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You should try to answer on your own before seeking H-E-L-D-S.
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Question 1
Luesnon -

A student sets up the apparatus illustrated in Fig. 3.1 in order to observe two-source
- interference fringes.

double screen
slit
Fig. 3.1 (not to scale)

(a) State a suitable separation for the two slits in the double slit. 1]

(b) State and explain what change, if any, occurs in the separation of the fringes and
in the contrast between bright and dark fringes observed on the screen, when each
of the following changes is made separately.

(i) increasing the intensity of the red light-incident on the double slit 8]
(ii) increasing the distance between the double slit and the screen [4]
(iii) reducing the intensity of light incident on one slit of the double slit 3]
 [D9g/P2/Q3]
Suggested Solution:
{a) 0.50 mm

(b) (I) No change in the separation of the fringes is observed because it depends on
the wavelength of the light incident on the double slit, the distance between the
double slit and the screen and the separation between the double slit.and not on
the intensity of the light.

The contrast between bright and dark fringes observed on the screen will increase
when the intensity of the light is increased. This is because the intensity of the
bright fringes increase due to the constructive interference of the two coherent
sources of greater intensity.

(if) Increasing the distance between the double slit and the screen would increase the
separation of the fringes because it is directly proportional to the distance between
the double slit and the screen.

The contrast between bright and dark fringes observed on the screen would
decrease. The intensity of light varies inversely with the square of the distance
from the source. The fringes observed when the distance between the double slit
and the screen is increased would be due to the interference of two wavelengths
of lower intensity.

(iii) Reducing the intensity of light incident on one slit of the double slit has no effect
on the separation of the fringes. The contrast between bright and dark fringes
observed on the screen would decrease.
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The usual slit separation is
in the region of a fraction of
a millimeter in order for the
interference fringes to be
clearly visible. To check
whether the answer is plau-
sible, the formula for separa-
tion between successive
fringes:

_AD
e

_ (7 x107)(1.5)
T 050x 102

=2.1mm

The value of 1.5 mis chosen
as the distance between the
slits and the screen as this
distance is of this order of
magnitude. Any answer for
(a) is acceptable as long as
it is in the order of a fraction
of a millimeter. Give answers
to one or two significant
figures.

() Remember that the
intensity is proportional to the
square of the amplitude of a
wave. Increasing the inten-

sity of the incident light - '

increases the amplitude of
the two coherent sources
from the double slits. Where
there is positive interference,
the resulting wave has a
larger amplitude and hence a
greaterintensity compared to
before theincrease. Similarly
reasoning is used for the
parts in (b)(ii) and (b)fiii)
pertaining to the contrast of
the fringes.
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(a) Two waves of different frequency pass through the same point. Figs. 4.1 and 4.2
show the displacement-time graphs for the waves. On Fig. 4.3, sketch the resultant

displacement showing the superposition of these two waves. 2]

displacement /\ /
Fig. 4.1 \/ \/ —

displacement

Fig. 4.2 0) e
displacement

Fig. 4.3 0 . Fea

(b) Sketch on Figs. 4.4(i) and 4.4(ji) the diffraction of waves through gaps which are
(I) large compared with the wavelength,
(i) small compared with the wavelength.
brrrsrrs] SSSSCESSISEEEINNY EXTENIERIIRINRRRRNT

[3

Fig. 4.4.()) Fig. 4.4(ii)

(c) Two microwave sources A and B are in phase with one another. They emit waves

of equal amplitude and of wavelength 30.0 mm. They are placed 140 mm apart and
at a distance of 810 mm from a line OP along which a detector is moved, as shown

in Fig. 4.5.
acto
514 mm
e
70 mm
140 MM | == e e s ATy
central axis
. 70 mm
mlcrmg _______________________
:__ line along which the
810 mm detector is moved

Fig. 4.5 (not to scale)

() Using Pythagoras' theorem, it can be shown that the distance AP is 923.7 mm.
Calculate the number of wavelengths between source A and point P. [1]

(i) Show that there are 33.3 wavelengths between source B and point P. [2]
(i) 1. State what intensity of microwaves will be received by the detector when

itis at P.
2. Describe how the intensity of reception varies as the detector is moved
from P to the point O on the central axis. [3]

[J00/P2/Q4]
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Suggested Solution:
(a)

4
displacement

®©) O ——

“(¢) () number of wavelengths between A and P =%= $23.7.00M - 308

_ distance BP _ ¥810° +(514+70)*

(if) number of wavelengths between B and P = JP2Caee i ength 30
=33.3 (shown)
(iii) 1. minimum intensity.

2. As the detector is moved from P to O on the central axis, the intensity of
reception varies from minimum at P (path difference of %’l) to maximum at
O (path difference of 0). Between P and O, there are two other minima (corre-
sponding to path differences of 3—24; and %)and two other maxima (corre-
sponding to path differences of 24 and 4).

Question 3

Light from a distant source of monochromatic light of wavelength 590 nm passes through
a fine nylon mesh. The light.is then incident on a screen, as illustrated in Fig. 4.1.

N

3.8m

monochromatic
t

fine nylon
mesh

screen
Fig. 4.1

The threads of the nylon mesh act as a diffraction grating with lines in the horizontal
:‘nd in the vertical direction. Part of the pattem of spots of light on the screen is shown
Fig. 4.2 :
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The resultant displacement
is the algebraic sum of the
displacements of the two
waves.

