrow single slit ensures it provides coherent sources of light at

S and S

1 2

. S, and S, are illuminated by same source giving same wavelength
. paths to S, and S, are of constant length giving constant phase

difference or SS, and SS, so waves are in phase
. light is diffracted as it passes through S, and S, and the diffracted

waves overlap and interfere
. where the path lengths from S and S, to the screen differ by

whole numbers, n of wavelengths, constructive interference

occurs producing a bright fringe on the screen
. where the path lengths differ by (n + ¥2) wavelengths, destructive

interference occurs producing a dark fringe on the screen

(c) graph to show: maxima of similar intensity to central maximum (1)
(or some decrease in intensity outwards from centre)
all fringes same width as central fringe (1)
2
[10]

M4, (@ () diffraction (1)
(i) any 4 points from
interference (fringes formed) (1)
where light from the two slits overlaps (or superposes) (1)

bright (or red) fringes are formed where light (from the two
slits) reinforces (or interfere constructively/crest meets crest) (1)

dark fringes are formed where light (from the two slits)
cancels (or interferes destructively/trough meets crest) (1)

the light (from the two slits) is coherent (1)

16
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either
reinforcement occurs where light waves are in phase
(or path difference = whole number of wavelengths) (1)

or

cancellation occurs where light waves are out of phase of 180°
(in anti-phase)

(or path difference = whole number + 0.5 wavelengths) (1)
(not ‘out of phase’)

A, _ws
@iy f{w= T) gives A = = Q)

w (= 3.6/4) = 0.9(0) mm (1) (failure to /4 is max 2)

ws,_ 0.80x(10°)x 0.56x (107)
D 080

(1)=6.3x10"m (1)

central (bright) fringe would be white (1)
side fringes are (continuous) spectra (1)

(dark) fringes would be closer together (because Ared > average )‘Wme) Q)

the bright fringes would be blue on the side nearest the centre
(or red on the side away from the centre) (1)

bright fringes merge away from centre (1)

bright fringes wider (or dark fringes narrower) (1)

(@) 3 subsidiary maxima in correct positions (1)

intensity decreasing (1)

/*g ht intensity
an
f \

VAN
VAAVANWEN

position on screen

max 3

[12]
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(b)

(©)

(d)

()

a single wavelength (1)

constant phase relationship/difference (1)

maxima further apart/central maximum wider/subsidiary maximum
wider/maxima are wider (1)

wider/increased separation (1)

lower intensity (1)

distinct fringes shown with subsidiary maxima (1)
indication that colours are present within each subsidiary maxima (1)

blue/violet on the inner edge or red outer for at least one subsidiary
maximum (1)

(middle of) central maximum white (1)

[10]

(@ (i) =590x10°m (1)
(using d sin 6 = nA gives)

-
Sin,ﬁl:EDr:m

p BT 210" (1) =0.707 or

7.07 x 10° if nm used (1)
6 = 45.0° (1) (accept 45°)
d _1B7x10°

. . . A
ii sinf<1 |vesH_51orns_or _—
W )9 d i 590« 10~

so 3" order or higher order is not possible (1)

(1) = 2.83 (1)

alternative solution:
(substituting) n = 3 (into d sin 6 = nA gives) (1)

0
sin 6 (= ’”;_’1 - —3;‘ Sgijumﬁ )= 1.06 (1)

gives ‘error’/which is not possible (1)

18
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(b)

()

()

(d)

(using d sin 8 = nA gives)

2A=1.67x10°xsin42.1 (1)

A(= 0.5 x 1.67 x 10 x sin 42.1) = 5.6(0) x 107 m (or 560 nm) (1)

(@)

A correct (1)

d correct (1) arrow or line needed, both ends extending beyond
central black line

angle 6 gets smaller (1)

because path difference gets smaller/d constant, (A smaller) so
sin @ smaller (1)

max 1 for correct explanation for A increasing

boxes 1,5,6 (1)(1)

two correct 1 mark

4 ticks max 1

5 or 6 ticks gets 0

(ii)

3.3x10°m (1) (1/300 = 3.33 x 10°> mm, 3300 nm) DNA 1 sf here
DNA 1/300 000 as answer

accept 3 1/3 x 10, 3.33 x 107 recurring, etc

540 to 560 x (107 )
(Caii)

correct wavelength used and seen (545 to 548 x 10°°)

(sin 6 =) (1)

and 9.4 t0 9.6 (°) (1) ecf (d) (i), for correct wavelength only
(545 to 548 x 107)

19

(9]

(9]
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M8. (&8 max threefrom
central maximum shown v
two equally spaced first order maxima v
central and one first order labelled correctly v
central white maximum v
indication of spectra/colours in at least one first order beam v’

at least one first order beam labelled with violet (indigo or blue) closest to the
centre or red furthest v

3
(b) dark/black lines or absorption spectrum or Fraunhofer lines v
(reveal the) composition (of the star’'s atmosphere) v
accept dark ‘bands’
accept atoms or elements in the star
or the peak of intensity v"
(is related to) the temperature v’
or Doppler (blue or red) shift v
(speed of) rotation or speed of star (relative to Earth)
2
(c) () grating and screen shown with both labelled v
laser or laser beam labelled v’ ,

(i) The candidate’s writing should be legible and the spelling, punctuation
and grammar should be sufficiently accurate for the meaning to be clear.

The candidate’s answer will be assessed holistically. The answer will be
assigned to one of three levels according to the following criteria.
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High Level (Good to excellent): 5 or 6 marks

The information conveyed by the answer is clearly organised, logical and
coherent, using appropriate specialist vocabulary correctly. The form and style
of writing is appropriate to answer the question.

. correct use of (N)A=d sin 6

. and measure appropriate angle (eg ‘to first order beam’ is the minimum
required)

. and method to measure angle (eg tan 6 = x/D, spectrometer, accept
protractor)

. and at least one way of improving accuracy/reliability

. for full marks: also explain how d is calculated, eg d = 1/ lines per mm
(x 10°)

Intermediate Level (Modest to adequate): 3 or 4 marks

The information conveyed by the answer may be less well organised and not

fully coherent. There is less use of specialist vocabulary, or specialist

vocabulary may be used incorrectly. The form and style of writing is less

appropriate.

. use of (N)A =dsin 6

. and measure appropriate angle (eg ‘to first order beam’ is the minimum
required)

. and method of measurement of 6 (eg tan 6 = x/D, spectrometer, accept
protractor) or at least one way of improving accuracy/reliability

Low Level (Poor to limited): 1 or 2 marks

The information conveyed by the answer is poorly organised and may not be
relevant or coherent. There is little correct use of specialist vocabulary. The form
and style of writing may be only partly appropriate.

. use of (nN)A=dsin 6

. or measure appropriate angle (eg ‘to first order beam’ is the minimum
required)

. or at least one way of improving accuracy/reliability
Incorrect, inappropriate of no response: 0 marks

No answer or answer refers to unrelated, incorrect or inappropriate physics.
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The explanation expected in a competent answer should include

Accuracy/reliability points

measure between more than one order (eg 2 6)

measure 6 for different orders (for average A not average angle)
check or repeat/repeat for different distances (D)

use of spectrometer

use large distance to screen (D)

protractor with 0.5 degree (or less) intervals

graphical method: plot sin @ against n (gradient = A/d)

[13]
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