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LEONARD BENEDICT LOEB
1891-1978
Scientist and Professor

Leonard Loeb was a professor of physics at the University of California at Berkeley for 36
years and professor emeritus for 20 more. He was a scientist par exceilence in many fields but most
actively in gaseous electronics. Professor Loeb was the author of 12 books and 180 papers, mentor

of countless undergraduates and sixty-two doctoral students including

Hooper, William James 1926 Kunkel, Wulf Bernard
Cravath, Austin M. 1828 Dodd, Edward Elliot
Mahoney, Jerry Joseph 1928 Stein, Robert Preston
Marshall, Lauritson C. 1929 Theobald, Jacob Karl
Luhr, Overton 1930 Amin, Mohammad Reza
-Bradbury, Norris Edwin 1932 Bradley, Richard Crane
Sanders, Frederick Henry 1932 Peterson, John Wright
Ko, Cheng-Chuan May 1933 Hurlbut, Franklin Charles
Finney, Gladys Donaldine Dec. 1934 Parker, James Henry, Jr. '
Varney, Robert Nathan May 1935 Bandel, Herman William
Posin, Daniel Q. May 1935 Evans, Ralph Aiken
Gardner, Milton Eugene June 1937 Huber, Elsa Louise
Bowls, Noodford Eugene Nov. 1937 Maunsell, Charles Dudley
Chapman, Seville May 1938 Warren, Roger Wright
Ehrenkranz, Florence Anna May 1938 Gardner, Andrew Leroy
Trichel, Gervais William May 1938 {with W. Kunkel)
Hershey, Allen Vincent July 1938 | Wagner, Peter Ewing
Kip, Arthur Frederic March 1939 Raohatgi, Vijay Kiemar
Gorrill, William $terling March 1938 Hudson, Gilbert Glover
Hale, Donald Herbert Sept. 1939 Westberg, Russel George
Weissler, Gerhard Ludwig ‘May 1942 Waters, Paul McElroy
Gebalie, Ronald Oct., 1942 - El-Bakkal, Jafar Mehdi
Fisher, Leon Harold Sept. 1943 Muray, Julius J,

Morton, Paul Lester - Aug. 1943 Doweli, Jerry Tray
Debeau, David Edmond May 1944 MacLennan, Donald Allan
McReynolds, Andrew Wetherbee Feb, 1945 Winn, Witliam Paul
Koller, Ruedi Feb. 1946 Burrow, Paul David
Johnson, Gerald Woodrow "~ Feb. 1947 Hassoun, Abbass Mohd
English, William Noel Jan., 1948 Borst, Walter

Miller, Charles G. June 18949 Breunig, James L.

Lauer, Eugene John June 1951 Estrella, Rogelio Moreno

Lanzaro, Andre

Sept.
Jan.
June
Jan,
June
Sept,
Sept.
Jan,
Jan.
June
June
June
Jan,
Jan,
Sept,

Sept,
June
Sept.
Jan.

" dune

June
June
Feb.
June
June
Dec.
June
March
Sept,
June
Dec,

1951
1952
1952
19563
1953
1953
1953
1954
1954
1954
1954
1954
1955
1955
19656

1956
1957
1957
1958
1958
1960
1961
1966
1966

1966

1966
1967
1968
1972
1975
1975

The Gaseous Electronics Conference {which was first chaired by his former student, Leon H.
Fisher}) became Professor Loeb’s adopted Forum and happy meeting ground. He will be missed.
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OCTOBER 16, 1978

31st ANNUAL GASEOUS ELECTRONICS CONFERENCE
PROGRAM

MONDAY EVENING, 7:30-10:00 p.m,

REGISTRATION AND MIXER {CASH BAR)

Rendezvous Room, Statler Hilten
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Collisional Quenching Kinetics of HgC¢ * and
‘HgBr* (BZZ) - A, MANDL, a.n_fl J. H. PARKS, Avc
Everett Research Laboratory. --The rates of B
collisional quenching of HgC{ * (B2x} 2) by He, Ar,
Xe, Ny, Clp, HCf and CC{ 4 and HgBE" _(_Bz_z],z/z) by
He, Ar, Xe, NZ, Br,, HBr, CF3Br and CCy 3B have
been determined. Steady state measurements were
made of HgC{¢ * angd HgBr* fluorescence produced by
photolyzing HgCl , and HgBr,, respectively, using
Xe,™ radiation. A background pressure of

[ Xe ]| =100 Torr was used to ensure that the HgCy *
and HgBr™ were vibrationally relaxed. A modified
Stern-Volmer analysis together with the measured
lifetime of these excimers was used to determine the
quenching rates, Both two and three body rates have
been observed over the pressure range (P <4000 Torr).

