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The photographs of Fig. 2e and f were also ob-
tained with a thin gap. In this case the receivers
were arranged in accordance with the scheme of
Fig. la and the patterns were observed in the focal
plane of the lens L in both transmitted light (in plane
1, Fig. 2e) and reflected light (in plane II, Fig. 2f).
The patterns were photographed from a small screen

(0.8 x 0.8 m) with the setup illuminated with non-
monochromatic red light polarized in the appropriate
plane (s oscillations—Fig. 2e, p oscillations—Fig. 2f).

The lower parts of photographs 2a, b, c, and d
show traces of the patterns on the edge of the demon-
stration table.

538.12

LECTURE DEMONSTRATIONS WITH PULSED MAGNETIC FIELDS

F . Kh. BAIBULATOV

Usp. Fiz. Nauk 92, 347-350 (June, 1967)

J.F a magnetic field is produced rapidly around a
body having electric conductivity <j, then the field
with penetrate into the body, within a short time t,
only to a certain skin-layer depth I <* cV t/4ira. The
resultant field gradient will apply on the body a mag-
netic pressure p m = —VH2/87r. This phenomenon is
used in plasma accelerators for magnetic compres-
sion of the plasma (dc pinch, theta pinch). For a
qualitative demonstration of the aforementioned mag-
netohydrodynamic effects it is very convenient to use
metal conductors with suitably chosen mechanical
and electrical characteristics.

We describe below demonstrations of radial com-
pression of a metallic tube by a pulsed magnetic
field, and also several effects connected with t rap-
ping of the field by the tube. A pulsed field was pro-
duced by discharging a capacitor bank into a solenoid
surrounding the tube. The experiments were per-
formed at first with tubes of 70—80 mm diameter,
made of rolled and soldered copper foil 0.15 mm
thick. However, more productive experiments were
performed with machined duraluminum tubes of
smaller diameter. Most employed tubes (T) had a
diameter of 20 mm and a wall thickness 0.7—1 mm.
With these parameters, the skin layer and the thick-
ness of the wall were of the same order of magnitude;
by varying either the wall thickness or the conduc-
tivity, it was possible to emphasize or attenuate the
effects connected with diffusion of the magnetic field.
If the skin layer is smaller than the wall thickness,
then the effect of pure external pressure predomi-
nates. The resultant clamping of the cylinder pro-
duces characteristic folds (Fig. 2a) caused by loss of
stability [1 ] . The use of a thinner wall leads to an
appreciable diffusion of the magnetic field in the
tube. When the field inside the tube reaches its max-
imum value and begins to drop off, the resultant in-
duced currents retain the magnetic field inside the

tube, so that the internal field exceeds the external
one for some period of time, thus causing the inward
motion of the wall to give way to outward motion.
Photographs taken from the end of the tube have
established that the tubes are initially compressed
radially at a speed 200—300 m/sec, followed by out-
ward spreading. Figure 2b shows photographs of the
tubes after failure, and Fig. 3 shows the calculated
time curves for wall thicknesses 0.75 and 1 mm
(horizontal hatchures) at a initial capacitor voltage
of 4.8 kV. The lengths of the hatchures indicate ap-
proximately the inside and outside external diame-
te rs . It is convenient to use an epidiascope for a de-
tailed study of the deformed tubes.

By taking oscillograms of the derivative of the
current and by suitable calculations, we determined
the parameters of the discharge circuit without the
tube. The damped-osdilation period was T = 80
75 Msec with the tube inserted, the total inductance
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L o = 0 . 3 8 f i h , t h e s o l e n o i d i n d u c t a n c e L = 0 . 2 5 / u h ,

a n d t h e c a p a c i t a n c e 4 2 0 / * F . T h e a m p l i t u d e o f t h e

c u r r e n t d u r i n g t h e i n i t i a l h a l f - c y c l e , a t a n i n i t i a l

c a p a c i t o r v o l t a g e 4 . 8 k V , i s I m a x = 1 3 0 k A , t h e

c o r r e s p o n d i n g f i e l d a t t h e c e n t e r o f t h e s o l e n o i d i s

H = 1 0 0 G , a n d t h e m a x i m u m m a g n e t i c p r e s s u r e i s

p m — 4 2 5 k g / c m
2

. T h e p r e s s u r e a c t i n g o n t h e t u b e

i n s e r t e d i n t h e s o l e n o i d s h o u l d g r e a t l y e x c e e d t h i s

v a l u e , o w i n g t o t h e c o n c e n t r a t i o n o f t h e f i e l d a t t h e

i n i t i a l i n s t a n t o f t i m e i n t h e s p a c e b e t w e e n t h e s o l e -

n o i d a n d t h e t u b e .

T h e e q u i p m e n t c a n a l s o b e u s e d t o p e r f o r m e x -

p e r i m e n t s o n t h e c o m p r e s s i o n o f a c o n d u c t o r c a r r y -

i n g a s t r a i g h t - l i n e c u r r e n t . T h e s o l e n o i d i s r e p l a c e d

b y a s h o r t - c i r c u i t e d s e g m e n t o f c o a x i a l l i n e . S i x

r o d s w h o s e e n d s a r e s o l d e r e d i n t o a f l a n g e f o r m t h e

e x t e r n a l c o a x i a l c o n d u c t o r o f 7 0 m m d i a m e t e r ( E C ) .

