
the effect under these conditions, and we were
obliged to confine the measurements to the levels
of the background and of its distribution in time.
The experiment indicated satisfactory agreement
between the calculated and measured intensity val-
ues. The halfwidth of the instantaneous-coincidence
background peak was 9 nsec, and the background level
between SR pulses was ~6 · 10"4 of the height of this
peak. The design used to mount the first monochromator
crystal (a thin germanium crystal on a thick copper
radiator base) ensured satisfactory constancy of mono-
chromator parameters throughout the entire range of
SR intensities. The preprint of Ref. 6 gives a more
detailed description of the experiment.

We believe that the experimental scheme that we
chose has substantial advantages over the proposals
of other groups,7'8 basically because we used a purely
nuclear reflection from a single crystal.

The work will be continued at the end of this year or

the beginning of next year after reconstruction of the
VEPP-3 storage ring has been completed.

'G. N. Kulipanov and A. N. Skrinskii, Usp. Fiz. Nauk 122, 369
(1977) [Sov. Phys. Usp. 20, 559 (1977)].

2Synchrotron Radiation Research, SSRP Rept. 76, 100, Stan-
ford (1976).

3A. N. Artem'ev et al., Zh. Eksp. Teor. Fiz. 64, 261 (1973)
[Sov. Phys. JETP 37, 136 (1973)].

4 E. P. Stepanov et al., Zh. Eksp. Teor. Fiz. 66, 1150 (1974)
(Sov. Phys. JETP 39, 562 (1974)].

5Yu. Kagan, A. M. Afanasev, and V. G. Kohn, Preprint IAE-
2991, I. V. Kurchatov Institute of Atomic Energy, Moscow,
1978.

6A. N. Artem'ev et al., IYaF SOAN SSSR Preprint 77-106,
Novosibirsk, 1978.

7R. L. Cohen, G. L. Miller, and K. W. West, Nuclear Reso-
nance Excited by Synchrotron Radiation, SSRP Rept. No. 77/
09, p. VI-43, Stanford (1977).

8S. L. Ruby, P. A. Flinn, and G. S. Brown, Monochromatic
X Ray Beam Project, SSRP Rept. No. 77/09, p. VI-112,
Stanford (1977).

A. A. Vazina. Investigation of the dynamics of
structural changes in biomolecular systems by meth-
ods of high-speed diffractometry with synchrotron
radiation. Work on the use of SR to investigate the
structure of biopolymers was started in our country
in 1971 at the inititative of G. Μ Frank by the Institute
of Biological Physics, which used the "ARUS" synchro-
tron of the Erevan Physics Institute. In 1973, these
studies were conducted systematically on the VEPP-3
storage ring in collaboration with the Institute of Nu-
clear Physics of the Siberian Division of the Academy
of Sciences of the USSR.

A technique for high-speed small-angle x-ray dif-
fractometry was developed using VEPP-3 SR, a focusing
collimation system, and highly sensitive detectors.
Small-angle diffractometry makes it possible to obtain
information on large periods of the structure, a fea-
ture that is especially important in the study of bio-
logical objects such as membranes, the motor ap-
paratus of protozoans, and muscles. The exposure

times, which are ordinarily measured in hours, were
shortened to tenths and hundreths of a second.1"'

The short exposure times made it possible to attempt
investigation of structural dynamics during the realiza-
tion of biological functions, e.g., muscle contractions
lasting tenths of a second. Working with the IYaF
(Institute of Nuclear Physics), we developed a diffrac-
tioncinematography technique for use in investigating
the change in muscle structure during a single con-
traction with high time resolution of the order of a few
milliseconds.4 The method made it possible to register
64 diffraction patterns (frames) separated by intervals
of 1-100 msec; the experiment was computer-controlled,
and a block diagram appears in Fig. 1.

