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Requlrement for HCl Electric

Several important applications for high power, infrared, coherent radietion
Vi have been identified by the Navy and DoD. These a.pplicatiuns require either con-
E ‘ tinuous or repetively-pulsed laser emission at wa.velengths whfch can be transmitth Led
' through the atmosphere with mi.nimum ebsorption, scattering 1osses. The 3 to 5u
atmospheric window hasg received,considerable axtention recently. However, the
orly known efficient lase- sources in this window are chemical lacers operating
on the vibrat ional—rota.tional transitions of DF and HCl anu the chemical aud
electrical CO laser. Some of the most important Navy and Dol applications for
the laser would benefit substantially from utilization of electric-discharge
excitat!on for the laser medium. Reliance upon alternative chemical excitation
generally necessitates storage of hazardous and reactive chemicals which could
present unnecessar ily aggravated damage conditions in a combat situation. Further,
the chemical reagents required for the ~&ser wo'ld require perlodic resupply,
thereby possibly creating serious ligistic problems for the operating Fleet.
The fully developed HCl vr DF electrically-pumped laser could be envisioned to
ope'fa‘te‘ in a closed cycle, thercby obviating the storage and supply problems. In
;this mode of operation, an initial charge of laser gases would be pumped continu-
Susly throu.gh a closed loop, provided with the necessary discharge and cooling
sections. Such closed-cycle operation has been demonstrated successfully in other
;laser media such as COb/N2 and (. The CO electric discharge laser, although
- very efficient ove-all, has not yet been shown t. operate efficiently on vibra-
~tional trancitions which yleld wavelengths lying solely within the 3 - Su band.

Present Contract Research

, Since mid-April 1972 the United Aircraft Research Laboratories (UARL) have
~ been engaged in a research program sponsored by ONR/ARPA, under Navy Coniract
 NOOOLk=T2=C-0L50 (Ref. 1) to explore the possibility of generating stimulated
"”;enzisaion pulses from the vibrational-rotational transitions of hydrogen chloride
- excited by controlled electric discharge. Theoretical studies conducted prior to
_ the Contract award had indicated the possibility of laser action in hydrogen
‘-cfhlcrridﬁ pumped by electron impact; howevsr, these calculations also indlicated
 that cu‘eml control of experimental parameters would be necessary for & successe
ful uemomtrntion. For these reasons, an experimental investigation of H(i
_excited by & pulsed discharge, sustained by & pulsed electron veam, hac been
 pursueu in the subject research rroaram.
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Theoretical Analysis ofLEleéﬁipg: 1ision Pféﬁqsges_in HCl

A theoretical analjsis-of;eieéﬁranayiyﬁgtibﬁél:extitgtioq in b drogen chloride
has been presented in Ref. 1. This analysis is based on the early electron-HCL

transport data of Bailey and Duncanson (Ref. 2). These ‘iata indicete the onset of
large clectron energy losses in HCL for characteristic electron enerzy values
below 1.0 eV. Using the effective electron drift velocity and characteristic

- energy as & function of electric field.strength/neutral gas density ratio from
these transport data, a self consister* set of rotational vibrational and elec-
tronic excitation cross sections have been deduced ty solvins the Bcltzmann
equation for the electrons in the Presence of the imposed electric field. The
deduced v'brational cross sections are quite large indicative of temporary nega-
tive ion formation.

Recent Electron Cxoss-Section.Méasurements at Yale University

Since the previous technical report under this contract no additional experi-
mental da.a pertaining to electron transport in HCl has becn reported. The
¢lectron transmission experiments undertaken with Professor George Schilz's leb-
oratory at Yale University have teen renewed. The slope of the vibrational exci-
tation ~ross-section near threshold is being measured, and although the magnitude

of the peak of the vibrational excitation cross-section has not been measured,
indications are that it is quite large (Ref. 3), in agreement with Ref. 1.

~ Observation of Vibrational Excitation in HCl at Avco Everett Research Laloratorics

in prelimirary experiments undertaken by R. E. Center, et al., at AVCO
Lverett Research Laboratories (AERL) spontaneous emission from an HCl e-beam sus-
tained discharge (Ref. L) has veen observed. To datc stimulated emission has not
Leen seen. By adding carbon moucxide to the mixture and monitoring relative spon-
'taneous'emission signals, AERL estimated that the vibrational eXcitation cross-
section fcr HCl is comparable to (O, Thus, efficient vibrational excitation in
HC: can be anticipated. Efficient vibrational exctation in HCl was predicted
pre~iv.-ly in the UARL tYcore.’ ! <tudy (Ref. 1).

