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We calculate the spectral dependences of the optical constants of two nonnal waves due to the spatial 
dispersion of 6 in the region of the lowest excitonic state of a CdS crystal at different values of the 
damping constant y. The obtained curves are used for a quantitative estimate of y in real crystals. Two 
branches of the refktive index within the limits of the absorption band are measured by a direct 
interference method for a CdS crystal whose y is close to the "critical" value. 

PACS numbers: 78.20.Dj 

INTRODUCTION 

Pekar formulated theoretically in 1957[11 the main 
premises of crystal optics in the region of the exciton 
absorption bands, when spatial dispersion of the dielec- 
t r i c  constant c(w,  k) becomes significant. In contrast 
to  classical optics, which takes no account of the de- 
pendence of & on the wave vector k of the light wave, 
the new theory predicts the propagation in the crystal 
of two normal waves having the same frequency and po- 
larization, but different velocities, i. e., different re- 
fractive indices. 

One of the most important experimental proofs of the 
validity of the spatial-dispersion theory was the im- 
possibility of describing the optical properties of the 
CdS crystal at 4.2 K, in light transmitted through the 
target and reflected from it, by means of a single dif- 
fraction index n and a single absorption coefficient x ,  
i.e., by a dielectric constant of the form &(w) = [ n ( w )  
+ix (a)] 2. Thus, it was shownFz1 that the spectral depen- 
dence of the reflection coefficient R ( w )  calculated from 
the measured dispersionc3' and absorptionc4' curves 
differs strongly from that measured in experiment. At 
the same time, these results can be very well reconcil- 
ed by using the formulas of the spatial dispersion theo- 
ry.c5' It became recentlyc6e71 possible to measure the 
phase p ( w )  of the reflected light in the region of the 
exiton band A of the CdS crystal. These results also 
confirmed the impossibility of describing the behavior 
of p(w) at 4.2 K by the formulas of classical optics and 
the need for resorting to the theory of spatial disper- 
sion to explain the experimental data. 

Another no less important confirmation of the essen- 

tial role played by spatial dispersion in CdSe and CdS 
crystals a t  4.2 K was the observation of interference of 
normal waves on the short-wave side of the exciton ab- 
sorption bandC the reconstruction, from the obtain- 
ed interference pattern, of their dispersion relations 
El@) and E2@). I t  has thus been convincingly shown that 
the spatial dispersion exerts a significant influence on 
the optical properties of crystals in the region of exci- 
ton absorption bands at temperatures 4.2 K and below. 
I t  is known at the same time that at high temperatures 
the formulas of classical optics a r e  well satisfied, i.e., 
the spatial-dispersion effects become insignificant. 

The temperature dependence of the spatial-dispersion 
effects in CdS crystals was investigated experimentally 
by voigtCg' and by Brodin et a ~ . ~ ' ~ '  With increasing tem- 
perature, a sharp increase of the a rea  under a b s o r p  
tion curve in the region of the exciton band A and a 
characteristic change of the birefringence picturec101 
were observed. To explain the results ofC'O', theoreti- 
cal calculations performed by Davydov and Myasni- 
kovcul for anthracene crystals were used. But since 
exciton parameters of CdS and anthracene differ great- 
ly, only qualitative agreement between theory and ex- 
periment, and a qualitative description of the general 
tendency of the variation of the optical characteristic of 
the substance with increasing termperature, could be 
expected. 

We report here calculations that make i t  possible to 
follow the gradual change in various characteristics of 
both normal waves with increasing damping constant Y 
of the excitons in CdS crystals. The obtained data a re  
used for a quantitative estimate of y in various crystals 
investigated in different experimental conditions. Two 
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waves with refractive indices having different spectral 
dependences were observed, for the first  time ever, by 
a direct interference method. It i s  shown that this 
takes place if y of the excitons i s  close to the "critical" 
value. 

CALCULATION RESULTS 

According to Pekar's theoryc" the complex refrac- 
tive indices of the two normal waves a r e  determined 
from the relation 

where 6, i s  the background value of the dielectric con- 
stant, M i s  the exciton effective.mass, c i s  the speed of 
light in vacuum, e and m a re  the charge and mass of 
the free electron, fw, is the energy of the bottom of the 
exciton band, f i s  the oscillator strength of the unit 
crystal cell, N i s  the number of cells per unit volume, 
and y i s  the damping constant of the excitons. 

