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I. INTRODUCTION 

In the previous paper 111 the new phenomenon, "the longitu
"dinal interference of the diffraction free wave fields", was 
introduced and explained, and the experimental arrangements 
designed for observation of the longitudinal interference were 
described: the system with two coaxial circular diffraction 
gratings, the system with two narrow coaxial transmitting rings 
and the system with one circular diffraction grating which ge
nerates at least two diffraction orders. The evolution of the .. 
structure of the longitudinal int~rference of the light in the 
volume between the generator and the detector was analysed. 
Finally the technique for suppressing the longitudinal modula
tion of the light intensity on the optical axis of the system 
with two coaxial conical wave fronts has been suggested. ' · 

In.this paper the experiments withnarrow coaxial transmit-: 
ting rings on the screen are d~scribed'in detail. The measu- · 
rements of the longitudinal modulation of the light .. intensitY:: 
on the optical axis of the system are presented. The structures 
of the wave field- at various evolution stages of the· l~ngitu-· -
dinal interference in the volume between the generator and the· 
detector are demonstrated. Then the experiments with straight 
lfne 180° phase jump on the 'optical plate in the system with. 
two coaxial conical wave fronts are described. 

2. EXPERIMENTS WITH TWO NARROW COAXIAL 
TRANSMITTING RINGS 

Among the-possible experiments suggested for observation 
of the longitud_inal interference of the light111 the techni
que with two narrow coaxial transmitting rings was_chosen as 

, the most accessible one. The- experimental arrangement ·-is shown · 
in Fig.l. The collimated beam of light from laser I is trans- ' 
formed by the objective lens 2 into the convergent beam of 
light which goes through the pinhole in the-screen 3. The-se
cond objective lens 4 produces the single mode beam of light 
which illuminates the screen 5-with narrow-coaxial transmitting 
rings. The screen 6 restricts the number of the narrow coaxial 
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•:; ·Fig.L The experimental arrangement used for observation 
of the longitudinal interference of _the .conical. wave 

.fronts which'were generated by narrow coaxial transmit-
.. ting rings:' 1 ..:. laser;· 2 - objective hms,' 3 - the screen 

.with pinhole,-4- the second objective len~, .5- the screen 
with narrow.coaxial transmitting rings, 6- the cut-off 

.. ~creen, 7 ;:_ the ·imaging obj_ective lens, 8 - photofilm •. 
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transmitting rings which contribute. to th'e interference pictu.,-, - \i 
re. ~EaGh narrow_ triu1smitti.ng ring of .the ~idth. 20 ~m on the _,1 
.~cree!l .f'wa~ ,f<lbr.icated by .the las'~r phot~sY;n.~eza't_o,r' ~' 31 ~. The II 
diameter of. the focused laser spot was equal to. 1 ~m. T.he gro- . . 1 

v:e~ qn.~tn~ 'giass .b~ckirig produce~ in such a: ii,e:vice ar.e -~·I'Orking .'·V .·i 
as: <li.cLrcu~~~ .d~ffr:ac~io~ grat:ing, an~ th~ ·obser.ver sees the ;:;'\; ~ 
rainb()w.,~pectre~: .. 9n placin~ t~e. scree~ 5 between the glow .lam,p:{ · ~~: 
and the eye. ; , . . . .. .. .,. c•: .•. , ~- .... , : . · . . t· 11 

The system of 10 narrow coaxial transmitting 'rings with . \ 
spacing 200 1-1m was fabricated by the technique 131 for the simu- '.!. 
lation experiments of the di~ect search of the ,"stars,". ':i.n. ;t~he ,; ; r 
nuclear ~mulsion by means ~f the kino~orm with ring res~:()n.?e' ~:! · l1 
. The components of the d1ffracted l1ght from each transm1t-.· 'i 

ting r1··.n.·g;a_ .... re go.in·g··· .init_i~lly.· .s .. e~a_ ... rat·e·l·y .•... ~h.e.n ,th. ey _a.re ~u-tua .. l- 'l"" ly .. crOf!S1ng ,near .t:he. opt1cal ~x?-s of :the sys.tem~_.,The obJect1- .. 
ve.7 produces the ~uiage of .the ,interference 'p'icture in, one of 
the: plane :\ihich is perpendicul~n: to the 'optical· axis of. the · · : . 

