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that the narrow lines in Shpol'skii spectra have all the
basic attributes of optical NPL. Investigation of the
basic parameters of the NPL and PW in these spectra
enables us to extract information on the phonon spec-
trum of the matrix crystal and the electron-phonon
interaction constants in the systems concerned. How-
ever, a number of structural features of the spectra
and, in particular, the problem of the origin of the
"multiplets" characteristic for these spectra still
await their resolution.
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E. I. Kondorskii, T. I. Kostina, and L. N. Ekonomova.
Investigation of the Elect r ica l and Magnetic P r o p e r t i e s
of Chromium Single Crysta ls

Resistivity was investigated on 4 χ 1.5 χ 1 mm
single-crystal samples with a ratio R 2 9 3 ° K / R 4 . 2 ° K
= 500 cut from the same crys ta l by the e lectr ic spark
method in such a way that the longitudinal axis of the
sample was paral le l either to the [100] or the [110]
ax i s . The magnetic measurements were made on
single-crystal samples of iodide chromium with r e -
sistivity rat ios R 2 9 3 ° K / R « . 2 ° K = 130 and
R293°K/Ri.2°K = 6.4. Both of these groups of samples
contained the same amount of metallic impurit ies
(within the l imits of accuracy of the spectra l method),
but those with R293°K/R.i.2°K = 6.4 contained a larger
amount of dissolved gases .

Figure 1 presents plots of the temperature R = f(T)
in the phase-transformation regions (the anomaly at
T s _f for sample Nos. 2—4 (current I n [011], I n [001]
and I ii [001]); curves 1—3— before thermomagnetic
t reatment, 4, 5—after t reatment in a field H c II [110],
6, 7 - i n a field H c II [100]; l ' - 3 ' - t h e anomaly at the
Neel point T N before thermomagnetic t rea tment , 4 ' ,
5'—after t rea tment in a field H c II [HO]). For s a m -
ples with their longitudinal axes paral le l to the [110]
axis and the current I H [110], T s_f = 115 ± 2°K, while
for specimens whose longitudinal axes were paral le l to
[100] with the current I n [100], T s - f = 134 ± 2°K.
After cooling from 360°K in a t r a n s v e r s e magnetic
field H c = 34 kOe paral le l to the [001] axis, the ano-
maly at T s _f becomes the same for al l samples , oc-
curr ing at T s - f - 120 ± 2°K. Heating of the sample
above the Neel point fully r e s t o r e s the original c h a r a c -
t e r of the R = f(T) dependence and the original value
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Measurements of the magnetostriction λ of chrom-

ium by the wire-strain-gauge method showed that in
fields of 10 kOe it approaches that of iron in o r d e r of
magnitude, although the magnetization of chromium in
these fields amounted to only hundredths of a gauss.
The large value of λ in chromium can be explained by
displacement of domain walls during magnetization.
The existence of domains was recently proven by neu-
tron-diffraction studies. It would be reasonable to
assume that because of the strong magnetostriction in
chromium samples with inhomogeneous internal
s t r e s s e s , the displacements of the domain walls will
be i r rever s ib le and that magnetic hys teres i s may
exist in sufficiently s trong fields.

Figure 2 shows the magnetization curve obtained for
a sample taken from a chromium single crys ta l with
resist ivity rat io R 2 9 3 ° K / R 4 . 2 ° K = 6-4. The magnetiza-
tion is found to be a nonlinear function of the field at
Η > 12 kOe, and a distinct magnetic hys teres i s is ob-
served, both at Τ = 77°K < T s . f (phase AF 2 ) and at
Τ = 293°K > T s - f (phase AFi). The res idual magneti-
zation was zero throughout the tempera ture range
studied. Consequently, magnetic hys teres i s is a
property of chromium crys ta l s and cannot be attributed
to ferromagnetic impur i t ies .

