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2. In the study of F o u r i e r expansions of per iodic

p u l s e s , s tudents frequently perce ive only the m a t h e -

mat ica l s ide of the prob lem, while the phys ica l p a r t

r e m a i n s incomprehens ib le . There fore , i t i s useful

to show an exper iment which d e m o n s t r a t e s g r a p h i -

cally the r e a l ex is tence of the harmonic components

of the s p e c t r u m of a pulse end t h e i r re la t ive a m p l i -

t u d e s . F o r this p u r p o s e , one can use s p e c t r u m a n a -

l y z e r s , the analys i s in which can be made i n s t a n t a -

neously o r success ive ly . In a p p a r a t u s of the f i rs t

type, t h e r e a r e osci l lat ing c i r c u i t s o r r e s o n a t o r s

with different n a t u r a l f requencies . If a per iodic

s e r i e s of pu l ses is applied to t h e se t , then an a p p r e -

ciable voltage is excited only a c r o s s the c i r c u i t s

whose n a t u r a l f requencies c o r r e s p o n d to the h a r -

monics contained in the pulse s p e c t r u m . The second

type of a n a l y z e r contains a g e n e r a t o r of the frequency

in question and a narrow-band c i r c u i t tuned to s o m e

p a r t i c u l a r frequency ( s a y 3 k c s ) . Swinging-frequency

osci l la t ions a r e mixed with the p u l s e s , t h e i r s u m is

detected, and the osc i l la t ions a t the difference f r e -

quency a r e fed to the n a r r o w band c i r c u i t . Every

t ime when the swinging frequency differs by 3 kcs

f rom the frequency of the h a r m o n i c s contained in the

pul se s p e c t r u m , an apprec iab le voltage i s obtained,

proport ional to the amplitude of the corresponding

h a r m o n i c . This voltage is fed to the v e r t i c a l def lect-

ing p la tes of a c a t h o d e - r a y tube, the t ime b a s e of

which is synchronized with the v a r i a t i o n s of frequency

of the g e n e r a t o r .

FIG. б

The harmonic s p e c t r u m of the s ignal under study

is thus obtained on the s c r e e n . The ASCh Kh-1

(SK 4-3) a n a l y z e r o p e r a t e s on this p r i n c i p l e . It is

convenient to use it to d e m o n s t r a t e the pr inc ip le of

harmonic expansion. By feeding per iodic sawtooth

pulses to the input of the ana lyzer , say from the o s -

ci l loscope sweep g e n e r a t o r , one c a n d e m o n s t r a t e the

s p e c t r u m shown in Fig. 6. It is advantageous to show

also the s p e c t r a of s h o r t and r e c t a n g u l a r pul ses at

different pulse lengths and different repet i t ion r a t e s ,

and a l so modulated osc i l la t ions .

f B . Sh. P e r k a F s k i s and V. L. Lar in, Usp. Fiz .

Nauk 79, 743 (1963), Soviet P h y s . Uspekhi 6, 326 (1963).
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LECTURE DEMONSTRATIONS WITH CENTIMETER WAVES

B. Sh. P e r k a l ' s k i s and V. L. Lar in

Usp. F i z . Nauk 81, 773-774 (December, 1963)

X HE use of c e n t i m e t e r e l e c t r o m a g n e t i c waves makes

it poss ib le to d e m o n s t r a t e a n u m b e r of der ivat ions of

wave theory much m o r e graphical ly than i s poss ib le

in opt ics . Thus, a zone plate is d e s c r i b e d in ^1-' for

12-cm waves . A zone plate was p r e p a r e d at the

Tomsk University for 3-cm waves from a k lys t ron

o s c i l l a t o r ( Fig. 1 ) . A zone plate with phase r e v e r s a l

was a l so p r e p a r e d ( Fig. 2 ) , in the following way.

Rings of paraffin w e r e placed on a thick sheet of

mult i layered plywood. These r ings covered the odd

F r e s n e l zones of a s p h e r i c a l wave, with a s o u r c e and

r e c e i v e r s e p a r a t e d from the front by a d i s tance of 1

m. The th ickness of the r ings was so chosen that

p a s s a g e through t h e m added a path difference of one

half wavelength. T h e r e f o r e ,

and s ince η = 1.5 for a frequency of 10 1 0 cps , d = λ

FIG. 1 FIG. 2

= 3.2 c m . To pour the paraffin, the zone was s u r -

rounded by two r ings of c a r d b o a r d , and a thin l a y e r
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initially poured; then, after it solidified, more paraf-
fin was gradually added.

