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FIG. 1. Broadening of solitons of higher modes in a gradient fiber. Curves
1-3 are the amplitude envelopes ofsolitonsofthe modes TM0,, TM t,, and
TE01.

method of the inverse problem of scattering theory, in-
creases.3 It is important that the stabilization of signals near
the threshold in TMw« modes requires 10—30 times less
energy than stabilization of the same pulses in similar TE
modes.4'5 Additional possibilities of controlling such near-
threshold stabilization appear on joining sections of light
pipe of different geometry. Still another possibility of stabili-
zation involves special modulation of pulses.6

3. Nonsoliton and soliton signals for fiber communica-
tion over short and long distances. We note that the soliton
regime, which is characterized by a unique coupling between
the energy and width of a pulse, is only a special case of a
number of nonlinear regimes. The advantages of both soliton
and nonsoliton regimes can be utilized in different portions
of a light pipe.

Transmission of information with a binary code by
means of soliton signals shaped at the input of a light pipe
requires special control of the shape of the envelopes. The
information-carrying ability of such signals is limited as a
result of the unique coupling mentioned above between the
duration and energy of the soliton; this same coupling leads
to a rapid deterioration of the time distribution of the soliton
signals with their spreading under the influence of damping
and random inhomogeneities of the fiber in distances of a few
kilometers. Increase of the initial energy of the solitons leads
to their periodic stratification with a period of 1 km. It is
expedient to use soliton signals, which do not involve thresh-
old effects, at large distances. Here interest is presented by
TM solitons, in which the localization of the energy is more
efficient (Fig. 1).

FIG. 2. Amplitude envelopes of nonsoliton pulses of identical amplitude
but arbitrary width. The dashed line is the soliton profile of the same
amplitude.

In contrast to this, the energy of nonsoliton signals (Fig.
2) is a free parameter which is convenient for control. This
property of nonsoliton pulses is important also for stabiliza-
tion of the signals being transmitted.7 We have noted the
possibility of stabilization of nonsoliton signals and their
maxima in a medium with damping. Nonsoliton signals in
the near-critical regime, in contrast to solitons, are not sub-
ject to stratification and therefore can be received at any
point of the route within several kilometers, as long as the
damping does not reduce the energy of the signal below the
threshold value. This distance can be increased by several
times by joining fibers of different geometry. Experiments
which have been carried out on stabilization of picosecond
signals in fibers with a positive dispersion of the group veloc-
ity7 indicate the promise of use of such stabilized nonsoliton
signals and permit one to raise the question of the informa-
tion possibilities of nonlinear communication channels.

'L. F. Mollenauer and R. Stolen, Phys. Rev. Lett. 12, 1095 (1981) [sic].
2D. R. Grischkowsky, Appl. Phys. Lett. 41, 1 (1982).
'A. B. Shvartsburg, Phys. Rep. 83, 108 (1982).
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5 A. B. Shvartsburg, Fortschr. Phys. 38, 1 (1980).
6I. N. Sisakyan and A. B. Shvartsburg, Kvantovaya elektron. (Moscow)
10, 1059 (1983) [Sov. J. Quantum Electron 13, 664 (1983)].

7M. I. Demchuk, V. P. Mikhaflov, A. M. Prokhorov, I. N. Sisakyan, A. B.
Shvartsburg, and K. V. Yumashev, Pis'ma Zh. Tekh. Fiz. 9, [sic] (1983).

K. K. Rebane. Phononless lines in laser spectroscopy of
molecules and crystals. 1. The phononless line—an optical
analog of the Mossbauer line. Phononless lines (PLL) in the
optical spectra of impurities, in particular impurities of large
molecules in solid matrices, are an interesting and striking
phenomenon. Spectra which contain phononless lines have a
set of extremely characteristic properties which have served
as a basis for distinguishing them as a special class of spectra.
PLL, especially PLL of a purely electronic transition, at low
temperatures are extremely narrow, have high peak intensi-
ty, and provide record high sensitivity and selectivity of
spectral investigations.

These properties can be summarized most compactly in
the following statement: PLL are an optical analog of a

Mossbauer line.' 3 The fundamental reason for this analogy
lies in the symmetry of the harmonic-oscillator Hamiltonian
with respect to coordinates and momenta.

However, there are two substantial differences between
purely electronic transitions and Mossbauer lines: 1) the
broadening of a phononless line, in particular of a purely
electronic transition, due to the inhomogeneous construc-
tion of the matrix, is much greater than for a Mossbauer line;
2) a purely electronic transition acts directly on the electron
system of the material (molecule), which opens up possibili-
ties at a new level for highly selective photochemistry.

