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Kstimation of tne Density of a Latent Image using a
Holographic lMethod
by
M.G.Girina, V.l.Mandrosov, and G,.,A.Sobolev

Among the various methods of investigating latent
images a great deal of interest has been in the holo-
graphic method of visulaization, which allows one to
investigate the dynamics of the growth of the latent
image, as in :{}. The difficulty of direct photographiec
observation of the rowth of the latent image is connect-
ed witn the problem of recording sm=211 densities, The
pnotograpnic m-thods suggested in [2,3j allow omne to
record optical densities on the order of 10-°—10-".

However, it must be observed that the photographic
methods are based on the measurement of two relatively
large (in magnitude) lignt sign=ls, and on the deter-
mination of the difference between them, by the balance
method, It is clear that even insignificant diffusion
of light can lead to large errors in similar measure-
ments, In addition, there are also severe requirements
on the uniformity of tne specimen, the stability of the
light flux, and so forth,

Also, the photographic method allows on to measure
only the constant density of the photgraphic image, and
can not be used for recording small densities, contain-
ing large spatial frequencies, which are more interesting
from tne point of view of holographic applications,

In order to observe the continuous growth of the
latent image in one sample of photomaterial, using these
m-thods, definite technical problems must be overcome,
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In the present work we examine a method of holographic
measurement of the growth of tne latent image, suggested
in [1). This method is distinguisned from tne photgraphic
method by virtue of the properties of the hologram,

which allow one to obtain the difference signal, so long
as the radiational deviation onroduced by the holo:ram
arises due to insignificant modulation of the optical
density,

Measurements are conducted using the usual holo-
graphic scheme, with a split beam (rig.1). Plane wave
frouts from a helium-neon laser are split with an optical
wedge into two planar beams, The interference pattern
of the two planar beams is recorded on aphotographic
plate with an improved Lippman emulsion, of type PE-1.

As a result of the interaction of the light with the
microcrystals of silver halide latent 1lmage centers

are formed, and a hologram is nroduced with an everywhere
small optical density,

The period of the transmission function of the
hologram is equal to the period of the interference
pattern between the refeerence and object beams. Each
of these beams (reference and object) has undergone
diffraction in forming the hologram, =and the same is
true of the conconstructed beam,

As a result of the diffraction several diffraction
orders are formed, whcih can be registered by highly
sensitive photoreceivers equipped with a photomultiplier
and cathode follower with a sensitive and low-inertia
galvanometer, Weak diffraction orders can also be ob-
served visually in a microscope,
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The results of our measurements are presented in
fig.2 in coordinates of time of exposure, in seconds,
versus diffraction effectiveness, The experimental curve
shows that tne growth of the diffraction effectiveness
is proportional to the time of exposure in a satisfact-
orily wide range of exposure times, from several seconds
to one hour (where the power of the radiation from the
helium-neon laser impinging on the photoreceiver is of
the ordprloﬁﬁwatn). Under these conditions the maximum
senstivity of the photoreceiver, witn the photomultip-
lier, is about 10-"* watt.

Ve pass now 10 a theoretical investigation of the
connection between diffraction effectiveness and the
optical density of the darkened areas.

In as much as the intensity of the interference
pattern recorded on film is peeiodic, the amplitude of
the transmission fui.ction, which arises as a result
of the diffraction grating, can be expanded in a Fourier
series:

Ta= To + T co8 2nvxr + Tocos dnvae + .. .,
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where 2

2
T, = ._S‘I.:_j T, cos 2nvz dx,
f)
T, = it-j T, c0s 4nvr dzx,
S,
sin 0
Ly is tne spatial frequency, 26 is the angle of

convergence of the reference and object beams,

As a result of reconstruction there arises the
following amplitude distribution:

E,= 1.E, = [1o+ 1, cos 2avz + 1. cos davz ) Ey,

where E, = [E,e™*+ E,e-™] 1is the composite reconstructed
signal,

In this manner, the hologram will form a series of
plane waves with amplitudes:

ES = 1Ey; Et' = Tl Byt = B
and so forth (orders corresponding to the reference beam),

1’.‘(." = T‘.E‘,; I';u“' 2 T\l‘;u: E“iz = Ti'l'n‘u

and so forth (orders corresponding to the object beam),

In certain directions certain waves partially co-
incide., For example, order 41 waves from tnhe reference
beam are formed in the direction of zero order waves
from the object beam, -1 order waves from the object
beam correspond to +1 order waves from the reference beam,
+?2 order waves from tne object beam are formed in the
direction of =1 order waves from the reference beams, etc,

The radiative power corresponding to these orders is:
P = EnIToZAS‘r, Pu“ - Ea?'n:Sr n 11042 - :U?ngs,._
I,n“ . Enzfnzsr. I,n“ - b’n2T|2S‘. n 1,"’2 - E.,‘rg:S,.
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The diffraction effectiveness is: {

puzl s I)n:l

N=r——-=—=1,°
L s T

In the experiment wnat was recorded, in fact, was
the total fields: eitner K,**+E; or E*'+E,".; the power
of the second orders is significantly smaller than the
power of the first orders, so that in practice we measure

a value equal to eitner P,*' or P,

Experimentally we oobtained the following approx-
imate relationship between % and the exposure time,

useful over a wide range oi exposure times:

N~ atyp =T’

In this manner t, = Vat, where o depends on the aver-
age value of the intensity of the interference pattern,

Thus, ignoring tne second orders of diffraction, we get

Ta = To(t) + Vot cos 2ave,
wnere a=a(l), [ =20,(1 + k* + 2k cos 2avr),
) o

T=20(1+k), k=1t

£« is tne amplitude of tne object beam, =znd By the amplit-

ude of the reference beain,

To implement the experiment we took k=1,

We determined tne furtner increase of the density
of the darkened area in the formation of the latent image,

D(x)
Defining ,=10 * we ottain
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D(z)=—~—Inr, ( | + —cos 2nvz + — cos 4:[\';) .
To Ty

2,0

sxpanding the above expression in terms of the

s

parameters |, and ", and discarding small terms, we get:

D(z)=D,(z)+ = cos 2avr + L cos davx ],
, T T
where D,=—2lg%w the average optical density, whicn,in
practice, 1s close to the original optical density,
Ignoring tne secondary orders of diffraction we ootain
tne 1ucrease in the density of the darkened area:

Ty Yat Vi
AD = —cos 2avr = coS 2ntvx =
To To To

cos 2avr.

From the precediug relation it follows that the
amplitude ol the measured density of tne darkened areas
is proportional to tne square root of the diffraction
eflrectiveness, I'ne simplicity of this result “acilitates

using tnis metnod in the investigation of smal! densities,

The minimal diffraction effectiveness which we
measured was: R ’
'] =T X “)‘ .
Then, taking <,~| we obtain:

AD =310 *cos 2ave.

From this it is clear tnat the minimally registered
amplitude, obtained in our experiment, is of tne order 3-10-
wnicn coincides witn the result obtained by tne photo-
graphic metnod [2,4] .

In tnuis mauner both our experiment and the theor-
etical analysis snow tnat the holograpnic method allows

e ——————
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one, iu a simple and accurate manner, to measure, in
real time, insignificant darkening densities, dictated
oy the formation of the holographic image.

I.N.Ul'anov Government Submitted
Pedagogical Institute 12=-20-1971
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