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1 Astretched string PQ has length 1.2m. One end of the string is attached to a vibration generator
and the other end is attached to a wall, as shown in Fig. 5.1.
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Fig. 5.1

The vibration generator is switched on and a stationary wave is formed on the string. The string is
shown at one instant of time in Fig. 5.2.

Fig. 5.2

(e) Calculate the speed of the progressive waves on the stretched string.



7.1 Progressive waves PhysicsAndMathsTutor.com

2 (b) Asquare solar panel with sides of length 1300 mm is shown in Fig. 1.1.
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Fig. 1.1 (not to scale)

Light is incident normally on the solar panel.

(i) The power of the light incident on the solar panel is 750 W.

Calculate the intensity of the light.

INtENSItY = ..o Wm=2 [3]
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3 Two coherent sources X and Y of microwaves of frequency 2.5 x 10'9Hz are a distance of 0.18m
apart in a vacuum, as shown in Fig. 6.1.
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Fig. 6.1 (not to scale)
There is a phase difference of 90° between the waves emitted at the two sources.

A microwave detector moves along the line PQ, which is parallel to the line joining the two sources
and 2.3m away from it.

Point O is on the line PQ at a position that is equidistant from the two sources.

Point A is the position on line PQ where the intensity of the microwaves is the greatest.

(b) (i) Show that the wavelength of the microwaves is 0.012m.

(2]
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4 (a) An electromagnetic wave in a vacuum has a wavelength of 8.4 x 108m.

(ii) Calculate the frequency, in THz, of the wave.

frequenCY = . THz [2]

5 (b) Atube is closed at one end. A loudspeaker is placed near the other end of the tube, as shown
in Fig. 5.1.
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Fig. 5.1 (not to scale)

The loudspeaker emits sound of frequency 1.7 kHz. The speed of sound in the air in the tube
is 340ms~"1. A stationary wave is formed with an antinode A at the open end of the tube.
There is only one other antinode A inside the tube, as shown in Fig. 5.1.

Determine:

(i) the wavelength of the sound

wavelength = ..., m [2]
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6 A train travels at a constant high speed along a straight horizontal track towards an observer
standing adjacent to the track, as shown in Fig. 5.1.
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Fig. 5.1
The train sounds its horn continuously as it approaches the observer, from time t = 0 until it is well

past the observer at time f = t,. The train passes the observer at time t = t,.
The horn emits a sound wave of constant frequency fy.

(b) At a particular time, the sound waves at the observer have an intensity of 4.7 x 103Wm™2.
The waves at the observer are incident at right angles on a circular detector of radius 2.8cm.

Calculate the power P of the waves incident on the detector.
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7 Anhorizontal string is stretched between two fixed points A and B. A vibrator is used to oscillate the
string and produce an observable stationary wave.

At one instant, the moving string is straight, as shown in Fig. 5.1.

point P

Fig. 5.1

The dots in the diagram represent the positions of the nodes on the string. Point P on the string is
moving downwards.

The wave on the string has a speed of 35ms~" and a period of 0.040s.
(d) A particle on the string has zero displacement at time t = 0. From time { =0 to time t = 0.060s,
the particle moves through a total distance of 72mm.

Calculate the amplitude of oscillation of the particle.

amplitude =
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8 (c) Amicrowave of intensity I, and amplitude A, meets another microwave of the same frequency

and of intensity %Io travelling in the opposite direction. Both microwaves are vertically plane
polarised and superpose where they meet.

(ii) Determine, in terms of A, the maximum amplitude of the wave formed.

maximum amplitude = ... A, [3]

9 (a) For a progressive wave, state what is meant by wavelength.

(b) Alight wave from a laser has a wavelength of 460 nm in a vacuum.

Calculate the period of the wave.
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10 (a) For a progressive wave, state what is meant by its period.

(c) Electromagnetic waves of wavelength 0.040m are emitted in phase from two sources X and
Y and travel in a vacuum. The arrangement of the sources is shown in Fig. 4.1.
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Fig. 4.1 (not to scale)

A detector moves along a path that is parallel to the line XY. A pattern of intensity maxima and
minima is detected.

Distance XZ is 1.380m and distance YZ is 1.240m.

(ii) Calculate the period, in ps, of the waves.
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11 (a) State the difference between progressive waves and stationary waves in terms of the transfer
of energy along the wave.

(b) A progressive wave travels from left to right along a stretched string. Fig. 4.1 shows part of
the string at one instant.
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Fig. 4.1

P, Q and R are three different points on the string. The distance between P and R is 0.48 m.
The wave has a period of 0.020s.

(i) Use Fig. 4.1 to determine the wavelength of the wave.

wavelength = ... m [1]

(ii) Calculate the speed of the wave.