Neutron-diffraction investigations of chromium lead
to the conclusion that after thermomagnetic t rea tment ,
the AF2 phase is a single domain with a unique d i r e c -
tion of the wave vector Q and the spin vector η.

Our investigations showed that the magnetic hys ter-
es i s vanishes after thermomagnetic t reatment of
chromium single crysta ls in a field Η = 19 kOe. Thus,
the hys teres i s exists only in specimens containing a
sufficient number of domains with different direct ions
of Q and η.

R. F . Arutyunyan and M. L. Ter-Mikaelyan. The
Radiation of Charged P a r t i c l e s in Inhomogeneous Media
and its Applications

The paper s u m m a r i z e s data from experimental in-
vestigation of the radiation that appears when a charged
part icle passes through various inhomogeneous media.



370 M E E T I N G S AND C O N F E R E N C E S

HO*

4

2

a

8

4

2

a

4

0

y ^ ι

4

-

4

-

T=77°K

>

ι ι ι
12

I I 1
12

T=3S0°K _j

1 1 1

Γ
20

1
20

1

4 12 H.kOe 20
FIG. 2

The bas i s of these studies is the t ransi t ion radiation
predicted by Ginzburg and Frank in 1946 [ 1 1 . The p r e s -
ent enhanced interes t in such r e s e a r c h a r i s e s out of
the possibil it ies for pract ical use of the radiation for
various purposes, e.g., detection of ul trarelat iv is t ic
par t ic les , investigation of the optical propert ies of
m a t t e r , and of metals in part icular, e tc .

Radiation appearing in the x-ray region of the spec-
t r u m on passage of a uniformly moving charged p a r t i -
cle through a periodic layered medium was first ob-
served in 1963 f 2 ' . This radiation was used to detect
μ-mesons in the horizontal cosmic-radiat ion flux with
energies ί57 χ 102 GeV. The detection efficiency was
~ 9 % . The experimental data were used to obtain the
spectrum of μ mesons with zenith angles of 73—90° in
the energy range ~7 χ 102 - 6 χ 103 GeV.

Radiation in the x-ray region (10 5 hw < 250 keV)
was subsequently investigated for e lectrons with ener-
gies up to 3.7 GeV (at the Academy of Sciences Physics
Institute in 1965 [ 3 ) 4 ] and at the Joint Institute of
Nuclear Research in 1969-1970 f 5 ] ). The spect ra l com-
position of the radiation, the dependence of its intensity
on electron energy and various p a r a m e t e r s of the
layered medium, and the angular distribution of the
radiation were analyzed. The experimental data were
compared with the theories of r e s o n a n c e [ a a l and t r a n s i -
t i o n t ? 1 radiation. Data for periodic layered media a r e
compared with data for media having randomly d is-
tributed inhomogeneities (foam plastic). The influence
of multiple scat ter ing on the resonance radiation is
a n a l y z e d r 4 ' * ] .

Analysis of al l the data and thei r comparison with
theoret ica l calculations leads to the general conclusion

that the resonance-radiat ion theory that takes account
of interference in the transit ion radiation from the
various boundaries of the layered medium provides a
good description of the experimental data, while the
theory that a s sumes independent summing of the t r a n s i -
tion quanta from the boundaries of the layered medium
var ies significantly from the resu l t s of m e a s u r e m e n t s .
It is also obvious that in those cases in which inter-
ference effects a r e negligible, the resonance-radiat ion
formulas go over into the formulas for independent
summing of transit ion quanta.

For e lectrons of comparatively low energy (0.25—
0.6 GeV), the influence of multiple scatter ing, which
leads to the appearance of additional " b r e m s s t r a h l u n g , "
is found to be very strong. In a given region of the
spectrum of the detected quanta, the intensity of this
additional radiation may be severa l t imes (depending
on the p a r a m e t e r s of the layered medium) that of the
transi t ion and ordinary (Bethe-Heitler) b r e m s s t r a h -
lung taken together. The contribution of the b r e m s -
strahlung quanta to the total radiation in the spect ra l
interval under study can be neglected in the high-energy
range ( > l - 2 GeV). At sti l l larger energies (>15 GeV),
however, the influence of multiple scat ter ing should
again become substantial (in an analog of the Landau-
Pomeranchuk effect).