~~=t::~~~~~~~ ~~~~~~~~~~~~cf~~i~~s wh{~~sw~f o~~=r~~l:: ~i~:~~~ ~~ 
tur~ of;:tlie wave 'field at 'various evolution s'tag'es of the lon- : J 
git~dinal intede~ence a~e sho~ri 'in.'Fig~2;' In theplane.'A we ' 

'~i~e ;~:-· f::·~~t ·;i:~!~f ~~~:~~~~~~:~ ·:~~~~ i!:gi~·iu~f ~!h~h;·a~~~~,c~ . !1 

type 15 ; 61 can 'be observed .. In-the .plane /c· only partial overiap- \ 

2- ! 
r 

R,r~~, )ID JD 
--'---~ 1 I I - I 

-"': '-- I 1 I 
~ -4- I I 

-a.:.~..... I --. t-- I 
-~ -<"-1-' -- I 
I' ' -!_ --.... I 
I ',,I ""' I --~--:::: .... -
1 f-... .......... , ., .-----~-=:.. 
I I ',, t, 'C I ~-----

1 1 ..... '~2 _............ --

1 I ',', 
'' 

' ' I ' ... ::::: .... 
1:::. ..... ' 
I '"-.. 

z 

Fig.Z. Different parts of the volume between the screens 
5 and 6 (generator) and the observation plate (detector) 
in which the interference picture has different struc
ture: R 1 and R2 - two narrow coaxial transmitting rings:;· 
+ + 
·k1 and k 2 - the wave vectors which define the correspon
ding conical (quasi conical) wave fronts. 

ping of the light compon~nts going from adjacent coaxial rings 
is taking place. In the-region D we see the complete overlap
ping of these components but at some_distance from the optical 
axis of the system. Only in_the region E the interference pic
ture approaches the optical axis of the system from all azimu
thal directions. 

The photo of the fragment of two coaxial transmitting rings 
in the plane A is shown in Fig.3. The interference picture in 
the plane C is presented in Fig.4. The corresponding picture 
in the region D is given ~n Fig.S. The interference fringes 
in the region E in the vicinity of the optical axis of the 
system are shown in Fig.6. 

~ Fig.3 •. The fragment'of two rings in 
.~ the plane A. 

Fig.4. The structure of the interferen- ~ 
_ce picture in the P!ane C. r 
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Fig.S. The structure of the 
interference picture in the 
region D. 

_.; 

Fig.6. The structure of the 
interference picture in the 
regio!l E. 

The positioning of the maxima and minima of the longitudinal 
modulation of the light intensity on the opticaLaxis of the 
system is given in Fig.7. As the angle between two wave vec
tors ki .. and k2 is very small, -10- 4 radian, the period A of 
this modulation'is of the order of 10 mm. There were estimated 
12 maxima and·minima on the optical axis. From Fig.7 we may con
clude that the period A is a slow varying function of z-coor
diriate. This is a natural consequence of the fact that each 

N 

AllfrAAA!\/\1\M!\;·. 
z 

Fig.7~ The distribution of the light 'intensity on the 
optical axis and the dependence of the period A versus 
the number N of the maximum. 

4 

I 
I 

i 
I .. 

){; 

'i 

' 
:i 
il 
~-

i 

J 
4 
1. 

f 
""' L 
;, 
'l 

narrow transmitting ring contributes to the interference pic~ 
ture as a point-like source of light and due to this the angle 
between the wave vectors k1 and k2 is varying inversely propor
tional to the distance from the screen 5 to the observation 
•• 

. ' 
_, \\ ' . 

,·/ /"·~· 

.r;:~. /f:~\\ . 
\ '-"./ .' ': \; './1'). ! ,: 

'- El . ~--- II 

/ 
~ .. 

I /.·' ··~....._ I • 
I • ; f 

; ; t I I"·~ '\ . 
.. \ \~·-/9v·: 0: . '' . ' ' . . ,. .. .... '- ~-' I .. ........ -

--
/ ··~ ,.· ·(;;~ '\ 

I • I . . ,.. ... ' ' !'(;.~ ; \ • . / 

~- \\ '/ I J ~ ; \.'-.. __ ,.,'/ . ' 

·. -........:::.....-'/a 
Fig.8. The evolution of the interference picture along z-axis of the 
system: a, b, c, d, e, f (see text). 
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The longitudinal interference of the lightin the viCinity f 

of the optical axis is the result of the mutual superposition l'i 
of two interference pictures going from two opposite ditec- r 
tions. Each contributing -picture moves to the optical axis, )\ 
then crosses it and finally goes away from the optical axis. 1!