Formulas (1) were used to calculate the real (n') and 
imaginary (n") parts of the refractive indices of both 
waves (n, and n-) for different y. The values of the re- 
maining parameters that enter in the formulas were ta- 
ken to be the same as  in namely, co = 7.74; M = 0.9m; 
b = 1578 (corresponding to f = 0.0021 o r  to a longitudinal- 
transverse splitting Av,, = 11.8 cm-'); yo = 20586.6 cm-', 
and v= I/x= w/2nc is  the wave number. The calculation 
results a re  shown in Fig. la 

duced in the crystal and the phase shift between them 
are  determined, according to ['I, by the ratio 

The plots of log I q  1 and p calculated from (2) a re  shown 
in Fig. lb. 

The wave reflected at normal incidence can be for- 
mally described, provided that the boundary conditions 
of (11 a re  satisfied, by the equations of the single-wave 
theory if the so-called "effective" refractive index n* 
- n e f f  - + ixeff is introduced. The reflection coefficient is 
then 

I-n' 

e +n+n- n'=n,+n-E,. 
1-q I - I  n++n- 

The calculated real  (ne") and imaginary (xe") parts of 
n* and of R are  shown in Fig. lc.  

Let us discuss the obtained relations in greater de- 
tail. It follows from Fig. l a  that at y = 0 the wave E,  in 
the entire spectral region and the wave E_ on the short- 
wave side of v, (the frequency of the longitudinal exci- 
ton) a re  undamped, since they have a purely real  re- 
fractive index. On the long-wave side of v, the wave E_ 
has a pure imaginary refractive index, and i s  conse- 
quently totally reflected from the crystal, after pene- 
trating to only a small depth determined by the corres- 
ponding f requency-dependent damping coefficient. 
There i s  therefore no true absorption of energy in the 
crystal. It is seen next from Fig. l b  that the ampli- 
tudes of the waves, E, and E_ a re  equal only near the 

The ratio of the amplitudes of the normal waves pro- frequency v,,, and their ratio changes strongly in a 

FIG. 1. Frequency dependences calculated theoretically for different values of the exciton damping constant y: a-for the 
complex refractive indices of the two normal waves E, and E,  according to formula 0) (the real parts (n: and ni) a r e  repre- 
sented by solid lines, and the imaginary parts and n!') a r e  dashed); b-for the ratios of the amplitudes of the normal 
waves (in logarithmic scale) and of the phase shift between them according to formula (2) (log I q I and cp a r e  represented 
by the solid and dashed lines, respectively); c-for the real  and imaginary parts of the "effective" refractive index and of 
the reflection coefficient according to formula (3), represented respectively by solid (nef9, dashed ( x d 3 ,  and dotted ( R )  
lines. An arrow T marks the energy position of the bottom of the band of the transverse excitons, corresponding to a 
value Au= 0 (uT= ug) on the abscissa axis. An arrow L marks the energy position of the longitudinal excitons at  k=O 
and T=O. 
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small spectral interval on both sides of v,: by approxi- 
mately three orders of magnitude in the interval Av 
= ZAv,. The wave E, dominates on the long-wave side 
of v,, and Em on the short-wave side. The phase differ- 
ence between the waves at the crystal boundary, at the 
instant of excitation by the electromagnetic wave, is 
equal to n in the entire spectral region. In other words, 
the waves are  in counterphase at the instant of their 
production. 

Under these conditions, with increasing frequency, 
up to v,, one should register a virtual absorption in the 
vicinity of v,, due to the decrease of amplitude of the 
wave E, and hence the decease of the energy carried by 
it, and due to the increase of the amplitude of E, and 
hence of the reflected energy, in the light passing 
through the crystal. If we determine the refractive in- 
dex by the usual method from the change of the phase of 
the light passing through the crystal, then we should ob- 
tain, up to the frequency v,, the dispersion branch of 
the wave E,, followed by a jump over to the branch of 
the wave E,; the latter has the larger amplitude at the 
frequency v,. The form of the reflection spectrum of a 
semi-infinite crystal should then be such a s  if one wave 
were to propagate in the crystal and to have no" and xerf 
with frequency dependences shown in Fig. lc.  In other 
words, the spectral characteristics of the reflected 
wave are  in no way similar to those of the waves E, and 
E, inside the crystal. 

