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1. (a State the difference between transverse and longitudinal waves. [2]

(b} The vanation of displacement with respect to position and time is shown in the following
two graphs for the same surface wave on water.

Graph of displacement against distance (at a given time)
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Graph of displacement against time (at a given distance)
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(1) State the amplitude of the wave. 1

() State the wavelength ofthewave. . 1
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() Calculate the speed of the wave. [3]

fc) A wavefront diagram for waves on the surface of water i1s shown.

(1) Draw an arrow to indicate the direction of motion of the wavefront at point §.  [1]
(n) State the point(s) oscillating in phase with point P. 1
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1.

{a) Explain what iz meant by a progressive wave. [2]

(b) Earthquakes produce seismic waves that travel through rock. The following graph shows
the displacement at a given instant for a seismic wave.
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(i) Determine the phase difference between: [2]
Aand B e
B and C

(i) A geologist at a monitoring station notes that there are S0 complete cycles of the
wave in a time interval of 20s. Calculate the speed of the wave. [4]
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fc) A section of rock undergoes a tensile stress of 900 MPa during an earthquake. Calculate
the tensile strain if the Young modulus is 70 GPa for rock. [3]

{d) Explain how data obtained by geclogists about earthguakes from various monitoring
stationz can benefit society. [2]
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(&) The diagram shows a stationary wave on a stretched string at a time of maximum
displacement (r = 0).

timer=0 24m

String ;‘/_\——/\F String

alamped s - clamped
(i) Determine the wavelength. 1

(i) Determine the distances of all the antinodes from the left hand end of the string.

[
(iiy Time r =1, is the first ime after r = O that the string is as shown below.
timer=1r
string 1 2 string
clamped e o clamped
() The frequency is 50 Hz. Determine 7,. [2]

(I On the diagram for time ¢ = r;, draw vertical arrows at the approximate
positions of the antinodes, to show the directions of motion of the string. [1]

(b) Complete the diagram below to show the lowest frequency (fundamental) stationary wave

on the string, at a time of maximum displacement, and calculate its frequency. [3]
string E - string
clamped e | e clamped
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{a) A student gives the following wrong definition of wavelength.

“The wavelength of a progressive wave is the distance between two successive points
which are oscillating with the same amplitude.”

(i) Write down the words which should replace the words in italics. 1

(i) Explain why the student’s original version does not make sense. 1]

(b) The top diagram is a plan (view from above) showing the positions of the crests of a
progressive water wave at time ¢ = 0. Underneath is a vertical section (side view) of the
water surface attime 1= 0.

VIEW
FROM
ABOVE

direction of travel of wave

o

ViEn /\/\/\/\
VIEW

(i) By the time r = 0.12s the wave has travelled 60mm. The wavelength is 15mm.
Calculate the frequency. [3]

(i)  On the top diagram carefully draw in the positions of the crests at r = 0.010s. [2]
Space for calculations if needed.
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(¢) A barrier with two narrow slits is placed as shown in the path of water waves of wavelength
15mm. An interference pattern is observed. Diagram not to scale.

40mm P . 30
R s20mm aom
40 mm

() Making use of the equation for double slit interference, determine whether there is
constructive or destructive interference at point P. Give your reasoning. [3]

(i) Explain why diffraction is essential for the formation of the interference pattern. [2]
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2. (a) Explain what properties of light from a laser can be determined using polansation and
interference. Give practical details. [6 QER]


Andrew Gibson

Andrew Gibson

Andrew Gibson

https://stemup.co.uk

(b)  The polansation of light i1s used in Liguid Crystal Display TVs. These have been developed
from research into new organic matenals. Discuss the importance of research and
development into new matenals, in general, by giving a benefit and an issue that may arise

from using new matenals. [3]
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> 4. {a) A progressive wave is fravelling from left to right along a stretched string at a speed of
0.40m 5. The diagram shows the string at time ¢ = 0.

direction of wawve travel

4

Carefully sketch, on the grid below, a displacement—time graph for point P on the string
between ¢ = 0 and ¢ = 15. The space below the grid is for your working. [3]

Dizplacement / m
0.02

0 0.2 04 06 0.8 1.0 Timels

=0.02

Space for working:
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fb)  The distance between the centres of the slite in a diffraction grating is 1500 nm.
Monochromatic light is shone normally on to the grating.

