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1)
The variation with time t of the displacement x of a point in a transverse wave T, is shown in
Fig. 5.1.
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1A
4 /|
y -r1
C 2 3 4 5 6 l'!’
t/s
\ A
T1-A
Fig. 5.1

(a) By reference to displacement and direction of travel of wave energy, explain what is
meant by a transverse wave.

(b) A second transverse wave T,, of amplitude A has the same waveform as wave T, but
lags behind T, by a phase angle of 60°. The two waves T, and T, pass through the
same point.

(i) On Fig. 5.1, draw the variation with time t of the displacement x of the point in
wave T,. (2]

(ii) Explain what is meant by the principle of superposition of two waves.

............................................................................................................................... [2]
(iii) Forthe time t=1.0s, use Fig. 5.1 to determine, in terms of A,
1. the displacement due to wave T, alone,
displacement = ..o
2. the displacement due to wave T, alone,
displacement = ..........cccoiiiiiiiia
3. the resultant displacement due to both waves.
displacement = ..........cciiiiiiiiiiii
(3]
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2)

(a) State three conditions that must be satisfied in order that two waves may interfere.

L PPN
- N ——
EC T [3]
(b) The apparatus illustrated in Fig.4.1 is used to demonstrate two-source interference
using light.
- 2 -
light .|
gnt,
wavelength 4 : . 3 a
double
slit
screen

Fig. 4.1 (not to scale)
The separation of the two slits in the double slit arrangement is a and the interference
fringes are viewed on a screen at a distance D from the double slit. When light of
wavelength A is incident on the double slit, the separation of the bright fringes on the
screen is x.

() 1. Suggest a suitable value for the separation a of the slits in the double slit.

---------------------------------------------------------------------------------------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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(ii) Describe the effect, if any, on the separation and on the maximum brightness of the
fringes when the following changes are made.

1. The distance Dis increased to 2D, keeping a and A constant.
- ST —
Maximum DrIghINESS: ......cccciiuimimmiiinsssnssssnsssssssssssssssssssssssssssssssssssssssssssssssnnssss
2. The wavelength A is increased to 1.54, keeping a and D constant.
T SR STE———
Maximum DrghINESS: ........cciiiiriimiiiininesisssissssssssssssssssssssssssssssssssssssssansssas

3. The intensity of the light incident on the double slit is increased, keeping A, a
and D constant.

=T 0T 1 [0 T

Maximum DrightN@SS: .........covierrmmiimmmiinmsrsmsssesssssssssnsssssnssssnssssnssssnsssssssssssssnneses

(7]

(a) Figs. 7.1(a) and (b) show plane wavefronts approaching a narrow gap and a wide gap
respectively.
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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]
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(b) Light from a laser is directed normally at a diffraction grating, as illustrated in Fig. 7.2.

scale
diffraction
grating
AV
| 162°
laser > @g
| 136°
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.

SPACING = .eoveeeeerieierieeeeeeriniesre e e seneeee s m [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.
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4)
Light of frequency 4.8 x 104 Hz is incident normally on a double slit, as illustrated in Fig.6.1.
double slit
/ P screen
light of
9 00 rom
frequency
48x10™ Hz 1.5mm
< >
26m

Fig. 6.1 (not to scale)
Each slit of the double slit arrangement is 0.10 mm wide and the slits are separated by
1.5mm. The pattern of fringes produced is observed on a screen at a distance 2.6 m from
the double slit.

(a) (i) Show that the width of each slit is approximately 160 times the wavelength of the
incident light.

[3]

(ii) Hence explain why the pattern of fringes on the screen is seen over a limited area
of the screen.
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(b) Calculate the separation of the fringes observed on the screen.

separation = .......cccceeveeiiieeiieiieieeeeee mm [3]

(c) The intensity of the light incident on the double slit is increased. State the effect, if any,
on the separation and on the appearance of the fringes.

