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nets should be so arranged that their field-intensity
vectors have the same direction (parallel to the radiat-
ing plane of the vibrator). A different arrangement of
the magnets relative to the vibrator is possible, but
does not always lead to the best results. The excitation
winding of the radiator consists of two identical sections
wound in the same direction. The number of turns on
the excitation winding and the optimum value of the
magnetic field that polarizes the vibrator can be easily
determined experimentally by bearing the following in
mind: the higher the resonant frequency of the radiator
(the smaller the vibrator dimensions), the weaker
should be the field magnetizing the vibrator, and obvi-
ously the smaller the number of turns of the excitation
winding. It must be borne in mind that the vibrators of
the proposed magnetostriction radiators are best ex-
cited at their fundamental natural frequency; excitation
of a ferrite vibrator at harmonics higher than the third
is generally unadvisable, since the vibrator becomes
rapidly heated and its operation becomes unstable (a
drift of the resonant frequency is observed and it be-
comes necessary to retune the generator constantly).

By way of example we indicate briefly the principal
data for a symmetrical magnetostriction radiator in-
tended to produce in a liquid ultrasound of frequency on
the order of 8 MHz. This radiator is assembled on a

vinyl plastic frame and consists of a ferrite vibrator
measuring 0.4 χ 15 x 20 mm, excitation winding each
having two sections of 3—4 turns of PEL 0.6 wire, and
two vibrator-magnetizing magnets of 10 mm diameter
and 5 mm thickness.

The proposed magnetostriction radiators make it
possible to perform the same experiments that are
usually performed with piezoelectric radiators, for
example to demonstrate a standing ultrasound wave in
liquid, the reflection, refraction, interference, and dif-
fraction of ultrasonic waves, radiation pressure, an
ultrasonic fountain, diffraction of light by an ultrasonic
wave, the chemical action of ultrasound, coagulation of
hydrosols, etc.

In conclusion, notice should be taken of both the un-
disputed advantages of the magnetostriction radiators
described here over the piezoelectric radiator (sim-
plicity of construction, possibility of constructing
vibrators with required parameters using widely avail-
able ferrite rods, etc.), as well as their essential
shortcomings (difficulty of excitation of magnetostric-
tion vibrators at harmonics of as high an order as, for
example, in quartz vibrators, and the appreciable
vibrator heating in comparison with piezoelectric ones).
Incidentally, as indicated, these shortcomings should
not discourage a very wide utilization of magnetostric-
tion radiators, at least for teaching purposes.

The authors are grateful to R.-E. E. Shafir for great
help with the construction of a number of radiators pro-
posed in this note.

^ a . S. Maksimov, Usp. Fiz. Nauk 50, 433 (1953).
ZV. I. Krasnyuk, in: Primenenie ul'traakustiki k

issledovaniyu veshchestva (Use of Ultrasonics in
Material Research), No. 9, MOPI, 1964.

Interference of 3-cm radio waves in a
plane-parallel dielectric layer

L. P. Strelkova
Moscow State University
Usp. Fiz. Nauk 111, 547-549 (November 1973)

If an electromagnetic linearly-polarized monochro-
matic plane wave is incident from air on a plane-
parallel layer of a homogeneous absorbing dielectric
with dielectric constant e > 1, then the intensities l(t)
and l( r* of the waves transmitted and reflected from
this layer respectively, are expressed in terms of the
well known Airy formulas'-11, which were derived with
account taken of an infinite number of reflections from
both boundaries of the layer:

/04flsin26/2
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(1)

(2)

In these formulas, R and Τ are respectively the coef-
ficients of reflection and transmission of the layer
boundary and are connected by the relation R + Τ = 1,
δ = (2ffhAo) cos Θ, where h is the thickness of the
dielectric layer, λ0 is the wavelength of the radiation in
air, θ is the angle of refraction of the radiation at the
layer boundary, and Ρ and Q are the reflection and
transmission coefficients of the layer as a whole. We

confine ourselves henceforth to cases in which θ = 0.

The value of l ( r ' is maximal when the layer of thick-
ness h satisfies the conditions

l( r) vanishes when

k=~2"yi

Τ^Ϊ'Τ^ϊ ^c.

2 λ0

£- etc.

(3)

(4)

As seen from (1), and also from the condition ift) + l( r )
= 1, ΐ(*) is maximal if the conditions (4) are satisfied
and minimal if conditions (3) are satisfied.

