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~stimation of tne Density of a Latent .Lrnage using a

riolograp hic ~etnod

by
1’~. N . ~i rina , ~.i . h~and r oso v , and G .A. Sob o lev

:m on ~ t he  v : r i o ~~s m e t h o d s  o~ i n ves t iga t ing  l a t e n t
images a gre ~t deal. of intere~’t h a s  been in the holo—

~rar~ ic method of visulaization , wnich allows one to

investigate the dynamics of the growth o~ the latent ;

ima~;e , i~ :i . The dif’ficulty o~ direct n~;otograp hic

ot s~ rvation of the rowth of the latent image is connect-

ed wit s the problem of recording small densities . The

psotograpnic rn tnods suggested in L2,3’ allow one to

record optical ~e~ sities on the order of 1O~ —1O ’.

:~o’wever , it ~;u~~t be ooserved t h a t  t~ -~ photographic

~r ~t’~oas ate based on the aeasureaent of two relatively

1ar~ e ~in ma ~~ni  tude) li~ r~t si~:n’~ls , and on the deter—

mination of tne di~
’:’erence between them , by th~ balance

method . It is cl’~ar t r i ~it even insj~ nifjcant dif !usion

or Ti~ nt can ic - si to large ~riors in similar measure—

merits . In ad~:itios , tsere are al so severe requirements

on the unifo rmi ty or ’ tne sp- cimen , the stability of the

l i ght  f l u x , an d  ~o f o r t s ,

A l s o , t n ~ I o t o g r a n r l i a  m~~t sod  a l l o w s  on to mea sure

only the constan t d~ r;sity of t n e  p s ct g r a n n i c  image , and

c o  aot be us -~ for recordin~ smal l densi ties , contain-

ing lar e r  patia ] t’r quencies , wnic ar~ m o e  intere sti .g

from tue point or view at ’ ho1o~’rarsic ap;licatior :s.

In  o r d e r  to observe the c o n t i n u o u s  g r o w t h  of th e
latent ima~ e in one sample of nhotomate~ ia1 , usin .~ these

