amplification due to optical pumping. We note that the populations of the sublevels of the
ground state of QH are very sensitive to the form of the spectrum of the optical radiation,
and this is in part due to the fact that several spectral lines practically coincide with the
resonant frequencies of OH. (For example, the A = 3063 A line of NII coincides with the res-
onant transition 22:=O,k;5,J=5/2 - 2H3/2 v=O,k=l,J=3/2')

Coherent amplification of cosmic radio emission must be expected primarily in regions
directly adjacent to the ionization zone of hot stars.

The difference between such a natural cosmic maser and the laboratory device lies pri-
marily in the fact that in astrophysical systems there are no reflectors or resonators, and
no standing waves are set up. Essentially these are coherent traveling-wave amplifiers. The
amplification of the radiation is not the result of multiple passage of the ray through the
same bounded volume of gas, but the result of the giant dimensions of the amplifying system.
In the laboratory device, the presence of resonators and reflectors leads to appreciable loss
of radiation energy. Under astrophysical conditions there is no such loss. Therefore even a
small degree of population inversion turns out to be sufficient for effective amplification.

Thus, in the stationary amplification mode, part of the energy of the optical band will
be continuously transformed into radio-emission energy. A particularly large amplification
effect can be observed in nova and supernova flares. In this case the excitation energy ac-
cumulated by the atoms and molecules can be released in the form of a brief but very intense
burst of radio emission. This phenomenon could be observed by comparing curves characterizing
the time variation of the intensity of the optical and radio emissions during the initial
stage of the flare.

The foregoing gives grounds for assuming that coherent amplification of radiation is a
widespread phenomenon in the Universe.

I am grateful to Doctor of Physico-mathematical Sciences A. Z. Dolginov for a useful
discussion and valuable advice. I am also grateful to the participants of the Main Astro-
nomical Observatory Seminar, and especially Doctor of Physico-mathermatical Sciences I. S.
Shklovskii for a discussion of the present results and for the idea of using the results to

explain the anomaly in the cosmic radio emission of OH.
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1. The giant pulses of coherent light emitted by Q-switched lasers are widely known
[1-3]. TFor research in nonlinear optics, or for investigations of the mechanism of damage to

transparent materials by a strong light field, it is of interest also to employ sources of
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giant pulses of incoherent light, since experiments with giant pulses of coherent and inco-
herent light can disclose the role of ccherence and the role of optical power in the case of
interaction with matter.

In this letter we report a study of giant pulses of superluminescence of a strongly ex-
cited active neodymium~glass medium with rapid switching of the gain.

2. Superluminescence is enhanced spontaneous radiation from an active medium. 1In long
rods of an active medium with large gain per pass, the luminescent radiation becomes directed
and the duration Tp of the superluminescence pulse is usually much shorter than the time T,
of the spontaneous decay of the excited particles, but many times longer than the time Tb
necessary for the photon to traverse the active medium [4]. However, if a large gain K is
produced instantaneously in a medium, such that the spontaneous photons are amplified in one
pass sufficiently for most active particles to radiate, then it is possible to obtain the very

short superluminescence pulses of duration on the order of T.. The condition for obtaining

0
such extremely short pulses is
T. N o D
0 0 “eff
“TT e T L (1)

where NO and N20 are the initial inverse population and the population of the upper working

level, respectively; is the effective solid angle of the superluminescence and is deter-

eff
mined by the geometry of the medium. At the threshold of satisfaction of condition (1), the
radiated pulse has a duration on the order of several times T., but if this condition is over-

0]
fulfilled, then Tp tends to Tb.

Fig. 1. Diagram of setup for ob-
taining and recording giant super-
luminescence pulses. 1 -~ Dense
mirror, 2 -« Kerr shutter, 3 =
neodymium~-glass rods, 4 - filter, \ )

5 - coaxial photocell. ¢ 4 ¢ +|I[)0 i, *lZOO i+ :';;5

4 nsec

3. A diagram of the setup is
Fig. 2. Oscillograms of giant superluminescence

shown in Fig. 1. The active medium
pulses.

consists of two identical neodymium-~

glass rods (KGSS-7) of 10 mm diameter, with matte lateral surfaces and with butt ends cut at
the Brewster angle. The pump lamps illuminated 900 mm of the lateral surface of the rods.

The gain in the two pumped rods was of the order of 10* per pass. The gain was instantaneous-
ly increased to 10° by uncovering the dense mirror with a Kerr shutter. The time necessary
for the photon to traverse the active medium (with reflection from the mirror) was T. = 16

0
nsec, and the measured solid angle Q .. = 102 sr. For the Na®' ion in the glass,

f
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Ty = 5 x 107% sec, and the lower working level *I i/, is short lived, so that NEO > Ij,. After
opening the shutter, the gain of the medium K reaches 10® per pass, and consequently condition
(1) is satisfied in our apparatus.

Figure 2 shows pulses radiated by the medium at X = 10%. 1The pulse energy was approx-
imately & J. The pulse duration at half-maximum was © = 12 nsec, and the start of the pulses
Jagged behind the time of gain switching ty by 25 - 30 nsec. The medium is thus de-excited
within less than three passes, the main energy being radiated within a time shorter than Tb.

L. The maximum gain of the active medium with the Kerr shutter closed is limited by the
self-excitation of the pumped glass rods due to Fresnel reflection of the light, polarized
perpendicular to the plane of incidence from the butt end with the Brewster angle, on the
lateral matte surface, and subsequent scattering (with depolarization of the radiation) in
the backward direction. Inasmuch as the gain of the neodymium glass, unlike ruby, does not
depend on the polarization of the light, this leads to a feedback coefficient p
~ (n? - l)zﬂeff/Q(nZ + 1)%2x = 107* (n is the refractive index of the glass), and to a limit-
ing gain of the order of p?t = 10%*, which agrees with experiment.

5. The power of the obtained superluminescence pulses reached 500 mw/cmz. Several in-
tense flashes damaged the output end of the rod at the point A (Fig. 1). Thus, self-damage
of neodymium glass is possible under the influence of intense incoherent radiation.

The authors are deeply grateful to N. G. Basov for support and a discussion of the work.
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Tremendous magnetostriction is observed in terbium, dysprosium, and holmium iron garnets
at helium temperatures (1], whereas in yttrium and gadolinium iron garnets the magnetostric-
tion is very small. According to modern notions, the large magnetostriction effects in these
ferrimagnets are due to the influence of the orbital state of the Tb3+, Dy3+, and Ho®t ions
on the crystal lattice.

We investigated the magnetostriction of paramagnetic garnets in which all the iron was
replaced by diamagnetic gallium. Iron and gallium garnets have very similar structures [2],

and it can therefore be assumed that the investigation of the gallates yields additional in-