The last ten years have seen the development of meth-
ods based on use of narrow laser lines which permit one to
avoid inhomogeneity braodening. It has become possible to
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perform high-resolution spectroscopy of large molecules
and also other impurity systems. For example, it is possible
now to study at optical frequencies the splitting of energy
levels of impurities in solid matrices due to interaction of the
nuclear spins, i.e., transitions which traditionally are studied
by means of nuclear magnetic resonance.7

2. Photochemical hole-burning in spectra. Photochemi-
cal hole burning4"6 has become a popular method of avoid-
ing inhomogeneity broadening. Under excitation by a nar-
row laser line of frequency CD, those molecules whose purely
electronic transitions are in resonance with a> are strongly
affected and undergo photochemical transformations, as a
result of which their purely electronic transitions disappear.
In the spectrum (for example, of absorption or excitation) at
a frequency K> there is formed a hole—an extremely narrow
region of reduced intensity. Photochemical hole burning is
not only a method of high-resolution spectroscopy, but also
an effective method of highly selective photochemical action
on matter, which opens up new possibilities which are inter-
esting for science and which have promise for practical use.

3. Spectrally selective memory* A very promising idea is
to use photochemical hole burning to create a spectrally se-
lective memory for computers. Exploratory studies in this
direction are being carried out at a number of leading com-
panies involved in computer technology (IBM and others). It
is quite realistic to burn out and to detect selectively from
neighboring regions holes of width 10~3 cm"1. In an inho-
mogeneous band of width 103 cm"1 it is possible to place
104-105 such holes, i.e., at one point of space (in an area
whose dimensions are determined by the diffraction limit
A XA, where A s 10~4 cm is the wavelength of the laser light)
it is possible to write up to ten bits of information. One
square centimeter of such spectrally selective optical mem-
ory contains up to 1013 bits of information. Serious and inter-
esting problems arise in filling a memory with a content of
1012-1013 bits/cm2 in realistic time intervals. A more gen-
eral problem lies in the complete utilization of the funda-
mentally new possibilities opened up by photosensitive me-
dia in which, in addition to the space coordinates for
recording information, there is a coordinate in the frequency
of the light, including the possibility of achieving space-time
holography.

4. Photochemically accumulated stimulated light echo.9

If a light pulse with an intensity distribution as a function of
timep(t) passes through a medium which has a photochemi-
cally selective sensitivity, then a hole of complicated shape is
burned. At low intensity and for a small attenuation of the
pulse in passing through the sample, the formation of the
holes is reasonably well described in the linear approxima-
tion. Then the distribution of the depth of the hole as a func-
tion of frequency is given by the expression |0fc>)|2—the
square of the modulus of the Fourier transform ofp(t). The
phases of a\a)) will be lost. However, if we trace the hole by
two successive pulses p0(t) andp^t — T) which are shifted by
an interval T, where r< T2 (T2 is the phase relaxation time),
then the Fourier transform of the sum of the two pulses will
be modulated by a factor cos tar. (If there is a train of pulses
5^ = 100 pk (t — kr], then cos COT is replaced by a function

- Wave number

FIG. i.

with a period 2irr ' which is the sum of a Fourier series
whose coefficients are determined by the form ofpk.) In Fig.
1 we have shown the transmission spectrum of a photosensi-
tive sample (10 ~3 mole % porphy razine in polystyrene at 1.8
K) after irradiation by identical pulse trains obtained by rep-
lication of single pulses of duration 2-3 psec and spectral
width 5.5 cm""1 in a Fabry-Perot interferometer with a 12-
mm base line, which corresponds to a delay r = 80 psec
between the pulses in the train and an interval 0.42 cm"1

between the maxima in the spectrum; the repetition frequen-
cy of the pulse train is 82 MHz.9 In the insert of Fig. 1 we
have shown the same transmission spectrum over a wider
range with crude spectral resolution. It is evident that, con-
sidering/o0(£) as a standard and/?j(/ — r) as a signal pulse, we
can record the information existing in/?,(?). The pattern of
holes shown in Fig. 1 is preserved for many days at helium
temperatures.

Now if at a time convenient for the experimenters we
send to a sample with a spectral hologram of this type, by the
same route traveled by the burning pulses, a probing pulse,
then to a good approximation the sample will act as a linear
filter. This means that the periodic modulation in frequency
should be manifested in the appearance of an echo—in re-

10'
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FIG. 2.
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production of the train of pulses delayed by kr (k — 0, 1, 2)
(in the case of modulation exactly in accordance with cos COT
it will result in the appearance of a single echo pulse).

