
The sensitivity of the oscilloscope with the described
converter is approximately 1 cm/V.

The potentiometer Ri is used to set the vertical
dimension of the image. The potentiometer R4 makes
it possible to shift the oscillogram in a vertical direc-
tion. (The potentiometers Reand Rie are used only to
adjust the converter.) The converters for channels II
and III are similar in circuitry. To obtain static oscil-
lograms the frame-scan block generator is synchro-
nized with the pulses of the investigated voltage. The
presence of the network RiDjD2R2 makes it possible to
feed to the generator pulses of the required polarity
with amplitude not higher than 8 V, thus protecting the
generator against damage when high voltages (hundreds
of volts) are applied to the oscilloscope input. The
switch SW makes it possible to connect the synchroniza-
tion circuit to one of the three oscilloscope inputs.

The upper frequency limit of the voltages at which
high-grade oscillograms are obtained is about 2—2.5
kHz. The quality of the oscillograms deteriorates at
higher frequency, since the number of points per period
of the investigated voltage becomes too low. In spite of
this feature of the oscilloscope, its potential for
demonstrations is quite extensive.

The oscilloscope can be used to study phase relations
in RLC circuits, series and parallel resonance, three-
phase current (phase and amplitude relations), phase
relations in a transformer; tank circuits, low-frequency
oscillators; amplifiers and many other questions con-
nected with oscillatory processes.

Detailed instructions for these demonstrations can
be found in many texts[ 1"6 ]. Figure 3 shows an overall
view of the oscilloscope (the screen displays a demon-
stration of superposition of oscillations).

FIG. 3
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Lecture demonstrations with an argon laser
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Usp. Fiz. Nauk 113, 184 (May 1974)

1. Demonstration of light interference and diffraction
phenomena. We have previously describedW certain
lecture demonstrations of interference and diffraction
of light, performed with a gas He-Ne laser having an
optical power 10—15 mW. To demonstrate these phe-
nomena in a large auditorium, however, requires care-
ful prior darkening of the auditorium and preliminary
adaptation of the observers' eyes. This is due, first, to
the low power of the He-Ne laser and, second, to the
insufficient sensitivity of the eye to the red light of this
laser.

Argon lasers have much higher optical power. We
used an argon laser with power from 0.5 to 2 W, depend-
ing on the operating conditions. In addition, the emis-
sion of this laser lies in a spectral region more favor-
able for the human eye. Using the schemes described
in[ 1 ], we obtained with an argon laser patterns of dif-
fraction by a round hole and by a sphere. The dimen-
sions of the patterns observed on the screen reached

40—50 cm in diameter and could be photographed on
"Orvo Chrom" reversible color film with an exposure
of approximately one second, thus evidencing good il-
lumination of the screen. When demonstrating these
phenomena, we did not separate one of the two most in-
tense emission lines of the argon laser (4880 and 5145
A), since the intensity of one of the lines, depending on
the laser regime, greatly exceeds that of the other and
the diffraction pattern corresponding to the weaker line
did not interfere with the observation of the brighter
pattern.

2. Demonstration of the three-dimensional proper-
ties of a holographic image. We have previously de-

scribed[ 2 ) a lecture demonstration that makes it possi-
ble to display in a large auditorium the reconstruction of
the holographic image of a flat object and to illustrate
certain properties of Fourier holograms.

We have now used an argon laser to reconstruct the
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image of a three-dimensional object. The hologram of
the demonstrated object (a miniature souvenier samo-
var measuring 6 x 6 x 10 cm) was prepared by the usual
Fresnel technique. During that stage we used an He-Ne
laser with one transverse mode separated by means of
a diaphragm. All the components used in the setup (with
the exception of the laser) were mounted on a glass
plate measuring 1 x 1 m and weighing ~80 kg. The
plate was placed on a rubber vacuum hose, which pro-
vided the necessary shock absorption. The laser was on
an optical bench placed on a shock-absorbing rubber
sheet ~1 cm thick. With this setup it was possible to
obtain holograms of quite satisfactory quality on photo-
graphic plates of VRL and VRM type.

To reconstruct the image we used an argon laser.
The reconstruction scheme was the following: A lens
of focal length ~30 cm was placed in the path of the
laser beam and the beam was focused in a point ~11—12
cm in front of the hologram. Thus, the hologram was
illuminated by a diverging light beam, and only a small
area of the hologram, of ~2 mm diameter, took part in
the reconstruction of the image. At a distance ~1 m
from the hologram was located a screen on which the
real magnified image of the object was observed. The
coefficient of linear magnification was in this case [ 3 ]

Μ = (\'M)(q/f), where λ and λ' are the wavelengths of
the light used to produce and reconstruct the hologram,
respectively, f is the distance from the object to the
photographic plate during the course of production of
the hologram, and q is the distance from the hologram

to the image of the object during the course of its re-
construction. Since f = 10 cm in our case, the magnifi-
cation is ~10.

The three-dimensional properties of the image (the
parallactic-shift effect) were demonstrated in the fol-
lowing manner: By moving the lens perpendicular to
the laser-beam direction we displaced the illuminating
light beam, and different parts of the hologram took
place in the production of the image. The reconstructed
images corresponding to different sections of the holo-
gram differ from one another, because different parts
of the photographic plates "have seen" the object from
different points of view. When the illuminating beam is
scanned over the hologram plane, a complete illusion is
created that the observed image rotates and the mutual
positions of individual parts of the object change. The
observer views the object, as it were, from different
sides. Photographs obtained from the screen and cor-
responding to two different positions of the illuminating
light beam relative to the hologram reveal the parallax
effect quite clearly.
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