W

grating

(i) First order beams emerge at angles of 24.9% to the normal (sse diagram). Calculate
the wavelength of the light. [2]

(iiy Explain in terms of path difference why the second order beams emerge from
the diffraction grating at 57.4° fo the normal. You will need to add to the diagram
(which shows two adjacent slits in the grating). [3]

light shone
normally at
grating

second
order
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" 4. (al Explain the conditions that are required of the light sources, for a two-source interference

pattern to be observed. Include examples of when the requirements would and would not
be met. [6 QER]
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(b) A Young's fringes experiment Is set up as shown.

Diagram not drawn fo scale

screen -
double slits
— v

] i
laser

1.50m

(1) Six students measure the distance x, obtaining these results:
65mm 63mm 69mm 69mm 67/mm  6.4mm

Calculate the mean value for fringe separation (the separation of the centres of
neighbouring bright fringes), together with its percentage uncertainty. [4]

() The uncertainty in the distance of 1.50m shown in the diagram is negligible. The
separation between the centres of the slits is given by the makers of the double slit
as 0.60mm £5%. Calculate a value for the wavelength of the light from the laser,

along with its percentage uncertainty. [3]
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fc)  The laser beam is now shone normally on to a diffraction grating with centres of slits
separated by 1500nm. Second order beams emerge at angles of 457 to the normal.

| |

grating /

1.50m

Dvagram not drawn fo scale

(1) Determine a value for the wavelength of the laser light from the data. [2]
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(1)

The beams from the grating strike the screen as shown opposite. The pattern
on the screen may be compared with the pattemn of fringes in part (b (Young's
expenment). There are fewer bright spots in the case of the grating. State two other
differences between the patterns and state briefly why each difference occurs. [4]
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fa) State what iz meant by two coherent sources. [1]

()  Inthe 1700s, ight was thought to consist of a stream of particles. In the 1800s, it was said
to be a wave but since the early 1900s it has been accepted that light behaves both like a

wave and like a particle (wave particle duality). Explain briefly the part that Young's double
slit experiment played in this history. [2]

el Young's double slit experiment is carried out using laser light.

| Slit separation
LASER }—e—— a=0.30mm

T

4 66m

Fringe pattem Screen

(il Calculate the fringe separation from the above diagram. [2]
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(i) The distance betwesen the slits and the screen is 4 66 m. Calculate the wavelength
of the laser light. [2]

(i) State one advantage and one disadvantage of using a large slit-to-screen distance.
[2]
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2. (a) Single slit diffraction of light is demonstrated by using a red laser and the results are shown
below. The two different diffraction patterns are obtained by varying the slit width only.

(1) Explain whether Figure 2a or Figure 2b has the wider slit. 2]

Figure 2a

Figure 2b

(i) State what can be done to the single slit to obtain the greatest amount of diffraction.
[1]

(b) Tick (/) the approprate boxes to show which of the following arrangements allow an
interference pattern fo be observed/heard.

Yas Yes
Sig speakers A= —
gen 1 Sodium lamp
:.
No Single No
shit Double
slit

| Yes Yes

B |

Microwawve |

Metal

plates No

source MNo
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fc) Laser light is shone at a diffraction grating with slit separation 2.4pum and a total of
nine brght beams are produced (see below). Determine the maximum and minimum

possible wavelengths for the laser light. 4]
Dhagram not to scale
LASER i >
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10.