------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------
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5)
Light of wavelength 590 nm is incident at right angles to a diffraction grating having
5.80x10° lines per metre, as illustrated in Fig. 4.3.
screen
grating
/ i first order image
incidentlight o
wavelength 530nm ) - L
-§--Y first order image
e 1'mm AAAAAAAAAAAAAAAAAAAAAAAAAAAAA —
Fig.4.3
A screen is placed parallel to and 1.50 m from the grating. Calculate
(i) the spacing, in um, of the lines of the grating,
SPACING = .evviriniiiniiieieeeeieeaeananananans um

(ii) the angle 6 to the original direction of the light at which the first order diffracted
image is seen,

angle = ..o °
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(iii) the minimum length L of the screen so that both first order diffracted images may
be viewed at the same time on the screen.

length = ... m
[5]
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(a) State what is meant by

(i) the frequency of a progressive wave,

..................................................................................................................................

(b) One end of a long string is attached to an oscillator. The string passes over a frictionless
pulley and is kept taut by means of a weight, as shown in Fig. 5.1.

| oscillator

Fig. 5.1

The frequency of oscillation is varied and, at one value of frequency, the wave formed
on the string is as shown in Fig. 5.1.

(i) Explain why the wave is said to be a stationary wave.

----------------------------------------------------------------------------------------------------------------------------------

.............................................................................................................................. (1]
(ii) State what is meant by an antinode.

.............................................................................................................................. [1]
(iii) On Fig. 5.1, label the antinodes with the letter A. [1]
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(c) A weight of 4.00N is hung from the string in (b) and the frequency of oscillation is
adjusted until a stationary wave is formed on the string. The separation of the antinodes
on the string is 17.8cm for a frequency of 125Hz.

The speed v of waves on a string is given by the expression
ra
v= 'L
\m '
where T is the tension in the string and m is its mass per unit length.
Determine the mass per unit length of the string.

mass per unit length = .........ccceeiiiiiiiiiiceeceee, kgm™ [5]
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(a) Explain what is meant by the diffraction of a wave.

(b) (i) Outline briefly an experiment that may be used to demonstrate diffraction of a
transverse wave.

(ii) Suggest how your experiment in (i) may be changed to demonstrate the diffraction
of a longitudinal wave.
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8)

Two sources S, and S, of sound are situated 80cm apart in air, as shown in Fig. 5.1.

100cm

S M
|
|
|
80cm :
|
|
|
|
!
Tg
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 S, S,.

As the frequency of S, and S, is gradually increased, the microphone M detects maxima and
minima of intensity of sound.

(a) State the two conditions that must be satisfied for the intensity of sound at M to be
zero.

(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 1.0kHz to 4.0kHz.

NUMDET = ..eeiiiieiieeee e [4]
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9)

Fig. 6.1 shows wavefronts incident on, and emerging from, a double slit arrangement.

T
N
————

Fig. 6.1

The wavefronts represent successive crests of the wave. The line OX shows one direction
along which constructive interference may be observed.

(a) State the principle of superposition.

..................................................................................................................................................

............................................................................................................................................ [3]
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(i) a second direction along which constructive interference may be observed (label

this line CC),

(ii) a direction along which destructive interference may be observed (label this line

DD).

(2]

(c) Light of wavelength 650nm is incident normally on a double slit arrangement. The

interference fringes formed are viewed on a screen placed parallel to and 1.2m from the
plane of the double slit, as shown in Fig. 6.2.

light of

The fringe separation is 0.70 mm.

(i) Calculate the separation a of the slits.

screen
| :
==
1.2m
not to scale
Fig.6.2
separation = ......cccceeveeiiieiieneeeeeeenen, m [3]
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(ii) The width of both slits is increased without changing their separation a. State the
effect, if any, that this change has on

1. the separation of the fringes,

...................................................................................................................................

10)

A string is stretched between two fixed points. It is plucked at its centre and the string
vibrates, forming a stationary wave as illustrated in Fig. 4.1.

75cm

e

Fig. 4.1

The length of the string is 75cm.
(a) State the wavelength of the wave.
wavelength = ... m [1]

(b) The frequency of vibration of the string is 360 Hz. Calculate the speed of the wave on
the string.

SPEEA = evvriiiiiiiieeeeiiieaeaaans ms~! [2]

(c) By reference to the formation of the stationary wave on the string, explain what is meant
by the speed calculated in (b).
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11)

(a) Explain what is meant by the diffraction of a wave.

------------------------------------------------------------------------------------------------------------------------------------------
..........................................................................................................................................

(b) Light of wavelength 590 nm is incident normally on a diffraction grating having 750 lines

per millimetre.
The diffraction grating formula may be expressed in the form

dsiné = nA.