In Fig 2 we have shown the time response of the sample
for which the transmission spectrum is given in Fig. I.9 To
the right of the probing pulse which has passed through the
sample we can see echo pulses delayed in time by 80 and 160
psec. Below for comparison we have given a portion of the
train of pulses which burned the holes. We note that from the
damping of the pulses it is possible also to estimate the phase
relaxation time 7"2, which turns out to be in the range 200-
300 psec.

It should be emphasized that the photochemically accu-
mulated stimulated spin echo does not require high intensi-
ties of laser pulses. The burning of the holes, and even more
so the probing, is carried out in great detail. The basis of the
phenomenon is provided by the high photochemical quality
of the material, which is due to the well expressed purely
electronic lines in the spectra of the material. Here the echo
is extremely strong. In Fig. 2 the first amounts to 2-3% of
the main part of the probing pulse. By choice of the composi-
tion of the photosensitive material and optimum regimes of
burnout, Rebane et al.9 have been able to increase the inten-
sity of the first-order echo to 30% of the zero order and to
observe echos of five orders.

The average intensity in the burning was 0.1 mW/cm2

and the peak intensity was 0.1 W/cm2, while the irradiation
dose was about 20 mJ/cm2, i.e., the time of bombardment
was 200 sec or the action of 1.6-109 pulse trains was stored.

The probing pulses were 103 times weaker than the burning
pulses, i.e., in one reading pulse there were 102 photons/cm2.

Photochemically accumulated stimulated light echo
can be used also to obtain light pulses which are inverted in
time. For this it is necessary in the burnout to send first the
signal pulse and then, with a delay r, the reference pulse.
Probing of the resulting spectral hologram by a reference
pulse attenuated by 1000 times reproduces in the form of an
echo the shape of the signal pulse but inverted on the time
scale.
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V. M. Agranovich. Contemporary problems of surface
spectroscopy. This report contains a brief characterization of
the main steps of development at the Institute of Spectrosco-
py of new optical methods of spectroscopy of surfaces and
very thin (down to monolayer) films, which have arisen dur-
ing the last ten years and which are based on use of the fol-
lowing techniques: a) surface electromagnetic waves in the
optical range (see the review in Ref. 1) and b) enhanced Ra-
man scattering.

a) Experimental determination of the dispersion of sur-
face electromagnetic waves turned out to be possible at the
beginning of the 1970's, in particular as the result of the
widespread introduction of the comparatively simple meth-
od of frustrated total internal reflection. In this connection
at the same time it was noted at the Institute of Spectrosco-
py2'3 that the presence of a transition layer (or of a very thin
film of thickness much less than the wavelength of the sur-
face electromagnetic wave) in some cases leads to a funda-
mental rearrangement of the dispersion law of the surface
electromagnetic wave—a law which, if one does not take
into account the transition layer, is determined only by the
bulk values of the dielectric permittivity of the media in con-
tact. The influence of the transition layer turned out to be
especially strong under conditions in which one or more ei-
genfrequencies n of its vibrations resonate with the surface
electromagnetic wave. In this case gaps of width

A~n ̂ d /A, are formed in the spectrum of the surface elec-
tromagnetic wave. The existence of the square-root depen-
dence of the gap width A on the dimensionless parameter d /
A was decisive: in many interesting cases the value of A
turned out to be greater than, or of the order of, the homo-
geneous line width of the surface electromagnetic wave, ob-
servation of the splitting became possible, and it was accom-
plished both in the infrared region and in the visible and
ultraviolet regions of the spectrum.4"6 As an illustration we
have shown in Fig. 1 the results of observation of a gap
formed on deposition on a silver surface of a monolayer of
dye. The data obtained, according to Ref. 6, permit one to
determine the orientation of the molecules in the monolayer
and the oscillator strength of the transition. A more detailed
discussion of resonance and nonresonance effects of the
transition layer can be found in Ref. 7.

It is clear that the resonance phenomenon discussed
above is of a universal nature, and in a certain sense it is an
analog of the well known longitudinal-transverse splitting of
light waves of bulk crystal optics. In connection with the
possibility of experimental observation of the dispersion of
surface electromagnetic waves in the region of a resonance,
we have carried out at the Institute of Spectroscopy addi-
tional, more detailed studies in this direction. Here as a re-
sult of the allowance for the spatial dispersion, additional
surface electromagnetic waves were observed.8 The presence
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