We examine now how the characteristics of the two 
waves change at y #  0, i.e., when true energy absorption 
appears in the crystal. With increasing frequency de- 
pendence of n', acquires with increasing y an ever in- 
creasing sag that lowers the refractive index near the 
frequency v,. The frequency dependence of nw, acquires 
a tail-like extension on the short-wave side of v,. 
What is new compared with y = 0 is that nw+ has a strong- 
ly asymmetrical bell shape whose maximum increases 
sharply with increasing y. Finally, the plot of nl- has 
now a very characteristic continuation into the long- 
wave side of v,, namely, a maximum appears at v, and 
increases sharply with increasing y. At a definite val- 
ue of y, called in Ill1 "critical" (yo,), the maximum of 
the n', curve r ises  to the nl+ branch, and the refractive 
indices of both waves become equal at the frequency v,. 
With further increase of y the nl_ and n', curves inter- 
sect, and on going through v, the two branches of the 
wave E, go over continuously into branches of the wave 
E-: n: -n:; nt-n:; n: on:; nf-n: . These curves a re  
marked 1, 2,3, and 4 respectively on the figure. At y 
<ycr the amplitudes of both waves a re  equal at the fre- 
quency v, (log I q  1 = 0), and above y, they differ substan- 
tially over the entire spectral band (the log ( q  1 curve 
has a discontinuity at the frequency v,), and their diff- 
erence is larger the larger y. In addition, i t  is seen 
from Figs. l a  and l b  that at y>ycr the wave having at 
the instant of production the larger amplitude is less  
absorbed. It is also seen from Fig. l b  that a s  y in- 
creases a characteristic peak appears on the spectral 
dependence of the phase difference between the waves, 
at the frequency v,, and i ts  maximum value reaches 2n. 
This shows that in the presence of appreciable absorp- 

tion both waves a re  excited in phase. 

Let us see  now how the described variations of the 
curves with increasing y should affect the absorption 
and reflection spectra and the spectra of the dispersion 
of the refractive index of the crystal. 

Only qualitative conclusions can be drawn conce~ning 
the absorption spectrum, since more exact information 
can be obtained only after calculating the transparency 
of a crystal plate with the formulas of ['I and with ac- 
count taken of the still unknown frequency dependence of 
y(v). It follows from Fig. l b  that the spectral depen- 
dence of the ratio of the amplitudes of the waves E, and 
E, changes insignificantly from y = 0 up to y,,. At the 
same time the wave E,  experiences ever increasing ab- 
sorption (n," increases). Although the wave E, does be- 
come complex and thus becomes capable of propagating 
inside the crystal, i t  attenuates not much more weakly 
a t  y < yo, than a t  y = 0. The absorption of the light pass- 
ing through the crystal is therefore expected to inc 
crease strongly when y changes from0 to y,,. Above y,,, 
as already noted, the wave that is less  absorbed has al- 
s o  the larger amplitude. The spectral dependences of 
i ts  refractive index and absorption coefficients a re  
shown by curves 1 and 2, respectively, and have the us- 
ual classical form. The area under the absorption 
curve under these conditions, taking into account the 
decreased contribution of the wave that is more absorb- 
ed, should no longer change with further increase of y, 
since the broadening of the curve is offset by the low- 
ering of i t s  maximum. 

We trace now the variation of the dispersion of the 
refractive index of the crystal, a s  determined by mea- 
suring the phase of the light passing through the crys- 
tal. At small y(1- 2 cmml), before the absorption of 
the wave E, has grown strong enough, the picture 
should be almost the same as at y=O, i.e., a disper- 
sion branch n: and then an abrupt jump to the branch 
n'. With further increase of y, a s  y,, is approached, 
the absorption coefficients of both waves E, and E, be- 
come comparable in the spectral region of the longitu- 
dinal-transverse splitting, and therefore the intensities 
of both waves increase a t  the exit from the crystal. Two 
branches of the refractive index should therefore be re- 
gistered: one increasing and pertaining to the wave E,, 
and the other decreasing and pertaining to the wave E,. 
Finally, when y exceeds y,, and only one wave becomes 
dominant in the transmitted light, the dispersion wave 
should have the usual classical form with an "anoma- 
lous" section in the region of the absorption band. Thus, 
with increasing y the dispersion curves should undergo 
within the limits of the absorption band the following 
transformation: 1) at small y-one rapidly growing 
branch n: followed by a jump to branchn',; 2) a t  y =Y,- 
coexistence of two branchs, one rising (n:) and the 
other falling (n3; 3) at y> y,, -one falling branch (1) 
corresponding to the section of "anomalous" dispersion. 

