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PHYSICS

V. B. ROZANOV

POSSIBLE CHARACTERISTICS OF A BREMSSTRAHLUNG
SOURCE FOR PUMPING AN OKG
(Presented by Academician N. G. Basov, January 4, 1968)

The emission spectrum of a gas-discharge plasma, in which the radiation mecha-
nism is only a bremsstrahlung process, proves to be very advantageous from the
standpoint of pumping an OKG: such a source can have a high intensity in the
range of photon energies that create an inverse population in the working sub-
stance of the laser (for example, in the range 1÷3 eV, as in ruby or neodymium
glass), and can emit a small amount of radiation (compared with a black body
of the same temperature) in the ultraviolet and still shorter-wavelength part of
the spectrum. The physical reason for this circumstance lies in the sharp depen-
dence of the bremsstrahlung absorption coefficient on the photon energy 𝜀. In
the quasiclassical approximation 𝜒 = 𝑎−1𝑧3𝑛2[1 − exp(−𝜀/𝑇 )]𝑇 −1/2𝜀−3 cm−1; 𝑛
is the ion density (cm−3); 𝑇 is the plasma temperature; 𝑇 and 𝜀 are measured
in electron-volts; 𝑎 = 4 ⋅ 1036.

For a plane plasma layer having a constant temperature 𝑇 , the emission spec-
trum 𝑆(𝜀) is determined by the well-known formula

𝑆(𝜀) = 2𝜋𝑘4

ℎ3𝑐2
𝜀3

exp(𝜀/𝑇 ) − 1[1 − 2𝐸3(𝜒Δ)] [ erg
cm2 ⋅ sec ⋅ eV] ; (1)

𝐸3 is the integral exponential; 𝑘 = 1.6 ⋅ 10−12 erg/eV; Δ is the layer thickness.

It follows from the formula that 𝑆(𝜀) decreases rapidly with increasing 𝜀: 𝑆 ∼
exp(−𝜀/𝑇 ). Qualitatively, the spectrum 𝑆(𝜀) is shown in Fig. 1; the smooth
maximum is located at photon energies 𝜀 ≃ (1÷1.5)𝜀1, where 𝜏(𝜀1) = 𝜒(𝜀1)Δ =
1.

It is essential that in the “transparency”interval of the plasma (𝜀 > 𝜀1) a
larger fraction of the energy can be emitted than in radiation from the surface.
Under the assumption of equality of volumetric radiation and Joule heating,
the usual system of magnetohydrodynamic equations for a stationary discharge
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has an analytic solution that makes it possible to relate the discharge emission
spectrum to the plasma current, the electric field 𝐸, and the total number of
particles 𝑁 (per unit length). The initial system is

2𝜋 ∫
∞

0
𝑛𝑟 𝑑𝑟 = 𝑁, 1

𝑟
𝑑(𝑟𝐵)

𝑑𝑟 = 4𝜋
𝑐 𝑗, (2)

𝑑𝑝
𝑑𝑟 = −𝑗

𝑐 (𝐵 − 2𝐼0
𝑐𝑟 ) , 𝑗𝐸 = 8𝜋𝑘4

ℎ3𝑐2𝑎 𝑛2𝑇 1/2 or 𝑝 = 𝐵0𝑗, 𝐵0 = 𝑝0(ℎ3𝑐2𝑎)1/2

(8𝜋𝑘4𝜎0)1/2 .

We consider a coaxial discharge in which the current density is 𝑗; the plasma
in the form of a layer surrounds a conductor carrying current 𝐼0; 𝐼0 and 𝑗 have
opposite directions. The plasma is an ideal gas, 𝑝 = 𝑝0𝑛𝑇 ; 𝜎0 is the constant in
Ohm’s law 𝑗 = 𝜎0𝑇 3/2𝐸; the electron thermal conductivity is assumed to be
negligible. The system of equations (3) and the additional assumptions stated
above are valid for a comparatively dense (𝑛 = 1019 ÷ 1020 cm−3) and low-
temperature plasma (𝑇 ∼ 10 eV) in fields 𝐵 ≃ 5 ⋅ 105 gauss and 𝐸 ≃ 0.5 ÷ 1
CGSE.