(i)  Thereis less diffraction
of the waves where the gap
is large compared with the
wavelength.

(i) There is more diffrac-
tion of the waves where the
gap is small compared with
the wavelength.

(i) Use Pythagoras' theo-

rem to calculate distance BP. -

(if) 1. Path difference at P
=BP-AP
=(333-308)4
=251

=Efod

=5(3)
where A is the wavelength
ofthemicrowave. Sincethere
isaniyddnumberd-‘% inthe
path difference, the intensity
at point P will be at the
minimum.

2. Minima occur where

the path difference equals
an odd number of %

Maxima occurwhere the path
difference equals an even

number of%.
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Fig. 4.2 (full size)
(a) Explain what is meant by the diffraction of light. [2)
(b) State which line of spots of light, AB or CD, is produced by the herizontal nylon —
threads. (1]
(c) Calculate the angle, in radians, between the orders of the diffracted light. [2]
(d) Using your answer to (c), determine the number of nylon threads per millimetre of .
the mesh. (4] T
. [D00/P2/Q4]
E

Suggested Solution: ;

(a) The diffraction of light refers to the spreading of light when it passes through apertures
or around obstacles.

(b) AB

(c) Distance between the zeroth order and the fourth order maxima (near D) = 3.2 cm

— Distance between consecutive maxima = 32+4=08cm

_ __distance between consecutive orders
Angle between the orders distance between nylon mesh and screen

_0.8x102 _ -3
w A =2.1x10" rad 5

(d) asingd=na

St 1 x b0 xJ09 4
= @=5ng " sin(2.1 % 107) ol R

Question 4

(a) State the meaning of wavelength and frequency as applied to wave motion. [2]
(b) Deduce, from the definition of speed, the equation for the speed of a wave in terms
of its wavelength and frequency. [2]
Describe, using labelled sketches where appropriate, the motion and phase of
particles in
(i) a progressive longitudinal wave,
(i) a stationary longitudinal wave. [6]
State, for each type of wave described in (c), a particular example of such a wave.
2]

(c)

(d)
(e)

Light from a low pressure sodium lamp consists mostly of two wavelengths, 588.99
nm and 589.59 nm. This light is allowed to fall normally on a diffraction grating with

500.00 lines per millimetre.
(i) Describe quantitatively the pattern which would be observed.
(i) Calculate the maximum angular separation between the light of the two

wavelengths.
(iif) What problem would be likely to arise in observing the spectral lines in the order
in (ii)? 8

[D00/P3/Q3]

(b) The horizontal nylon threads
wouldcausethelighttospread
ordiffract vertically. Theverti-
cal nylon threads would
cause the light to diffract
horizontally.

Notice that Fig. 4.2 is ful
size. This indicates that you
can obtain information on
unknown variable through
direct measurement from
Fig4.2.

()
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Suggested Solution:

(a) Wavelength refers to the distance between corresponding points in successive wave-
forms, such as two successive crests or two successive troughs.

Frequency refers to the number of oscillations completed per unit time.

Distance travelled

(b) Speed= ime taken
For a complete cycle,
Distance travelled by a waveform = Wavelength
- i 5 ok 1
Time taken = Period = Frequency
_ Distance travelled _ Wavelength _
Speed=""{imetaken - 1/Frequency Wavelength>:Frequency
¢) () Ina longitudinal wave, the particles vibrate in the same direction as the direction  (c) () Students often confuse
of travel of the wave, giving rise to regions of high density (compressions C) and position with displacement in
of low density (rarefactions R) along the wave. a longitudinal wave. The
E g R c R position refers fo the location
3 3P0 & = B BE— O —IT P I8 BB OE— © of a particle with respect to a
reference point. The displace-
ment refers to how far away

to the ﬁghtL\
G i :

to the left

The row of dots in the sketch above show the actual positions of the particles

in the medium in which the progressive longitudinal wave is travelling, at a

particular point in time.

The arrows represent the displacements of the particles from their equilibrium

positions. The graph shows the variation of the displacement of each particle with

its position along the wave.

In a progressive longitudinal wave

1. the regions of C and R travel at the speed of the wave.

2. each particle vibrates about its mean position with the same amplitude and
frequency.

3. the regions of maximum compression are 90° phase ahead of the greatest
displacement in the direction of the wave.

4. adjacent particles are not in phase with one another. However, particles that
are integral multiples of wavelengths apart are in phase with one another.

(i) In a stationary longitudinal wave:
1. there are points where the displacement of the particle is permanently zero,
called displacement nodes.
2. the vibrations of the particles between successive displacement nodes are
_ in phase. Hence, when one particle is at its maximum displacement, all particles
are then at their maximum displacements. When a particle (other than the
displacement node) has zero displacement, all particles then have zero dis
placement.

—» position

from and the direction with
respect to the equilibrium
position of a particle. Note that

the sketch shows the situation .

at one particular time i.e. it is
a "snapshot’ in time.