The demonstration is performed in the following
way: the horn of the oscillator is covered by a dia-
phragm, which is opened for several centimeters to
obtain a wavefront that is close to spherical. The
horn of the receiver is placed at a distance of 2 m
from it. The signal modulated by the sound generator
is detected and is fed, after amplification (28IM am-
plifier) to the oscilloscope. If a zone plate is placed
in the center, the amplitude of the signal increases.
By putting the plate in this same place and reversing
the phase of the oscillations of the odd zones, we get
another twofold increase in amplitude.

The following experiment is carried out with a
sheet of plywood with foil attached so that there r e -
mains an aperture with the dimension of four zones.

Rings covering zones 1, 2 and 3 are cut from the
metal and slipped over small bolts. Initially, the
effect is observed with a completely open front. Then
a sheet of plywood with an open central zone is in-
serted. The received amplitude is then increased.
Upon removal of the ring which covers the first zone,
the reception vanishes. Upon removal of the next
ring, it is again restored, etc.

With the same klystron generator, we demonstrate
the important effect of the penetration of waves into
the second medium in the case of total reflection.
For this purpose, a paraffin prism was used with an
edge 30 cm long and cross section in the form of a
right isosceles triangle with side equal to 12 cm.
The waves radiated from a horn farther than one
meter away are incident normally on the hypotenuse
face and strike the side faces at 45°, which exceeds
the critical angle. A DK-I-1 probe detector placed
vertically serves as the receiver. The generating
voltage is amplified by a 28IM and is fed to an EO-7
oscilloscope. If the probe is placed exactly on the
center of the side face and moved along the normal,
then a wave field that falls off rapidly with distance is
clearly detected. If the probe is moved still further,
the reception amplitude increases significantly and
successive maxima and minima are observed in the
intensity as the result of interference of the direct
wave with waves from secondary sources.

'T . Brown, Am. J. Phys. 30, 71 (1962).

Translated by R. T. Beyer

A LIQUID-FILLED PENDULUM FOR DEMONSTRATION OF THE

DIURNAL ROTATION OF THE EARTH

V. Ya. Gavrik

Usp. Fiz. Nauk 81, 774-777 (December, 1963)

P R O O I)FS of the rotation of the earth are based on the
fact that a Coriolis force acts on every body moving
relative to the earth. This force is regarded as the
effect of the rotating earth on the relative motion of
the body. The action of the Coriolis force reduces to
the effect that a body moving on the rotating earth
will either be deflected in a direction perpendicular
to the instantaneous value of its relative velocity, or
will exert a corresponding pressure on its support.
This effect is most graphically evident in the behavior
of moving liquids, which produce a pressure on the
walls of the solid body containing it in the direction
of action of the Coriolis force (the so-called Beer
law). Therefore, it is natural to use a moving liquid
in the demonstration apparatus. However, in the r e -
view of Grammel,'-1·' among the numerous examples
of experimental proof of the diurnal rotation of the
earth, there is only a single example of a hydraulic
experiment (Sec. 10, p. 356), that of Perot and
Comb, based on the law of areas as applied to liquid
flow.

A pendulum moves under the force of gravity due
to the mass of the earth. The Coriolis force manifests
itself in this motion, and is brought about by the daily
rotation of the earth. The latter effect is relatively
small, as a consequence of the small angular velocity
of the earth's rotation. The motion of the pendulum
is the resultant of the action of two forces, which do
not depend on the experimenter: the earth's gravi-
tational attraction and the Coriolis force. For a
demonstration of the daily rotation of the earth, the
problem lies in the preparation of pendulums which
are sensitive to the Coriolis effect.

One can suggest a pendulum with a solid bob, as
proposed by Foucault and Poshekhonov. ^ The visible
shift of the pendulum relative to the earth is observed
as the rotation of the plane of vibration with a constant
angular velocity ( Foucault pendulum) or with a var i -
able one ( Poshekhonov pendulum). Foucault pendu-
lums of large dimensions are required for successful
observation of the effect. Thus the Parisian Foucault
pendulum has a length of 67 m and a mass of 28 kg,




