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The d i scre teness of the values of a and the γ c o r r e -
sponding to them i s manifest in a distinct grouping of
these values around 0.7, 1.2, and 1.7 in the case of the
radio s t ructures of powerful radio sources (radio gal-
axies, quasars)^1"4^ and near 0.6 and 1.1 in the case of
weak radio sources in normal spiral ga lax ies '^ (Figs,
a - d ) .

Continuity is manifested in the distribution of the a
values in the fact that, for example, the most represen-
tative group of f i rs t-maximum spectra shows a rea l
sca t te r of the indices in the range 0.5 < ct0 £ 0.75
(Fig. c). This last fact suggests that the indices of the
relat iv i s t ic-electron energy spectra of this group of
spectra a re subject to the relation obtained by S. I.
Syrovatskii ^ , namely that the energy spectra have the
form N(E)dE ~ E ~ y ° d E ~ E _ / 2 + 5 ) d E , where

Ν (Ε) dE = Ε, < Κ < Ε,,

is the cosmic ray energy in the region of their accelera-
tion expressed as a fraction of the sum of the energy
densit ies WJJ of the magnetic field and W^j.^ of the tur-
bulent motion of the gas (Wg « W^urjj). The p a r a m e t e r
δ can vary in the range 0 < δ s 0.5, which corresponds
to 2 < γ0 Ε 2.5 (0.5 < a0 s 0.75). The good agreement
between the theoretical ly expected and observed dis tr i-
butions of the indices a0 indicates that this group of
radio-emiss ion spectra c h a r a c t e r i z e s the initial rela-
t iv is t ic-electron spectra generated by extragalactic
objects (by their nuclei).

The l a r g e r d i screte values of the spectra l indices,
which character ize the high-frequency segments of the
spectra of a number of radio s t r u c t u r e s , a re the deriva-
tives of the initial spect ra with successive 0.5 i n c r e a s e s
in a 0 («ο + 0.5 and a 0 + 0.5 + 0.5), to which unit changes
of γ0 correspond (γ0 + 1 and γ0 + 1 + 1).

The aggregate of the observational data indicates that
the first knee in the energy spectrum (γ0 —• >Ό + 1) has
most probably been formed in the generation p r o c e s s of
the relativist ic e lectrons in the nuclei of the galaxies
and quasar s under quasistationary acceleration and
radiative energy loss conditions. Under the conditions
of quasistationary e lectron pumping and l o s s e s of elec-
tron energy to radiation in radio s t r u c t u r e s external to
the nuclei, the second knee is formed with an additional
change in the exponent γ by unity (y o + l — 7o + 2 ) i n
the high-energy p a r t s of their spectra . On the whole,
over the aggregate of the objects, the average relat ivis-
t ic-e lectron spectrum takes the universal form

dE,

Here the energy Ei > 5 χ 106 eV, E 2 s» (1-5) χ 109 eV,
E 3 = E(t) > 101 0 eV for the main (for example, double)
radio s t ruc tures .

In the halo-like radio s t ructures of a number of
powerful radio sources (as a rule, objects with double
main radio s t ructures) , under conditions of quasistation-
ary pumping of e lectrons into these s t ructures , the
synchrotron and Compton l o s s e s to the microwave meta-
galactic background radiation form a spectrum of the
type

-V (£) iE = K3E~"^ 2 ) dE,

If the submil l imeter and infrared (SM and IR) radia-
tion of a number of nuclei of Seyfert galaxies and
quasars is of synchrotron nature under conditions of
effective trapping of the relativist ic e lectrons by the
magnetic field of the nucleus, then with preservat ion of
the adiabatic invariant by the relativist ic e lectrons in
motion in this field, we may expect spectral indices
a = (2y 0 + l)/3 « 1.66-2.0 [ e : i in the optically thin part
of the spectrum, a close approximation of the nature of
the observed s p e c t r a ^ . Under conditions of a chaotic
field and motion of e lectrons without preservat ion of the
adiabatic invariant (isotropization on inhomogeneities),
the observed steep SM and IR emission spectra of the
nuclei may be a consequence of cutoff of the electron
energy spectrum owing to synchrotron and Compton en-
ergy los ses (cutoffs around Ε » 108 eV). The emission
spectrum could then assume any slope up to exponential.
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Yu. N . D e n i s y u k a n d V. I. S u k h a n o v . H o l o g r a p h y i n

T w o - d i m e n s i o n a l a n d T h r e e - d i m e n s i o n a l M e d i a .

