
Yu. N. Denisyuk. Present state and prospects for
development of holography with recording in three-
dimensional media. The present state of the theory
of holography with recording in three-dimensional
media and its practical applications is reviewed. A
theory that considers the interaction of the radiation
with the hologram in first approximation is adequate
for qualitative explanation of the mechanism by which
the hologram reconstructs the spatial configuration and
spectral composition of the wave fields of the radiation
registered on it.1 The same approximation can be used
to establish the relation between the structure of the
three-dimensional hologram and that of the three-di-
mensional phase object. It can be shown that in this
particular case, the structure of the three-dimensional
hologram coincides exactly with the structure of the
object after the latter's spatial-frequency spectrum
has been filtered. As a result of this filtration, the
outlines of the object in the coordinate space are blur-
red and the object, as it were, reaches the volume in
which the hologram is registered.2 It was found on fur-
ther generalization of the "three-dimensional hologram"
concept that the ability to reproduce wave fields per-
tains not only to standing, but also to traveling inten-
sity waves that arise on interference between radiations
of different wavelengths.3 This effect can be used to
create various radiation transformers. Studies of the
possibility of creating a three-dimensional holographic
memory gave considerable impetus to the development
of three-dimensional holography.4 In particular, direc-
tional transfer of energy from one of the waves inter-
acting in the volume of the hologram to another was
observed in the course of research on the recording of
information in a lithium niobate crystal.5 It has been
proposed6 that this effect be used to correct wave-front
distortions. The development of a so-called dynamic
holography, which takes account of effects resulting
from the fact that the recording medium responds to
light directly during recording, was begun for this pur-
pose.7

Among the efforts to develop a more rigorous theory
of the three-dimensional hologram, we should note the
theory of coupled waves, which has been used to obtain
analytic expressions for the diffraction efficiencies of
the simplest volume holographic gratings.8 The next
step in the development of rigorous theory of the three-
dimensional hologram was application of the dynamic
theory of x-ray diffraction developed by P. Ewald.
Using this theory, it is possible to determine the field
of the radiation reproduced by the hologram when the
structure of the latter is highly complex.9*11 Progress

in the development of photographic materials on which
holograms can be recorded will do much to determine
practical applications of holography with recording in
three-dimensional media. One of the most common
applications of this type of holography is the creation of
imaging holograms that admit of reconstruction by an
ordinary source of white light.12 Such holograms are
recorded on ultrahigh-resolution Lippmann photograph-
ic plates developed specifically for this purpose.13"15

Successful developmental work is being done on appli-
cations of three-dimensional holography involving the
production of holographic optical elements for various
purposes—holographic lenses for transfer of images
recorded in bichromated gelatin layers,16 dispersion
elements for optical resonators,17 etc. With the devel-
opment of the appropriate recording media, we may
expect three-dimensional holographic memories for
computers4 and devices for correction of wavefront
distortions.3'*
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Sh. D. Kakichashvili. Polarization holography. In
its original form, the holographic method assumed the
possibility of recording scalar intensity distributions.1'2

Such recording is actually a polarization comparison of
object and reference fields, and remains such also for

reconstruction. As a result, an essential characteris-
tic of the field scattered by the object—its polarization
state—is not reporduced in the reconstruction process.
Schematic solutions of this problem have been unsuc-
cessful due to distortions that it is impossible in prin-
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ciple to remove.3

Attention was first drawn in Ref. 4 to the fact that
when the object and reference waves interact, the field
distribution in the plane of the hologram is of an essen-
tially vector nature, but that this is not reflected in any
way in the registration process. The conclusion to be
drawn from this is that it is necessary to use media
that map the polarization state of the resultant wave
point by point. The conditions under which such re-
cording could solve the problem required detailed in-
vestigation.

We know that when polarized light interacts with a
medium, anisotropy is induced under certain conditions
in addition to the usual isotropic change.5 A similar
anisotropy can be fixed in photochemical systems.6

The aggregate scalar-vector change of the medium un-
der the action of polarized light can be described by the
system

(1)

where ε0 and έ̂  are the initial and final complex dielec-
tric permittivities of the medium, ν and s are the com-
plex coefficients of the vector and scalar reactions of
the medium, respectively, and B\ and E\ are the inten-
sities along the major and minor axes of the polariza-
tion ellipse of the incident field.

