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A change in the characrer of maser generarion in a two-level system is found when the initial population
inversion exceeds some threshold value propordonal o the square roor of the woral number of amoms.
Above this threshold, the number of photons begins o grow exponentially with dme and the pulse with
shom leading edge and broadened rrailing edge is generated. In this work, we amempr o explain the
narure of this threshold. Coherent pulse duraton estimared by its half-width increases significantly with
increasing inversion, if all other paramesers are fixed and the absorpdon i neglected. The inclusion of
the energy loss of phowns leads o the fact thar the duration of coherent pulse is almost constant with
increasing inversion, ar least well away from the threshold. If there is exist a recovery mechanism for the
population inversion, the pulsating mode of stimulared emission generation becomes possible. The integral
radiation intensity at this may be increased several times. This approach can be used for analysis of the
cosmic radiaton thar might help explain a grear variery of pulsaring radiation sources in space.

L INTRODUCTION

Diescription of physical phenomena based on the systems
of partial differential equations, derived from the observa-
tions and experimental facts, often conceals from an inves-
tigator some essential features, especially in those cases,
when the researchers do not expect to find anomalies and
qualitative changes in the dynamics of systems in given
range of variables and parameters. Namely such a case of
unusual behavior of a two-level quantm system was found
in attempring to separate a simulated component from the
total radiation flow.

In the beginning of the past century, A. Einsrein has pro-
posed the model of two-level system, which has demon-
serated the possibility of generation of both spontaneous
and induced (stimulared) emission when the initial popu-
lation inversion is sufficiently large [1]. Usually, the term
spontaneous emission denotes the emission of oscillawor (or
other emitter) which not forced by external field of the
same frequency. As for other influences on the characrer-
istics of the spontaneous emission, there is nothing o say
definitely. Although the dynamics of spontaneous processes
usually shows a steady recurrence and invariance, there is
evident [2] that the characteristics of the spontansous pro-
cesses can vary with change of environment. By induced or
simulated emission is usually meant the emission produced
because of an exrernal field action on the emirting source
at the radiation frequency.

There were difficulties in the quantum description with
inrerpretation of the stimulated emission as coherent,
where in contrast to the classical case it was impossible vo
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say anything about the phases of the fields emitted by indi-
vidual atoms and molecules. However, C. Townes believed
[3] that “the energy delivered by the molecular systems
has the same field distribution and frequency as the sfimu-
lating radiation and hence a constant (possibly zero) phase
difference”.

If we assume, relying upon the results of the studies of
fluctuation correlations in the laser radiation [4, 5], that a
stimulated emission has a high proportion of the coherent
component, one can find a threshold of coherent radiation
at a certain critical value of population inversion [6]. The
specific fearure of this threshold is that ir follows from the
condition that the initial value of the population inversion
is equal to the square root of the total number of states. On
the other hand, the change in the natre of the process near
the threshold is evident, even without making any other
assumptions. Above this threshold, the number of photons
begins to grow exponentially with time. Herewith, below
the threshold there no exponential growth.

It is known that at low levels of spontaneous component
and far above the maser generarion threshold the num-
ber of photons growths exponentially and the radiation is
largely a coherent [7, 8]. The meaningful indicator of the
collective character of stimulated emission is the so-called
photon degeneracy, which is defined as the average photon
number contained in a single mode of optical field (see, for
example [9]). For the incoherent light, this parameter does
not exceed unity, but for even the simplest He-Ne maser it
reaches the value of 10'2 as was shown in the early works
(zee [7]).

It is of interest to go further and analyze the conse-
quences of consideration of the spontanecus emission as a
random process (at least, in a homogeneous medium) and
induced process as a coherent process. It is clear that the
separation of total radiadon into two caregory: the sdmu-




lated - coherent and spontaneous — random or incoherent
will be idealized simplification. However, such separation
may explain, at lease qualitatively, the nature of the radia-
tion emicted by two-level quancum system near to exposed
threshold.

Anocher indirect proof of the exisence of such a thresh-
old is the following observation. The intensity of the spon-
taneous emission, which is non-synchronized (randomly
distribured) over oscillators phases is known to be pro-
portional to their number. The intensicy of the coherent
stimulated emission is proportional in turn oo the square
of the number of oscillators. It is easy to see that the ex-
posed threshold corresponds to the case when the intensity
of sponeansous and stimulated coherent radiation become
equal.

In papers [6, 10], we have shown that under these con-
ditions the pulse of stimulated radiation with a characeer-
istic profile iz formed when the initial population inver-
sion slightly exceeds the threshold. The leading edge of
the pulse due to the exponential growth of the field is very
sharp due to the exponendal growth of the field, and the
trailing edge is rather broadened. Further overriding of the
threshold, that is growing of the initial population inver-
sion, resules in the ratio of the erailing edge duration to the
leading edge duracion becomes greater. At large times the
incoherent radiation dominaees.

Because very small value of the initial population inver-
sion can provide generation of pulses of stimulared radia-
tion, it is of interest to determine the shape of these pulses
for different values of the initial population inversion lev-
els and when the field energy absorption should be taken
inee account. These pulses can be easily detected in exper-
iments. In addidon, after experimental validation of this
maodel, it will be possible vo use these approaches for anal-
ysis of the cosmic radiation that might help explain such
abundance of coherent radiation sources in space.

In this paper, we study the characterisrics of the pulses of
stimulated (coherent) radiation as a function of the inital
inversion and absorprion level in the system. The dynamics
of the emission process in the simplified model is compared
with the dynamics of change in the number of quanta in the
traditional model, where the separation into spontaneous
and seimulated components is not carried oue.

If there is exist a recovery mechanism for the popula-
tion inversion, the pulsating mode of stimulated emission
generation becomes possible. The incegral radiation inten-
sity at this may be increased several times. This approach
can be used for analysis of the cosmic radiation thar might
help explain a grear variety of pulsating radiation sources
in space. In present work, we investigate the characeeristics
of the periodic pulse generation depending on the inirial in-
version, the pumping level and the absorption race.
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