TSupported by DARPA/ONR under Contract #
N00014-78-C-0334

AA-2
' Determination of Collisional Rate Comstants Ffor
the Halide Laser Moleculest - R.W. WAYNANT AND J.G. EDEN
-Naval Research Lab., Wash., D.C. 20375--The radiative
lifetimes of the HgBr(I) and HgI(B) states have been
measured to 23.771.5 and 27.3%2.0ns, respectively, by
fast photolysis of HgBr, and HgIZ. The dihalides were
photodissociated with U fluoresCence from the ArF
(193mm) or KrCl (222nm) molecules, formed by irradiating
Ne/Ar/Fy or Ar/Kr/Cl, gas mixtures with a 3ns beam of
600 KeV electrons. This experimental technique allowed
observation of the exponential decay of the desired HgX#*
(X = Br or 1) population from which the HgX(B+X) radi-
ative lifetimes and rate constants for deactivation of
the HgX(B) states by HgXy; were determined. Using a sim-
ilar approach, the KrF(B+X) radiative lifetime (6.8 +
0.2ns) and the quenching rate constants for KrF(B) by
the rare gases and several halogenated molecules were
also measured. The applicability of this technique to
the determination of collisional quenching rates for-
other metal halides (such as SuX* or PbX*) will also be
discussed,

tWork supported in part by DARPA.
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AA-3

Chaggcterization of Electron=Beam Controlled HgCl
Discharges.  B,E, PERRY, R.M, HILL, M.V, McCUSKERT and
D.C. LORENTS Molecular Phy51cs Laboratory, SRI Inter~-
national, --Fluorescence efficiency and stability of elec-
tron~beam-controlled discharges have been studied in
flowing Ar/Hg/Cly mixtures with several electrode con-
figurations (typical conditioms: 1500/10/10 torr, respec-
tively, E/N = 10-16 vem s gas residence time = 2 sec),
Stable discharges were obtained under conditions of high
discharge power enhancement (Pais/Pep > 5). HgCl pro-
duction efficiencies (power into HgCl™/input power) of
up to 15% were observed, although the fluorescence effi-
ciency (photon intensity/input power) is lower due to
quenching by Clp. Variation of the discharge behavior
and flucrescence efficiency with the gas residence time
was observed and attributed to Clp removal by the wall-
catalyzed pre~-reaction with Hg, High production effi-
ciency was observed even at low flow rate. The control-
ling kinetic processes will be discussed,
#Supported by DARPA through the U.S, Army BMDATC,

TPresent address: Spectra-Physics, Inc., Mountain View,
CA

AA-4

Energy Transfer in the Mercury—Cadmium System-
M.W. McGEOCH, SRC, Rutherford Lab.,UK--The mercury-
cadmium excimer is of interest as a potential high
efficiency .discharge-excited laser system at ~470 nm.
We wish to report an experiment in which Hg/Cd vapour
mixtures were pumped by 10 nsec optical pulses at 266 nm.

As Cd density increased, the continuum radiation from
*
Hg3 underwent spectral and temporal changes which 'indi-

cated the formation of two radiating Hg/Cd species. The
first had a decay lifetime of ~ 3 usec and a spectrum

: %
centred at 470 nm which was narrower than the Hg3

spectrum. At still higher Cd densities, a further trans-
fer occurred into a state which decayed in 1.3 Hsec,

with a similar spectrum. Possible kinetic models for
these processes will be discussed. Preliminary evidence
suggests that mixed Cd/Hg trimers have been observed.
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AA=> Absorption in the 470 nm Band of the Cadmium-
Mercury Excimer* -~ J,B, WEST, H, KOMINE, and
E,A; STAPPAERTS, Northrop Research & Technology
. Center;, Palos Verdes, CA -« Recently, the cadmium-
mercury excimer (CdHg*) has attracted attention as a
potential laser medium. We report the experimental
observation of net absorption throughout the CdHg#*

470 nm fluorescence band, In these experiments Cd,
Hg, and Ar were contained in a quartz cell heated to
630 C, T%pica.l number densities are 3x10% em™> of
cd, 2x10Y8 cm=3 of Hg, and 8.5x1018 cm=3 of Ar,
CdHg* was excited by optical excitation of Cd(53P; ) at -
326. 1 nm using a tunable laser. Absorption was probed
using several argon-ion laser lines. Net absorption on
the order of several percent per pass was observed.
This absorption vanishes as the 326.1 nm pump laser

is detuned from the Cd absorption line, The most
likely cause is an excited state absorption in CdHg%*,
These measurements cast doubt on the possibility of an
efficient CdHg* lagser, ' '

*Work supported by Office of Naval Research

AA-6 . .