: Other examples of progres-
3. each particle has a different amplitude of vibration from neighboring particles. @ sive Iongituginal ,,,;'Lﬁ:
Particles which have the greatest amplitude are at the antinodes.
1. the wave produced on
(d) An example of a progressive longitudinal wave is the sound wave, produced by a tuning a slinky when you vibrate it
fork, travelling from the tuning fork to another place. along the length of the slinky.
An example of a stationary longitudinal wave is the sound wave produced by blowing 2. the ultrasound waves
across the mouth of a wind instrument such as the flute. used in ultrasonic body scan-
(e) (i) Two sets of diffraction patterns due to the two wavelengths would be observed. L @hniqua.
The zeroth order bright fringe will be observed at the straight through position.  (g) (i)
dsing, = ni d= ss:arahon between adjacent
sing, = ﬂof}- i g
g, =sin™ (%)where % 500, = o, of lines per unit length
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For 4 =588.99 nm,
the first order bright fringe is at:
6, =sin™'(1x588.99x10™® x 500)
=0.0169°
the second order bright fringe is at :
8, =sin'(2x588.99x107 x500)
=0.0337°
And so on. '
For A =589.58 nm,
the first order bright fringe is at:
8, = sin"'(1x 589.59 x107° x 500)
=0.0169°
i.e. it coincides with the first order bright fringe for the A = 588.99 nm light
the second order bright fringe is at ;
8, = sin™'{2x 589.59x 107° x 500)
=0.0338°
i.e. it is very close to the first order bright fringe for the 4 = 588.99 nm light.
And so on.

(i) The maximum angular separation between the light of the two wavelengths would
occur between the corresponding lines for the largest order that is observable

theoretically.

The largest order occurs where & = 90°,
dsiné = ni

For 8 = 90°

_dsin90° _d -
Nipax = A g )

For A = 588.99 nm,

n, 3395

Sl
max = 500x588.99x10~

For A = 589.59 nm,

e [
Max = 5007589565107 ~ S202

Hence, the maximum angular separation between the light of the two wavelengths
for n = 3392.

" Maximum angular separation
= sin~'(3392 x 589.59 x 10 x 500) - sin~'(3392 x 588.99 x 10 x 500)
=2.05°

(ilf) The problem that would be likely to arise in observing the spectral lines of the order
n = 3392 is that these lines may be too faint to be observed clearly.

Leanning

Question 5
"(a) (i) Describe the motion of one particle in a transverse progressive wave.  [2]

(i) Sketch suitable graphs, with labelled axes, for a sinusoidal wave to illustrate
what is meant by

1. amplitude A,
2. wavelength 4,

3. period T. 4

CORNER

(e) (ii) The intensity of higher —
order spectral lines are
lower than that for lower
order spectral lines.

Another problem that could
arise s the difficulty in count-
ing such a large number of
fringes. 3
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A by the expression
v=14

respectively.

o X

5,0 -
500 Hz

Fig. 3.1

and t=10s

sources are not coherent.

(b) Explain the principle of superposition of two waves.
(c) Two small sound sources S, and S, have frequencies 500 Hz and 504 Hz

Sound from the two sources is detected at point X, as illustrated in Fig. 3.1.

o
504 Hz

The sound waves from S, and S, have equal amplitudes A at X.

(i)  Attime t =0, a wave crest from S, meets, at X, a wave crest from S,. By
reference to your answer td (b), state the resultant amplitude at X.

(i) A short time later, a crest from S, meets, at X, with a trough from S,.
1. Show that crest meets trough at X at time t = 0.125 s.
2. State the resultant amplitude at X at t = 0.125 s.
3. Suggest what would be heard at X during the time interval between t=0"

(d) (i)  Explain the meaning of coherence in relation 1o the superposition of two waves.
(i) Suggest why a variation of resultant amplitude is heard in (c) although the two

[J01/P3/Q3]

P
(i) Show that the speed v of a wave is related to its frequency fand wavelength S i

18l
2

(6]

]

Suggested Solution:

(i) 1. displacement

.~ position

| &———>
A

Distance moved in one cycle

(i) Speed= Time taken in one cycle

4
i

o o
=fa M'neref—T

their individual displacements.

s i ; 3

displa‘cemem

(a) (i) It oscillates in a direction that is perpendicular to the direction of travel of the wave.

» time

(b) When two waves meet, the resultant displacement is equal to the scalar sum of

WWW. | gcse. at. ua
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(c) (i) Resultant amplitude at X at t=0s 5 CORNER

= Amplitude of wave from S, at X + Amplitude of wave from S, at X

i =A+A=2A
4
1:3 (i) 1. A crest from S, first meets a trough from S, when (c) (ii) 1. S, has a higher
| frequency than S In
1 al,= (n+ %)Tz order for a trough from i
i 3 ( 1) 5 S, to meet a crest from {
i Ne==|n+%|erg S, at X, the wave from 1
" 5100 12 s S; has to lead the wave
(5% - 52) =z 508 orig s |
n= 1 : =625
: 2 x 504 x (Wi = sz)
‘ Hence, the time when this occurs = nT, E
1 3 1 =
i =62.5x 500~ 0.125s
2. Resultant amplitude at X at t=0.125sis A- A=0.
3. The sound heard at X will vary from loudest to decreasing loudness o silence
to increasing loudness to the loudest and so on. The sound is loudest when —
a crest from S, meets crest from S,. Silence occurs when a crest from S,
. meets a trough from S, and vice versa.
(d). () Two waves are said to be coherent when there is a fixed phase difference between . £
the waves so that there are well-defined maxima and minima when the two waves
: : undergo superposition.
I (i) Although the two sources are not coherent, they produce waves of slightly (d) (i) The varying ampli- __
diﬂeraﬁﬁequencmmmmeﬂerehawaysud\maimm:deofm resultant tude gives rise to varia-
i wave at a given point is not constant but varies with time. tions in loudness which
! are called beats.
& : 3
i (a) State what is transferred by a progressive wave. 1] £

(b) Two microwave sources S, and S, are situated as shown in Fig. 5.1. The waves
emitted by the two sources are in phase and are polarised in the same plane.

