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forbidden in the Kapitza-Dirac experiment.
The Kapitza-Dirac effect is the first example of in-

duced interaction between free electrons and photons.
Recently a large number of experimental papers were
publishedE3"10] dealing with possible effects of such
interactions.

We note the last paper by Eberly^10], in which it is
proposed to observe with the aid of the Kapitza-Dirac
experiment a nonlinear Compton frequency shift of a
scattered photon'-6"9^.

The sphere of manifestation of the Kapitza-Dirac
effect will undoubtedly broaden in the future. By way
of illustration we can present the following example.
Electron waves in a crystal situated in the field of a
strong standing light wave can be diffracted not only
by the crystal lattice but also (with suitable direction
and velocity of motion) by the light wave itself. This
can cause splitting of the continuous spectrum of the
electron energy into alternating allowed and forbidden
bands.

To be sure, we are faced here with the following
two circumstances. First, the bandwidths are small
and, second, splitting due to the Kapitza-Dirac effect
may be masked by the splitting produced by the peri-

odic deformation of the crystal itself in the strong
light field, due for example to electrostriction, since
periodic deformation of the crystal lattice leads, as
is well known^11^, to an analogous splitting of the con-
tinuous spectrum.

' p . L. Kapitza and P. A. M. Dirac, Proc. Cam-
bridge Phil. Soc. 29, 297 (1933).

2 L. S. Bartell, H. B. Thompson, and R. R. Roskos,
Phys. Rev. Letts. 14, 851 (1965).

3 Z. Freid and W. M. Frank, Nuovo cimento 27, 218
(1963).

4H. R. Reiss, J. Math. Phys. 3, 59 (1962).
5 A. I. Nikishov and V. I. Ritus, JETP 46, 776 (1964),

Soviet Phys. JETP 19, 529 (1964).
6L. S. Brown and T. W. B. Kibble, Phys. Rev. A133,

705 (1964).
7 1 . I. Goldman, Phys. Letts. 8, 103 (1964).
8Z. Freid and J. H. Eberly, Phys. Rev. B136, 871

(1964).
9 T. W. B. Kibble, Phys. Rev. B138, B740 (1965).

10J. H. Eberly, Phys. Rev. Letts 15, 91 (1965).
11 L. V. Keldysh, FTT 4, 2265 (1962), Soviet Phys.

Solid State 4, 1658 (1963).

523.164

INTERPLANETARY FLICKERING OF RADIO SOURCES
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J.0 study the nature of astrophysical objects it is im-
portant to know the dimensions of the radio-emitting
region; it is also very important to know the depen-
dence of the source dimension on the length A of the
emitted wave.

An investigation of the angular dimensions of radio
sources and of the distribution of their radio brightness
is limited by the resolution #0 of the radiotelescopes,
which is determined by the width of their directivity
pattern:

e ° = 4 ; (1>
here d is the base of the receiver (dimension of the
antenna or distance between the separated antennas ).
In modern radiotelescopes (such as the cruciform
radiotelescope of FLAN (Academy of Sciences Physics
Institute )), d ~ 1 km and at meter wavelengths 60 ~ 3'—
20'. This accuracy is insufficient to localize objects
with angular dimensions smaller than 20', or to inves-
tigate the fine structure of extended radio sources.

A method for obtaining much higher resolution was
proposed in 1950 <-^. It is based on observing cosmic
radio emission diffracted by the moon. When diffrac-
tion by the edge of the moon's disc is used, the reso-
lution is determined by the distance between the max-
ima of the diffraction pattern on earth, which coincides
with the dimension L = V AR of the first Fresnel zone
and by the distance R ~» 400,000 km between the moon
and the earth*:

(2)

When A. = 3m we have 90 ~ 20", i.e., the resolution is
one order of magnitude higher than that of radiotele-
scopes. In principle a second part of the same diffrac-
tion pattern, located on the same straight line with the

*To estimate L we can use, in accord with the definition of the
Fresnel zone, the relation y/R2 + L2 - R ~ A. This yields L = ^ T
30 km at A = 3 m.
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source and the center of the moon*, could yield a reso-
lution 90 ~ 0.2", i.e., higher by two orders of magni-
tude. The latter method is not used in practice, how-
ever, because of the distortion of the diffraction pat-
tern by the roughness of the lunar surface, which is
comparable with the scale L, and by the need of having
the source in line with the center of the moon during
the time of observation. Measurements made recently
during the eclipse of the radio source 3C273'-2-' and of
the Crab n e b u l a ^ by the moon have yielded interest-
ing information on the structure and distribution of the
radio brightness of these objects.