Investigation of the radiation of relativist ic e lec-
trons in isolated massive plates indicates that with
increasing electron energy the ordinary Bethe-Heitler
bremsst rahlung is strongly suppressed in the low-
energy part of the x-ray spectrum, and that in the fre-
quency range ω < a> c r the photon-number spect ra l
density var ies like E"2, consistent with the conclusions
of the theory that takes account of the polarization of
the m e d i u m r 6 c ] .

The various methods of detecting single high-energy
part ic les with the aid of resonance radiation (the energy-
r e l e a s e method, the character i s t ic-radiat ion method,
etc.) a r e analyzed. A resonance-radiat ion detector
(RRD) is analogous to the Cerenkov counter as r e g a r d s
both determination of the direction of particle motion
and the threshold propert ies of the instrument, but it
can work in the range ν — c; the effect depends on
E / m c 2 r a ther than on v/c.

The character i s t ic s of various RRD for e lectrons
with energies up to 3.7 GeV a r e presented. One 3.7-
GeV electron corresponds to as many as ten resonant-
radiation photons with energies above ~15 keV. This
number of photons corresponds to 100% detector ef-
ficiency. The increase in the number of photons with
increasing electron energy depends on the p a r a m e t e r s
of the medium and the magnitude of the energy. This
dependence is weaker than l inear in some cases and
stronger than E 3 in others , i.e., the threshold charac-
ter i s t ic of the detector can be regulated by varying the
p a r a m e t e r s of the layered medium (this energy depend-
ence is predicted by resonance-radiat ion theory, while
transi t ion-radiat ion theory predicts only the l inear
dependence on energy).

RRD have been used successfully in a concrete ex-
periment to separate e lectrons from a beam of η
mesons . The efficiency of the detector reached 50%.
It was shown that RRD can be used as elements in
logic c i rcui ts for various physical experiments (for
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example, in "on l i n e " operation). P a p e r s by other
authors on these problems have also appeared during
the last two y e a r s [ 8 1 .

The second part of the paper d i scusses the resu l t s
of experiments to investigate the visible and u l t r a -
violet radiation that appears in thin films and massive
targets made from various metals (Al, Ag, Au, Cu,
Ge In and Pt) under bombardment by nonrelativist ic
electrons 1 ^ 1 . The polarization, spect ra l composition,
and angular distribution of the radiation, the depend-
ence of its intensity on electron energy and on the im-
pingement angle of the electron at the target , e tc . , a r e
analyzed. The experimental resu l t s a r e compared with
the theory of t ransi t ion radiation1-1»1 0 1, and the possible
contributions of other types of radiation a r e analyzed.

Analysis of the data indicates that the radiation of
e lectrons in thin films is fully described by the t r a n s i -
tion-radiation formulas. In massive samples , the e lec-
tron generates, in addition to transi t ion radiation, an
additional unpolarized radiation whose intensity in-
c r e a s e s with increasing electron energy and target
impingement angle. At glancing incidence angles, the
intensity of the additional radiation becomes very high,
and it may be severa l t imes g reater than that of the
transi t ion radiation for the case of normal e lectron
incidence onto the target . This effect is observed not
only for s i lver, as has been reported by certa in authors ,
e.g., i n [ u l , but a lso for other meta l s .

The additional radiation cannot be interpreted in
t e r m s of bremss t rah lung or luminescence. It can be
explained if it i s assumed that it forms due to radia-
tion at (randomly distr ibuted) surface inhomogeneities
as the electron approaches the surface (an analog of
Smith-Purcel l radiation for periodic inhomogeneities)
or as a result of excitation of surface plasma waves,
which can propagate into the vacuum owing to surface
inhomogeneities.
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