(a) The label indicating slit separation on a diffraction grating has been removed. A student
decides to determine the slit separation (the separation between the centres ol its

slits) by shining a laser normally at the grating. The wavelength of the laser light is
532 % 107 m.

He measures the angle between a second order emerging beam and the central (zero
order) beam to be 28.9°.

(i) Show clearly that the slit separation is approximately 2 x 10"°m. [31

(i)  Suggest an advantage of choosing a second order, rather than a first order, beam.

(b) The student now uses the grating to determine the wavelength of the light from another
laser. He measures the second order beam to be at an angle of 35.1°.

(1) Calculate the wavelength of the light. [2]

(ii)  Determine the highest order that the grating will produce with this wavelength.
Show your working. [2]
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11.

{a)

Apparatus is set up as shown.

! 1.5m
O eentmlaxis
\\‘ single
shit
screen
The graph shows how the intensity of light on Intensity

the screen varies with displacement x [rom the
central axis.

N . 3 arala s ~ale 1 T T + T T
[Note the expanded displacement scale.] 50 25 0 25 50

displacenient x [rom axis/mm

{1} Name the wave properly being demonstrated. i

(i)  What can be deduced about the width of the slit compared with the wavelength
of the light from the laser? Give your reasoning. Calculations are not needed. [2]

(iiiy  What would happen to the graph il the width of the slit were to be increased? {2]
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(b) The single slit is now replaced by two paralle! slits, Intensity
each of the same width as the single slit in (@), The
centres of the slits are (.75 mm apart. The intensity
of light on the screen near the central axis now varies
as shown.

-3.0 2.3 2.5 50
displacement x from axis/mm

(i} Determine [rom the graph the separation of the bright interference {ringes. 1]

(iiy Hence find the wavelength of the light. 2]

(iii)  Explain in terms of interference, phase, and parh difference how the bright fringes
arise. Assume that the slits act as in-phase sources. {3]

{ivy Suggest why the brightness of the bright {ringes decreases with displacement x
from the central axis, in the region shown on the graph. 1

(c¢) Itiseasier to obtain clear fringes in the experiment of part (b) using a laser rather than
an ordinary light source. Give two reasons [or this. 2]



Andrew Gibson

Andrew Gibson

https://stemup.co.uk

12. . . . . .
(a) A strip of wood, in contact with the surface of water in a tank, oscillates up and down
at a frequency of 5.0 [z, The view from above shows the positions of wave crests (where
the water height is a maximum) at one instant.

strip of wood wave crest
wave travel J-’ i i [ i i
—
' D
[ ]

strip of
wood

— — | —

o}{

C
°

B
[ ]
VIEWFROM ______ 5
1 I 1 I 1
01 234 56 7 8 910111213 14
cm
(i) Determine the wavelength of the wave. 1
(i)  Calculate the time it takes for a wave crest to travel a distance of 10.5 cm. [3]

(iii)  State whether or not the oscillations at points B, C and D are in phase with the
oscillations at A. Justify your answers.

Point B ...

POINLIDDY e eesseeesse et sss s s s
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(b)  The waves of frequency 5.0 Hz approach a barrier with a gap in it {see diagram below).
The waves that pass through the gap spread out.

(1)  What name is given to the spreading of the waves? ... [1
(i1)  Carefully sketch the two wave crests to the right of, and nearest to, the gap.  [2]

wave crests

(ii1)  What changes would occur to the diagram above if the frequency of the wave were
increased by a factor of 4? No calculations are needed. [2}
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13.

3. (@ Describe a diffraction grating. 2]

(b) A diffraction grating has 400000 slits per metre of its width.

(i) Show that the distance between the centres of neighbouring slits is 2.5um. 1]

(i) A laser beam is shone normally at the grating. The second order beams leave the
grating at angles of 25.2° either side of the grating normal. Calculate the wavelength
of the laser light. [3]

(i) Calculate the angle (to the grating normal) of the third order beams. 2]

(ivy  The beams of different orders are spaced much further apart than the fringes in a
typical Young's slits set-up using the same laser. Why is this so? M1
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14.