Electric Discharge Laser Demonstration in HF and DF at Mathematical Sciences
licrthwest :

Stimulated emission from low-lying vivrationaltransitions of HF and DF have
teen observed by S. R. Byron, et al., at Mathematical Scfences Northwest (Msnw)
in preliminary, low energy output (~ millijoule) exper ments (Ref. 5). These
results were obtained with an experimental configuration consisting of five elec-
tron guns (J, ® 5C mA/cME) firing transversely into a sustainer electric field.

The active optical path length provided was 50 cm. Laser Emission on the vibra-
tional transitions v=3-2, 2 = 1, and 1=»0 have been observed in voth HF and DF

3
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(multzple P-branch lines on certain transitions 1n DF) Laser Action in HF has been
seen both with and without Hp present as an additive at approxiumately ten times

the HF partial pressure. Argon and nitrogen buffers lt 100 times the HF concen-
tration have been effective. The total mixture statir pressure was 190 torr and
the discharge was at room temperamure.~ Laser action in DF has been observed with
Ar/DF mixtures at 99:1 molar ratios thus far, MSNW noted that the addition ol
hydrogen to the HF dischnrge produced better results. Whether thas improvement

is & result of additional vibrational energy transfer from B, or a shirt in the
chemical equilibrium of the mixture resulting in lower HF decomposition, is not
known. A maerked sensitivity of the output to tle mixture electric field to neutral
number densiiy ratio was observed in accordance with previous UARL theoretical
predictions, (Ref. l) -

The experiments et AERL and MSNW both serve to confirm somewhat the behavior
predicted by the UARL theoretical model reported previo.sly (Ref. 6). The AERL
experiment demonstrates that a substantial vibrationszl excitation rate can be
obtained in an e-beam ionized, HCl electric discharge. The electron vibrat oncl
excitation cross section that they would derive from their data is approximately
two to five times smaller than that predicted from early electron drift data
(Ref. 1). The experiments at MSNW, although performed with HF (and DF), more or
less confirm the UARL model prediction.. Reference 6 suggested the addition ct
'"Ié to the discharge to utilize vibrational energy transfer from electron punped
deuterium vibrational states. The MSNW experiments demonstrated high gain on

low-1lying vibrational transition wit!. low partial pressures of active speciec as
predicted. Furthermor:> these preliminary experiments illustrate the nezessity
_ for careful E/N control to operate in a regime of high vibration excitation with
minimal rctational and ele~tronic excitaticnal losses. lLastly the requirement fc
large electron densities in these pu.sed discharge lasers {s confirmcd. 1In
! summary, these otuer preliminary experiments illustrate that hycrogen chloride
_can be excited effectively in a pulsed, externally ionized d.3charge, and should
be *apaale of lasing, given the proper conditions,

Experimental Design

It was estimated in Ref. 1, thau. in order to promote a reasonavle number of
HCI molecules into the upper vibrational levels, it is required that

Loy V=1
NeAT = a( R") (1)
where AT 1s the pulse duration, @ is the fraction of HCL molecules promoted to
vicrational states, and ,/N is the vibrational excitation rate (see Fig. L,

: Ref. 1). Assuming reasonable values for these quantities, it is reguired that

NeAT = 2 x 10%3 em=3ysec. (@)
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Muring this reporting period, several problems had to be overcome in achiev-
ing stable activation of the dispenser cathodes. Houever, solutions to the ‘
problems were found and the gun now operates with emission current densities that
easily exceed 10A/crf. G - - e " :

The goal for post foil e-beam current density in the present discharge
experiments has becr 2 A /em@. This performance has been achieved without foil
failure on a nonrepetitive basis. However, it has been observed frequently tlrat
&s the prefoil current density is increased the ratio of post-foil to prefoil
current density decreases. The expected ratio is about one-third, when the com-
vined effects of foil and foil holder losses and collector éfficiciencyrare con=
sidered. The meastred electron current transmission ratio is about one-fourth
at low e-team current levels and drops to about one-tenth at the highest levels.
One example of the performance under the latter condition is shown inf e, 2,