U-V Preionized Thalljum-Mercury Discharges.
R.A. HAMIL, D.L. DRUMMOND, L.A. SCHLIE and R.P. BENEDICT,
AF Weapons Lab. --Stable glow discharges have been demon-
strated in thallium-mercury gas mixtures at mercury den-
sities up to 3 x 1019 and temperatures of 500°C to 900°C.
Discharge current densities were varied from .2 A/cm? to
1 A/em?, pulse durations from 100 ns to 16 us and E/N's
from 6 x 10717 to 5 x 10~16¥.cm2. These discharges have
shown themselves to.be highly efficient in producing ex-
cited T1 (72S%) atoms and T1-Hg B2tk excimer molecules.
Discharge efficiency as high as 30% + 10% in producing
T1 (728%) and T1-Hg B2:k% points to the possibility of
the creation of a T1-Hg excimer laser operating at simi-
lar efficiencies. These highly efficient discharges are
thought to be due to very fast transfer of energy from
mercury excimers into T1-Hg. The transfer cross section
-from excited molecular mercury to T1 (72Sk)} and T1-Hg
excimers has beer determined tc be approximately 1.2 x
10=1% ¢m2, This transfer cross section is determined by
monitoring the increase in decay rate of the mercury ex-
cimer population with the addition of excited thallium.
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AA-7

_ Strong T1-Xe Excimer Band Emission Via Electron
Beam Initiated Stable Glow Discharges in Til and Xe Mix-
tures. L.A. SCHLIE, L.E. JUSINSKI, R.D. RATHGE, R.A.
HAMIL and D.L.DRUMMOND, AF Weapons Lab. --Stable glow
discharges have been produced by electron beam initiation
(20 nsec pulse) in T1I/Xe mixtures of approximately 1
torr of T1I and .68 to 6.8 amagats of Xe. The electron
beam initiated discharges had an active volume of 57 cm®
and produced a factor of 40 enhancement in the peak T1-Xe
band emission relative to the pure electron beam pumping.
Peak power loadings of 10 KW/cm® were attained for
approximately 1 usec at 10 A/cm® current densities for
E/N values up to 1.4 x 10~!% y.cm2. Very strong emission
was observed from the T1 atgmic lines 5350, 3776, 3519/
29, 3230, 2819/29 and 2768 A and the J1-Xe bands centered
at approximately 6000, 4300 and 3650 A. Without the dis-
charge, only very weak T1 atomic emission was observed.
The atomic and molecular radiation had a transient behav-
ior identical to that of the current pulse,. Monitoring
the discharge current decay at an E/N = 3 x 10-17 V.cm2
gave a recombination coefficient in Xe of 1.4 x 10-7
cm3-sec™! and an attachment rate constant of 1.8 x 10-10
cm3-sec™! for TII.

AA-8

Models of High~Power Discharges in Na-Xe Vapor.
II. R. SHUKER, ALAN GALLAGHERT and A. V. PHELPS,T JILA,
Univ, of Coleo. and NBS.-~Steady-state (several us) dis-
charges in Na doped Xe have been modeled under conditions
appropriate to posgible excimer laser use. Typical den-
gities are: 3x10!6 ep™3 for Na, ~1020 cm=3 For Xe, and
1015 -10%6 cm™? for electrons. A previous model! used
only the first three excited states of Na, while calcu-
lating the electron energy distribution without electron-
electron collisions. The present model includes Na ex—
cited states to n*=15, thereby accurately accounting for
lonization through laddering. We assume that electron-
electron collisions result in a Maxwellian electron
energy distribution. We investigated the effect of dis-
sociative recombination of electrons with Na,T and with
NaXet for various final states of Na. The effects of
excimer stimulated emission on the discharge and its
efficiency have been investigated.

*This work was supported in part by AFWL and ARPA/ONR.
tsraff Member, Quantum Physics Division, NBS.