We proceed now to the reflection spectra. When y in- 
creases all have the usual classical form, as if one 
wave with the effective refractive index shown in Fig. 
l c  were to propagate in the crystal. From the form of 
the R(v) curves we cannot determine how many waves 
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having the same frequency and polarization propagate 
inside the crystal. In other words, there are  two situa- 
tions that are  indistinguishable in principle: there pro- 
pagate in the medium either two waves with the charac- 
teristics shown in Fig. la ,  or else one wave with the 
constants of Fig. l c .  

The reflection spectra shown in Fig. l c  can be ob- 
tained, naturally, only if the sample surface is perfect 
and the boundary conditions of [I1 a re  satisfied. It is 
well known that in the presence of a "dead" layerc121 o r  
of a spoiled surface the reflection spectrum takes an- 
other form, but we shall not dwell on this question. 

Comparison of Figs. l a  and l c  show that curves 1 and 
2, with increasing y in the region above y,, come closer 
and closer, in general form and in swing amplitude, to 
the neff and xeff curves, until they ultimately merge 
with the latter. This means that the effects of spatial 
dispersion vanish completely, and all the optical pro- 
perties of the crystal can be described by the one-wave 
theory. In CdS this takes place at y = 16 cm'l. 

COMPARISON WITH EXPERIMENT 

We shall attempt to use the aggregate of the present- 
ed curves to estimate the values of y in particular crys- 
tals. 

The absorption spectra of CdS crystals at various 
temperatures (4-77 K) were measured in C91131. The 
samples investigated in were clamped and the area  
under the absorption curve was found to be independent 
of T. In C91, where the samples were "free," the ex- 
perimental dependence was precisely the one which 
followed from an analysis of the theoretical curve, 
namely, an abrupt increase of the area  under the ab- 
sorption curve with increasing T at low temperatures, 
and stabilization of the area  a t  high temperatures. This 
shows that the value of y of clamped samples is not less 
than y, even at 4.2 K, whereas y,.,<< y,, in the "free" 
samples. 

The dispersion of the refractive index of CdS at 4.2 K 
was measured in "free" thin crystals[31 by two indepen- 
dent methods. In the first, a Jamin interferometer was 
crossed with a spectrograph, and the obtained interfer- 
ence pattern traced, to a definite scale, the spectral 
dependence of the refractive index (Fig. 2a). In the sec- 
ond method the birefringence of the crystal was used to- 
gether with the interference of beams with polarizations 
EIIC and E LC. A distinct pattern of alternating maxima 
and minima was observed (Figs, 2d and 2e), and from 
their spectral positions it was possible to calculate the 
courses of the branches n: and n:, each fo r  i ts  own 
spectral interval. Both methods yielded the dispersion 
curve expected theoretically a t  small y<< y, (Fig. 3a). 
Comparison of this curve with the theoretical one of [51 

yielded y,*, = 2 cm'l. 

The temperature dependence of n(X) was investiga- 
tedclol on the same crystals only by the second method. 
With increasing temperature, a successive vanishing of 
the interference extrema corresponding to the E+ branch 
was observed, starting with the shortest wavelength and 

FIG. 2. Birefringence in parallel (d) and crossed (e) polar- 
izers and interference pattern (a), obtained with a "free" 
CdS crystal 0.34 pm thick at 4 .2  K.  Interference patterns of 
clamped sample 0.095 pm thick at 20 K (b) and 77 K (c). The 
three presented interference patterns illustrate, as it were, 
the three different cases: y << y,, y m  yy,, and y>> y,. 

gradually propagating to the long-wave side. At 77 K 
the birefringence picture corresponded already to the 
classical dispersion curve, i.e., y> y,. 

From the examination of the theoretical curves above 
we expect precisely such a behavior of the birefringence 
picture. Distinct interference fringes a re  obtained when 
only one wave with definite phase passes through the 
crystal in the spectrum component E LC, i.e., at small 
and at large y. In the intermediate region, a s  the am- 
plitudes of the waves E+ and E ,  at the exit from the 
crystal begin to equalize with increasing y, the phase of 
the resultant.wave passing through the crystal turns out 
to be a complicated function of the refractive indices of 
both waves and of the crystal thickness. In fact, in one 
case, when two harmonic oscillations of equal frequency 
but with different phases [ a cos(wt+ pl)  and (b cos ot 
+cp,)] are  added, harmonic oscillations of the same fre- 

u 
20550 20600 (a) 

v, cm" 

