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pitch of 10 mm and an inside diameter 25 mm. Discs
with appropriate openings and slots, terminated by
small lugs for mounting on the discharge gap, are
soldered to the ends of the solenoid. Bakelite
washers are placed in the gaps between the turns, and
the internal working volume is insulated by a thin-
wall vinyl plastic tube. The solenoid has sufficient
strength and no further protection of the turns is
necessary (a slight untwisting of the turns was ob-
served only after 30—35 discharges).

When performing of the experiments, it must be
borne in mind that the direction along the coil axis is
dangerous, for if placed too far off-center in the
solenoid, the tube can be ejected with high velocity

1 M. A. Lavrent'ev and A. Yu. Ishlinskii, Dokl.
Akad. Nauk SSSR 64, 779 (1949).
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DEMONSTRATION VARIANT OF BOTHE'S EXPERIMENT

D. I. PENNER

Usp. Fiz. Nauk 92, 350-351 (June, 1967)

XN the teaching of physics, there is an acute need for
demonstration experiments explaining the main laws
of atomic physics. The number of such experiments
is highly limited, so that further efforts should be
made to develop new demonstration experiments.

The foregoing is fully applicable to experiments
demonstrating the quantum nature of light. The quan-
tum nature of light is manifest most clearly and most
directly in Bothe's classical experiment. We propose
below a simple and logically irrefutable demonstra-
tion variant of Bothe's experiments, which can be
easily and simply realized. Inasmuch as the students
are already familiar with the unified nature of the
electromagnetic spectrum, it is possible to replace
the x-rays in Bothe's experiment by gamma radiation

(either from secondary cosmic rays or from an ar t i -
ficial gamma emitter).

We arrange in one line the tubes of two gamma
Geiger counters (for example, STS-1) fed from dif-
ferent current sources (so as to leave no doubts about
autonomy of the two counters). A diagram of the in-
strument is shown in the figure. The autonomy of
both counters must be demonstrated by connecting
each of them separately. If the gamma radiation from
a source located nearby or somewhere in the atmos-
phere (in the case of secondary cosmic rays) were
to propagate in the form of waves, then the wave front
should reach both counters simultaneously, that is,
both counters should operate in synchronism. In fact,
however, the counters always operate without coordi-
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nation (one or the other), as can be readily heard or
seen.

The proposed variant of Bothe's experiment

demonstrates simply and convincingly that radiation
produced upon interaction with matter becomes
manifest in the form of a flux of particles (photons).
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J-HE program of a general physics course for
physics-mathematics departments calls for the stu-
dents to become familiar with the physical properties
of ferromagnets and with magnetooptical phenomena.
Until recently, laboratory experiments aimed at the
study of the domain structure of ferromagnets and
magnetooptic phenomena was hindered by the com-
plexity of the experimental procedure. The recent
rapid development of a new branch of ferromagnetism
—the physics of thin ferromagnetic films—has made
it possible to study more deeply and more pictorially
properties of ferromagnets on the college level.

We have organized at the Irkutsk Pedagogical
Institute laboratory experiments aimed at studying
the properties of ferromagnets, using permalloy and
iron films obtained by thermal evaporation in vacuum.
The purpose of the experiment is to provide the stu-
dents with practical familiarity with magnetic aniso-
tropy, domain structure, reversal of magnetization,
magnetic hysteresis'-1 , and magnetooptic phenom-

ena [2]
The equipment used to measure the magnetic

characteristics of the ferromagnetic films differs
from hitherto desembed apparatus in that it is com-
pact, made up of instruments which are regularly
produced by our industry, and can be built around any
polarization or biological microscope.

The research method is based on the use of mag-
netooptic Faraday and Kerr effects, which consist in
the followingt3].

Magnetooptic Faraday effect. When plane-polar-
ized light passes through a magnetized medium, the
plane of polarization is rotated. The angle of rotation
of the plane of polarization in ferromagnets is
(p =kll, where k is constant, I is the magnetization
of the medium, and I is the thickness of the layer.
The direction of rotation of the plane of polarization
depends on the direction of the magnetization vector.

Magnetooptic Kerr effect. When plane-polarized
light is reflected from a magnetized mirror, the
plane of polarization is likewise rotated. The rota-
tion angle depends on the magnetization of the mirror
and on the relative locations of the ferromagnetic
surface, the plane of incidence of light, and the mag-
netization vector. The angle of rotation is maximal if
the magnetization vector is parallel both to the sur-
face of the mirror and to the plane of incidence of the
light (the case of the so called meridional Kerr ef-
fect). The most effective angle of incidence of the
beam, at which the maximum rotation of the plane of
polarization takes place, depends on the material of
the mirror . For an iron mirror it amounts to ap-
proximately 60°.

The direction of rotation of the plane of polariza-
tion of the light depends in both cases on the direction
of the magnetization vector. This singularity of the
effects makes it possible to use them to reveal the
domain structure of ferromanets. If a ferromagnetic
sample, say a thin ferromagnetic film, is broken up
into domains—regions with opposite magnetization
directions—then the plane of polarization of light r e -
flected (or transmitted) from neighboring domains
will be rotated in opposite directions. When an ana-
lyzer is used to extinguish the light from the domains
having the same magnetization direction, it becomes
possible to observe visually the domain structure in
the form of dark and light regions.

These methods make it possible to observe r e -
versal of magnetization under dynamic conditions,
and to obtain oscillograms of these processes if a
photomultiplier is used.

CONSTRUCTION OF SETUP

A schematic diagram of the setup for observing the
domain structure and for obtaining oscillograms of