1. R, Shuker, L. W. Morgan, A. Gallagher and A. V.
Phelps, Bull. Am. Phys. Soc. 23, 142 (1978).
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AA~9

Optical Studies in High Pressure Mercury Dis-
charges - R.E. CENTER and S.E. MOODY, MSNW#*--The 330 nm
ultraviolet band of molecular mercury (lu+0g+) has been
suggested as a possible efficient lasing transition with
potential application for a high energy storage laser.
Conflicting gain/absorption observations have been re-
ported in electrically and optically pumped high pressure
mercury. These observations have been made at only 1 or
2 wavelengths near the peak of the 330 nm emission band.
Some model calculations of the structure and spectroscopy
of molecular mercury1 have suggested that positive gain
is more likely at wavelengths to the red of the emission
peak. The present experiment has been set up to measure
gain/absorption characteristics across the entire 330 nm
band of electrically excited mercury, using a tunable
dye laser probe. In our experiments, mercury at densi-
ties up to 5 x 1018/cm3 is excited in a UV preicnized
discharge with an input energy density up to 20 nd/cm3.
Measurements will be reported of the optical transmis-
sion properties from 310 to 350 nm and gas temperatures
up to 400 °C.

*Supported by the Department of Energ&.

F.H. Mies, W.J. Stevens and M. Krauss, in press J. Chem,
Phys. '

22




TR

SESSION AB
9:00 A.M. — 10:30 A.M., Tuesday, October 17

Georgian Room

MAGNETOHYDRODYNAMICS

Chairperson: M.H. Scott, :
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AB~1

Near-Electrode Surfaces Effects [nfluencing
Slag-Coated Electrodes in a Coal-Fired MHD Generator -
M.H. SCOTT, M.S. BEATON, J.B. DICKS, Univ. of Tenn.
Space Institute *-- Basic processes which feature in
the performance of electrode/insulator configurations
within a coal combustion ptasma with MHD effects are
discussed. Among these are the presence of the Lorentz
force which presents opposite influences at the anode
and cathode sides. Likewise, the presence of a slag
coating presents additional requirements in characteri-
zation of the model for current transport between the
plasma and the electrode surface which differs between
the anode and cathode surfaces. Conditions under which
arc and diffuse modes exist at the electrode are dis-
cussed. The effect of the transport mode is shown.
Namely, the diffuse mode at the anode is less desirable
than the arc mode under conditions that exist in an MHD
generator operating with a coal combustion plasma.

e Supported by DOE under Contract No. EX-76-C-01-1760.

AB-2
Characterization of the Diffuse Discharge at the
Anode of an Open-Cycle MHD Generator™ D.5. DVORE, M,

MARTINEZ~SANCHEZ, J.B. ELGIN, C.E. KOLB, M.B, FATST,
Center for Chemical and Environmental Physics, Aerodyne
Research, Inc.--The physics and chemistry of the near

electrode region in an open-cycle MHD generatoer is
modeled by a set of numerically solved first order non-
linear differential equations. The model includes the
dynamics and electrodynamics which govern variations of
the electric field and the density, momentum, and tempera—
ture of relevant species perpendicular to the electrode
wall, Due to the steep temperature gradient near a cooled
electrode, the chemistry must be modeled with finite rate
kinetics. The conductivity drops steeply in the cool
region near the wall. This situation is conducive to the
onset of electro-thermal instability causing a switch
from diffuse discharge mode to constricted discharge or
arcing mode, Only the diffuse discharge is here modeled,
providing background conditions for the study of arcs

and some insight into the electro-chemistry responsible
for the rapid deteriorization of the anode,

%
Sponsored by the MiD Division, U.S., Dept. of Energy
under Contract No. EX-76~C-01-2478, : B
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AB-3

Voltage~Current Characteristics of Faraday MiD
Generators - D. TRUNG, H.K. MESSERLE and J.J. LOWKE,
University of Sydney, Australia — The steady state equa-
tions of the conservation of mass, momentum and energy
have been solved for the plasma flow in the duct of a
magnetohydrodynamic generator. Solutions are obtained
of plasma velocity, temperature and pressure as a func-
tion of axial position. An iterative procedure is used
to satisfy the split boundary conditions corresponding
to (1) the condition of given stagnation pressures at
the duct inlet and exit, and (2) the condition of con-
stant mass flow with a given exit pressure. Volt-ampere
characteristics are obtained for electrode pairs dis-—
tributed axially in the duct for conditions of (1) equal
¢currents, and (2) equal loading factors for each elec-
trode pair. As the current is varied from open circuit
to short circuit conditions, solutions are obtained for
the three regimes corresponding to (1) subsonic flow,
(2) a shock front existing within the duct, and (3)
supersonic flow. The presence of a shock front within a
duct causes a discontinuity to appear in the V-I
characteristies. Characteristics for constant inlet
stagnation pressure approach that of a constant current
source for subsonic flow.