Single contractions of frog sartorius muscle were in-
vestigated in an isometric regime. From 30 to 100
single-contraction cycles were summed to obtain good
diffraction-pattern statistics. The experiment followed
the variation of the meridional diffraction lines governed
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FIG. 1. Block diagram of diffraction-cinematography technique.
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FIG. 2. a) Variation of Intensity of meridional reflection of
143 A during development of single contraction (film No. 17,
meridian, 10 July 1977), time for frames 0-63 10 msec, iso-
metric regime, frog sartorius muscle); b) histogram of In-
tensity ratio of equatorial 10 and 11 reflections.

by the structure of thick myosin filaments (most char-
acteristic reflection 143 A) and the equatorial lines
governed by the hexagonal packing of thick and thin
filaments (reflections of 10 and 11 planes). Figure 2
shows integral-intensity time curves of the 143 A

meridional reflection (a) and a histogram of the in-
tensity ratio of the equatorial 10 and 11 reflections ft)).
Figure 2 shows that the structural curves are similar
in nature to the contraction (P) curve: latent period,
linear growth phase, maximum, and slow decline. The
curve fronts are shifted insignificantly, the structure
curve leading the contraction curve; the tails diverge
farther. These curves provide a striking demonstra-
tion of the relation between structure and function and
constitute experimental proof that it is the observed
structural change that is responsible for the develop-
ment of muscle contraction. This is pioneering work:
work on the dynamics of nerve structure during pas-
sage of an action potential has been started at Stanford;
the procedure registers 2 frames corresponding to the
states of rest and excitation.5

*A. A. Vazlna etal., Biofizika 20, 801 (1975).
2A. A. Vazina, in: Molekulyarnaya blologiya (Molecular Bio-

logy), VINITI, Moscow, 1976, Vol. 8, Part 2, p. 242 (Ad-
vances in Science).

3V. P. Gimanov et al., Biofizika 23, 393 (1978).
*A. A. Vazina, Vestn. Akad. Nauk SSSR, No. 8, 15 (1978).
5N. Webb, SSRP No. 7, 21 (1976).

S. P. Kapitsa. Present and future sources of synchro-
tron radiation. Synchrotron radiation (SR) arises in
electron synchrotrons and storage rings and extends
practically all the way from the far infrared through
the visible and vacuum ultraviolet ranges to the hard
x-rays. The exceptional properties of SR attracted
the attention of investigators from widely scattered
scientific fields, and later from engineering and medi-
cine. The number of papers on SR subject matter has
recently been doubling every year. The requirements
that will be made of future specialized machines—SR
sources—and instrumentation trends in this field of
physical experimentation have been elaborated by joint
interdisciplinary commissions on SR in the Soviet
Union, the United States, and Western Europe.

SR is noncoherent, representing a random sum of the
radiations from independent scattering of electrons by
photons of the electromagnetic field. There is interest
in obtaining induced SR in the submillimeter and in-
frared ranges or even in visible light, despite the exis-
tence of lasers.

The well-established nature of SR makes it possible
to treat a beam of electrons radiating in a magnetic
field as an effective luminosity standard that resembles
a black body with Τ~10β-107β.

An important practical application for SR has been
found in the manufacture of integrated-circuit com-
ponents by microlithography. The problem of forming
an image with SR has stimulated the development of
optical components based on glancing-incidence mirrors
and the use of zone plates. A new generation of crystal
monochromators in which the degree of monochroma-

tization has been raised to 10 meV at 10 keV (10"")
has appeared. After monochromatization, the intensity
of SR, even on existing machines, is 100-1000 times
greater than the effective spectral intensity of the most
powerful x-ray tubes. New possibilities have been
demonstrated in the study of biopolymers, and the
anomalous absorption makes it possible to determine
scattering phases and thus to arrive at more definite
interpretations of complex structures. Note is taken
of x-ray structural research at high pressures, which
uses the scattering of the continuous spectrum through
a constant angle with energy analysis of the scattered
SR.

Studies of surfaces are becoming highly important
in solid-state physics along with the traditional optical
measurements, which yield details of band structure
and exciton emission. Study of photoemission from
atoms, molecules, and solids is productive. Inelastic
scattering of SR can be used to study the spectra of
elementary excitations (phonons and magnons) in solids.

Inelastic scattering of x-rays and study of the fine
structure of absorption edges have led to the rapid
development of the EXAFS method. It yields informa-
tion on the immediate surroundings of a given atom in
a chemical compound, lattice, amorphous solid, or
solution. X-ray structural methods based on SR have
become a powerful tool in elementary analysis. The
intensity and polarization of SR in the infrared region
of the spectrum, in combination with the methods of
Fourier spectroscopy, are opening up interesting op-
portunities. In contrast to the situation in atomic and
solid-state physics, there have as yet been few pro-
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