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lu .u*"t the design and paraneters of a pulsed C0. laser of
energy 150 J and pulse duration tu 100 nsec. The stabil ity of the
homogeneous phase of the discharge is considered. The tines of
instabil ity development and the arc forrnation in nolecular gases are
neasured. 
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Several electric-discharge lasers w,ith high per-unit radiation pararneters have been
reported [1 - 3]. The present paper is devoted to'the features of the enission of high-output-
energy laser, and also to problens of discharge stabil ity.

Figure I shows the electric circuit and the construction features of our pulsed C0.. laser
with transverse electric excitation. Ttre laser consisted of 12 sections. The,length of active

section was 5 meters, and the transverse
cross section 4x7 cm. The circuit paratse:
ters of each individual section were C1 =
0 .25  pF ,  Cz  =  0 .1  UF ,  L  t u  10  !H ,  and  R  =
47 n. The circuits were switched with a
single discharge gap operating at a pres-
sure ^J 2 atm. The radiation energy was
neasured with two types of calibrated
Paraneters.

The resonator length was l0 rn. When
a plane-parallel NaCl plate (6 = 10 nrn)
was used as the output mirror the output
radiation energy was approxiinately 1.5 tines
larger than with a gernaniun nirror. The
naxinum energy 150 J was obtained for the
m ix tu re  Coz :Nz :He  =  2 i2 t3  a t  a  p ressu re
.300 mn Hg. The maximum capacitor rnltage
was 30 kV. The largest per-unit energy was

Fig.  1.  Electr ic  c i rcu i t  and st ructure
elenents of laser chanber: I - anode, 2 -

ridge cathode, 3 - auxil iary electrode,
4 - low-ifductance lead-in.
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obtained with a seni-confocal resonator and anounted to 18 J/l iter at an efficiency tu 17eo.

Figure 2a shows the waveforn of the radiation pulse, measured with a germaniun photodiode
doped with zinc and with a radiation receiver of the ttphoton drag't type, nade of a gernanium
crystal doped with gold. , l l lepulse duration at half-height was tu 100 nsec (peak power : 10' W).
When the output udrror .was'i6placed with an NaCl plate at the Brewster angle, a radiation pulse
of sinilar wave fori i, 'of energy up to 30 J, was observed. In our opinion, this was due to the
onset of lasing by diffuse scattering [4].

A separate block was used to investigate a pulsed discharge in the gases naking up the
laser nixture and in the nixture itself at pressures 0.4 - 1 atm. At the chosen circuit parar[e-
ters, breakdown of the rnain gap occurred at a considerable electron concentration on the
cathode. The electron density and the thickness of their localization layer, needed to Produce
a honogeneous breakdown of the gap in the case of nultielectron localization, can be estimated
by starting with the init ial cascades and the cascade overlap necessary to reach the crit ical
concentration of the cascades in the strearners [5].

Typical current and voltage oscillograns for a honogeneous discharge are shown in Fig. 2b.
With increasing discharge voltage of the capacitor Cr, forrnation of an arc is observed,. with a
tirne delay relative to the honogeneous breakdown of Fig. 2a. The time r. of arc production
after a honogeneous breakdown we took to be the tirne fron the naximrn of'the first peak to the
star t  o f  the osci l la tory process.

ftre tines of energy transfer fron the vibrational degrees of freedon of the nitrogen atons
to the translational degrees of freedon via quenching coll isions are larger by several orders of
magritude than the times of instabil ity developnent (10-o - 10-' sec) . This excludes the pos-
sibil i ty of a therrnal nechanism of contraction in the nitrogen.

A possible nechanisn of contraction in a nolecular gas is considered in [5, 6]. When a
positive fluctuation of the electron concentratior rre occurs, the population of the vibrational
levels at the location of the fluctuation increases, the electron temperature rises, and this
leads to further increase of ns, so that i4stali l i ty sets in. The growth increnent is given by

[5] .f = L/rp = const.nsr where-const + 10-8 cn3/sec. Since the tirne of energy ' input is shorter
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FLg. 2. Typical oscil lograms: a - radiation
pulse, b - voltage and current of honogeneous
discharge, c - voltage and current of discharge
with subsequent arc production.

Fig. 3. Dependence of instabil ity developnent
increnent on W in nitrogen.
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than the reconbination time, the electron density is n" = W/I*, where I* is per-unit ionization,

ry = froirdt is the density of the energy input, tr = 10-2 - 10-3 (8) is the fraction of energy

consuned in ionization, and to is the tine of the nain energiy input. Figure 3 shows a plot.ofl

against W. In carbon dioxide *f the sane values of W the tines of arc forrnation are approxi-
ritety 1.5 tirnes larget. The qualitative differences in the case of heliun.nay be due to-a dif-
ferent discharge-coniraction mechanisn, such as nultistep ionization [6] or therrnal instabil ity.
The field intensity and accordingly the total energy input to the discharge, which corresPonds,
to the transition fron the honogeneous phase to the arc phase, is mrch lower for heliuttt than for
nitrogen and for carbon dioxide. Ttre role of the inort-gas atons is probably limited to depopu-
lation of the lower laser level, and this is why it was advantageous to use a laser mixture
wi th a re lat lve ly  low par t ia t  gas pressure (COe:NzzBe'2:213).
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