m~~tr1o&1s , d ’-fLnite technical proolems mu st he overcome
,1



~
-

~
- -  - - -~~~~~~~~

--
~~~~~~~~~~~~~~~~~

In  tne present work we examine a m et~ od at holographic
‘~~asu ’er ’ ;enr  of the growth or t o- laten t i”age , suggested

in L1” . ThiS m e t n o d  is distinguisoed f r o r the photgraphic
method by virtue of the properties of the ho1o~ ram ,
whien - h o w  one to octain toe difterence signal , so long

as t he  radi ~tionai d viation oroduced i y the holo ram

arises rue to irisi ~ iii ic’ant m oaul -ation of the onti ’al

density .

Measurements are condur ci u sin ’ the usual halo—

sa’ackiic scheme , wit s a split beam t. ‘i - - . 1). Plan~ wave

:‘ ro t s  r~r’am a od ium—neon laser a~ e sp i it wit s an oati~ al

wedge into two olanar earns. The i n t e r  ‘erence n-a t tern

of too two p l a n a r ’  seams is r’ c’orded ii o t o ~~r :-~o h; C

ci ~t e wi th ~n i~~pr o v~~d L ipp in an  em u l s i o n , or  typ~ P~ — 1 .

As a r~~suL  o ’ t n ~ i a t ~~v :- : c t an o r ’ ~h lioh t wits the

m.ierocr~~c ta1r o~
’ si1v~r rialide latent image s~’n r ~~rs

are ro rmed , aid a h a l o - r n in  nro~ uced with an everywhere

small o p t i c a l  d e n s i t y.

~‘re ce r iod  o r  toe r a s s ni s s i  n f u r s  t i e; of the
h o l o a r a r n  is ~qua1 to  the  o~ riod of~ the i ri te re ’erence

p-i t t e r n  be tw - n  the  so t’e~ rence uid obi ec t. ‘~arns . ~ach

o :‘ t r i e : e c ~rns ~re fer ence  and e j~~c t )  -~ n u i i d e r ~~ene

r i  :t ’r ’ar t i o n  i n f o r m i n g  t h ’  h o l  a rmr , nd t h e  sa:ce is
true or the conconstructed beam .

As a result o;’ the  d i : ’ L’r a c tj o n  several  d i f f r ac t i o n
o rders  ar~ fo rm ed , wh c ih  ca n be r ’ : in t e r e d  by h i g h l y
sensitive nhotoreceivers equipped with a nhotomuiti pl ier

nd cathode follower with a sensitive and low— inertia

galvanometer. •Yeak di ft ’r c t i o n  order’s can also be ob-

served vi coa l  I y i a a microscope .
2
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?h r e c u l t s  o r ’ o u r  n e a s u r e m e nt s  arc  presented in

fig.2 in coordinates o~
’ time of exposure , in seconds,

versus diffraction effectivenes s . Th~ experimental curve

snows tha t t n e  ~- r o N t r r  of t h e  d i f : ra c t i o n  e f f e c t i v e n e s s
is proportional to the time of exposure in a satisfac t-

or i l y  wi le r a ng e  of e x p o s u r e  t i m e s , from several  s - - s a n d s
to one hour I~wser~ t~~e n ow e r  o r ’ t O e  r a d i a t i o n  f ran  the
helium—neon laser i a n i  ogi ng on the ohotoreceiver is of

the  o r der  1o~’~ v a t t ) .  U s d e r  these c o rid i t i ~ns the maximum

rer tsti v ity 01’ the p r l o t o r ’ e c e iv e r , w i t n  t i e  n n o t o ’n u l t i p —
h e r , is a t o u t  1O~~ w a t t .

Ic n o w  t o a theore t ica l  i nv e st i ~- ;at i  n o r ’ the
co r i n e ct i  n b e t w e e n  d i f f r a c t i o n  e f f e c t i v e n e s s  and  t h e
optical density of the iarkened areas.

In as much rs the intensity of the interferenc~’
sitter s record -~cl on film is periodic , the amp litude of

toe transmis;-ion fu ctlon , which arises as a result

of th e  d i r ’fr ac t i  n ar a t i n g ,  can be expanded  in a F o u r i er

T~~~~ t , + t * ~~” 2 i v . r -~- T~~(~~) S 4 1 V , T + . . . ,

3
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w a e r e  2~ I , (OS 2rivx dx,

2~t r
T .  = --—— 1 V COS /I~IVX dx,- Sr~~

sinO
~~ —- c----- is tee spatial tre que n cy, 26 is the ng le  of

co n v e rg e nc e  of to  r- for e s ee  ~nd  oc~ cc t beams .

As a resu l t  of  r- c o nst ru e  t i -n t e er  -~r r  ses t ee
f o i l  ow i n g  : anpi i  t u d e  s s  t r i r iu  t i on :

IL = i.E : [ t o + i j  t os  2~t vx + r~ COS

w e e re _ [ E n ~~°’~ + E ,e - -
~~”1 is tn e Conno si te seconstruc ’ te l

In rots it rin ’ r , t h r ~ h o l o g r a m  w i l l  form a series of
Si ne waves wito amplitudes:

ilL; E0~’ = i1/L; I ’o~ T 2EQ

- -~r~- : so r a iLs ~oraets corre;- :~~s :ir e to roe r~~f ’ r n c e  ce - i n) ,

/ ‘
~~ 

= i L 1 la ‘ = i l ,: 1~~’~ ~ i: ,

nd so forts ~o r’i ~~r : c o r ” e s n o u d i r ; g  to  t e e  or .~~’~t s- am) .

~ n r ’~~ r t ~~ ; r ;  I I S O C I I Q j S  c e r t a i n  w a v e s  s - s t  r a l l y  co—
irlcile . r~O r ‘~xamnle , order 41 waves r ’ro~ t n~ re fe  r~~ . ce
re am re fo r m e d  in toe ii sec tion of zero order ~~ves
fr’a~r t oe  on  ec t r e a m , — 1 order wave :- ! ro ’ toe or ,i ~~~~

‘ t
be -in correr’nond to ~ 1 u sher  wave :’ f r o m  t oe  r#~ f e r ,  a ce  r~~a r ’: ,
+ 2 ord er wave.-’ ~

‘ro’- . t o  or je ct D a m  are fo r me d  is tri°
di rec tier ; o ’ —1 order waves fror’; the re fereirce b e a m s , e

o s r i -i t i  ~~ so wer  c or ’ r e : ’ n i 1 d i  g to t s~ ‘~~~ ordess is :

I’ = I- : t,~S, . I’ ’  E,2 t,~S, ii I’, ’ = /~,, ~
/ ) ~ ~ /. ? I~~S’ ~ /.‘ . c
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In tue ex -er ’imen t w- at was recorded , in fact , was

tri o tot al fieias: eitner E ” + E ,~~, or E 0 ”+ E g 2 , the power

of the second orders is significantly smafl~~r th a - the

power of the first orders , so teat in practicr~ o,e measure

a v al u e  eq ual to ci t ee s  P0 ’’ or P ,

Experi: ’:entali we ootaiu~-d t u e  f o l l o w i ng  approx-
imate relationship betwe en ‘- ‘ - n d t Oe  exp o su re  t i n s ,
u sefu l over a wide range u t ’ exposure ti- es:

I l -
~~ ~~~ = t~~.

In t S t s  ~n r ; e r  -r = ~~t , w ’:s r~ l e p e - ; J s  n r h o  aver—
age value 01 t o e  i n t e n s i t y  o ” t r i o  is  t e  r’ference sat tern .

Taus , i~’es r 1o ?~; tile second orders at ’ d i f f r a c  t i a r i , w ~‘et

= r~ (j ) + V ’~ 1 ( ~ )S L IV V .

w e re  
~~~~~~ 

