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increased or decreased in proportion. The radial waves
from the radiator slits are received by a single E-plane
sector horn mounted at a distance 1—2 m from the
radiators. The amplification and the observation of the
signal are effected by the already described method.

Demonstration. When the radiating system is rotated
to the right or to the left from the central position and
the klystron supply is disconnected but the horizontal
sweep is turned on, the spot on the oscilloscope screen
moves in synchronism.

When the klystron is turned on and the radiating sys-
tem is slowly rotated, one observes visually (and by ear)
the signal from the detector of the receiving antenna;
the amplitude of the signal depends on the phase differ-
ence between the interfering waves from the two slits.
An oscillogram of the phenomenon is shown in Fig. 4.
The slight asymmetry of the outermost maxima is due
to the nonlinear dependence of the voltage picked off the
potentiometer on the angle rotation of the radiating sys-
tem.

In conclusion we note that the experiment can be per-
formed also in a different variant (which would be diffi-
cult to realize in the optical band), in which the radiator
is a single horn, and the radio waves are received by a
double antenna. To this end it is sufficient to interchange
the waveguide segments containing the klystron genera-
tor and the detector. By rotating the receiving double
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antenna, it is possible to observe a similar interference
pattern as in the first variant.
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A zone plate, which blocks the sound-wave-front path
sections corresponding to even or odd Fresnel zones,
was proposed already by Rayleighcl]. A description of
its construction and use can be found, for example, i n m .
The construction of the zone plate that rotates the phase
of the oscillations of half the zones is a much more
complicated matter. The reason lies in the fact that the
acoustic resistance p c of any substance is so much lar-
ger than the corresponding value for air, that the sound
waves are reflected from solids practically completely.
A phase zone plate was constructed in the Physics De-

partment of the Tomsk University. The method proposed
by W. Kock[3'4] for the preparation of waveguide lenses
was used. In this method the waves are made to move
between inclined plates. In this case the path traversed
by the sound in the waveguide was 1/cos b times longer
than its direct propagation in the medium, correspond-
ing to an effective refraction index n = l/cos 9 in the
waveguide section of the path.

This principle was used to prepare at first plates
introducing path differences A/2 and A between the sec-
tions of a wave front propagating through a plate and in
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free space. To this end, inclined strips of cardboard or
tin plate were mounted in wooden frames at an angle of
45° to the surface of the frame. The width I of the strips
was determined from the usual relation d(n - 1) = A/2
(or A), which in our case, at n = 1/cos 8 and a strip

f X/2
A

(Fig. 1). For a half-wave plate and a wavelength
A = 3/2 cm, the width of the strip is 5.4 cm; for a full-
wave plate the width is 10.8 cm (Fig. 2). The intervals
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FIG. 1. Side view of plate.

FIG. 2

between the plates are 2 cm and 4 cm* measured along
the frame. The source of the sound is a dynamic speaker
2GD-21 fed from an audio generator. The generator fre-
quency is chosen close to 10 kHz, so as to make the
wavelength 3.2 cm. The frequency of the sound is ad-
justed after the plate is finished. To this end, it is de-
sirable to have a sufficiently continuous control of the
audio-generator frequency. The experiment is per-
formed as follows: The dynamic speaker is placed at the
focus of a spherical mirror so as to obtain a plane
acoustic wave. The reception is with a l-MD-35 micro-
phone located in the focus of another spherical mirror.
The voltage from the microphone is fed to a low-fre-
quency amplifier 28IM (U2-1A), and then to an oscillo-
scope Sl-1 (E0-7)t with the time sweep disconnected.

*An interval of 4 cm was taken for a wave plate in order to weaken
the reflection of the acoustic waves from the broad inclined plates.

tit is possible to modulate the 10 kHz carrier frequency by a lower
audio frequency, and then, after amplification and detection, the low-
frequency signal can be fed to the dynamic speaker.

1. The plate introducing a path difference A/2 is
placed between the section of the wave front passing
through the plate and another section propagating in free
space, in such a way as to lengthen the path of half the
wave front traveling to the microphone; it is observed
that the reception amplitude decreases practically to
zero (at the proper frequency). Covering the entire
wave front by this plate demonstrates that the intense
reception of the sound wave is resumed.

2. When a plate introducing a path difference A be-
tween the section of the wave front passing through it
and the section of the front moving in free space is em-
ployed, the reception is weakened very little if either
the entire front or half the front is covered by the plate.
When the plates are installed, it is important to prevent
occurrence of intense standing waves between the dy-
namic speaker and the zone plate.

3. To prepare a zone plate with reversal of the os-
cillation phase, a cross piece is used, on which three
rings of brass tubing are mounted; the ends of the tube
are secured by means of a rod soldered in them. A tube
of suitable length is first bent on a cylindrical surface.
Strips of tin plate, producing an additional phase shift of
180° for waves passing on the inclined path between the
strips, are soldered to the rings at an angle of 60°.
Spherical acoustic waves are used (the mirror forming
the plane wave is removed in this case). The dimension
of the rings is calculated for spherical waves with
A = 3/2 cm, and for distances of 1 m each from the
zone plate to the sound source and to the receiver. The
radii of the central and succeeding Fresnel zones are in
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this case Ro = 12.67, RL = 17.95, R2 = 22.03, R3 = 25.48,
R4 = 28.54, R5 = 31.80, and R6 = 32.70 cm.

In our setup, the phase shift was produced on the
area of the central, second, and fourth Fresnel zones
(Figs. 3 and 4).

By placing the phase zone plate in the path of spher-
ical waves, half-way between the microphone and the
dynamic speaker, it is demonstrated that the zone plate
increases greatly the received amplitude to more than
double the value obtained when the even zones are
covered by rings of plywood or tin plate and no waves
pass through them at all, i.e., in the case of an ampli-
tude zone plateC2].

4. For the fourth experiment, the following instru-
ment was prepared: a sheet of plywood was mounted on
a stand and an opening of radius R3 = 25.40 cm was cut
in it; four Fresnel zones fit inside this hole. On a cross
piece left when sawing out the hole, it was possible to
mount with the aid of posts an aluminum disk and rings
with radii Ro, Ri, R2, and R3 as indicated above. The
stand was placed half-way between the microphone and
the dynamic speaker, the distance between which was
2 m, just as in experiment 3. By removing the disc

covering the central Fresnel zone, it is demonstrated
that the amplitude of the received sound wave has doub-
led compared with the case when the wave front is com-
pletely exposed. By removing the next ring, it is veri-
fied that reception drops to zero. When the second
Fresnel zone is uncovered, the reception is restored,
but it is greatly weakened when the third zone is uncov-
ered.
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