T h e c e n t r a l c o n d u c t o r ( C C ) , w h i c h i s t o b e c o m -

p r e s s e d , i s m a d e u p o f s e v e r a l l a y e r s o f c o p p e r f o i l

0 . 1 — 0 . 1 5 m m t h i c k , r o l l e d t o a d i a m e t e r o f 2 0 m m .

T h e u p p e r e n d o f t h e c e n t r a l c o n d u c t o r i s f a s t e n e d t o

t h e a f o r e m e n t i o n e d f l a n g e , a n d t h e l o w e r o n e t o t h e

c e n t r a l e l e c t r o d e o f t h e d i s c h a r g e g a p ( s e e F i g . l b

a n d u p p e r r i g h t o f F i g . 4 ) . I n t h e s e e x p e r i m e n t s , t h e

r a d i a l c o m p r e s s i o n o f t h e c e n t r a l c o n d u c t o r i s

c l e a r l y p r o n o u n c e d o n l y a t t h e f a s t e n i n g s ; i n t h e

c e n t r a l p a r t o f t h e c o n d u c t o r , t h e p i c t u r e i s u s u a l l y

g r e a t l y c o m p l i c a t e d b y d i f f e r e n t t y p e s o f i n s t a b i l i t i e s ,

F I G . 4 .

w h i c h a r e c h a r a c t e r i s t i c o f p l a s m a e x p e r i m e n t s .

A d i a g r a m o f t h e s e t u p i s s h o w n i n F i g . l a . C i s

a b a n k o f c a p a c i t o r s o f I M 5 - 1 5 0 t y p e , R t i s t h e d i s -

c h a r g e r e s i s t a n c e , m a d e u p o f t w o P E 1 5 0 r e s i s t o r s ,

e a c h r a t e d 2 0 k i i . " R e l " i s a b l o c k i n g r e l a y w i t h

n o r m a l l y c l o s e d c o n t a c t , o b t a i n e d b y m o d i f y i n g a K A

r e l a y b y b r i n g i n g o u t t h e c o n t a c t g r o u p . R 2 i s a

b l o c k i n g r e s i s t o r c o n s i s t i n g o f t w o p a r a l l e l - c o n n e c t e d

o p e n h e l i c e s , e a c h 4 0 o h m s , m a d e o f n i c h r o m e o f

1 m m d i a m e t e r ; t h e c o n s t r u c t i o n i s s u c h a s t o e n s u r e

t h e r e q u i r e d r e l i a b i l i t y a n d t h e p o s s i b i l i t y o f c o n -

t i n u o u s l y o b s e r v i n g v i s u a l l y t h a t R 2 i s i n g o o d w o r k -

i n g o r d e r . T h e p a r t s R j , R 2 , a n d R e l a r e m o u n t e d

o n a v e r t i c a l p a n e l s u s p e n d e d o n t h e w a l l o f t h e

c a p a c i t o r b a n k a n d c o v e r e d w i t h a t r a n s p a r e n t c o v e r

o f o r g a n i c g l a s s ( F i g . 4 ) . T h e c a p a c i t o r s a r e i n t e r -

c o n n e c t e d w i t h 4 - m m b r a s s b u s b a r s w i t h l i n e r s o f

v a c u u m r u b b e r o f 3 m m t h i c k . T h e b u s b a r a r e

t i g h t e n e d b y t h r o u g h b o l t s w i t h i n s u l a t i n g w a s h e r s .

M o u n t e d o n t h e b u s b a r s t r u c t u r e i s a c o a x i a l d i s -

c h a r g e g a p C D , t h e o u t e r c o n d u c t o r o f w h i c h h a s a

n u m b e r o f l o n g i t u d i n a l s l o t s t o p r e v e n t d a m a g e b y t h e

s h o c k w a v e p r o d u c e d d u r i n g t h e d i s c h a r g e . T h e g a p

b e t w e e n t h e i n t e r n a l e l e c t r o d e s o f 3 0 m m d i a m e t e r

c a n b e r e g u l a t e d b y m o v i n g t h e u p p e r e l e c t r o d e . A

w e l d e d h o u s i n g , c o v e r e d o n t h e t o p w i t h b a k e l i t e a n d

o n t h e s i d e w i t h o r g a n i c g l a s s , i s p l a c e d o v e r t h e

b u s - b a r s t r u c t u r e . T h e h o u s i n g s e r v e s s i m u l t a n e o u s l y

t o s e c u r e t h e c a p a c i t o r s , t o p r o t e c t t h e h i g h v o l t a g e

e l e c t r o d e s , a n d t o s e r v e a s a t a b l e .

T h e s o l i d l y - m a c h i n e d b r a s s s o l e n o i d c o n t a i n s f o u r

t u r n s o f 0 . 7 x 1 . 6 5 c m c r o s s s e c t i o n , w i t h a w i n d i n g
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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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