FIG. 3. Dispersion curves of a CdS crystals, calculated 
from the interference patterns (a), @), and (c) of Fig. 2. 
To facilitate the comparison, they are shifted along the 
frequency scale until the corresponding spectral positions of 
the band A coincide. 
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quency, x cos ( w t +  $J) is obtained, and its amplitude and 
phase are given by 

zz=a'+bz+2ab cos (q,-Q), 

a sin p,+ b sin p, 
tg ,$ = (4) 

a eos cp,+ b cos cp, 

I t  follows from these formulas that $ has a value in- 
termediate between cp, and cp,, and it is closer to cp, (or 
cp,) the larger the ratio a/b (or b/a). In the limit, 
$- q1 as  b- 0 and $= ((p,+cp,)/2 at a =  b. Consequently, 
with increasing amplitude of the wave E ,  at the exit 
from the crystal, the phase of the resultant wave de- 
creases and differs all the more from the phase differ- 
ence for only the wave E+.  Given the crystal thickness, 
this corresponds, as it were, to a decrease of i ts  re- 
fractive index. Therefore when the temperature is 
raised in birefringence experiments the phase shift of 
the resultant wave is no longer sufficient for the forma- 
tion of the corresponding interference extremum. The 
extrema begin to vanish gradually, starting with the 
frequency v, and going to the long-wave side, since 
this is where the increase of the amplitude of E ,  begins 
to increase relative to E+ with increasing y. 

The degree to which the contribution of the E m  wave 
affects the resultant phase depends on the sample thick- 
ness, for when the input amplitudes and the damping co- 
efficients of the E+ and E _  waves are  given the thickness 
is the dominant factor in the ratio of their amplitudes as 
they emerge from the crystal. In this context it was 
noted[lol that the concept of the refractive index as  a 
bulk characteristic of a substance ceases to be definite 
in the region of y,,. 

On the basis of the foregoing reasoning, we can ex- 
pect that if the phase change of the light passing through 
the crystal is measured with an interferometer crossed 
with a spectrograph, under conditions when the corre- 
sponding value of y is close to y,, then the change 
should correspond, within the limits of the absorption 
band, to a refractive index intermediate between n: and 
n',. Furthermore, this averaged value is closer to the 
n: branch near v, and to n', near v,. 

The experimentally obtained interference pattern for 
a crystal under conditions close toy, has shown, how- 
ever, a different picture, that of Fig. 2b. Within the 
limits of the absorption bands, the interference fringes 
are  split despite their low s h a r p n e s ~ . ~ )  The growing 
branch is steeper, and i ts  maximum upward displace- 
ment from the splitting point amounts to approximately 
1.5 fringes; the decreasing branch is more gently slop- 
ing, and its maximum downward displacement is about 
one-half a fringe. 

If we use this interference pattern to calculate the 
dispersion of the refractive index, including the split- 
ting region, then the obtained picture (Fig. 3b) is very 
close to the theoretically predicted course of the bran- 
ches n: and n'. near y, (Fig. la). If we recognize that 
curves a and b of Fig. 3 were obtained for crystals of 
different thickness, at different temperatures, and dif- 
ferently deformed, then their good agreement on the 
rising section is striking. This behavior, however, 

with the exception of the small sag, is predicted wy tne 
theory for y varying from 0 to y,, (Fig. la). The values 
of n obtained for the descending branch of the curve of 
Fig. 3 are  also quite reasonable and in good agreement 
with the theory. This result can hardly be regarded as 
accidental. We are  forced to conclude that the regis- 
tered behavior of the interference fringes corresponds 
to the true dispersion of the branches n: and n! inside 
the crystal. We a re  left, however, with the question 
why the wave passing through the crystal carr ies  sepa- 
rate phase information on the waves E+ and E ,  rather 
than information on the resultant combined wave.2) 

To  complete the picture, Fig. 2c shows an interfer- 
ence pattern of a crystal under conditions y>  y,,, while 
Fig. 3c shows the dispersion curve calculated from it. 
It can be described by the usual one-wave theory. 

From the comparison of the curves of Fig. 3 with Fig. 
l a  we can estimate approximately the values of y for all 
three cases: y,., = 1 cm", y,, ~ 4 . 6  cm-', and y,, = 16.5 
cm'l. investigationsc7] of the phase of light reflected by 
"thick" "free-standing' CdS crystals yielded y,., = 1.4 
cm-' and y7,=4.3 cm'l. This confirms an earlier con- 
c l u ~ i o n [ ~ ~ ~  that the values of y of different samples can 
differ significantly at the same temperatures, depend- 
ing on the degree of perfection of the samples. Partic- 
ularly significant a re  the method of securing the crys- 
tal and i ts  deformation: y of clamped samples are  sev- 
era l  times (2-4) larger than y of "free" ones. This 
takes them immediately into the region above y,,, i.e., 
to conditions when spatial-dispersion effects cease to 
matter. 

