
Modern quantum electronics is now ready (from the
power point of view) for the solution of problems in the
laser separation of isotopes. At the same time these
problems impose some quite stringent conditions on the
laser systems. The most important are the require-
ments of high efficiency, tunability, monochromaticity,
stability, high mean power, long life, and high relia-
bility.
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V. V. Smirnov, Coherent Raman Spectroscopy of
Gases. Progress in the development of tunable laser
sources of light has led, in the last few years, to the de-
velopment of coherent Raman spectroscopy. This method
is based on the wavelength shift in media with cubic non-
linearity of susceptibility χ<3>, the possibility of which
was experimentally demonstrated for the first time by
Maker and Terhune. t n In this process, the application
of spatially coherent fields due to two powerful lasers
with frequencies ω1 and ωζ = ω1- Ω , where Ω is the fre-
quency of the Raman-active transition under investiga-
tion, leads to the Inharmonic excitation of oscillations
in the medium. The biharmonic "pump" produces high
excited-state populations and a phasing of the oscilla-
tions of the medium throughout the volume in which the
interaction takes place. The intensity of the pumping
radiation scattered by a medium of this kind is much
greater than the intensity resulting from spontaneous
scattering, but at the same time there is no competition
between the lines because the threshold for stimulated
Raman scattering is not reached. By varying the fre-
quency of one of the lasers, and thus varying the differ-
ence ω, - ω2, it is possible to excite and investigate a
series of Raman-active oscillations. In practice, one
records the signal due to the coherent anti-Stokes scat-
tering of light. Another important feature is that the
scattered radiation is localized within the diffraction
angle, i. e., it is laser-like, in contrast to spontaneous
Raman scattering, where the scattering indicatrix is
isotropic. To increase the scattered intensity, one must
ensure that the momentum conservation law

2ω, — ω, = ωα. k[ — k, = ka.

is satisfied in addition to energy conservation. In the
case of collinear propagation, the effective interaction
occurs over the coherence length, i. e., the length of
phase mismatch determined by the dispersion of the
medium (Δβ/,^^τΐ·). The characteristic coherent lengths
in liquids and solids are of the order of a few millime-
ters or a fraction of a millimeter, whereas, in gases
at normal density, they amount to hundreds of millime-
ters. Simple calculations show that even the use of la-
sers with relatively low output power (~ 1 kW) can pro-
duce an increase in the scattered intensity by a factor
of at least 109.

The above features of coherent anti-Stokes scattering
of light make this method ideal for the detection of Ra-
man-active spectra in highly luminescent media such
as, for example, biological objects, in research on
plasmas and discharges, and in photochemistry. The
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possibilities of this method in Raman spectroscopy have
been demonstrated in a number of investigations involv-
ing solids," ' 3 3 l iquids," 1 " and gases."" 1 0 1

This paper is mainly concerned with results demon-
strating the possibilities of coherent anti-Stokes scat-
tering of light in the spectroscopy of vibrational-rota-
tional transitions in gases. For example, the rotational
and vibrational temperatures have been determined1-8"81

for gas discharges and flames, and the topography of
individual fragments in gas flames has been established
with a spatial resolution of about 20 μιη.

One of the fundamental problems in Raman spectros-
copy is the question of spectral resolution. Resolution
of no better than 0.1 cm"1 can be achieved in the detec-
tion of spontaneous Raman scattering in specialized
laboratory systems, using exposures of the order of
some tens of hours. On the other hand, in coherent
anti-Stokes scattering of light, the resolution is deter-
mined by the laser linewidth. The use of single-frequen-
cy, continuously operating, lasers has resulted1 9 '1 0 1 in
the record resolution of 40 MHz (0.001 cm"1), and the
spectra of the Q -branches of a number of the molecular
vibrations have been completely resolved (see Fig. 1).
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V. V. Korobkin, B. M. Stepanov, S. D. Fanchenko, and
M. Ya. Shchelev, Pico-femtosecond Electron-optical
Photography. Zavoiskii and Fanchenko"*23 established
the basic principles of electron -optical chronography with
a time resolution of 10 psec (10"u sec)-10fsec (10"14sec).
But-slov133 has used this principle to develop the PIM-
UMI series of multichamber time-analyzing electron-
optical converters in which the image is scanned by an
electric field in the time-analyzing chamber and which
introduce such a high degree of brightness intensification
in the subsequent chambers that it turned out to be pos-
sible to record photographically each electron emitted
by the entrance photocathode. These electron-optical
converters have been used to photograph for the first
time the development of 200-300 psec miniature sparks
in the case of 10 psec combustion fronts.1·43 Since the
appearance of lasers, Korobkin and Shchelev"] have
successfully introduced into practice high-speed elec-
tron-optical chronography in routine studies in quantum
electronics and nonlinear optics. This has resulted in
the solution of many physical problems which have not
been amenable to existing methods. For example, this
method has been used to investigate the motion of focal
points during the self-focusing of powerful laser radia-
tion in liquids,tsl the propagation of the ionization front
through successive breakdowns in the laser spark/7-1

and the dynamics of lasers operating under self-mode-
locking conditions.[β3 These experiments have led to
the development of a method for the determination of
the time resolution of the electron-optical converter,
based on the detection of beats betweentwo laser modes. l n

The mass-produced FER-2 camera with a time reso-
lution of 10 psect103 was developed under the direction
of Β. Μ. Stepanov in 1968. Stepanov subsequently di-
rected work on the development of electron-optical con-
verters with time resolutions of 100-1000 fsec. A. M.
Prokhorov provided considerable help in this develop-
ment work.

The application of the new generation of time-analyz-
ing electron-optical converters with time resolutions of
500-700 fsec, namely, the "picochron"1113 (resonant
microwave scanning of the image and three-electrode
lens with enhanced electric field on the photocathode)
and the UMI-93M1123 (broad-band deflecting system and
accelerating grid next to the photocathode) has been very
fruitful in the study of the picosecond structure of neo-
dymium laser radiation under self-mode-locking condi-
tions. t l 3"* 5 ] Calibration of the time resolution of the
UMI-93M by mode beats gave a figure of 700 fsec."63

A new powerful stimulus to the development of elec-
tron-optical methods of detection has been provided by
experiments on laser-controlled thermonuclear fusion
in the picosecond time range. An x-ray electron-opti-
cal converter (the UNQ-93SR) has been developed for
these experiments'173 and has been used to resolve two

successive x-ray pulses from high-temperature laser
plasma, separated by a time interval of 66 psec.

In addition to further improvements in the electron-
optical methods and equipment, the first steps have
been made toward the digital processing of the images
recorded by electron-optical converters with a view to
improving the quality of the images and automating the
measurement process.CIS]

Pico-femtosecond optical photography, the principles
of which were developed in the USSR and were embodied
in a number of Soviet devices, has become widely used
in other countries (England, USA, Canada, and France)
and is assuming ever increasing importance in physics
research. It offers a unique tool for investigations in
quantum electronics, plasma physics, and biophysics,
and has already led to the design of a number of inter-
esting physics experiments. The 1-100 psec range is
now being confidently explored, and the 100-1000 fsec
range is approaching a similar situation. There is
every hope that the various problems being encountered
will be solved, and the limiting time resolution of the
electron-optical converter (of the order of 10 fsec) will
eventually be achieved.
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