Y
Sie e 4
H 15.0cm
M r--—----——------—-——---———_— ------ tQ=1=
1
Spe &
(not to scale)
Fig. 5.1
32m X

A microwave detector is placed on a line XY which is parallel to, and 3.2 m from,
the line joining S, and S,. M is the midpoint of the line joining S, and S,. The line
from M perpendicular to the line S,8, meets XY at O. The detector produces an
output which is proportional to the displacement of the wave.

With only S, switched on, the change with time of the detector output measured at
P, a distance of 5.0 cm from O, is as shown in Fig. 5.2

e igcse-AleVel
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The waveform detected at P for S, only is also shown on Fig. 5.2. | s o
A fi
i waveform
displacement from S,

LN
\ [ womse. [
\ A ek onds
AV VA [ NG VA
\ /- \ / \ / time/10™"%
Xl Sl s

-

Fig. 5.2
" (i) Use Fig. 5.2 to determine
1. the period of the wav?s,
2. the phase difference between the waves of P,
3. the ratio

intensity at P of wave from S, [
intensity at P of wave from S,

(i) Using your answer to (i)1., show that the wavelength of the microwaves from
S, and S, is 2.5 cm.
(III) S and S, are switched on together, with the emitted waves in phase. The detector

mvedfrunPabngmeheOY in the direction away from O. State and explain
the approximate distance that the detector must be moved before the intensity

is a maximum, given that there is no maximum between O and P. [3]
(iv) Make an estimate of the separation of the sources S, and S,. [2)
[D01/P2/Q5]
Suggested Solution:
(a) Energy
(b) (i) 1. From 'Fig. 52, (b) @) 1: By measurement,
) the waves from S, and S
14.2 cm ts 2.0 il B
epresen x 10" s Neve: T 1 : 2
¢ 2.0 x 1019
i < 1cm represents S=rrm— s.
g Time taken to complete 1 cycle for S, =5.95x %
=8.38x10" s
The period of the waves 8.38 x 107" s
2. Phase difference between the waves at P - lime difference , 5 2. On Fig. 5.2, the
period distance between the crests
=é.3gx2‘,‘,=1.53 rad. ufS,andS,ls1.45cm You

1.45
3. Intensity « (Amplitude)? can use the ratio of z'gz 10

get your answer, without

intensity at P of wave from S; _ (Amplitude)® at P of wave from S, .
1 intensity at P of wave from S, ~ (Amplitude)? at P of wave from S, : mmm PR
~B0F _o
TP

_ igcse-AleVel
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(i) v= T :
1=vT =(3.0x10°)(8.38x107") = 0.025 m = 25cm (shown)

(iif) At P, the path difference of the waves from S, and S,is approximately

In order for the intensity along XY to be at a maximum, the path difference of the
waves from S, and S, must equal nA where n is an integer. Hence, to get the
first maximum, the detector must be moved a further distance that is 3 times the
separation of O and P in order for the path difference to increase proportionally
1o 14. Hence, it must be moved a further distance of 3 x 5 cm = 15 cm.

(iv) The first maximum occurs at a distance of 15 + 5 = 20 cm from O along OY.

dsing = ni

where dis the separation between S, and S,.

For the first maximum,

Sepis g5 R0
d= iy 02 =04m
3.2
Question 7
Data about stars are 'a!tfzost all provided from measurements involving waves in the
electromagnetic spectrum.

(a) NamﬁveregimsolmeelecuomameﬁcspectmandgivemeMerofmgnhude
of the wavelength for each of your chosen regions. 5]

(b) State two features of electromagnetic waves which are common across the whole
" - 12

(c) Adiffraction grating having 300.0 lines per millimeter is used to observe monochro-
matic light from the hydrogen spectrum, it is found that the first order diffraction
pattemn occurs at an angle of 8.385°. Calculate the wavelength of the light. [3

When an astronomer observes the hydrogen spectrum in light from a distant star,

(d)
the corresponding angle to that in(c)is 8._388“.

(i) Calculate the wavelength in this case.
(i) Calculate the percentage change which has occurred in the wavelength.

(iii) Suggest why this change in wavelength is called red shift.
(6l

(e) For greater accuracy, the astronomer wishes to change the method in (€) so as
to increase the difference between the two angles quoted in (¢) and (d). Suggest

(i) two ways in which the method may be changed.

(ii) two difficulties the astronomer might encounter.
[4]

[D01/P3/Q3]

Lw‘uwhs CORNER

(b) (i) Microwaves are part of
the electromagneticspectrum
and hence travel at 3.0 x 10*
ms.

. i i
s e S i )
g m e
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Suggested Solution:
(a) Region of electromagnetic spectrum | Order of magnitude of wavelength
ultraviolet 10°m
visible 107 m
infra-red 107 ~10*m
micro-waves 10%~10"m
radio waves 1~10°m

2. The waves can travel in a vacuum.

% 1 B el
9= 350 ines per mm %m

Given 6= 8.385° when n=1,

n 300

@ () I 6=8388° when n=1,

-

486.3-486.1

(ii) Percentage change = 2867

red shift.

in measuring the angle.

sured accurately.

(b) Two features common across the whole spectrum:

1. The waves travel at a speed of 3.00 x 10®* ms™'.

(c) dsinf = ni where d : separation between the lines on the grating.

