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By virtue of the periodic boundery conditions, the momentum variasbles p, g, etc. run

through the values #2m/L, n= 0, 1, 2, ...
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1. In [1,2] we proposed and investigated a laser with nonrescnant feedback produced by
radiation scattering. In this letter we report the results of a theoretical and experimental
investigation of the statistical properties of the emission of such a laser. We shall show
that the emission statistics of a laser with nonresonant feedback differs greatly from the e-
mission statistics of ordinary lasers., The radiation intensity within extremely narrow solid
angles is subject to strong fluctuations, and the distribution function of the intensity fluc-
tuations coincides with the distribution function of the number of photons in one quantum
state of black-body radistion at large occupation numbers.

2. Generation in & laser with nonresonant feedback is effected in a large number of low-

Q modes that interact strongly with one another as a result of scattering. Their number L

(for one polarization) is given by A
L@ /(-—)2, (1)
gen’ ' p
where D, and X are the solid angle, diameter, and wavelength of the generated emission,

s
respect?iZIy. Generation in a set L of scattering-coupled modes is due to the fact that the
radiation losses of the set of interactiig modes is much lower than the loss of any single
mode [1].

The theoretical analysis of the emission statistics of a laser with nonresonant feedback
is based on the following model: We consider an ensemble of a large number L of modes that
interact nonlinearly with the active medium and interact linearly with one another via exchange
of radiation (by scattering). The active medium is described by a set of M two-level atoms,
and the radiation field in the i-th mode, by the number of photons n.. A method similar to
that developed in {3] yields a pilot e uation for the probability P;l’nz""nL of the state
with n, photons in the i-th mode (i = 1, 2, ..., L) and m atoms at the lower level, and also
for the probability Pﬂ of the state with N = §=1 n, photons in all L modes and m atoms at
the lower level.

In the stationary state, the pilot equation for the probability Pﬂ determines fully the
distribution function of the total number of photons, PN, which turns out to be analogous,
owing to saturation of the atoms, to the distribution function of the number of photons in one
mode of an ordinary laser (it has a sharp meximum et N = N with relative width ~ 1/7/n, [3—5]1.
From the pilot equation for the probebility PPl oR25e 5L 3y the stationary state we get the

m
distribution function pii of the number of photons in the i-th mode. Assuming that all

n, = n >> 1, this distribution takes a form

pni -__—.._l_exp(-..f’—"—) (i=l,2,...,L) (2)

n n
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analogous to the Bose-Einstein distribution function for the number of photons in one quantum
state of black-body radiation with n >> 1 [6,7].

We see that the probebility of filling one mode with photons experiences considersble
fluctuations, whereas the number of photons N in all the modes is relatively stable. Physi-

cally this is connected with the fact that the nonlinearity of the generator (saturation effect)
L

i=1 "i°
near interaction of the modes with one another admits of considerable fluctuations of n, at a

effect) stebilizes the intensity of the entire generated radiation N = wvhile the 1i-

d fixed value of N.
2

3. The experiment consisted of measuring the dis-
Photomrult.

tribution function p(ni). The experimental setup is

g,
’Crystal Amplif. shown in Fig. 1. The nonresonant-feedback laser com-

h prised a ruby crystal of length £ = 110 mm and diameter

655 D =9.5 mm, placed in a dewar with liquid nitrogen and

pumped with a spiral flash lamp. One end of the crystal

h was silvered (r & 50%), and the other was rounded off

and ground dull to effect feedback via scattering; the

. . side surface of the crystal was also ground.
Fig. 1. Experimental setup

The laser radiation was fed to a photomultiplier
through two diaphragms D; and D, with hole diameter d = 0.5 mm, placed at a distance h = 60 em
apart. To register radiation in one mode the diaphragm diameter d must satisfy the condition
d < /Xﬁ; and the time resolution T of the recording apparatus must satisfy the condition

Fig.2. Oscillogram of radiation
intensity in a small solid angle

40O usec after start of gener-
ation; sweep duration 500 usec.

T < 1/2nAvec, where Av is the width of the emission spectrum in em=1. We had at our disposal
a photomultiplier with © & (2-3)x10-° sec, calling for a generation line width Avsg 103 em-1,

Since the narrowing of the spectrum in a nonresonant-
Wi
(z) feedback laser is a rather slow process [2], it was ne-
Fig. 3. Probabilit
d;gtrzbution of Y cessary to cool the ruby to T7°K in order to obtain such

intensity fluctuation

a line width in a time 107" sec.

4. Figure 2 shows a typical oscillogram of the
radiation intensity in a small solid angle (with dia-
phragms) at instants of stationary generation. The

intensity fluctuations are clearly seen, the fluctuation

J amplitude being of the same order as the mean value of
z=4,

the distribution of the intensity fluctuations (Fig. 3). The experimental points are satis-

the intensity. Processing of the oscillograms yielded

factorily approximated by the theoretical distribution (2) (continuous curve of Fig. 3). 1In
addition, the characteristic fluctuation correlation time Teo A 10-8 sec agrees with the

correlation time determined from the radiation line width, t & 1/2nAve, where [2]
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Av g_Avo/aEE-(Avo 0.5 em~ ! is the active-medium luminescence line width, and an» 0.5 em™!
is the gain per unit length at threshold.

5. It is seen from the foregoing that radistion-intensity fluctuations, similar to the
fluctuations of black-body radiation, occur in a laser with nonresonant feedback. This makes
it possible to set up experiments on the correlation of photons (similar to those of Brown end
Twiss [8]).
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Image magnification is attained in holography by using diverging beams. This makes a ho-
lographic mieroscope feasible. Usually [1] one uses for this purpose the hologram of the
object itself. We call attention to another type of microscope, in which the hologram records
not the object, but interference of waves from two sources. By viewing through this hologram
the object illuminated by a coherent beam, it is possible to obtain a magnified image of the
object. This differs in essence little from the use of a Fresnel zone plate as a lens. Such
a scheme may turn out to be convenient under certain conditions.

Let us sketch briefly the theory of such a microscope. If A and B are coherent sources,
then the field at the point P of a photographic plate at z = 0 will be U(P) = UA + UB =
exp(ik+PA) + exp(-ik*PB)}. Assume that a ccherent light field s(0) with wave number k' is in-
cident from the object O onto a developed hologram plate magnified m times. Then the field
in a certain plane I will be

S(/ )= [s(0) e~tk"OP| U(m=1P)|2 e~k Pl dOd P, (1)
We confine ourselves henceforth only to the field S(I) due to the interference terms UU, or
U,UX, assuming that the fields from IUAI2 + IUBI2 will turn out to be in other parts of the

plane I. Then, in the narrow-beam approximation, assuming for simplicity that the object is
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