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of a magnetic field is Ai/i = -0.06. With increasing magnetic field intensity, [Ai/i| de-

creasses and vanishes in fields H z 8 kOe., The bias voltage Ud corresponding to the dip Ai
is practically independent of the magnetic field. The cbtained data can be explained by
assuming that the tunneling electrons are inelastically scattered by quasiparticles with
energy eq = eUd = 1.3 meV, reckoned from the Fermi level., We have not estaglishgd the
nature of these quasiparticles. At helium temperature we observed on the d1/dU”(U) curves
distinct maxima due to the interaction of the tumneling electrons with the phonons. The
energies of the phonons in the condensed aluminum film, obtained from tunnel measurements,
are hw = 8.0, 13.3, 19.6, and 30.8 meV. These results are in satisfactory agreement with
the data given in [6].
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1. In [1] we proposed a method of coherent optical pumping, making it possible to
obtain exceedingly narrow amplification lines (up to th - 105 Hz) within the Doppler line
of a beam of atoms or molecules. This is of interest for the development of a quantum
frequency standard in the optical band (see the review [2]). In the present paper we pro-
pose to obtain narrow amplification lines by coherent optical pumping using a two-level
scheme in a low-pressure gas, and a two~level gas laser based on coherenet pumping by its
own radiation,

2. Coherent optical pumping of low-pressure gas in accordance with a two-level scheme
consists of combining pulsed inversion of molecules as they pass through a coherent light
field ("m-pulse") end "tubular" geometery of the pumping light beam, thus ensuring spatial
isolation of the inverted molecules without using a directional flux (beam) of molecules.
Let the field of the pump beam have the form E = é?o(rl_) cos (wt = k - ;), where fb(gL)
describes an annular distribution of the amplitude in the transverse directiong. If the
molecule mean free path greatly exceeds the beam diameter, then the molecules whose velocity

-
v satisfies the resonance condition

w
!(:)12—u+kv|<T (l)
interact effectively with the field (w12 is the frequency of the center of the Doppler line
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and T is the time of flight of the molecule through the field). At a certain field in-
tensity, determined by the condition (p.é/h)r = v (p is the diple moment of the transition),
the molecules that are in exact resonance with the field go over into the excited state.

An exact 180° trensition is impossible immediately for all the molecules entering the
pump field, owing to the frequency detuning, the thermal distribution of the molecule
velocities, and the dependence of the time of stay in the field on the impact distance p.
The inverted population is produced in a narrow frequency band Av = 0.65/10 (Hz) with a
center at the field frequency v (TO = a/v0 is the average time of flight of the molecules
through the field, a is the thickness of the beam "wall," and v, is the average velocity of
the molecules.

We consider here a case when the amplifying molecules enter the beam practically per-

pendicularly to the axis, i.e, when w v, As will be shown subsequently, a laser with

1
coherent pumping can be excited only in this case.

The meximum inversion is attained on the beam axis and equals

P2y =Py = 05300%, = 0%,) (2)

where pgi and pyy are the probabilities of populating the i-th level prior to entering the
beam and inside the beam, respectively. The inversion decreases somewhat in the radial dir-

ection as a result of the increase in the fraction of molecules entering the beam with a
larger impact distance p. The radial distribution of the inversion inside the beam cavity

is shown in Fig. l. For three values of the ratio of the inside radius of the beam R to
the "wall" thickness this calculation was made for the case p&aa/ﬁvo = 7,

3. A narrow amplifying peak can be used to generate radiation. Owing to the narrow-
ness of the amplification line, the generation frequency is very close to the pump radia-
tion frequency. This makes it possible to use for the coherent pumping the amplified radia-
tion of the laser itself. A diagram of such a two-level gas laser is shown in Fig. 2. The
"tubular" beam is formed from the generated beam with the aid of an optical amplifier, a
telescope, and a diaphragm. The gas pressure in the cell is chosen to satisfy the con-
dition that the molecule mean free path be several times larger than the diameter of the
pump beam. If the distance between the cell walls is of the order of the mean free path,
then complete relaxation of the molecule excitation at the instant when the molecule re~

turns to the beam can apparently be attained by selecting the wall material. The generation
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Fig. 1. Distribution of inverted population inside the beam
42 in coherent optical pumping by a "tubilar" beam.
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frequency of such a laser is automatically maintained in the vicinity of the center of the
gas ebsorption line. The center is unique for this laser, for whenever the generation
{pump) frequency coincides with the center of the absorption line with accuracy n/ro, the
amplifying peak is capable of amplifying both traveling waves in the resonator [3].

The properties of such a laser (excitation regime, dynamics, frequency stability,
etc,) coincide in many respects with the properties of the beam laser with coherent pumping
considered in [3]. fThe proposed laser, however, is free of many effects that limit the
frequency stability of the beam laser (the traveling-wave effect, the instability of the
beam direction). At an amplifying peak width Av = lO5 Hz and a resonator bandwidth
Avr = 107
to obtain a frequency stability 10-12. This is apparently perfectly attainable if, for

Hz, the resonator frequency must be maintained stable with accuracy lO"'lo in order

example, generstion is produced with the same resonator at another frequency with the aid
of an additional amplifying cell, and if this generation is stabilized by one of the known
atomatic resonator frequency control methods [2].

L, The atoms and molecules suitable for pumping in accordance with a two-level scheme
are those having an absorption line at the generation frequency of a laser with a sufficiently
high gain. An example is the P(7) absorption line of methane, which coincides with the
3.39 u emission line of the He-We laser [4]. The absorption coefficient of CH), in this
trensition is k, = 0.18 cmflTorr-l, and the constant of the intrinsic line broadening is

§v = 7 Miz=Torr™' [5]. At a methane pressure 3 x 1073

Torr, the mean free path of the
molecules relative to collisions is & = 4 em, and the absorption coefficient is n = 6% per
meter. Consequently, at this pressure it is possible to obtain in a methane cell an ampli-
fication peak with width Av = 10° Hz and a gain o, = 3% per meter, With such a gain,
generation can be obtained even in a low-Q resonator, by placing inside the resonator an
He-Ne amplfiying cell to compensate for mest of the losses, with the exception of a small

fraction compensated for by the gain in the narrow frequency band of the methane cell.
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