(@ A beam of light of wavelength 532nm is shone normally (in the direction shown) on to a
diffraction grating with slit spacing 1200nm (between centres of adjacent slits).

H
i
i
i
i
I
i
:
""" i
. ;
I
i
i
i
i
|
i
grating |
(i) Calculate all the angles at which bright beams emerge from the grating. [3]

(i) Draw all the emerging beams (representing each as a single line) on the diagram
above. [You are not expected to use a protractor] [2]

(b) Light of wavelength 650 nm is now used instead of the light of wavelength 532nm. State
the ways in which the pattern of emerging beams will change. [You may wish {0 make
further calculations ] [2]
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* 5. f{a In the set-up shown, a microwave detector moved along the semi-circular path detects
diffracted waves at all points around the semicircle.

T detector

microwave

Source
II

e

metal barrier
with slit

(i) The width, w, of the gap i 25mm. What can be deduced about the wavelength of
the microwaves? [1]

(i) Rhian suggests that making the gap wider will increase the intensity of the
microwaves detected. Discuss to what extent she is commect. [2]
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(b) In the set-up shown, slits 5; and 5, act as in-phase sources. Rhian detects minima of
wave intensity at P and Q, and a single maximum between P and Q.

- 240 mm -
_--_{ ................................................ a P
microwave fQmm
SOUrce l
S, i
4mim
5, f
flmm
/____l_ ________________________________________________ - 0
metal barrier - 240 mm -

Diagram not fo scale

Calculate the path lengths 5,F and 5,P, and hence the wavelength of the microwaves.

[4]
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Marking Scheme

Question . \ Marks available
Marking details
9 A1 AD2Z AO3 Total Maths Prac
1 (a) Transverse — oscillations / vibrations 90° or perpendicular to
energy transferfwave direction [1]
Longitudinal — oscillations [ vibrations parallel’same direction
to energy transfer / wave direction [1] 2 2
Penalise missing oscillations / wave direction only once
(by | (i) A4[em] 1 1 1
(n)y |0.8[m] 1 1 1
(i) | Penod=10.3[s][1] 1
A
f=?and1-=_r}. usedorv=;[1]ecfonr 1
Answer = 267 [mis] [1] don’t accept 2.6 [mis] 1 3 1
fc) | (i) | Amow radially outward (accept inward) based on point S 1 1
(1) | SandTonly 1 1
Question 1 total T 2 0 9 3 0
2. a " M seking detai Marks available
Hestion arking detatls AO1 | AO2z | AO3 | Total | Maths | Prac
1] (&) A pattern of disturbances travelling through a medium and carrying
energy with it (1)
involving the particles of the medium oscillating about their 2 2
equilibrium positions (1)
[Accept answers appropriate to e-m waves: A fravelling pattern of
oscillating electric and magnetic fields (1) carmying energy with it
(11
B | @ . L T _
Phase difference between & and B =90 Dr?accept fractions of
cycleie. % (1) ) 2 2 1
Phase difference between B and C = 0 or » 2x or n 360°%(1)
(i) . 1 1 .
Determinin =—=—=25Hz (1)
o f T D4 (1) 1
Wavelength = 1.5km (1)
Using v = £4 (1) ! ;
375%10° m s 'accept 3.75kms" (1) - 4 4
() Substituting values in Young modulus = = stress (1)
strain 1
Rearranging =train — S00MPa 1) 1
T0GPa
Strain = 0.013 (1) (ecf power of 10) 1 3 3
(d) Data can be used to determine locations/ffrequency of Earthquakes
{hotspots) (1) 2
Informs planning and sites for new builds or increases knowledge
of structure of the Earth (1) 2
Question 1 total 4 T 2 13 8 0
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Marks