1 

To show this process on the photons we chose the experimental 
arrangement in which the number of the· narrow coaxial trans- ~( 
mitting rings is equal to 10. In this condition the width -of i· 

·the main maxima of the interference pictures was small with ~l 
respect to the period A of the in-tensity light modulation, and ~' 
we can observe the mentioned dynamics of the mutual superpo- ~ 
sition of two contributing pictures. l 1\ 

The picture shown in Fig.8a was taken in the pos.ition where ·<j 
two contributing interference components going in the opposite () 
directions coincide mutually, and the light intensity on the 1

( 

optical ax~s ~s maximal. The picture ~ive~ in. Fig.8b was taken I; 
.at .z-coord1nate where those two contr1but1ng 1nterference com- l 
ponents are separated and are seen in the form of the doublet. .: I 

At the next stage shown in Fig. 8c the separation between the l' 
components of this doublet is larger than in Fig.8b. At the · 
position presented in Fig. 8d these two contributing interferen- j· 
ce.components are in the antiphase in such a manner that the 1 

total intensity. of the light on the optical axis is minimal 'I 

(zero). At the next stage these components are·separated again 
(Fig.8e). Finally we present the photo taken in the_position 
when the intensity of the light on the optical axis is maxi
mal.though the contributing interference components do not 
coincide in this plane (Fig.8f). 
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-3 •. EXPERIMENTS WITH STRAIGHT LINE 180° 

1
•,/ 

J 

(, 
I 

~I 
\I 

.:( 
/! 
I 
•I ;i 
I; 

\ti 

To· deinon~trate,the fissibility of the technique suggested J:~ 
iri 111 with the purpose to suppress the longitudinal. modulation 1 

·of the. light on the optical axis of the system with two co- / 

PHASE JUMP PLATE 

axial' norrow. transmitting rings we have accomplished the simu- li~ 
·'la. don experi~ents w1.· th strai.ght line 180°' phase j\nnp on the .. ~~-\ 
.optical plate 17 • 81 for He-Ne laser. On Fig.9 we see general 
positioning of this straight line 180° phase jump and the sys- , 
tern of two coaxialnarrow,transmitting rings. The straight \ 
line of the 180° phase jump must' cross at least one of two 1· 
coaxial rings. In )'ig. 10 one of such arrangement is shown. The l 

.photo oLthis arrangement in the plane A is presented in 
Fig.ll. The points of zero intensity are marked by the white 

6 

·: Fig.9. The view of the straight line,· 
180° phase jump and of.the rings. 

~ 

~ 
Fig.lO. The arrangement of the straight 
line 180° phase jump in the experiment 
when the straight line crosses only one 
(external) ring. ~ 

0/ 

~ 

Fig.ll. The photo of the arrangement 
~shown in Fig.lO in the plane'A. 

Fig.12. The structure of the interfe
·rence picture in the experimental con
dition presented in Fig.1~ in the re
gion D. 
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arrows. The structure of the interference picture in the plane 
D is given in Fig.12. The radial lines where we see the phase 
jumping of the interference picture are marked by the white 
and black arrows. These phase jumping correspond to the points 
where antiphasing of the interference pictures are taking pla
ce. The dark ring arc at constant distance to the optical ·axis 
goes into the bright ring arc and vice versa, the bright ring 
arc goes int~ the dark ring arc. The interference picture ta
ken in the .position when it reaches the optical axis is shown 
in~Fig.13. As the length of the phase jumped arc is small with 
respect to the length of the circle these local phase jumpings 
cannot change the distribution orthe light intensity oh the 
optical axis of the system. • 

In the second experiment the straight line phase jump _cros
ses two coaxial transmitting rings (Fig.14). The pho{o of this 
arrangement in the plane A is given in Fig.15. Now two points 
of zero intensity marked by the white arrows in Fig.15 are on 
both rings. The structure of the interference picture in the 
region_D~is presented in Fig.16. Four radial lines on which 
the, phase jumpings ar.e taking place are marked by the black 
arrows. We see that the central part of the ring arc at cons
tant distance to the optical axis is in the phase with exter
nal parts of this ring arc. 