The discovery in 1963 of astrophysical objects of a
special type, called quasars, with angular dimensions
,̂ 1', has again raised the question of obtaining a much

higher resolution.
At present much promise is offered by a method

based on observation of the "flicker" of radio s tars .
The idea of this method was first advanced in 1956 M
and was considered in detail in 1958 in C5] The prin-

action of the inhomogeneities, which occurs when
I »</W (see [ 5 ]).

Everything stated above pertains to a point source.
With increasing angular dimension 9S of the source,
the diffraction pattern begins to smear out when

ciple of this method consists in the following. If a thin
layer containing statistical inhomogeneities of elec-
tron density with characteristic dimension I is located
between a point source of radio waves and the earth,
then the waves passing through this layer are dif-
fracted. The entire diffraction pattern is produced at
a "focal" distance Z/4 $ s c from the inhomogeneity
layer, where * s c is the characteristic angle of scat-
tering of the radio waves by the inhomogeneities. If the
dimension of the inhomogeneities is much larger than
the wavelength (~ l m ) , as is the case under the condi-
tions of the solar corona, then the conditions of geo-
metrical optics are well satisfied, and therefore the
scattering action of the inhomogeneity layer reduces to
a distortion of the phase of the wave Aip. If \ Aip\ « 1,
then the scale of the diffraction pattern in the plane of
observation is L ~ Z, but if | A^ | » 1, then L depends
on the ratio of the dimension of the inhomogeneity (Z)
to the dimension of the first Fresnel zone (V AR ). When
I < V AR we have L ~ Z,t and when I > V AR this small-
scale pattern is superimposed on the large-scale pat-
tern, which has a characteristic dimension I. The
presence of the latter is connected with the focusing

*In this case the scale L of the diffraction pattern is given by

(r = 1740 km is the radius of the moon). Hence L ~ RA/r ~ 350 m at
A = 3 m.

tTo understand the origin of the scale L ~ // | A</r |, let us im-
agine that the layer with inhomogeneities is displaced in its own
plane through a distance I. Then the phase distortion of the rays
passing through a fixed point of observation will vary in the range
from - | A</» | to | Ai/r |. Since a change in phase by A</r ~ 1 corre-
sponds to a passage from the minimum to the maximum of the dif-
fraction pattern (or vice versa), we see that displacement of the
latter through a distance I is accompanied by an alternation of
- | At// ] bands, thus giving rise to the indicated value of the scale.

6s ~~ (3)

where R is the distance from the earth to the layer
containing the inhomogeneities. This makes it possible
to observe sources with 9S < Z/R by determining the
presence of flicker. When the inhomogeneities move
with velocity v relative to the earth (see the figure),
the diffraction pattern moves over the earth with the
same velocity, and this leads to fluctuations of the in-
tensity of radio emission at the point of observation
("flicker") with a period

_ L (4)

From source

In 1964 Hewish, Scott, and Wills observed several
radio-emission sources at a wavelength A = 1.7 m,
some of which had strongly pronounced fluctuations
or radio emission with period T ~ 1—2 sec. Similar
observations were made somewhat later at the Radio-
astronomy Station of FIAN on the 3C 48 source at a
wavelength 3 . 5 m ^ . The observed flicker had a pe-
riod ~ 3 sec. In 1965, fluctuations of radio emission
from the Crab nebula were observed at A = 7.9m'-9-'
with an approximate characteristic period of several
seconds. In these observations the depth of modulation
of intensity had a well pronounced annual variation. It
decreased as the source approached the sun and dis-
appeared completely when the source passed near the
sun.

Since the oscillations of radio emission intensity
observed in t7"9] have a period r amounting approxi-
mately to several seconds, they cannot be due to the
changes of the intensity of the sources themselves, in-
asmuch as T is much smaller than the time of propa-
gation of the light through the source. Rejecting like-
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wise an ionospheric origin of the observed flicker*,
the authors of C5~7] reach the conclusion that the ob-
served flicker of the radio sources is due to diffrac-
tion of radiowaves by inhomogeneities of the super-
corona of the sun, which move with the same velocity
as the solar wind, which in turn reaches, in accord
with Parker 's t h e o r y ^ , about 300 km/sec over a dis-
tance ~ 100RQ. The parameters of the inhomogenei-
ties of the supercorona of the sun, which are estimated
from data on the scattering of radio waves, are in good
agreement with relations (3) and (4) and with the cor-
responding scales of the diffraction pattern.