The solution of system (2) is the function

𝑢 = 𝑟𝐵
𝐵0𝑐 = 2𝐼0

𝐵0𝑐2 +2+𝛼𝑟𝛼 − 𝑟0
𝑟𝛼 + 𝑟0

, 𝛼 = 2+ 2𝐼0
𝐵0𝑐2 , 𝑟0 = 𝑅𝛼 (1 + 2𝐵0𝑐2

𝐼0
) ,

𝑑𝑝
𝑑𝑟 ∣

𝑟=𝑅
= 0. (3a)

The condition at infinity 𝑢(∞) = 2𝐼/𝑐 determines the total plasma current

𝐼 = 2𝐼0 + 2𝐵0𝑐2; (3b)

for 𝐼0 = 0 one obtains the formulas for a solid cylindrical cord; the case 𝐼0 = ∞
corresponds to a plane discharge.

If the central current 𝐼0 is large in comparison with 𝐵0𝑐2, then the maximum
values of the temperature and plasma density, as well as the radius 𝑅 at which
these values are attained, are simply expressed in terms of 𝐸, 𝑁 , and 𝛿 =
𝐼0/𝐵0𝑐2 ≫ 1, namely:

𝑇 (𝑅) = 22/3 ⋅ 2.64 𝐵2
0𝑐2

𝑝0

𝛿
𝑁 eV,
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𝑛(𝑅) = 21/3√2.64 𝐵2
0𝜎2

0𝑐 𝐸𝛿1/2

𝑝3/2
0 𝑁1/2

cm−3, (4a)

𝑅 = ( 𝑝3/2
0

4𝜋 ⋅ 2.643/2𝐵2
0𝜎0𝑐 )

1/2
𝑁3/4𝛿1/4

𝐸 cm.

Fig. 1. Radiation spectrum of the plasma layer. 1—radiation of a“black”body;
2—𝑆.

For the optical thickness

𝜏 = 2 ∫
∞

0
𝜘 𝑑𝑟

one obtains the dependence (the luminous layer is assumed to be geometrically
thin)

𝜏 = 22.643/4𝐵2
0𝜎3/2

0 𝑐1/2
√𝜋 𝑝1/4

0 𝑎
1
𝜀3 [1 −

√
3𝜋 exp[−𝜀/𝑇 (𝑅)]

22/3 ⋅ 2.64 √1 + 2𝜀/𝑇 (𝑅)
] 𝐸3/2𝑁1/4

𝛿1/4 . (4b)

Formula (1), with account taken of (4a), (4b), makes it possible to estimate the
spectrum and energy of the radiation as functions of 𝑁 , 𝐸, and 𝐼0. The spatial
distributions following from formula (3a) are shown qualitatively in Fig. 2.

Fig. 2. Spatial distributions (in relative units). 1—density; 2—temperature; 3
—pressure (current density); 4—magnetic field of the central current and of the
plasma.

A coaxial discharge for thermonuclear purposes has been studied experimentally
(1); the equilibrium conditions of a solid cord and the bremsstrahlung radiation
of the plasma have been considered in many works, detailed references being
given in (2); a solid self-compressed discharge as a radiation source was consid-
ered in (3).

In contrast to a cylindrical discharge, in a coaxial one the plasma current is not
limited; therefore, by increasing 𝑁 and 𝐼0, one can develop the discharge surface
at given 𝑇 and 𝜏 , i.e., with an unchanged radiation spectrum. The literature
also notes the greater stability of the coaxial discharge.

The author expresses gratitude to Academician N. G. Basov for his attention to
the work, and to O. N. Krokhin and A. A. Rukhadze for useful discussions.

P. N. Lebedev Physical Institute
Academy of Sciences of the USSR
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