Experimental observation of a linear growth of b'(E) with increasing 1ln E
would be direct evidence of curvature of the P trajectory, i.e., of ag > 0.
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An important role will be played in the energy balance of thermonuclear
reactors by cyclotron radiation, which can be calculated only by numerical
methods, owing to the complexity of the formulas for the absorption coefficient.
The results are usually represented in graphical form. It may be very useful
however, to have very simple approximation formulas for these graphs.

An analysis of three examples [1 -~ 3] of numerical calculations shows that
the radiation yield coefficient can be approximated, with 50% accuracy, by a
"universal" formula sultable for a plasma layer, cylinder, and torus:

3/2 ——
0"’60—— l—r\/1+x . (1)
Nl T

Here t = T/mc? is the temperature in units of me? = 511 keV, P, = awz/ch is
the dimensionless "opacity parameter," in which a is the radius of the cylinder,

the thickness of the flat layer, or the minor radius of the torus, wé = Mﬂneez/m

is the square of the plasma frequency, wg = eB/mc is the cyclotron frequency of
the electron, ¢ is the speed of light, r is the reflection coefficient of the

mirrors located at the plasma boundary, and Xp = a/RvT is the parameter of the
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inhomogeneity of the magnetic field in

»k a torus with minor and major radii a

and R.
8
Rosenbluth's case [ 3] corresponds
s} to Xp >> 1, but formula (1), which de-
PR scribes satisfactorily the results of
[1 - 21, yields under the conditions of
2b -~ [3] approximately half of the radiation
- obtained in [3], where no account was
A S— - v taken at all of the Doppler broadening
> ) of the cyclotron spectrum lines. The
. main discrepancy, however, is apparent-
giztt:§§igg?gimgi F?%S ingg gzg’ ly due to the fact that Rosenbluth used
count. Two plot aof - in the calculation of the absorption
b s y _ 3 coefficients only the first term of the
5m/B_BR ¢o/T keV for B BRy = 10

expansion of the bessel functions Jn(x)

= (x/2)n/n! where x =,nB sin 6 and 0
is the angle between k and B. This

corresponding to formula (1)), yielded after averaging over the non-
are shown. relativistic Maxwellian distribution

<Ji(X)> = (&/2)%/n!, where & =

n?t sin?®, and led to the appearance of divergent series in the sums over n.
Yet the use of the exact formula

and lO6 and two approx1mations
(Rosenbluth's Vg [3] and ours,

’ <L (x)> = e';"e'lnté) (2)

shows that the quantities zA used in [3] should be multiplied by approximately
exp(-n2t), which leads (at T = 5 - 10 keV) to a faster convergence of the

series and to a better agreement of the results with the approximation formula
(1) (see the figure).

The total cyclotron radiation of a layer, cylinder, or torus (tokamak) is
calculated from the formula (v is the plasma volume)

2e? 9T
_ s 2 - o2 2
"-N‘3c3 < vex ®,yhereN, "ev’<v>‘=“’BT (3)

and will be smaller than the thermonuclear energy released in a reactor using
a 1:1 mixture of deterium and tritium approx1mately (for T = 15 keV) under the
condition @ < 88e, where Be = 8mn T/B

For the tokamak designs discussed in [4], with Be ~ 0.1, the radiation is
not dangerous even in the absence of reflector. Devices with small Be and us-
ing pure deuterium are less promising, since they require reflectors with r 2

0.99.

A detailed article will be submitted for publication in the journal "Nu-
clear Fusion."

The author is indebted to L.A. Artsimovich and V.D. Shafranov for stimu-
lating the present work and to M.A. Leontovich, L.S. Solov'ev, and V.S. Mukho-
vatov for valuable discussions.
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At the present time there are no visible-band lasers with high efficiency
and apprecilable average generation power. The most widely used lasers for this
region of the spectrum (helium-neon and neon) have efficiencies of about 0.1%
or worse, and their applications are thus sharply limited. The problem of
developing an effective laser for the visible band is therefore very acute.

We present here the results of investigations of a pulsed copper-vapor
laser, which have made possible, for the first time, generation in the green
and yellow regions of the spectrum with a high average power (15 W) and with a
practical efficiency of 1%. Heretofore, copper-vapor lasers delivered an aver-
age power of 0.5 W-[1, 2]. The efficiency in terms of the discharge was about
1%, but the practical effieciency was apparently much lower, since additional
energy was needed to heat the working tube in the oven.

We used in our experiments alundum discharge tubes of volume 35 cm® (8 mm
diameter and 70 em length) and 125 cm® (15 mm diameter and 70 cm length). The
copper was placed in pieces along the entire tube. The pulsed discharge was
excited in the tube by discharging a capacitor through a thyratron. Inert
buffer gases were used at a pressure of several dozen Torr. The tubes were
heated to the working temperature (about 1500°C) without an oven, by the heat
released in the discharge. The resonator consisted of a spherical mirror with
a multilayer dielectric coating and a flat glass plate. The generation pulses
were registered with an FEK-16 coaxial photocell and an I2-7 oscilloscope with
a time resolution 0.5 nsec. The average power was measured with a KIM-1 meter.

Under the indicated experimental conditions, generation was observed in
both tubes without a noticeable decreagse of the peak power, both on the green
(5105 1) and on the yellow line (5782 &) up to a pulse repetition frequency
20 kHz. PFurther increase of the frequency was limited by the available power
supply. The largest average generation power on both lines in the 35 cm?® tube
was obtained at 18 kHz and amounted to 6 W at an efficiency 0.35%. An increase
of the tube volume led to an increase of the power and of the efficiency. The
maximum average power in the 125-cm?® tube reached 15 W and was obtained under
two conditions: 1) At a pulse repetition frequency 15 kHz and a capacitor volt-
age 21 kV. In this case the generation pulse duration was 5 nsec, and the peak
power (on both lines, with the green line much stronger) reached its maximum
value 200 kW at an efficiency of 0.8%. The specific peak power was 1.6 kW/cm?®.
2) At a pulse repetition frequency 18 kHz and 18 kV on the capacitor. In this
case the peak power was 170 kW and the efficiency 1.0%. These efficiency values
were calculated in both cases from the ratio of the generation energy to the
energy stored in the working capacitor.
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