Fig.l3.The structure of the interferen
ce picture in the experimental condition 
presented in Fig.lO in the region E. 

~ 
Fig.l4. The arrangement of the straight 
line 180° phase jump in the second ex
periment when the straight line crosses 
both.external and internal rings. 
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Fig.lS. The photo of the arrangement 
shown in Fig.l4 in the plane A. 

Fig.l6. The structure of the interfe- ~ 
renee picture in the condition of the 
second experiment shown in Fig.l4 in 
the region D. 

4. EXPERIMENTS WITH MANY NARROW COAXIAL 
TRANSMITTING RINGS 

If the number of the narrow coaxial transmitting rings is 
more than two the interference fringes have more complicated 
structure. To estimate the main features of this complex inter
ference picture we consider two cases: a) 4 rings. and 
b) 10 rings. The photos of these rings in the plane·A·are 
shown in Figs. 17 and 18. The dark gap in:the Gentral part'or· 

Fig.l7. The pho~o of 4. na=ow coaxial transmitting rings in the plane_A.-·, · 
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Fig.18. The photo of 10 narrow coaxial transmitting rings in the planeA. 

(' 

the photo is the shadow from one of four supporting streeps of 
the black paper screen 6. The interference picture in the re
gion E for the case of four rings given in Fig.19 consists of 
three intermediate minima and two secondary maxima. This featu
re follows from the theorem presented in 111 : the function a(z) 
which describes the amplitude of the longitudinal interference 
~f many coaxial conical wavefronts is equal to the Fourier 
Transform of the angular field g(e) of the contirubing wave 
vectors. 

The most pronounced phenomena can be observed in the case' 
of 10 rings. The photo of these rings in the plane A was shown 
in Fig.18. In the region B we see self-imaging Talbot ef
fect15•61presented for one definite plane in Fig.20. The inter
ference picture for 10 rings in the region D is given in 
Fig.21. This picture consists of one main maxima and many se
condary maxima and minima. 

10 

Fig.19 The structure of the interfe
rence picture observed in the region 
E in the case of 4 rings. 

Fig.20. The self-imaging Talbot effect·in the case of 10 rings. 
'l 
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CopOKO n.M. 

npoAOflbHaA HHTep<jlepeHUHA BOflHOBbiX none!A, 

CB060AHbiX OT AHQlpaKUHH 

II. 3KcnepHMeHT 

OnHcaH~I 3~cnepHMeHTbl no npoAonbHOIA HHTepQ>epe 

CB060AHbiX OT AHQ>paKUH11, C HCnOnb30BaHHeM 3KpaHa, 

y3KHe KOaKCHaflbHble nponycKaiOll.IHe KOflbUa. npHBeAel 

HHA npOAOflbHOlA MOAYflA_UHH HHTeHCI1BHOCTH CBeTa Ha or 

c ABYMA Y3KHMH KoaKcHanbHbiMH nponycKaiOll.IHMH 1 

CTpyKTypb~ BOflHOBO~O nonA Ha pa3flH'tHbiX CT3AHRX : 

i.tHTepQ>epeHUHH B 06beMe Me>t<Ay reHepaTOpOM H AeTe 

nepHMeHTbl C, npAMOflHHelAHbiM Q>a30BbiM CKa'tKOM He 

nnaCTHHKe B CHCTeMe C ABYMA KOaKCHanbHbiMH KOH 

QlpOHTaMH . 

. . Pa6oTa BblnOnHeHa B na6opaTOpHH AAepHbiX npo6ne' 

Coo6meaHe 06oeAHHeHHoro HHcnnyTa ~epHbiX HCCJie; 
- "'\ > • 
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Soroko L.M. 

Longitudinaf Interference of Diffraction 

Free Wave Fields 

II. Expe~iments 

1 The experiments with longitudinal interference of tt 
fields produced by the screen with narrow coaxial transmi1 

The measurements of the _longitudinal modulation of th 

optical axis of the system with two narrow coaxial transr 

ted. The structures of the wave field at various evolution s1 

interference in the volume between the generator· and tl 

strated. The exp~riments with. straight line 180° phase jUI 

in the system with two coaxial conical wavefronts are desc1 
• - • 1 

·The investigation has been performed at the Laborato . ' ~ . '· . , 
JINR. 
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