1= dsing _ 102 x__'_'sin(ﬂ:'SBS") =486.1x10° m

403 _ sin(8.388%) _ -
2= 102X SN0 - 486.3x10° m

=100% =0.041% -

~ (iif) There is an increase in wavelength, bringing the value of the wavelength closer
to the red end of the visible spectrum. Hence, the change in wavelength is called

(e) (i) Two ways in which the methods in (c) may be changed:

1. Use a diffraction grating having a greater number of lines per millimetre so
that the angles measured can be larger, so as to reduce the fractional error

2. Instead of measuring the angle for the first order diffraction pattern, measure
the angle for a higher order diffraction pattemn for both the monochromatic
light as well as from the distant star.

(ii) Two difficulties the astronomer might encounter:
; 1. The intensity of the diffraction pattern may fall.
1 2. Higher order diffraction patterns may be too dim for the angles to be mea

W CORNER

(b) All electromagnetic waves
travel atthe speed of light and
can travel in a vacuum.

(d) (i) Inthe visible light spec-
trum, red has the longest
wavelength. Hence, the in-
crease in wavelength is-
called 'red shiff.
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Question 8

_—

(a) Figs. 7.1(a) and (b) show plane wavefronts épproaching a narrow gap and a wide
gap respectively.

Y

?
?
?
?
Z

v
v

v

(a) (b)
Fig. 7.1

On Figs. 7.1(a) and (b), draw three successive wavefronts to represent the wave
after it has passed through each of the gaps. [5]

(b) Light from a laser is directed normally at a diffraction grating, as illustrated in Fig.7.2.

scale
diffraction
grating

2

162°,

Y

laser

Fig. 7.2

The diffraction grating is situated at the centre of a circular scale, marked in degrees.
The readings on the scale for the second order diffracted beams are 136° and 162°. |
The wavelength of the laser light is 630 nm.
Calculate the spacing of the slits of the diffraction grating. (4]

(c) Suggest one reason why the fringe pattern produced by light passing through a
diffraction grating is brighter than that produced from the same source with a double

slit. )]
[Jo2/P2/QT7]
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4 i v
ég Suggested Solution: L“M'Wlﬂs CORNER

(a)

(@) In case (a), the degree of
diffraction of the waves is
larger than that for case (b).

- . This is because the gap/
aperture in case (a) is very
close to the wavelength of the
wavefronts whereas the
aperture in case (b) is roughly
thrice the wavelength.
When drawing the three suc-
cessive wavefronts after the
wave has passed through the
aperture, ensure that the dis-
tance between Successive
wavefront is the same as that
before the wave has passed
through the aperture.

Y

<D

® e=% {the angle subtended

(b) ni=dsiné byl;li\:iﬁd‘r?ﬁsdbeamdm
- spacing of the slits of the diffraction grating, e )
' 1
—_ni 3 o @=4(162°-136°) for
9= 3ina 2
- M =56x10"°m
sin(}(162°~136°))

the second order beams.

(c) There are much greater number of slits on a diffraction grating than on a double-slit.
Diffraction occurs at each of the slits, leading to interference. The greater occurrence
of constructive interference for a diffraction grating gives rise to a brighter fringe pattem.

Question 9
(a) Explain what is meant by coherent sources. 1
(b) Two small coherent sound sources S, and S, are set up as shown in Fig. 5.1.
A
: o sound
p— detector
S e
S,e
. 6.1
Fig B
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A sound detector is moved along @ line AB that is parallel to $,5,. N is the point on AB
such that S,N = S,N.

The sound waves from S, and S, have frequency 2.80 kHz and speed 336 ms™.

(i) Show that the wavelength of the waves is 12.0 cm. 1
(i) The detector, when placed at N, indicates a maximum intensity of sound. As
it is moved from N to a point P, the intensity varies between high and low
values. At P, the distance S,P is 372 cm and S,P is 402 cm.
Determine, with suitable explanation,
1. whether the intensity of sound produced at P is high or low,
2. the number of high intensity regions that are found between N and P. Do
not include the maximum at N. [6]

(iii) The intensity of sound produced at N by S, alone or by S, alone is I. Calculate
the intensity at N, in terms of /, when both S, and S, are producing sound. (3l

[D02/P2/Q5]

Suggested Solution: e

(a) Coherent sources are sources that produce waves of a constant phase difference.

() (O v=fa
4:%:

326 . : :
580 x 10° =0.12m, i.e. 12cm (Shown)

(i) 1. Path difference between S,P and S,P =402-372
=30 cm
=30
=t

=254 :

Since the path difference is not an integral muttiple of the wavelength of the sound,
destructive interference occurs at P and the intensity of sound at P is low.

2. SinceS,P-SP= 2.5, then there are two regions of high intensity between
N and P, excluding that at N.
-, Number=2

(i) Intensity o (Amplitude)®
If the amplitude of S, alone = amplitude of S, alone = A, then amplitude of sound
at N when both S, and S, are producing sound = A + A = 2A

Intensity at N = (2Af
= 4A*
=4l

Question 10

(a) Explain what is meant by
(i) the diffraction of a wave,
(ii) the principle of superposition.

[4]

(b) A narrow beam of coherent light of wavelength 589 nm is incident normally on a
diffraction grating having 4.00 x 10° lines per metre.