(iii) Determine the phase difference between points Q and R.

phase difference = ..., ° 1]
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12 A progressive wave Y passes a point P. The variation with time t of the displacement x for the
wave at P is shown in Fig. 5.1.
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Fig. 5.1

The wave has a wavelength of 8.0cm.

(a) Determine the speed of the wave.

(b) A second wave Z has wavelength 8.0cm and amplitude 2.0mm at point P. Waves Y and Z
have the same speed.

For the waves at point P, calculate the ratio

intensity of wave Z
intensity of wave Y
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13 Microwaves with the same wavelength and amplitude are emitted in phase from two sources X
and Y, as shown in Fig. 5.1.
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Fig. 5.1 (not to scale)
A microwave detector is moved along a path parallel to the line joining X and Y. An interference

pattern is detected. A central intensity maximum is located at point A and there is an adjacent
intensity minimum at point B. The microwaves have a wavelength of 0.040 m.

(a) Calculate the frequency, in GHz, of the microwaves.

frequency = . GHz [3]

(c) The amplitudes of the waves from the sources are changed. This causes a change in the
amplitude of the waves arriving at point A. At this point, the amplitude of the wave arriving from
source X is doubled and the amplitude of the wave arriving from source Y is also doubled.

Describe the effect, if any, on the intensity of the central maximum at point A.



7.1 Progressive waves PhysicsAndMathsTutor.com

14 (a) A loudspeaker oscillates with frequency f to produce sound waves of wavelength A. The
loudspeaker makes N oscillations in time .

(i) State expressions, in terms of some or all of the symbols 7, A and N, for:

1. the distance moved by a wavefront in time ¢

AiSTANCE = e

2. timet.

(ii) Use your answers in (i) to deduce the equation relating the speed v of the sound wave to
fand A.

[1]

(b) The waveform of a sound wave is displayed on the screen of a cathode-ray oscilloscope
(c.r.o.), as shown in Fig. 5.1.
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Fig. 5.1
The time-base setting is 0.20mscm™.

Determine the frequency of the sound wave.

freqUeNCY = i Hz [2]
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15 (a) For a progressive water wave, state what is meant by:

(i) displacement

(b) Two coherent waves X and Y meet at a point and superpose. The phase difference between
the waves at the point is 180°. Wave X has an amplitude of 1.2cm and intensity I. Wave Y
has an amplitude of 3.6cm.

Calculate, in terms of I, the resultant intensity at the meeting point.

INENSITY = oo 2]
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16 Arripple tank is used to demonstrate the interference of water waves.
Two dippers D1 and D2 produce coherent waves that have circular wavefronts, as illustrated in
Fig.5.1.

D1 D2

Fig. 5.1

The lines in the diagram represent crests. The waves have a wavelength of 6.0cm.

(c) The speed of the waves is 0.40ms™". Calculate the period of the waves.
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17 (a) State what is meant by the wavelength of a progressive wave.

(b) A cathode-ray oscilloscope (CRO) is used to analyse a sound wave. The screen of the CRO
is shown in Fig. 5.1.
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Fig. 5.1

The time-base setting of the CRO is 2.5mscm™".

Determine the frequency of the sound wave.

frequeNCY = ..o Hz [2]
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(c) The source emitting the sound in (b) is at point A. Waves travel from the source to point C
along two different paths, AC and ABC, as shown in Fig. 5.2.
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Fig. 5.2 (not to scale)
Distance AB is 8.0m and distance AC is 20.8m. Angle ABC is 90°. Assume that there is no

phase change of the sound wave due to the reflection at point B. The wavelength of the
waves is 1.6m.

(iii) Determine the difference between the times taken for the sound to travel from the source
to point C along the two different paths.

time difference = ........cocoiii s [2]
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18 (a) For a progressive wave, state what is meant by

(i) the period,

(i) the wavelength.

(b) Fig. 4.1 shows the variation with time t of the displacement x of two progressive waves P and
Q passing the same point.
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Fig. 4.1

The speed of the waves is 20cms™.

(i) Calculate the wavelength of the waves.

wavelength = ... cm [2]
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(i) Determine the phase difference between the two waves.

phase difference = .........ccooiiiii ° 1]
(iii) Calculate the ratio

intensity of wave Q
intensity of wave P’

FALO = oo 2]
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19 (a) (i) Define the wavelength of a progressive wave.

20 (b) A stationary sound wave in air has amplitude A. In an experiment, a detector is used to
determine A2. The variation of A? with distance x along the wave is shown in Fig. 4.1.
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(iii) Determine the ratio

amplitude A of wave at x=20cm
amplitude A of wave at x=25cm

Fatio = oo [2]