(i) Calculate the value of d, in metres, for this grating.

T m [2]

(ii) Determine the maximum value of n for the light incident normally on the grating.

maximum value of = .......ccoocoieiiiii e [2]
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(iii) Fig. 5.1 shows incident light that is not normal to the grating.

diffracted
light

incident
light

il
AN

|| ™~grating

Fig. 5.1

Suggest why the diffraction grating formula, dsin@ = nA, should not be used in this
situation.

(c) Light of wavelengths 590 nm and 595 nm is now incident normally on the grating.
Two lines are observed in the first order spectrum and two lines are observed in the
second order spectrum, corresponding to the two wavelengths.
State two differences between the first order spectrum and the second order spectrum.
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A long tube, fitted with a tap, is filled with water. A tuning fork is sounded above the top of the
tube as the water is allowed to run out of the tube, as shown in Fig.6.1.

tuning fork

512Hz
\':’g e e

| |

32.4cm

Fig. 6.1 Fig. 6.2

A loud sound is first heard when the water level is as shown in Fig. 6.1, and then again when
the water level is as shown in Fig.6.2.

Fig. 6.1 illustrates the stationary wave produced in the tube.

(a) On Fig.6.2,
(i) sketch the form of the stationary wave set up in the tube, [1]
(i) mark, with the letter N, the positions of any nodes of the stationary wave. 1]
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(b) The frequency of the fork is 512 Hz and the difference in the height of the water level for
the two positions where a loud sound is heard is 32.4cm.

Calculate the speed of sound in the tube.

SPEEA = ..uvneiiniiiieiiinnnns ms~' [3]
(c) The length of the column of air in the tube in Fig.6.1 is 15.7cm.

Suggest where the antinode of the stationary wave produced in the tube in Fig.6.1 is
likely to be found.

@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor


http://theonlinephysicstutor.com
http://facebook.com/TheOnlinePhysicsTutor
https://twitter.com/TOPhysicsTutor

theonlinephysicstutor.com

13)
(a) Inorder that interference between waves from two sources may be observed, the waves
must be coherent.
Explain what is meant by
(i) interference,
.............................................................................................................................. [2]
(ii) coherence.
.............................................................................................................................. [1]
(b) Red light of wavelength 644 nm is incident normally on a diffraction grating having 550
lines per millimetre, as illustrated in Fig. 4.1.
diffraction _. 1%t order, wavelength A
grating _.~~_ 1%t order, wavelength 644 nm
4
incident light =~
- zero order
wavelengths 644 nm RN
and 4 TN
~ \\

~< > 1% order, wavelength 644 nm
" 15! order, wavelength 4

Fig. 4.1

Red light of wavelength A is also incident normally on the grating. The first order
diffracted light of both wavelengths is illustrated in Fig. 4.1.
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(i) Calculate the number of orders of diffracted light of wavelength 644 nm that are
visible on each side of the zero order.

number = .......ccoviveiiiiiiiaennnnn. (4]
(ii) State and explain

1. whether A is greater or smaller than 644 nm,

2. in which order of diffracted light there is the greatest separation of the two
wavelengths.
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14)
(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 1.

y

AN
4
N

y.

pd

wave W

AN

I'

Fig. 5.1

A second wave X of the same frequency as wave W also passes point P.
This wave has intensity 3 1. The phase difference between the two waves is 60°.
(3]

On Fig. 5.1, sketch the variation with time t of the displacement y of wave X.

(b) In a double-slit interference experiment using light of wavelength 540 nm, the separation
of the slits is 0.700mm. The fringes are viewed on a screen at a distance of 2.75m from

the double slit, as illustrated in Fig. 5.2 (not to scale).

coherent light
0.700 mm
wavelength 540 nm

N N

screen

275m

Fig. 5.2

facebook.com/TheOnlinePhysicsTutor

@TOPhysicsTutor


https://twitter.com/TOPhysicsTutor
http://theonlinephysicstutor.com
http://facebook.com/TheOnlinePhysicsTutor

theonlinephysicstutor.com

Calculate the separation of the fringes observed on the screen.

separation = .....ccccceeieiieiicneniennen mm [3]

(c) State the effect, if any, on the appearance of the fringes observed on the screen 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.

----------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------
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