Question Marking details Available
3 (a) (1) 1.6 [m] 1
(ii) 0.4 [m], 1.2 [m], 2.0 [m] 1
il I T
(i) t :Z or 7=0.02[s] (1) o)
t1=0.005 s (1) UNIT mark
IT | down, up, down 1
(b) half sinusoid: up, down or both (1)
c=80[ms"']and A=48[m] or frequency of fundamental = third
frequency of 3" harmonic or by implication (1)
f=17[Hz] (1) 3
Question 3 Total [8]
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Question

Marking details

Marks
Available

1 (a)

(b)

()

(i)
(@)

(i)

®

(i)

In phase [Accept: in step. ]
Same amplitude everywhere [Accept: amplitude gets less and less. |

v=500mm s’ or 0.5 ms" or 7=0.03 s. Accept without units. (1)
% 1
Attempted use of f :Z notc =3 x10°ms™) or f :? or by

implication (1)
33 [Hz] (1)

. % _
Working shows crests have moved g or 5 mm or by implic (1)

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 1 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 A award 1 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 A = 15mm

Alternative solution:

Path difference = 7.7+ 0.1 mm (1)

- . A
This is equal to / approximately equal to 5 (D

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

1

1

[12]
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Question

Marking details

Marks available

AD1

AD2

AO3

Total

Maths

Prac

2

(a)

Polarisation

Polansed — vibrations in one plane only
Use polarising filters

Rotate filter

If polarised; intensity will change
Intensity will change at intervals of 90°
Wave is transverse only.

Interference

Laser light is a coherent source

Use of double slits to observe pattern

Description of interference pattem

Constructive interference occurs when path difference = ni
Destructive interference when path difference = (n + %) 4

AD

Young's double slit formula quoted y =—

Symbols explained ’
Wavelength can be determined

AO1 — show understanding of what polarisation and interference
are

AQ3 — evaluate what properties can be determined using
polarisation and interference

5.6 marks

Comprehensive description including both polansation and
interference.

There is a sustained line of reasoning which is coherent,
relevant, substantiated and logically structured.

3-4 marks

Comprehensive description of either polarisation or interference
OR limited deseription including both pelansation and
interference.

There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.

1-2 marks

Limited description of either polanisation or interference.

There is a basic line of reasoning which is not coherent, largely
irrelevant, supporfed by limited evidence and with very liftle
structure.

0 marks
No attempt made or no response worthy of credit.

F]

6

(b)

Advantage — Efficiency; improvements to society (1)

Issue — Disposal of materials (1)

Benefit of research and development given - impact on
environment should always be considered before developing
new matenals (1)

Question 2 total

Question Marking details

Marks available

A1

ADZ

AD3

Total

Maths

Prac

(a}

tor=1s(1)
Reasonable graph: Comect phase (—sin af) (1)

I'=0.60 [g] or = 1.67 [Hz] in working or by implication (1)
Sinusoid of correct frequency and amplitude drawn from =0

by

(i} 1500 [nm] sin 24.9° = 4 or by implication (1)
A =632 nm (1)

[o%]

(i)

Diagram of right-angled triangle (by eye) with 57.4° (accept
&) marked in a correct position [i.e. wavefront from bottom slit
perpendicular to top direction] (1)

Either 24 {or path difference) marked on diagram or
statement that path difference [for light from adjacent slits] =
24 (1)

-

57.4% (or /= sm™ %‘orequivalent [e.0. sin”'(2 =in 24.9°)] (1)

[Last mark free-standing]

Question 4 total
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Marks available