The wave incident on the layer interferes with the
less intense wave reflected from the layer, as a result
of which a system of standing waves superimposed on
the traveling wave is produced in front of the layer. This
spatial distribution of the intensity is characterized by
the standing wave ratio (SWR), defined as the ratio of
the maximum field amplitude A m a x to the minimum
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amplitude A m i n . By investigating the distribution of the
intensity on both sides of the layer and by measuring
the SWR it is possible to obtain a complete idea con-
cerning the regularities described above and to obtain
the value of € of the layer. This is conveniently done
in the three-cm radio band for a layer having h < λ0.

A diagram of the installation used for this purpose
is shown in Fig. 1. Here R is a horn radiator excited
by a K-19 klystron oscillator, Pr is a receiving probe
whose antennas are metallic detector clamps of the
DKV-4 type. The detector is mounted on a foamed-
plastic holder, which in turn is fastened on a slide. The
latter is displaced along two horizontal guides with a
micrometric screw.

The investigated plane-parallel layer of the dielec-
tric is a stack of tightly compressed sheets of organic
glass. The thickness h of the stack can be varied from
2 to 31 mm. The absorber for the radiation passing
through the stack is a multilayer set of felt plates
dusted with graphite powder. The probe with the detec-
tor is placed in the investigated wave field. An emf in-
duced by the high-frequency field of the radiator is pro-
duced in its antenna. The signal is detected and the dc
component is measured by an LM pointer-type galvano-
meter. The characteristic of the DKV-4 detector is
quadratic for weak signals. Therefore the dc compon-
ent of the rectified current is proportional to the radia-
tion intensity.

The measurements begin with a determination of the
wavelength λ0 of the employed radiation. To this end, a
flat metallic mirror is placed in front of the horn of the
radiator. The approximate distance between the mirror
and the horn is 1 m. By moving the detecting antenna
from the mirror towards the horn, one measures the
distribution of the intensity I along the χ axis in the
standing-wave system produced in this case. The posi-
tion of the antenna is measured on a scale secured to
the guides of the slide. The value of 0 is determined
from the plot of the distribution of I vs. χ with accuracy
to several tenths of a millimeter.

To observe interference effects and to calculate e of
the dielectric layer, the measurements (using the r e -
flected wave) a r e performed in the following manner:
the metallic m i r r o r i s removed and is replaced by a
stack of organic-glass plates with different thicknesses
h. In order for the radio horn not to influence the d i s t r i -
bution of the intensity in the standing-wave system, it
i s also placed far enough from the stack.

The probe is first placed in front of the stack, a s
close to it as permitted by the thickness of the probe.
Then, moving the probe towards the horn, the maximum
and minimum readings of the galvanometer imax
~ A2 onH

Amax a n a
a r e recorded in an interval

(8—10)λ0. Such measurements a r e performed for a
number of thicknesses h of the dielectric-plate s tacks .

The measurement resul t s a r e reduced in the follow-
ing manner. The value of SWR = A m a x / A m i n is deter-
mined and i ts mean value i s found for each measure-
ment run made at each value of h. A plot of SWR
against h is constructed (Fig. 2a). The reflection co-
efficient Ρ of the layer in formula (2) i s expressed in
t e r m s of the SWR a s follows:

SWR-i
"SWR+i

and accordingly

SWR=

(5)

(6)

It follows therefore that the extremal values of the
SWR correspond to extremal values of P . Consequently,
using the plot and the conditions (3) and (4), and knowing
beforehand the measured value of λ0, i t is possible to
obtain the value of e of organic glass at 1O10 Hz. It
turns out to equal 3.2 ± 0.1, which a g r e e s with the data
given in the handbook1 2 1. Then, using (2) and (6), one
can calculate the theoretical values of SWR at the ob-
tained value of e. In our case, the plot of these values
practically coincides with the curve drawn through the
experimental data (see Fig. 2a), with the exception of
the points at which the indicated values of SWR a r e
equal to unity.

The next cycle of measurements is car r ied out for a
wave passing through the stack, and therefore the probe
is placed between the stack in the absorber . Since the
latter is not ideal, a system of standing waves is p r o -
duced also behind the stack. It is easy to see that the
sought traveling-wave amplitude A ~ Q / ΰ , which d e -
pends on the thickness h of the stack, can be obtained
if the field of the standing waves between the stack and
the absorber is measured by moving the probe. In fact

A -^πΐΒΣ-Ι-ΛτηΙιη V*max-|~ V 'min

2 2 ·

When the thickness h of the stack satisfies the condi-
tions (4), the amplitude of the traveling wave assumes
the maximum value Ao. The dashed curve in Fig. 2b
shows the experimentally obtained plot of A/Ao against
h . The solid line in the same figure shows a plot of the
theoret ical dependence of A/Ao on h at the previously
obtained value of e. The maximum value of Ρ from (1)
i s assumed to be unity.