In this case the upper curve represents the current density incident on the
fcil., The amplitude at the leading edge of the incident pulse is 70 A, or lltA/c:m2
and the pulse duration is 16 microseconds. However, the amplitude of the result-
ing post-foil e-beam pulse (lower curie) is only 7.5 A or 1.5 A/cr@ with a pulse
_duration of 5 microseconds. The foil did not fail when subjected to the pulse
shown in Fig. 2. In fact the foil and e=gun were subsequently used at a current
level one-fourth that shown in Fig. 2 for 7200 pulses at l-ppe. However, a thermal
analysis of the Fig. 2 pulse suggests that the foil did approach the melting point
‘at the enc of the pulse. This failure via melting appears to be attributable to

~the characteristics of the power supply ac described below.

‘ _-The'pqwer supply used to operate the e-gun is a basic Marc generator with an
output imvednace of approximately 500 ohms. The pulse shown in Fig. 2 was the re-
sult of the generator voltage pulse shown in Fig. 3. The waveform shown in Fig. 3
represents the open circuit voltage of the generator. According to the voltage
measuremert, the leading edge of the wavefomm is 125 kV. As a consequence of th
generator_éutput impedance, the TO ampere gun pulse lowered the gun vultage to
approximately 90 kV. Tor this condition the transmission and average residual
;“energy of 0.8 mil aluminum foil are only 0.68 and 58 KeV, respectively. Thus,
 _over_h¢l£ of the incident power was absorbed by the foil at the leading edge of
the pulse. Shown in Fig. 4 are the power densgitizs incident on end adsorbed by the
foil during the pulse (Figs. 2 and 3). Evident in Fig. & is the point in time
(six microseconds) at which the decreasing e-beam range in aluminum vecomes equlva-
_4ent to the thickness of the fcil, thereafter cutting off transmission. The
integral of the electron energy absorption curve, divided by the product of the
‘enthalpy of aluminum and the foil thickness, yields the final temperature of the
foll. For this example, the foil approached or exceeded its melting point (6€0°C).

~ This result, although apparently ressimistic since the foil did not fail, is,

?'neverthelessi consistent with the general appearance of foils that have veen cube-
Jected to such high incident powsr levels. In each case 1n which the 500 ohn

~ @enerator has een used, the folls appeared bubbled or blistered. Tn some o ses,
the folls apparent.y had melted and subsequently refruzen on a time scale that
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was too short to result in failure. (The‘présshre“ﬁirferential across the foil
is 50 torr). : :

The feasibility of achieving acceptably high post-foil e-beam current density-
pulse width products, assuming the use of a low output impedance, square-pulse
generator, can be determined based on the above results. For example, if it is
ascumed that the applied gun voltege is 160 KV, the foil is 0.8 mil. aluminum,
the pulse rise and fall times are each less than one microsecand, and that the
final foil temperature is limited to one-half the melting point (330°C), it ic
easily shown that 20 microcoulombs/cda can be delivered post=-foil with the modi-
fied UARL c-gun. This level is equivalent to 2 A /crP for 10 microseconds,
which is the design goel for this present application. ;

Future Experiments

From the previous discussion, it is evident that the present UARL hot
rathode electron gun is capable of attaining the current density - pulse duration
product necessary for reasonable vibrational state excitation in HCl medium.
 Discharge tests are required to verify the levels of ionization attainable. Two
~ additional solenoid magnets are being added to the discharge tube as can be seen
 from Figure 5. These new magnets are shown surrounding the electron gun and the

 foil holder region. These additional solenoids will continue the magnetic field
~ through the foil to the cathode to avoid adverse scattering at the foil, This
_procedure has been found necessary in other cw electron beam sustained laser
~ devices in operation at UARL (Ref. 8).

: 7 Also shown in Figure 5 is a laser oscillator configuration utilizing internal
 mirrors to provide a long (approximately 56 cm of active path volume) optical

=path, Resonator stability is provided by linking the paired mirror structures
with low therma. expansion rods.

‘ A high voltage pulse gererator (Marx bank with ~rowbar) is being assembled
in order to provide the desired square voltage pulses to the electron gun. This
_ unit should provide for operation at higher ionization levels. In the interim,
~ discharge tests are continuing with the present power supply. The laser configura-
 tion modifications are scheduled for completion prior to delivery of the pulser,
g0 that preliminary sidelight emission and laser tests will proceed before the

new mquare wave, high voltage pulser is insta.led.
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FIG.5
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