Use of system (1) as a measure of the anisotropy in-
duced by the field makes possible theoretical analysis
of anisotropic holograms.7 This also requires modi-
fication of the Kirchhoff scalar diffraction integral for
the vector case.8 '9

Making use of the preservation of the polarization
state of the beam in an elementary diffraction event and
correcting the amplitude components in the equatorial
and meridional diffraction planes, we obtain for the
electric vector
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where Mo is a 2X2 Jones matrix, which describes a
diffracting screen with anisotropy variable over So, Eo

is the Jones vector of the field illuminating the screen,
I, m, η are the direction cosines of the diffracted beam,
and R(xa, y 0, x, y, z) is the distance from point x0, y0 on
the screen to the observing point x, y, z.

Using the Jones vector-matrix method and relations
(1), (2), we derive vector expressions for the recon-
struction field. Assuming s =0 for simplicity of ana-
lysis, we take as an example the reconstruction field
of the virtual and real images:
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where Φ = is the Jones column vector of the

reference wave and Ξ is the column vector that de-

scribes the object.

It follows from (3) that use of a linearly polarized
reference wave solves the problem of reconstructing
the polarization of the object. Here the virtual and
real images are equivalent from the information stand-
point. In the general case of reference-wave polari-
zation, there is a distinct asymmetry in the polariza-
tion state of these images. In particular, use of a
circularly polarized reference wave results in com-
plete disappearance of the real image.10

Experimental production-engineering work has been
done with the object of developing photoanisotropic
media with adequate sensitivity. An incidental problem
was that of eliminating the scalar response of the me-
dium.1 1 '1 2

The results obtained in theory were confirmed by
experiments in polarization holographic recording on
various photoanisotropic materials.1 3

In summary, we note that holographic reconstruction
of the polarization state of the object field, together
with reconstruction of the complex amplitude and wave-
length, is of essential importance for a posteriori el-
lipsometric measurements in many scientific and tech-
nical areas and in systems that process optical infor-
mation.

Polarization holography would appear to have a de-
cisive role in the development of holographic inter-
ferometry and photoelasticity techniques, making pos-
sible comparative measurements of states of stress in
any objects of interest.

There is a promising possibility of obtaining values
of the vector parameters of various media for prob-
lems in molecular-optical research from polarization-
holographic measurements.

The methods of polarization holography can be used
to create artificial anisotropic optical systems of prac-
tically any predetermined structure with broad func-
tional capabilities. Thus, for example, polarization-
holographic gratings with variable-profile transmis-
sion planes can be used to separate an incoming iield
into mutually orthogonal components, directing them
into diffraction orders - 1 and +1, respectively.

Finally, we should note that development of the meth-
od has resulted in a rather general approach to prob-
lems of diffraction by anisotropic structures or arbi-
trary nature, solution of which had appeared to be hope-
lessly complex.

' P . Gabor, Proc. Roy. Soc. Ser. A 197, 197 (1949), p. 454.
2Yu. N. Denisyuk, Dokl. Akad. Nauk SSSR 144, 1275 (1962)

[Sov. Phys. Dokl. 7, 543 (1962)].
3 I . A. Deryugin, V. N. Kurashov, D. V. Podanchuk, and Yu.

V. Khoroshkov, Usp. Fiz. Nauk. 108, 733 (1972) [Sov. Phys.
Usp. 15, 804 (1973)].

4Sh. D. Kakichashvili, Opt. Spektrosk. 33, 324 (1972) [Opt.
Spectrosc. (USSR) 33, 171 (1972)].

5G. V. Skrotskii and T. G. Izyumova, Usp. Fiz. Nauk 73,

999 Sov. Phys. Usp. 21(12), Dec. 1978 Meetings and Conferences 999



423 (1961) [Sov. Phys. Usp. 4, 177 (1961)].
8 F. Weigert, Verhandl. Phys. Ges. , 21, 479 (1919).
7Sh. D. Kakichashvili, Kvantovaya FJektron. (Moscow) 1, 1435

(1974) [Sov. J. Quantum Electron. 4, 795 (1975)].
8F. Kottler, Prop:. Optics, 6 (1967), p. 331.
9Sh. D. Kakichashvili, in Materialy VII Vsesoyuznoi shkoly

golografii. [Materials of 7th Ail-Union Holography Work-
shop], Leningrad, 1975, p. 31.