H o l o g r a p h y c a n b e d e f i n e d a s a p h o t o g r a p h i c m e t h o d

of r e c o r d i n g a n d r e p r o d u c i n g w a v e f i e l d s . T h e r e a r e

n o w t w o e s s e n t i a l l y d i f f e r e n t v a r i e t i e s of t h e h o l o g r a m -

t w o - d i m e n s i o n a l h o l o g r a m s a n d h o l o g r a m s i n w h i c h t h e

w a v e f i e l d i s r e c o r d e d i n a t h r e e - d i m e n s i o n a l m e d i u m .

In r e g i s t r a t i o n of a t w o - d i m e n s i o n a l h o l o g r a m , t h e

r e s u l t of i n t e r f e r e n c e b e t w e e n t h e r a d i a t i o n s c a t t e r e d by

t h e o b j e c t a n d t h e r a d i a t i o n p r o p a g a t e d d i r e c t l y f r o m t h e

s o u r c e i s r e c o r d e d o n t h e s u r f a c e of a p h o t o g r a p h i c

p l a t e . T h e p l a t e b e c o m e s t r a n s p a r e n t w h e r e t h e p h a s e s

of t h e s e t w o w a v e s c o i n c i d e . W h e n s u c h a h o l o g r a m i s

i l l u m i n a t e d w i t h r a d i a t i o n f r o m t h e s o u r c e u s e d i n t h e

e x p o s u r e , i t t r a n s m i t s t h i s r a d i a t i o n o n l y w h e r e i t s

p h a s e c o i n c i d e s w i t h t h a t of t h e w a v e s c a t t e r e d by t h e

o b j e c t , a n d , a s a r e s u l t , the o b j e c t w a v e f i e l d i s r e p r o -

d u c e d o n a p p r o x i m a t e l y h a l f of t h e h o l o g r a m a r e a . In

a c c o r d a n c e w i t h t h e H u y g e n s p r i n c i p l e , t h e w a v e f i e l d

of t h e o b j e c t i s a l s o r e c o n s t r u c t e d t h r o u g h o u t t h e s p a c e

b e h i n d t h e h o l o g r a m . A n o b s e r v e r r e g i s t e r i n g t h i s f i e l d

c a n n o t d i s t i n g u i s h it f r o m a r e a l f i e l d a n d s e e s a t h r e e -
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dimensional image of the object that is indistinguishable
from the original. The fact that the two-dimensional
hologram reproduces the field on only half of its sur-
face results in phase-reproduction ambiguity and ulti-
mately in the appearance of a spurious additional image.

When three-dimensional holograms are registered,
a fragment of the three-dimensional interference pattern
surrounding the object is impressed into the volume of
the photosensitive layer. Each surface of antinodes of
this pattern is a geometric locus of points at which the
phase of the object wave coincides with the phase of the
source wave. Accordingly, on illumination of each such
surface by source radiation, the phase of the wave re-
flected by this surface coincides with the phase of the
object wave over the entire surface of the hologram. As
a result, this hologram reproduces the exact value of
the object wave field and, accordingly, a unique three-
dimensional image of the object appears. But a whole
ensemble of antinode surfaces is recorded in the volume
of the hologram. Like an interference filter, this com-
plex structure exhibits spectral selectivity, with the re-
sult that three-dimensional holograms admit of recon-
struction of the radiation with a continuous spectrum.
The fact that the three-dimensional hologram reflects
radiation in the same way as the object makes it possi-
ble to regard it as a kind of optical equivalent of this
object. It is natural to assume that this property of the
three-dimensional hologram results from the fact that
its structure tends to reproduce the structure of the ob-
ject. It is not possible to prove this in the general case,
since the method to be used in describing an arbitrary
three-dimensional object is still unclear. In order to
define the general tendencies that determine the struc-
ture of a three-dimensional hologram and the relation
of its structure to that of the object, the authors inves-
tigated a particular case in which a transparent phase
object was registered on the hologram. It was shown as
a result that the space-frequency spectrum of the three-
dimensional hologram equals the product of the space-
frequency spectrum of the object by a certain transfer
function that depends exclusively on the parameters of
the wave illuminating the object. Thus, just as in the
case of formation of an image by an optical system,
formation of a hologram is attended by filtration of the
object's space frequencies; it can be shown that for a
specified propagation direction of the radiation, the
space-frequency spectra of the object and its hologram
are identical, with the result that their optical proper-
ties are also identical in this case. Effects related to
the limits on the volume of the registering system were
then examined, and the limit transition to the case of
the two-dimensional hologram was carried out. It was
shown that the hologram spectrum then shows spatial
frequencies that did not exist in the object spectrum.
The presence of the additional frequencies in the two-
dimensional hologram leads to the appearance of three
additional spurious images and to loss of the spectral-
selectivity property. On the whole, the relation between
the two- and three-dimensional holograms can be des-
cribed as follows. The most complete set of information
on the image of the object is included in the entire limit-
less three-dimensional standing-wave pattern surround-
ing it. One of the remarkable properties of this pattern
consists in the fact that each fragment of it also creates