Question Marking details
A1 AD2 AO3 | Total | Maths Prac
(a) Requirements 6 6
« Direction of polarisation in common
+ Comparable amplitude
+ Same frequency / wavelength
» Coherent
» Diffraction
Possible explanation material
» Coherent sources means constant [or constant or zero] phase
difference between sources
»  Sketch-graphs showing meaning of constant phase difference
« Rapidly shifting interference pattem if phase difference varies
+ MNo cancellation if polansation directions or amplitudes different
+ Diffraction needed for overlap
Possible examples of compliance and non-compliance
+ Two slits illuminated by single laser would fulfil requirements
e Slits illuminated by ordinary lamp or separate lamps wouldn't
+ Contrived cases e g. sources polarised at 90° to each other;
polaroids crossed or one source (e.g. slit) covered by dark
glass acceptable
5-6 marks
Comprehensive account of all areas i.e. requirements, explanations
and examples given.
There is a sustained line of reasoning which Is coherent, relevant,
substantiafed and logically structured.
34 marks
Comprehensive account of 2 out of the 3 areas i.e. requirements,
explanations and examples given or limited attempt of all 3 areas.
There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.
1-2 marks
Comprehensive account of 1 out of the 3 areas i.e. requirements,
conditions and examples given or limited attempt of 2 areas.
There is a basic line of reasoning which is nof coherent, largely
irelevant, supported by limited evidence and with very little
structure.
0 marks
No attempt made or no response worthy of credit.
{b) (i} | Mean of measurements i.e. x (= 54y) = 6.6[2] [mm] or by impl (1)
Mean of Ay = 1.3[2] [mm] (1)
Absolute uncertainty in x = 0.3 [mm] or in Ay = 0.06 [mm] or by
implication (1)
% uncertainty = 5% Accept 4.5% ecf on Ay and unc in Ay and on x
and uncinx (1) 4 4 3 4
(il) | Correct substitufions info 4 = “Di with ecf on Ay and allowing slips
in powers of 10 (1)
A =520 n[m] or 528 n[m] with ecf on Ay (1) 3 3 3 3
% uncertainty = 10 % Accept 9.5% ecf on uncertainty in Ay (1)
(c) ()| 4 =2E00m s o jhstitution in re-arranged eq. allow slips of
powers of 10 (1) 5 5 5
A=530 n[m] Accept 530.3 n[m] (1)
(ii) | Bright areas further apart in case of grating (1)
Because slits closer together in grating [than double slits] (1) not
freestanding
Bright areas sharper or smaller or brghter for grating or equivalent
(1)
Because more slits in grating or more destructive interference or
(for brighter finges) more constructive interference (1) not 4 4
freestanding
Question 4 total 10 9 0 19 8 7
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Question

Marks available

Marking details 201

AD2

AD3

Total

Maths

Prac

(a)

Constant phase difference [accept: relationship] (between 1
the 2 sources)
['im phase’ not enough]

(b)

Interference or diffraction (1)
Provided evidence for wave behaviour (1)
[MB. independent marks]

[}

icl

i)

Using more than cne fringe separation (1)
Answer = (0.80 £ 0.03) cm (1) [lgnore 5.1]

[§~]

(if)

Substitution into 1 = %[Dr by implication] (1)
Answer = 315nm ecf from (i) (1) [accept 2 or 3 5.f]

i)

Fringes are less bright [s0 more difficult to see] (1) [not: less
clear or wider; not: fewer fringes will be seen]

Separation of fringes is greater [can be measured with a
smaller % uncertainty] or gualified more accurate based on
fringe spacing] (1)

Question 1 total 4

Question

Marks available

Marking details AO1

AOZ

AD3

Total

Maths

Prac

2

(a)

(1

Answer =2a[1]
Diffraction pattern is narrower / smaller central maximum / brighter
[ 2

()

Make slit width approximately one wavelength or similar to one
wavelength 1
Don't accept smaller or smaller than one wavelength

(b)

Sound, sodium & microwaves cnly give interference [2]
(or only 2 lasers don't)
Only 1 incorrect - allow 1 mark

(c)

Use of equation: ni = dsing[1] 1
Max possible n =5 or min =4 [1]
A =600 n[m] [1]
A =480 n[m] [1]

Cluestion 2 total 4

10. ;ﬂ_.J

ib)

(1)

(i1)

(1)

(i)

Formmla correctly transposed at any stage (1).
n=2(1),d=22pm(1)
uncertainty [accept error] ind.