10Sh. D. Kakichashvili and T. N. Kvinikhidze, Kvantovaya

iSlektron. (Moscow 2, 1449 (1975) [Sov. J. Quantum Electron.
5, 778 (1975)].

u Sh. D. Kakichashvili and V. G. Shaverdova, Opt. Spektrosk.
41, 892 (1976) [Opt. Spectrosc. (USSR) 41, 525 (1976)].

12Sh. D. Jiakichashvili, I. V. Tunimanova, and V. A. Tsek-
homskii, Zhurn. nauch. i prikl. fotogr. i kinematogr. 22,
218 (1977).

13Sh. D. Kakichashvili, Opt. Spektrosk. 42 , 390 (1977) [Opt.
Spectrosc. (USSR) 42, 218 (1977)].

B. Ya. Zel'dovich and V. V. Ragul'skiL Wave-front
inversion in induced light scattering. One characteristic
feature of induced light scattering is the high directivity
of the scattered radiation. It was observed already in
1965 that the divergence of the radiation scattered in
induced Mandel'shtam-Brillouin scattering is about the
same as the divergence of the exciting light.1 A simi-
lar result was later obtained for Rayleigh2 and Raman3

scattering. The high directivity of the scattered light
was usually explained by geometric factors, and the
question of a relation between the wave fronts of the
exciting and scattered radiation was not raised for some
time. The problem was first formulated in 1972 at the
P. N. Lebedev Physics Institute.4 It was found that
inversion of the wave front may occur on induced scat-
tering of light (Fig. 1). In this effect, the wave front
of the backscattered radiation coincides exactly in shape
with the exciting-light front, but the phase shifts at
these fronts are of opposite signs. In other words, a
phase lead gives way to an equal phase lag and vice
versa in induced scattering.

Figure 1 shows a schematic diagram of the experi-
ment that made observation of this effect possible.
Radiation from a ruby laser with a nearly planar wave
front (with the diffraction divergence) was passed
through a spatially inhomogeneous phase plate. The
wave front was strongly distorted as a result, and
the divergence of the light increased by a factor of «25.
This light entered a condensed medium (compressed
gas in the first experiment), where induced scattering
was excited. The divergence of the backscattered light
was just a great as that of the exciting light; however,
after passage back through the phase plate, the diver-
gence of the scattered light was much smaller and com-

sxciting

_~ scattering
_~ medium _

parable to the divergence of the original laser beam.
Figures 2 (a) and 2(b) show the angular distributions
of these beams; they coincide at the diffraction level.
Calorimetric measurements indicated that 26% of the
laser radiation was scattered in this experiment.
Photometry of the negatives in Figs. 2(a) and 2(b)
showed that the brightness of the scattered radiation
after passage through the plate is also 26% of the
brightness of the original laser light. Therefore the
wave front of the scattered light was fully "corrected"
on passage through the phase plate. The scattering
medium was replaced by a plane mirror in a control
experiment. In this case the reflected radiation pass-
ing back through the plate was not "corrected" at all,
but, to the contrary, was distorted further [Fig. 2(c)].

The results described above indicate that the wave
front is inverted on induced scattering. In fact, sup-
pose that the laser field has the form EL (r), where r
= {x, y) are coordinates perpendicular to its propaga-
tion direction. Then the exciting-radiation field has the
the form E0(r) = EL{r)eivW\ where cp(r) is the phase
shift introduced by the plate. The scattered field Es(r)
after passage back through the phase plate acquires
the same phase shifts and has the form E1 = Ese

iv. It
follows from the agreement of E^ with EL that Es

~ELe ~lv
i.e.,

(1)

The implication of this equation is precisely that in-
version of the wave front occurs. The effect comes

FIG. 1. Correlation between wave fronts of exciting and
scattered light (a) and diagram of experiment to observe it (b).

FIG. 2. Far-zone distribution patterns: laser radiation (a);
backscattered radiation passed through phase plate (b); light
reflected by plane mirror (c); scattered light in absence of
phase plate (d).
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