a complete image of the object as a whole. Division of
the primary pattern into fragments merely results in
gradual impoverishment of the reconstructed image,
which retains its integrity. For example, a plane sec-
tion through such a pattern—the two-dimensional holo-
gram—reconstructs spurious images in addition to the
true image; moreover, it becomes impossible to accom-
plish the reconstruction with white light when the plane
section is used.

M. I. D'yakonov, B. P. Zakharchenya, V. I. Perel',
S. I. Safarov, and V. G. Flefsher. Orientation of Elec-
tron Spins in Semiconductors.

The phenomenon of optical orientation of atoms in
gases is well known and offers a powerful tool for study
of atomic processes. Kastler and his school had a major
role in the development of this field. The first experi-
ments that indicated the possibility of optical orienta-
tion of free electrons in semiconductors were also per-
formed in France by Lampel^1] and P a r s o n s ^ .

The present report is devoted to results obtained in
this field at the A. F. Ioffe-Physico-technical Institute
of the USSR Academy of Sciences. It appears to us that
this trend, which is a novelty for semiconductor physics,
will be found effective in the investigation of the proper-
ties of semiconductors and will also find practical appli-
cations.

In the optical-orientation method, nonequilibrium
electrons are produced in the conduction band by inter-
band absorption of circular ly polarized light. The mo-
mentum Μ of a c ircular ly polarized photon is t r a n s -
ferred to the electron-hole system. In crysta ls with the
GaAs band s t ructure, the hole momentum relaxes
rapidly, and the electron spins a r e found to be oriented.
The selection ru les indicate that in an interband t rans i-
tion Γ 8 — Γ 6 , three t imes as many e lectrons a re ejected
into a state with spin opposed to the momentum of the
photon than a r e ejected into a state with spin of the same
direction as the photon momentum. This corresponds to
a degree of orientation Po = 50% of the e lectrons at
their production.

Under stationary excitation, the degree of orientation
Ρ depends on the relation between the electron lifetime
τ and the spin relaxation time T S :

A magnetic field perpendicular to the direction of
the exciting beam of light disturbs the orientation (Hanle
effect):

ι
Ρ (Η) = Ρ ( 2 )

w h e r e P ( H ) i s t h e d e g r e e of o r i e n t a t i o n i n a m a g n e t i c

field Η, μ 0 i s the Bohr magneton, g is the g factor, h is
Planck ' s constant, and the t ime T g i s defined in t e r m s
of τ and T g a s follows:

(3)

The presence of spin orientation can be regis tered
from the polarization of the recombination emission.

For the Γ 6 -» Γ 8 t ransit ion, the degree of polarization
ρ of the radiation is 0.5P (for observation with or against
the direction of the spin). Then the maximum degree of
polarization is 25%. According t o c i ] , it i s reached at
r s » T.

Study of ρ as a function of the energy E n v of the pho-
ton of c ircular ly polarized exciting light makes it possi-