(i) Determine the number of orders of diffracted light that

are visible on each side
of the zero order. [3]
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(i) A student suspects that there are two wavelengths of light in the incident beam, s o s

one at 589.0 nm and the other at 589.6 nm.
1. State the order of diffracted light at which the two wavelengths are most
likely to be distinguished.

2. The minimum angular separation of the diffracted light for which two wave-
lengths may be distinguished is 0.10°. Make calculation to determine whether
the student can observe the two wavelengths as separate images.  [4]

[D03/P2/Q5]

Suggested Solution:

(a) (1) Diffraction refers to the bending and spreading of waves when they pass through
] an aperture or go around an obstacle. It is observed when the wavelength of the
wave is comparable to the width of the aperture.

(ii) The Principle of Superposition state that the resultant displacement at any point
when two waves travel through a medium is the sum of the separate displace-
ments due to the two waves.

() () dsind=ni

If 8 = 90°, 2
dsind __ 4 001 10° "
—dsingd __4.00x By
s T
Hence, the number of orders that are visible on each side of the zero order is 4.
(i) 1. The fourth order (b) (i) 1. The amount of
4 dekig=nl spreading increases as the
. 7 order increases. Hence it is
For the 4th order belonging to 589.0 nm light, likely that the fourth order
sing, = 04 lines of the two wavelengths
d E are further apart than any of
the other respective orders.

6, = sin”'(4 x589 x 10~ x 4.00 x 10°) = 70.46°
For the 4th order belonging to 589.6 nm light,

sing, = %’1

6, = sin™'(4x 589.6 x 10 x 4.00x 10°%) = 70.62°

Angle subtended by the two lines =6, -8,
=70.62°-70.46°
=0.16°>0.10°

Since this angle is larger than the minimum angular separation that may be dis-
tinguished, the student can observe the two wavelengths as separate images.

Question 11

(a) The wavelength of sound in air is of the order of one million times greater than
the wavelength of light in air. Describe how you could check this statement

experimentally. [8]

(b) (i) Show how the principle of superposition of waves can be used to explain the

formation of two-source interference fringes. [3]

- (iiy Two-source interference fringes using light can only be obtained if light from
the two sources is coherent. Explain

1. the meaning of the term coherent, Ml

2. why, in practice, interference fringes can be seen only if light from a single

source is split into two. [2]
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(ili) Coherent, monochromatic light from two narrow slits a distance 0.38 mm apart 8 CORNER
causes an interference pattern on a screen 1.20 m from the slits, as illustrated
in Fig. 3.1.

screen
pattern

— o

)

central

| 0.38) maximum

1.20m

not to scale
Fig. 3.1
The distance from the sixth bright fringe on one side of the pattern to the sixth

bright fringe on the other side of the pattern is found to be 26 mm. Calculate
the wavelength of the monochromatic light. [3]

(iv) State the experimental advantage gained by determining the fringe width in the
way that was used in (ii). [1]

(v) Another way of obtaining fringes similar to those described in (iii) is illustrated
in Fig. 3.2

Fig. 3.2

A single slit is viewed both directly and by reflection from a mirror surface.
Explain why this system produces a fringe pattern. [2]
[D04/P3/Q3]

Suggested Solution: : ?

(a) | would make use of the fact that waves can undergo interference to check this
statement. | would use Young's double-slit set-up for both sound and light waves in by
air, as described in the following. !

Sound CG A

d=0.50m|

—~ Connect sound waves of a single frequency from the same signal generator to 5
two small loudspeakers A and B. l
- Place a small sensitive microphone at P and connect it via a pre-amplifier to a
cathode ray oscilloscope (CRO). :

—  Place A and B about 0.5 m apart and equidistant to P. Place P about 1.2 m away i
from A and B.

- Move the microphone parallel to the line joining A and B. Observe the traces on
the CRO showing the maxima and minima obtained due to the interference of
sound waves from A and B. Measure y (see below). [
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topic 2= =t
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_  Calculate wavelength of sound using 4, = y_g

where y : separation between adjacent maximum and minimum as indicated by
the CRO traces.

d : separation between A and B.
D : perpendicular distance between A and B and P.

Light perspex
: filter rule
I e / :

s| i eyepi
ED ‘ : pTevepiece

A

D=1.20m )

—  Focus light from a small filament lamp onto a narrow slit S, such that in the
collimator of a spectrometer.

- Place two narrow slits A, B about 0.5 mm apart and a short distance in front
of S.

—  View the light coming from A, B in a low-powered microscope or eyepiece about
1.2 m away.

_  Place a filter between A, B and the microscope so that fringes of a particular
colour can be seen.

~  Place a Perspex rule in front of the eyepiece and move it until the graduations
are clearly seen.

- Measure the average distance, y, between the fringes using the graduations.

- Measure the distance, d, between the slits A and B using a travelling micro
scope.

- Measure the distance, D, using a metre rule.

—  Calculate the wavelength of the light using

yd

D :

Hence, compare A, and A,to check whether the wavelength of sound in air, A is
of the order of one million times greater than the wavelength of light in air,4,.

(b) (i) When two or more waves travel in the same space, the displacement of any
particle at a given time is the sum of the displacements that the individual waves
alone would give it. For waves originating from two coherent sources, when.a peak
meets another peak, a bright fringe is obtained. When a peak meets with a trough,
a dark fringe is obtained. 3

(i) 1. Light from two sources are said to be coherent if they are of the same frequ-
ency (and hence wavelength) and the phase difference between them is
always constant.

