
pulse are determined by the duration of the reference pulse
and by the time T, respectively.

The signal wave packet may contain a moving one-di-
mensional image in the direction perpendicular to the spec-
tral decomposition. Such an image can be recorded in the
form of a two-dimensional spectral hologram which con-
tains records of the spatial and temporal information along
the two coordinates; a reconstruction can then be carried
out. In the simplest case, a two-dimensional spectral holo-
gram would make it possible to spatially separate reference
and signal pulses during recording, while during reconstruc-
tion it would be possible to separate the direct and time-
reversed copies of the signal pulse.3"5 Moving two-dimen-
sional images can be recorded and reconstructed on the basis
of analogous principles.6

In the case of interference of oppositely directed waves
of the spectral decomposition of two pulses—this decompo-
sition can be carried out with the help of the double spectral
instrument shown in Fig. 1—a standing wave characterized
by a fan-shaped arrangement of antinodes forms near the
plane of the spectrum. If this wave is recorded, one obtains a
three-dimensional spectral hologram. Such a hologram can
be used to reconstruct in reflected light only the direct copy
or only the time-reversed copy of the signal pulse. The recon-
struction efficiency can approach unity.5

A natural development of the principle of the three-
dimensional spectral hologram is the dynamic spectral holo-
gram. A hologram of this type makes it possible to record
and reconstruct an optical pulse in real time. We find a var-
iety of possibilities for ultrafast conversions to time-varying
optical signals such as correlation, convolution, or time re-
versal of a signal. A dynamic mixing of spatial and temporal
signals is possible. If, for example, a monochromatic spatial
signal is recorded on a dynamic hologram, and it is recon-
structed as a spectral hologram, then the result will be a

temporal signal which is an analog of the original spatial
signal. There is also the possibility of the inverse process:
dynamic time-space conversion.7

Another field of application of dynamic spectral holog-
raphy is photochronography. The interference pattern
formed as a result of the interference of the spectral deconu
position wave of an ultrashort pulse with an oppositely di-
rected monochromatic plane wave is a rapidly rotating
three-dimensional grating. The recording of such a grating
in a dynamic medium makes it possible to realize a rotating
holographic mirror. A mirror of this sort can be used to scan
a light beam in the method of photochronography, so that
we obtain for photochronography a time resolution which is
in principle limited by only the duration of the original ultra-
short pulse, say 10~ 12-10~14 s.

An analysis of the general case of the interaction of
spectral-decompositon waves in an optically nonlinear me-
dium will make it possible to formulate principles of nonlinT

ear spectral optics as a system of conversions of temporal
optical signals through a nonlinear interaction of their spec-
tra. Methods of nonlinear spectral optics present some sub-
stantially new opportunities for the conversion of pulsed,
light signals.7 ,.iti
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G. I. Lashkov. Energy transport involving triplet states
in phase recording of light. A radiationless transfer of energy
between excited states to the triplet state of donor (D) mole-
cules and unexcited acceptor (A) molecules, with the result
that the latter are immediately put in the triplet state, occurs
when D and A approach to a distance equal to the sum of the
van der Waals radii of the molecules. Under exothermic
transfer conditions, withE(Tf) >E(T$) (Fig. 1), the pro-
cess takes place with unit efficiency.1

The filling of Tf" in an indirect manner (through the
excitation of D), through the use of T-T energy transfer,
raises the possibility of a spectral shift of the photosensitivity
of A, and this shift may be substantial in several cases. Fur-
thermore, a given D molecule—a spectral sensitizer— can
participate many times in events of the absorption of light
and the initiation of photoconversions of A. Specifically
these properties of processes which are sensitized through T-
T energy transfer have been suggested for use in searching
for phase photosensitive systems.2 FIG. 1. Spectral sensitization involving triplet-triplet energy transfer.
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The idea of a phase recording of light which initiates
photoprocesses in a system with T-T energy transfer is quite
transparent. If the photocoversion of A is accompanied by a
sharp change in the polarizability of the molecules, the dis-
persion outside the absorption bands of A will give rise to a
change in the refractive index (d/i). The repeated function-
ing of a given D molecule leads to a significant value of dn at
a low absorption of the system in the working spectral re-
gion.

Actually, even the excitation of A into Tf is accompa-
nied by a dispersive photorefraction effect, since the absorp-
tion TA«— Tf occurs in a spectral region different from that
of S**-SA. We would thus expect that it would be possible to
realize phase photosensitive objects based on donor-accep-
tor systems in vapors, liquids, and doped molecular crystals,
where dn is induced for the lifetime of triplet excited states.

The use of the photooxidation of polyacene com-
pounds3 as the process responsible for the photorefraction
led to the development of a new class of phase recording
media, the reoxans.4

A reoxan consists of an anthracene compound (An)
and a spectral sensitizer ( S ) , both are dissolved in a polymer
binder ( Fig. 2 ) . The material is sensitized by prolonged ex-
posure to oxygen at an elevated pressure.

Exposure to light may cause the following processes:
A transfer of energy as the sensitizer in the T state, 3S*,
and O2 ( 3 2 ) , approach each other by diffusion, with the
O2 becoming chemically active:

1A). (1)

Oxidation of An by oxygen:

An4-O2('A)-+AnO2, (2)

accompanied by a change in the molecular refraction,
which has the magnitude (1.0-0.3)-10~22 cm3 in the
spectral interval 0.44-1. 5 ̂ m.
Spontaneous decay of O2 ( ' A ) :

As a result of process 2, a region with a local change in
refractive index forms around S (Fig. 2). The size of this
region is determined by the mean square displacement of
O2( ' A) over the lifetime r,a -.

With D~ 10~8 cmVs and r,4 ~ 10~4 s, the value of R^ in a
polymer would be 10~6 cm. A high spatial resolution of the
layer is thus achieved.

The image is fixed as a result of the natural diffusion of
oxygen out of the polymer matrix.

Methods have been developed for producing reoxan
films with a thickness / = 1 0-3000 /zm, with values of dn up
to 2-10~2, and with a spectral-sensitivity region of 0.44-0.76
^m. The exposure at which the optical shift dn-l is equal to
the wavelength of the light involved, A, is 0.5-1.5 J/cm~2.

Various modifications of reoxan have been proposed:
with physical development of the latent image5 and with
photobleaching4 and with luminescent sensitizers.6

The phase-photosensitive systems which have been de-
veloped on the basis of this principle will find widespread use
in research on holography, adaptive optics, gradient optics,
and integrated optics.

Sensitizer S

Jiv

Oxidizing
compound A

f\r

•flit'*]
FIG. 2. Model of sensitized photooxidation of a solid matrix.
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V. I. Sukhanov. Phase holograms in recording media
with dispersive refraction. Progress in research on three-di-
mensional holography requires the development of new
three-dimensional recording media for producing highly ef-
ficient phase holograms for long-term use. Definite progress
has been made in this direction by a new approach to the
development of recording media, which is based on the
"principle of sensitized dispersive refraction." ' According

to this approach, phase holograms can be produced by sim-
ply arranging processes which would result, after a develop-
ment process, in sharp spectral differences between exposed
and unexposed parts of the material, thereby minimizing the
absorption of the light used to reconstruct the hologram.

The principle underlies the development of a new poly-
mer recording material, reoxan.' In reoxan, sharp changes
in the absorption spectra and accompanying changes in the
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