Thus, the entire aggregate of the experiments and
their reduction i l lustrate clearly the interference effects
in a plane-parallel dielectric layer, something difficult
to demonstrate in the optical band of the electromag-
netic spectrum.
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Lecture demonstration on a bench with

an air cushion

K. N. Baranskir, D. F. Kiselev, V. V.

Korchazhkih, and S. I. Usagin
Moscow State University
Usp. Fiz. Nauk 111, 549-551 (November 1973)

A body can move on an air cushion—a thin layer of
compressed air—with practically no friction. This
method of decreasing friction has found application in a
number of interesting physics-laboratory practical ex-
perimentscl~3]. In the physics-demonstrations laboratory
of the physics department of the Moscow State Univer-

sity, at the initiative of Professor S. P. Strelkov, mo-
tion of bodies on an air cushion is successfully used for
lecture demonstrations in a large auditorium. To this
end, A. V. Galinskas, Κ. Μ. Rogul'skis, and V. D.
Pekarskis of the vibration-techniques laboratory of the
Kaunas Polytechnic Institute have developed and pre-
pared a special bench with an air cushion.

The bench (see the figure) is made of a duraluminum
tube 2.75 m long (1). The surfaces of its rectangular
profile (2) are carefully machined and a large number
of holes of 0.5 mm diameter are drilled in them. Com-
pressed air fed to the tube by two "saturn" vacuum
cleaners escapes through these holes. The excess pres-
sure of the air in the tube reaches 0.1 atm. Riders (3)
are placed on the bench, and their internal surfaces are
in contact with the surface of the bench and are also
carefully finished. The rider is raised above the bench
by the compressed air escaping through the holes, and
an air cushion is produced under it. In this state, the
rider can be either at rest or move along the bench with
negligibly small friction. When the vacuum cleaners are
turned off, the riders drop on the bench and stop. In a
number of demonstrations it is necessary to stop
rapidly all the riders simultaneously. A special device
is used for this purpose, which swings away the hose of
the vacuum cleaner (Fig. 4) from the bench. The riders
are made of seasoned duraluminum from 240 to 360 mm
in length and weighing 400—600 g. On the air cushion,
the rider can be loaded with additional weights and de-
vices, the total weight of which should not exceed the
weight of the rider itself. The thickness of the gap be-
tween the rider and the bench varies under load between
200 and 50 μ. The minimum thickness of this gap de-

termines the precision tolerances to which the adjacent
surfaces of the bench and of the riders are machined.
To indicate its position on the bench, the rider is pro-
vided with an arrow, and a linear scale with large divi-
sions is marked on the lateral surface of the bench;
these divisions are readily seen in the auditorium. To
demonstrate elastic collisions of the riders, ribbon-
sping buffers (5) are installed on the riders.

The bench with the vacuum cleaners is placed on a
special carriage. The carriage is bulky, has a suffic-
iently rigid construction, and is provided with movable
supports, on which it is mounted in the auditorium.
Three adjusting screws are used to set the bench hori-
zontal. The adjustment in the horizontal direction is
monitored by a level.

To adjust the bench in a longitudinal direction, it is
necessary to obtain the state of neutral equilibrium of
the riders on the air cushion over the entire length of
the bench. This state is maintained at bench inclinations
not exceeding ±0.0001 rad, which corresponds to rota-
tion of ±30°—40° of adjusting screws spaced two meters
apart and with 2 mm pitch. Thus, the order of the fric-
tion coefficient does not exceed 1 χ 10"4, and forces of
40—60 mgf (10~4 of the weight of the rider) are suffic-
ient to accelerate the riders on the horizontal bench.
This sensitivity of the instrument imposes rather
stringent requirements on its careful preparation prior
to the demonstration at the lecture. However, these dif-
ficulties fully pay for themselves in view of the possi-
bility of demonstrating experiments that display rela-
tively small forces and observing motions with small
accelerations.

It is possible to use the bench to demonstrate a large
number of lecture experiments. An example is uniform
linear motion of bodies, which in general is not realized
by other demonstration means. A number of simple
traditional experiments are demonstrated under con-
siderably more correct and more convenient conditions.
Thus, uniformly accelerated motion of a sphere on a
Galileo trough usually lasts two or three seconds, and
the audience finds it difficult to follow simultaneously
the position of the sphere and the time signals. The
same experiments on an air cushion can be carried out
with a small inclination of the bench and lasts quite long
(30—40 sec), thereby greatly facilitating the observation
of this demonstration.

Experiments on elastic collisions are performed on
the horizontal bench likewise with sufficiently slow mo-
tion of the riders. These experiments replace success-
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