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EFFECT OF THE JOINT MOTION OF A SOUND SOURCE AND RECEIVER

ON THE PHASE DIFFERENCE BETWEEN THEIR OSCILLATIONS
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Usp. Fiz. Nauk 89, 161 (May, 1966)

T H I S demonstration is based on the fact that when а У////////////////Л
loudspeaker and microphone move at a common velocity
v in the direction of sound propagation an extra phase
difference,

0)2 atl (ulv

arises between the vibrations emitted by the loud-
speaker and those received at the microphone. Here
ш is the angular frequency, с is the velocity of sound
in air, and I is the distance between the speaker and
the microphone.

For the purpose of observing this effect a speaker
and microphone are fastened-to a board (I = 70 cm)
that is attached to a pendulum rod 1.6 m long (see the
figure); the pendulum period is 2.5 sec. The speaker
is connected to a sound generator (v = 10 kc/sec). The
signal received by the microphone is augmented by a
resonance amplifier. The ellipse displayed on an os-
cilloscope screen demonstrates the phase difference
between the amplified microphone signal and the vi-
brations of the sound source.

To begin with, the pendulum remains at rest while
a small variation of the generator frequency produces
a slanted line on the screen. Next, while the pendulum
is swinging freely the straight line becomes a periodic
ellipse. For example, if the pendulum rod is initially

inclined at 30° and the velocity of the board is of the
order 2 m/sec through the equilibrium position, then
the additional phase difference is of the order of 50°.
Subsequently the board bearing the speaker and micro-
phone is rotated until it is perpendicular to the plane
of pendulum oscillations; then no additional phase dif-
ference is observed.

This demonstration can be utilized both in a me-
chanics course and in an optics course when the basic
principles of the Fizeau and Michelson experiments
are being explained.
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1. A wheel with rubber spokes operated as a cyclic
heat engine. Utilizing the characteristic increase of
tension that accompanies the heating of stretched rub-
ber, an ingenious demonstration of a heat engine be-
comes possible. W

A light wheel (weighing about 60 g) consists of a
central disk 5 cm in diameter, a rim of 22 cm o.d. and

20 cm i.d., and four rubber spokes 3—4 cm wide. The
rim and central disk each consist of two layers of Dur-
alumin 0.3 mm thick. The spokes, made of surgical-
glove rubber, are fastened between these layers by
means of cement and light clamps that press the lay-
ers together (Fig. 1). The wheel can be rotated about
its horizontal axis with very little friction. The center
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FIG. 1.

FIG. 2.

of gravity of the wheel should be on, or extremely close
to, the axis; centering is performed with the aid of sev-
eral light sleeves mounted along the rim.

An intense beam of infrared radiation is directed at
the left-hand (or right-hand) half of the wheel, heating
and thus shortening the spokes in this half. The center
of gravity of the wheel is shifted off the axis; the re-
sultant torque causes turning of the wheel. Other
spokes are now heated by the radiation, while the pre-
viously heated spokes cool off. The wheel continues to
rotate with slowing-down periods or brief stops.

The radiation source is a helix, wound around a
conical ceramic core, that is heated by alternating cur-
rent. This 600-watt radiator is mounted near the focus
of a school-type concave metal reflector in order to
produce a slightly converging beam. In our experiment
the reflector was placed 60—80 cm from the plane of
the wheel. The heating of the coil is regulated conve-

niently by means of an autotransformer. Prior to al-
most each demonstration new spokes must be inserted,
since they become unsuitable, especially when heated.
This demonstration illustrates the principle of a cyclic
heat engine and also teaches something about the ther-
mal characteristics of polymers.

2. Diffraction of 3-cm electromagnetic waves by a
circular screen and observation of the Poisson spot.
It is difficult in a lecture to demonstrate the diffraction
of light waves by a single circular screen. This effect,
like diffraction by an aperture, '-2-' is demonstrated
clearly with centimer microwaves. The demonstration
is even simpler than that for an aperture, since a huge
screen is not required. In addition, the central bright
spot in the shadow can be observed.

The source is a 3-cm klystron oscillator (type 51-1,
for example) with a horn antenna (radiator). A round
screen of 43-cm diameter, made of plywood covered
with cemented-on tinfoil, is set up 115 cm from the
antenna. The klystron signal modulated by a low fre-
quency is received by a horn antenna located 65—75 cm
behind the screen on the axis of the system. The signal
is then fed to a detector, is amplified (by a 28-1 ampli-
fier, for example), and is displayed on an oscilloscope
screen. When the receiving antenna is displaced paral-
lel to the diameter of the screen, we can observe the
central maximum and the maxima in the region of the
screen's edge (with reduced amplification). When the
antenna leaves the shadow of the screen the signal is
increased strongly. The set of school apparatus de-
scribed by Shakhmaev C33 contains equipment for this
experiment.
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BIREFRINGENCE OF MICROWAVES
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STUIJDENTS do not find it easy to comprehend topics
in crystal optics such as circular and elliptic polari-
zation. It may be advantageous to demonstrate these
phenomena in the microwave range. Since the prepa-

ration of sufficiently large crystalline plates presents
a complicated problem, we used wood as the doubly
refracting material. A board cut in the usual manner
(along the grain) corresponds to a crystal plate cut