2. Ordinary light sources emit light that lack coherence due to the fact that the
emitting atoms do not act ‘cooperatively' or coherently. To get a pair of coherent
sources, light from a single source is split into two so that a constant phase .
difference is always maintained.

A =

(i) 2=2
y is the distance between 2 fringes.
There are 6 + 1 + 6 = 13 fringes.
Distance between each fringe is 26 +13=2 mm.

_ (2x107°)(0.38x107) _
1.20

A 633 nm
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(iv) Fractional error is reduced.

(v) In Fig. 3.2, there are two coherent light sources - the light that travels directly to
the eye and the light that is reflected from the mirror surface before travelling to
the eye. These two sources will interfere and produce a fringe pattern. Depending
on where the eye is positioned, bright or dark fringes can be seen.

Question 12

Coherent light is incident normally on a double slit, as shown in Fig. 6.1.

double screen

slit
m—T
—
coherent _____ emen s s P
light Q
R
B s

28m

Fig. 6.1 (not to scale)

The separation of the slits in the double-slit arrangement is 0.75 mm.

A screen is placed parallel to, and at a distance of 2.8 m from, the double slit. Pis a.
point on the screen that is equidistant from the two slits.

Fig. 6.2 shows the variation with distance from P of the intensity | of the light on the

screen.
[ Tiisl A 1 I T3 T
e P ENEEEEES ]
T - intensity 1 rEEE R o
L EEE R IR EEEEE RS EEEENEEEER
1 W i U

‘ THR. QP
H T 111 | T
Fig. 6.2
(a) Calculate the wavelength, in nm, of the coherent light. 14

(b) Points Q and R are points on the screen. Their positions are indicated on Fig. 6.2
Determine the phase angle between the waves from the double slit when the waves

meet at.
(i) point Q, phase angle = ... ...rad [1]
(if) point R. phase angle = ....semsmmmreenees rad [2]
(c) Suggest why the maxima on Fig. 6.2 are not all of the same intensity. [2]
[N06/P2/Q6]
. ua e
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Suggested Solution:

j A= ax (a) Wavelength of visible light is
s fsn between 400 to 700 nm)
From graph, x =2.2—-0=2.2 mm
-3 -3
.32 Q75X10N22X107) _g g, 107 m=590 nm
2.8
(b) () =rad
(i) Ris the midpoint between the 1st maxima (phase difference of 2x) and 2nd minima
(phase difference of 3x). Phase difference at R is 2.5 rad.

¢) The maxima further from the zero order will be of lower intensity due to the greater
distance from the light source.

—

Question 13

{a) Fig. 5.1 shows the variation with time t of the displacement y of a wave W as it
passes a point P. The wave has intensity /.

y

Fig. 5.1
A second wave X of the same frequency as wave W also passes point P.
This wave has intensity %f. The phase difference between the two wa\{es is 60°.
On Fig. 5.1, sketch the variation with time t of the displacement y of wave X.
(3

(b) In a double-slit interference experiment using light of wavelength 540 nm, the
separation of the slits is 0.700 mm. The fringes are viewed on a screen at a distance
of 2.75 m from the double slit, as illustrated in Fig. 5.2 (not to scale).

coherent light
wavelength 540 nm

0.700 mm

: 275m T

Fig. 5.2
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Calculate the separation of the fringes observed on the screen. [3 : |
(c) State the effect, if any, on the appearance of the fringes observed on the screen g
when the following changes are made, separately, to the double-slit arrangement &
in (b). .
(i) The width of each slit is increased but the separation remains constant. [3] g
(i) The separation of the slits is increased. [2 ;
[NO7/P2/Q5] 5
Suggested Solution: "
o ense I - (3) Ampitude of X: 3
b A
ua y A .
: [ 1
: ERRAR. L
=8 I~ (10 squares)®
H : ’100 uares’ _g
0 : A= qu
5 A =7.07 sm
wave W =7.1squares :!
Phase difference: i
e e (1 ]
~{fj
£ 2 s el e
; 360 | 30 squares ]
AD
(b) X r=%=55quares
-9 .
- (B4010NRTE) _ 45,12 ; Here ither X eads by y,or |
0.700x 10 © X lags by y because it is
separation=2.12 mm not asked in question.
(¢) (i) No change in fringe separation by x= % . The brightness of bright fringe © g{e w%m:ddl?;:azrﬂ 1
increases with no change in dark fringe. Therefore contrast increases. Few fringes 1
are- observed due to lesser diffraction. I
(if) Fringe separation decreases by x = _Ag , but there is no change in brightness or ngeContrast wil remain
darkness of fringes. ? ]
Question 14 ]
(a) Explain what is meant by the diffraction of & wave. 2
(b) (i) Outline briefly an experiment that may be used to demonstrate diffraction of a ]
transverse wave. [3] :
(i) Suggest how your experiment in (i) may be changed to demonstrate the
diffraction of a longitudinal wave. 3 " l
[N08/P2/Q8]
Suggested Solution: l
(a) Spreading of a wave after passing through a small opening/gap or round an obstacle
is called diffraction. [
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(b) Distribution of marks is for

; : 1. Source.
g S o
ight source i ;
lig by light due 3. Observation.
to diffraction.
Slit
Screen

Light spread out after passing through the slit and cover a wide region on the
screen.

(i)
X

=

Loud
ker
s Microphone
connected to
slit oscilloscope.

