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SOME PHYSICS DEMONSTRATIONS

B. Sh. P e r k a l ' s k i s

Usp. Fiz . Nauk 81, 771-773 (December, 1963)

I . The F a b r y - P e r o t d e m o n s t r a t i o n i n t e r f e r o m e t e r

with a plate gap of 4 m m , d e s c r i b e d in ^ , makes it

poss ib le to show the hyperfine s t r u c t u r e of s p e c t r a l

l ines and the Z e e m a n effect. For d e m o n s t r a t i o n s at

the T o m s k Univers i ty, use i s made of a h o m e m a d e

col l imator , cons i s t ing of two tubes fitting into one

another , a wide s l i t cut in c a r d b o a r d , and an objective

with F ~ 35 c m . A stage with t h r e e s c r e w s is placed

behind the co l l imator , and the F a b r y - P e r o t appara tus

is placed on it in a s h e e t - m e t a l channel. A d i r e c t -

viewing p r i s m is placed in front of this ( for example,

a s tudent ' s p r i s m ) , and i s viewed through a t r a n s i t

t e l e s c o p e . A PRK m e r c u r y l a m p s o u r c e fed from an

induction coil is used with the a p p a r a t u s . The s p e c -

t r a l l ines obtained in this case a r e very s h a r p . The

appara tus is f i r s t adjusted without the i n t e r f e r o m e t e r :

the direct-v iewing p r i s m is se t in place and a s h a r p

image of the s l i t is obtained for the yellow line of

m e r c u r y with the te le scope s e t for infinity. Then the

i n t e r f e r o m e t e r is se t in the path of t h e r a y s . By t i l t -

ing it sl ightly, the c e n t r a l p a r t of the equal-s lope

fringe p a t t e r n is viewed. The i n t e r f e r o m e t e r is

finally adjusted by m e a n s of the s c r e w s . If the p r i s m

is c o r r e c t l y located, then t h e r e is seen immediate ly

the hyperfine s t r u c t u r e of the yellow line of m e r c u r y

(5461 A ) , due to the p r e s e n c e of i so topes—together

with each s h a r p yellow r ing, two much w e a k e r ones

can be seen ( Fig. 1 ) . F o r observat ion of the Z e e m a n

effect, this s a m e s o u r c e is placed between the poles

of an e l e c t r o m a g n e t with a r e c t a n g u l a r i ron yoke,

weighing 150 kg, and with two coi ls of 1300 t u r n s of

c o p p e r w i r e of 1.8-mm d i a m e t e r . The poles a r e s e t

at a sufficient d i s tance so that a m e r c u r y l a m p

(~ 2.5 c m ) can be placed between t h e m . A protect ive

s t r u t — a b r a s s rod—was placed between the po les .

When the c u r r e n t is turned on in the windings of the

e lect romagnet , the yellow line is spl i t into a number

FIG. 1

of components which a r e c l e a r l y seen at a c u r r e n t of

7.5 A ( Fig. 2 ) . F o r observat ion of the n o r m a l effect,

the te lescope is so se t that r ings of equal inclination

a r e observed ( f r o m the yellow l ines of m e r c u r y ) .

H e r e it i s unfortunate that the m e r c u r y s p e c t r u m has

two yellow l ines ( Δ λ = 20 A ) , e a c h of which has i ts

own se t of f r inges . It is there fore convenient to turn

the i n t e r f e r o m e t e r a l i t t le and observe fr inges f a r t h e r

from the c e n t e r , where the second s e t of f r inges does

not hinder the observat ion. The n o r m a l splitt ing is

eas i ly seen at a c u r r e n t of 4.5—5 A) ( Fig. 3 ) .

FIG. 3

If a polaroid i s i n s e r t e d in the path of the b e a m ,

with i ts pr inc ipa l c r o s s sect ion or iented in e i t h e r the

horizontal or the v e r t i c a l plane, then it is seen that

for n o r m a l and anomalous Zeeman effects in m e r c u r y

the c e n t r a l component is polar ized p a r a l l e l to the

field and the outside components a r e p e r p e n d i c u l a r

to it ( F i g s . 4-5).

To make the d e m o n s t r a t i o n in a l a r g e audi tor ium,

one m u s t use a powerful s o u r c e of monochromat ic

radiat ion of the l a s e r type (which e m i t s red l ight)

o r use c o m m e r c i a l te levis ion a p p a r a t u s . (In the

d e m o n s t r a t i o n of the p i c t u r e of l ines of equal inc l in-

ation by m e a n s of the F a b r y - P e r o t etalon, it i s not

n e c e s s a r y to use a s p h e r i c a l m i r r o r o r lens for

focusing, because the in ter fe rence p a t t e r n is obtained

with sufficient c la r i ty without t h e m . )

FIG. 4
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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).

T r a n s l a t e d by R. T. Beyer

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




