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1. A laser with nonresonant feedback with the aid of a diffuse mirror was proposed
and investigated in [1-3]. The laser operated in a pulsed mode, since the active medium was
a ruby crystal operating at 300 or 77°K. In the present letter we report, for the first time,
attainment of a continuous generation mode and an investigation of the frequency characteris-
tic of an Xe-He gas laser operating at A = 3.50 u with feedback produced by a diffuse mirror.
The generation line width was approximately 15 MHz and was limited to & relatively small mum-
ber of interacting modes. The experiments have demonstrated that the average frequency of
the generated radiation does not depend on the distance between the mirror and the scatterer.
The results confirm the possibility of developing an optical frequency standard based on the
principle of nonrescnant feedback. We note that the absence of spatial radiation coherence
in such a laser [3] does not prevent production of narrow emission lines with absolute fre-
quency stability.

Fig. 1. Experimental setup: 1 - spheri-
cal mirror mounted on & plezoceramic,

2 - amplifying Xe-He discharge tube, 3 -
diffuse mirror with aperture, & - dia-
phragm, 5 - matching lens, 6 - three-
mirror scanning interferometer, 7 -
optical quantum amplifier, 8 - InAs de-
tector, 9 -~ automatic recorder.

2. 'The experimental setup is shown in Fig. 1. The laser had a tube excited by a high-
frequency discharge, of length L = 120 cm and an inside diameter 2e = 0.7 cm, having a large
gain at N = 3.5C p [4,5]. The tube was placed between a spherical mirror mounted on a piezo-
ceramic and a scattering magnesium-oxide layer, having a small central outlet aperture for
the radiation. The threshold was attained at a discharge length 90 cm. The angle of the
generated emission was P, = 0.2°. Consequently, the number of the interacting modes was ap-
proximately
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and the expected width of the generation spectrum was
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The laser emission passed through two diaphragms, forming a narrow solid angle,
to the input of a three-mirror scanning interferometer with base L' = 66 cm an and approx-
imate resolution 10 MHz. The radiation passing through the interferometer was amplified
60 times by the Xe-He laser amplifier and was incident on a detector. The detector signal
was recorded with an automatic recorder.

The line width of the generation with the diffuse mirror was approximately 15 MHz
in most experiments (after subtracting the interferometer line width). In some cases it
ranged from 10 to 20 MHz. The generation frequency stability was measured in the following
manner. The laser spherical mirror was caused to oscillate at 100 Hz with a displacement
amplitude SL =~ 1 u. The mirror motion did not lead to a broadening of the laser emission
spectrum (Fig. 2). In the case of an ordinary laser, in which the scatterer was replaced
by a second mirror, such a mirror motion broadened the emission spectrum by 40 MHz (Fig. 3).

b, The attained line width is not the limit, since it was substantially limited by
the geometry of the discharge tube. The optimal geometry for obtaining a mnarrow generation
line of high stability is one in which the generation is produced in a total solid angle
kg sr [6]. In this case the number of the interaction modes N = (a./)\)2 (a is the dimen-
sion of the laser) can reach lO7 - 109. At the same time, it is possible to avoid in such
a system the influence of the inhomogeneous character of the Doppler line, since the prob-
ability of emission of an atom in an isotropic field does not depend on the velocity of the
atom, and no holes can "burn out" in the line. Experiments with lesers of these types are

i

Fig. 3. Emission spectrum of a 1 n
laser with a Fabry-Perot reso-
nator: I - generation with

mirror 1 at rest, IT - genera-
tion with mirror 1 oscillating.

‘ Distance between maxime - 455
J MHz.

Fig. 2. Emission spectrum of a
laser with diffuse mirror: I -
generation with mirror 1 at rest,
ITI - generation with mirror 1 75—*
oscillating. Itz
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now under way.

In conclusion, the authors are deeply grateful to P. G. Kryukov for numerous discus-

sions and to E. P. Markin for great help.
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