')A similar splitting of interference fringes ("forks") were 
observed for a number of crystals back in 1959. li4' 

2)Incidentally, if the waves E+ and E, were to interfere in- 
dependently with the wave E,, in birefringence experiments, 
then the interference fringes would likewise fade out with 
increasing temperature, owing to superposition of another 
pattern with different spectral positions of the extrema. 
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Electron-hole drop radiation in the far infrared part of 
the spectrum 
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It was established experimentally that the effects attributed earlier to electron-hole drops in the far 
infrared may, in fact, be due to the room-temperature background radiation modulated by resonant 
absorption in the drops. 

PACS numbers: 71.35.+z, 78.30.-j 

Vavilov, Zayats, and ~ u r z i n ~ ' ~ ~ ~  reported the dis- 
covery of resonant emission of submillimeter radiation 
at  the plasma frequency of electron-hole drops in ger- 
manium. To explain the physical nature of this effect, 
we proposed[31 a mechanism of the excitation of plasma 
oscillations by fast Auger electrons resulting from car- 
r ier  recombination in electron-hole drops. Further 
detailed Investigations were desirable to determine the 
role of this mechanism. However, our attempts to ob- 
serve drop radiation were unsuccessful although it was 
reported by zayatscZ1 that the integrated intensity of the 
radiation amounted to w/cm2. In the present paper 
we shall give experimental evidence suggesting that the 
phenomenon discovered by Vavilov et U Z . ~ ' * ~ '  could be 
due not to the emission but to resonant absorption of the 
room-temperature background radiation by the drops. 

In the f i rs t  ser ies  of experiments we recorded sub- 
millimeter radiation using a photoresistor made of sili- 
con doped with boron in a concentration of "5 X loi4 cm-9 
At helium temperatures and under the action of impu- 
rity-absorbed illumination of wavelength shorter  than 
3 0 ~  the optical charging of neutral boron atoms in sili- 
con produced the A* centers with an ionization energy 
of about 3 meV (the spectral range of the detector ex- 
tended to 5001, with a sensitivity maximum a t  3 0 0 ~  C41). 

The threshold sensitivity of our device in the 100-400~ 
range was at  least 5 x  l W 1 3  W / H Z ~ ' ~  at  1.6 OK. Under 
the experimental conditions (Fig. 1) the source of the 
impurity-absorbed illumination necessary for the oper- 
ation of the detector 1 was the room-temperature back- 
ground radiation 5 which passed along a stainless-steel 
tube 2. Samples of pure (with an impurity concentration 

duced from the recombination radiation (luminescence) 
spectrum. The photodetector was protected from the 
exciting and recombination radiations by a filter 3 made 
of indium antimonide, 2 mm thick, and black polyethy- 
lene. The experiments were carr ied  out at  temper- 
atures below 2.1 OK. Two relative positions of the ger- 
manium sample and photodetector were tried. In the 
f i rs t  case (Fig. l a )  the background radiation passed 
f i rs t  through the photodetector and then through the 
germanium plate. Under these conditions we observed 
no photoresponse from the detector even a t  the highest 
rate of excitation of germanium. Since under our con- 
ditions the sensitivity of the photodetector to submilli- 
meter radiation was at  least  as high a s  in the work of 
Vavilov et al.,c1121 we concluded that the long-wave- 
length radiation emitted from drops in germanium could 
hardly have been discovered by Vavilov et In the 
second case (Fig. lb ,  when the background radiation 
f i rs t  passed through germanium and then through the 
photodetector, we recorded a photoresponse which was 
approximately three orders  of magnitude higher than 

N = 10" ~ m - ~ )  and doped (N = 5 X 1014 ~ m - ~ )  germanium 4 
were excited with modulated radiation from an argon FIG. 1. Schematic diagrams of the experimental set ups 

employing a boron-doped silicon detector: 1) photodetector; 
laser  6 whose power was up to 150 mW and which was 2) stainless-steel tube; 3) filter made of indium antimonide 
focused on a sample in the form of a spot "5 mm in dia- and black polyethylene; 4) germanium sample; 5) background 
meter. The formation of drops in the samples was de- radiation; 6) exciting radiation. 
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