24=2.2% 10 5in 35.1° [e.c.£] (1) [or by impl ]
A=633nm (1)

d 34
A

find sin&]. (1) [e.c.f ond or 4]
3" order deduced by valid reasoning (1).

Uncertainty [accept error] in measuring angle makes lower

=35 [or=<4] or ri and %‘ evaluated [in an attempt to

]

]

8]
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fa)

(b)

fc)

2
(1)

(1)

(1)
(11)

(111)

(1v)

Diffraction

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

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

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

Peak intensity increases (1)[or intensity increases because more light

15 let through].

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

A=625 nm [ecfon y] (1)

When path difference 15 a whole number of wavelengths [not just:
path difference = 0] (1). waves from the slits armive [or equiv. ] 1n
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 bnighter +* [not just collimated]

» Light from laser coherent / no need for single slit / light
source need not be distant v

» light [more nearly] monochromatic +

[14]
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Question

Marking details

Marks
Available

(@

(b)

(@)
(ii)

(iif)

(i)
(ii)

(iii)

3.0[cm] [accept 3 cm]

v=3.0x5.0 (1) [cms"] or by implication. Full ecf on A
d

1 =— applied (1)
%

t=0.70s (ecf on A) (1)
OR

10.5
d=—

3.0 )
T=020][s] (1)

10.5
= 020x—=17;=
[t X 30 1£=0.70[s] (1)

B in phase, C not in phase (in antiphase not acceptable), D in phase -
irrespective of explanations. (1)

Correct answer and understandable explanation or 'in phase'
explained, for one of B, C or D. (1)

Correct answer and understandable explanation for another of B, C,
orD. (1)

Diffraction

Rounded and (almost) semicircular (Accept gaps of <=3 mm) (1)
A constant (1) (within about 30%)

:—_b s _WMW
|

Any 2 x (1) from:
e Adecreased [No penalty for (say) ‘halved’]
e less spreading
e side beams

Question 1 total

[1]

131

131

[1]
2]

2]

[12]
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“fa) [Flat, opaque] screen / sheet/ plate / material with slits / gaps (1) 2
Slits are parallel / vertical or equally spaced or closely spaced or many /
multiple (1)
b 1 1
) | (1) 1 (25 10% ]
400000
(if) | 24=2.5 » 10™ sin 25 2° even with the 2 missing or mishandled (1) 3
Correct placing of the 2 (1)
A=7332 % 10% [m] ecf on d only (1)
(1) | 3x532=2500zin & orequivalent ecfon 7. (1) 2
F=397" or 407 ecfon . (1)
(1v) | Young's shits omch frther apart than shis in grating 1
Don't accept slits nmch narrower or gaps are much smaller
. . . Marks
Question Marking details Available
2 (a) (1) | A and d correctly inserted (nm is fine) in equation or by implic (1)
26° (1)
62° (1) 3
(i1) | 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) ecf 2
on | angle found in (i)
(b) 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) 2
Reference to colours is irrelevant
Question 2 total [71
Cluestion Marking details Marks available
A1 AD2 AD3 Total Maths Prac
5 | (a (i) | A= 25mm / gap { w. [Accept =, not =] 1 1 1
(i) | Intensity increased straight in front of gap (or equivalent) [or 2
maore total power — accept total intensity — passes through gap] 2 2
(1)
Intensity reduced at large angles to normal / "at the sides’
[accept: waves don't diffract as much] (1)
(b} S,P =250mm (1) 1
S5.P =264 mm (1) 1
Path difference = 14 mm or by implication ecf on 5,P and 5.P 1
(1) .
A =28mm (1) ! 4 -
MB Use of Young slits formula — 0 marks
Gluestion 5 total 2 3 2 7 2 3
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