A study of the properties of the supercorona of the
sun by the method of "beaming through" to distances
~ 60 R Q from the sun'-10'11^ and extrapolation of the r e -
sults of these observations to larger distances allows
us to estimate the minimum line-of-sight distance to
the sun, p m m , at which a source with specified angular
dimension (~ 1") satisfies the condition (3), i.e., the
minimum line-of-sight distance to the sun at which
flicker will be observed.

Estimates show that the flicker of radio sources in
the meter band should occur at pm in ~ 100 R Q , which
agrees with the observations ofE7>8 .̂ The increase in
the apparent dimensions of the source * S c , observed
by the "beaming through" method, at which the follow-
ing relation is satisfied'-6-'

O s c > i/R, (5)

allows us to estimate the upper limit of the scale I.
According to estimates'-10-', I £ 5000km at p = 6 0 R Q .
Knowledge of I makes it possible in turn to estimate
the upper limit of the angular dimensions of the radio
source, at which observation of the flicker is possible,
and which depends on p. ^

Thus, the small angular dimensions of radio sources,
which are not amenable to direct measurements, can
be obtained indirectly, from the appearance and disap-
pearance of flicker in the intensity of the radio emis-
sion. Observation of the flicker also allows us to in-

vestigate the fine structure of extensive objects. Thus,
for example, in the Crab nebula it became possible to
observe a powerful compact radio source with angular
dimensions ~ 0.1" ^ . On the other hand, observation
of radio flicker in conjunction with direct measurement
of the velocity of the solar wind makes it possible to
study the structure of the sun's supercorona I = I (p)
at such large distances from the sun (p £ 100RQ)
which were hitherto inaccessible to other radioastro-
nomical methods. It must be noted that the region of
the solar supercorona p ~ 100 R Q has hitherto been
inaccessible to regular observations. Observation of
radio flicker makes it possible in principle to carry
out regular observations of the supercorona at a dis-
tance ~ 100 R Q and to trace the variation of T = T ( P )
for different phases of the solar activity.

*If the flicker were to be of ionospheric origin, then in accord-
ance with condition (3) it would be necessary to ascribe to the in-
homogeneities such a smail dimension (~ 10 km) that the scattering
of radio waves by such inhomogeneities should lead to visible ang-
ular dimensions > 10°, which is absurd.

' G . G. Getmantsev and V. L. Ginzburg, JETP 20,
347 (1950).

2 C. Hazard, M. B. Mackey, and A. J. Shimmins,
Nature 197, 1037 (1963).

3V. S. Aryukh, V. V. Vitkevich, V. I. Vlasov, G. A.
Kafarov, and L. I. Matveenko, Astron. zh. (1965),
Soviet Astronomy AJ in press . B. H. Andrew,
H. J. B. A. Branson, and D. Wills, Nature 203, 171
(1964).

4 V. L. Ginzburg, DAN SSSR 109, 61 (1956), Soviet
Phys. Doklady 1, 403 (1957).

5V. V. Pisareva, Astron. zh. 35, 112 (1958), Soviet
Astronomy AJ 2, 97 (1959).

6V. V. Pisareva, Astron. zh. 36, 427 (1959), Soviet
Astronomy AJ 3, 419 (1959).

7 A. Hewish, P. F. Scott, and D. Wills, Nature 203,
1214 (1964).

8 T. D. Antonova and V. V. Vitkevich, and V. I.
Vlasov, DAN SSSR (1965).

9 A. Hewish and S. E. Okoye, Nature 207, 59 (1965).
10 A. Hewish and J. D. Wyndham, Month. Not. 126,

469 (1963).
11V. I. Babii, V. V. Vitkevich, V. I. Vlasov, M. V.

Gorelova, and A. G. Sukhovei, Astron. zh. 42, 107
(1965), Soviet Astronomy AJ 9, 81 (1965).

12 E. N. Parker, Astrophys. J. 131, 664 (1958).

Translated by J. G. Adashko