/ = 2 / , ( l + A . ! 
~2k t-os 2j~’x)

/ — _ / ( I  + k ~) . k =

~E, is trie ; sna7  i t u u e  of t r i o  oc ,~er t Deam . ri -I s tee snn l it—

ud - or ’ t rio r- f ’ - r - ° n c c  t - ~~:

To in:I en eut tee e nesi - c~~t w -  took K 1 .

~~ I e t r r n i rl e 1 t e e  fu rt ier incr ease of tue density

or ’ toe a •r - a ai sea in  tne for-m arion of’ tne l i t ut inaie .

~~~~ o~ r airi

5
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ax ca:iding se above expression in term s of t~ e

p ar a m e t e r s  a a d  ~~ an r discarding sm all t°rm s, we ge l; :

D(x) = D0(x) + [ - -cos 2.’ v,r + -eus

where  D =  — 2 1g  t to~ averaec opticai dens~ ty, Wh i ch , in
orac tice , is close to tne original optic al density .

I~’noring toe sac ;riiar’v orders of iifI raeti ri v - ost airi
tir e increase in tne density of t r i o d a r ~~e ’r e d  a r e a :

T I ~~~ ~= —(‘Os _ .‘tvJ — ens 2 1 V X  —~ —CO S  ~~~ IVI.
T i  1- ,

roe; t e e  pt-ecu - IL a ’ rela :t u ~ it r ’oll w~ t a t  to-
, : np j j  tune of tee n - a ‘ur n density of t i r e  d a r K e r l e a  a r e a s
is pro p ortio n -i to t o ’ :  - r u ar’ e r o o t  01’ t a P  di I f r a c t i o n
ef cc t i v e r ess . tn~ - i r a s l i c i t y  of teis result ‘ac i l i t a tes
u s i n g  teis m e t o o d  Ia tue i u ; e -  tl.- -ati:-:; or ’ smal : d e n s 1  t i e s 0

T h e  mi r i m ~ i ri f r  -c t~ or .  e r f ~~c t iv u e s s  W : i i r n  we
no ru red was; . - 7

= t o

Th en , t a k i n g  -~~~ 
~~ - w- o L t a l i l :

\1) ~ 
1(1 - ens 2 i vx ,

0-’ rom t e r s  it Is clear - tna t t~ e minimally register- ’d
amp Ii t u d o , o n t ~ t o o l in  our experi -’.eri t , is o ” toe or r e r  .1 t O ’ ,
wr iicn coincides W i t h  the result obtained oy tire photo—

I- ~~graphic me toou 2,4_

In  tu l s  m a n n e r  co to  o u r  exper imn n t  a n r  t oe  t e o o r —

- i : a i v r i s  SnOW t e a t  tr i e ho lograph ic  m e t h o d  a~ lows
6
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one , lii a simple and accurate manner , to measure , in

r ea l  ti me , insignifican t darkening d e r r s i  t I E S , di ctated

ry t r i o  formation of the holographic image.
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