Longitudinal sound waves from the speaker are spread out from the slit and
cover the region XY which is detected by moving a microphone connected to

oscilloscope.
Question 15
Two sources S, and S, of sound are situated 80 cm apart in air, as shown in Fig. 5.1.
100cm 24 ¢
B e o _iM
I
I
I
i
I
8ocm !
I
I
I
|
e g
2
Fig. 5.1

The frequency of vibration can be varied. The two sources always vibrate in phase but
have different amplitudes of vibration.

A microphone M is situated a distance 100cm from S, along a line that is normal to
S8, 4

As the frequency of S, and S, is gradually increased, the microphone M detects maxima
and minima of intensity of sound.
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ng' co
(a) State the two conditions that must be satisfied for the intensity of sound at M to RNER

be zero. 2] : 4
(b) The speed of sound in air is 330ms™.

The frequency of the sound from S, and S, Is increased. Determine the number
of minima that will be detected at M as the frequency is increased from 1.0 kHz

O RO AL

to 4.0 kHz. (4]
[J09/P21/Q5]
Suggested Solution: : :
(a) Condition for destructive
(a) 1. Path difference (S,M—S,M) between waves from S, and S, is an odd interference:
multiple of half wavelength. destructive interference

occur when crest of one —
wave fall on the trough of
second to cancel out each

2. The amplitudes or intensities of both waves are same at M.

(b) Distance S,;M = \(SM)? +(SS,)° other effect by super-position
= (100)% + (80)° P
1 Phase difference
=128cm = odd multiple of 7z
Path difference = S,M—SM ' Flk ilrinc (3
=128-100=28 cm = i 4
4 odd multiple of 5 5
wavelength at 1.0 kHz of sound wave, A= 7
=330 __033m=33cm.
1.0x10 -
wavelength at 4.0 kHz of sound wave, A= 2—03-3%65 =0.0825 m=8.25 cm.
U X
Path difference for minima = (2n + 1)—3—
5 L]
= 28=@2n+)3 : 7

put n=0, 25:(2(0)+1)% = A=56cm
put n=1, 23:(2(1)+1)% = A4=18.7cm
put n=2, 28=(2(2)+1)% = i=112cm

put n=3, 28:(2(a)+1)% = i=80cm 2

Since wavelength 56 cm and 8.0cm are not within the range of 8.25 cm to 33cm, s0 minima
is obtained for wavelengths 11.2 cm and 18.7 cm. Therefore two minima are detected.
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Question 16 .
Question 16

A double-slit interference experiment is set up using coherent red light as illustrated in

Fig. 8.1
double slit screen
coboremt I o
rec_ljght_____ "_“_]:0.36"“11

i 2.4m
Fig. 5.1 (not to scale)
.The separation of the slits is 0.86 mm.

The distance of the screen from the double slit is 2.4 m.
A series of light and dark fringes is observed on the screen.

(a) State what is meant by coherent light. 1]
(b) Estimate the separation of the dark fringes on the screen. [3]
| (¢} Initially, the light passing through each slit has the same intensity.

The intensity of light passing through one slit is now reduced.

Suggest and explain the effect, if any, on the dark fringes observed on the screen.

2
[J09/P22/Q5]
Suggested Solution:
(a) Light waves having constant phase angle in-between them. :
(®) Separation, x =22 ' -
eparation, Xx= = 3 (b) Wavelength of red light is
BE0t0- MR ; 650 nm. -
=(—"—#=1.a1x10-3 =1.81mm
0.86x10

(c) Amplitude of a wave is
reduced if the intensity of
light passing through one
slit is reduced as

intensity oc (amplitude)®

(¢) Now amplitude of one wave is larger than the other so there is no complete destructive
interference and the dark fringes are lighter.

Question 17

(a) State what is meant by a progressive wave. 2

(b) The variation with distance x along a progressive wave of a quantity y, at a par-

ticular time, is shown in Fig. 5.1.

Y

L
D

x
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(i) State what the quantity y could represent. [1] 5 CORNER |

(i) Distinguish between the quantity y for

1. a transverse wave, (1] ]
2. alongitudinal wave. ]
(c) The wave nature of light may be demonstrated using the phenomena of diffraction %

and interference. !
! Outline how diffraction and how interference may be demonstrated using light.
| In each case, draw a fully labelled diagram of the apparatus that is used and

describe what is observed. [6]
[N09/P21/Q5]
Suggested Solution:
(a) A wave which transfer energy during its propagation due to vibration of particles on _iJ
the wave.

(b) (i) Displacement.

(i) 1. Displacement of particles is perpendicular to the direction of travel of (b) (i) Other comect answers
wave energy. are either ‘velocity' or ‘accel-
2. Displacement of particles is parallel to the direction of travel of wave eration', { ]
energy :
(g:) diffraction: :
) (c) The spreading of light into
the geomaetric shadow
region provide evidence of
diffraction . ]
: Region which i : “
Light - is illuminated Distribution of marks is fo,
source by light due to 1. Source. | |
diffraction
2. Detection.
3. Observation.
Screen

Place a light source in front of a small aperture. The light through the aperture spread
out and a bright region is available on a distant screen where darkness was expected.

interference:

Alternative
Monochromatic Bright and 7
light source dark bands

are observed

at the screen

Slit j
Double slit
to provide
coherence

Screen

Coherent monochromatic light waves meet at a distant screen which is paralle! to slit
to provide an alternate bright and dark fringes.
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