AB~4
’ Thermal Instability in MHD Channel

T.-M, FANG,Boston U, --Detailed MHD arcing phe-
nomenon is studied. A general thermal instabi-
lity criterion is obtained where the arc, or .
the current-carrying column before constriction
starts, is treated as an open system rather than
a solid cylinder with a fixed boundary. The
totdl mass and the radius of the arc are now
allowed to varv with the external perturbations.
The response of the arc to the Joule heating and
convective cooling can then be properly taken
'into account. Because of the complexity of the
problem, the effect of the magnetic field on the
arc is presently neglected. The crossed gaseous
flow can pass freely into and out of an arc,
thus the thermal term in the heat transfer equa-
tion should include the enthalpy change due to
expansion and constriction of the arc. Using
the general instability criterion developed in
the present paper, an arc temperature of 4250°K
is predicted in the AVCO MK VI MHD channel.
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AB-5
‘ The Ion Fly-Wheel Effect on the Electro~Thermal
Instablllty in Non-Equilibrium MHD Hall Disc Generators.

V.THIAGARAJAN, State University of New York at Buffalo—

The electro—thermal instability has so far been studied
in collisional time scales, neglecting the effects of
the charge separation field. It has been treated here
in an approximately collisionless time scale. Some
energy will be transferred from the electrons to 'the
ions by the charge separation field during the restora-
tion of the charge neutrality. Part of the energy thus
transferred can be stored in the azimuthal translation~
al mode of the ions (referred to as '"the ion fly-wheel",
for simplicity); the energy thus stored will be trans-
ferred to the neutrals by ion-neutral collisions. There
will be a consequent gain in the critical Hall para-
meter. The conditions for the transfer of energy from
the electrons to the ion fly-wheel are ideally available
in a non-equilibrium MHD Hall disc generator. It is
predicted that the critical Hall parameter can be raised
from 2 to 3 due to the ion fly wheel effect, if the pres-
sure gradient is about 2 bars/m for the case of a K
seeded argon plasma with Te=2500°K and B=3 Tesla.

*Accepted for publication in Energy Conversion, Vol.18,
No. 2.

AB-6

Radial Distributions of Electrical Conductivity
in a Cesium Seeded, H9-0, MHD Duct-S.Y. WANG, DOE/PETC -
-A two-dimensional analysis of the NASA-Lewis cesium
seeded, Hp~02 MHD duct flow has been performed by solv-
ing the boundary layer equations numerically. The axial
pressure gradient is found using a predictor-corrector
gcheme., The variable transport properties are taken into
account by incorporating am equilibrium program. For a
range of seed fraction the radial distributions of elec~
trical conductivity are calculated. These profiles are
used to more accurately account for the thermal boundary
layer in interpreting the experimental data of Wang and
Smithl :

% :
This work was started durlng residence in NASA Lew1s
Research Center Cleveland, Ohio.

lS Y. Wang and J. Marlin Smicth, 16th Symp. on the Eng.

Asp.of MHD (1977)
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AB~7

Identification of Positive and Negative Ion
Species in Atmospheric Pressure Pulverized Coal/
Alkali Combustion Plasmas™-J.C. WORMHOUDT and C.E. KOLB,
Center for Chemical and Environmmental Physics, Aerodyne
Research, Inc.--Direct, coal-fired, alkali seeded MHD
generators are now being developed as base-~load electric
power generation facilities. Inorganic impurities in
coal have been predicted to form negative ion species
which may significantly degrade MHD plasma conductivities
and generator performance. This work presents initial
mass spectrometric analyses of the positive and negative
ions produced in atmospheric coal/alkali seed combustion
plasmas, Negative ion species observed in the 1700—
2000°K temperature range include P03 PC, OH , B02, and
several transition metal oxide ions.

% .
Sponsored by the MHD Division, U.S, Dept. of Energy
under Contract No. EX-76-C-01-2478.
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BA-2 .

BA-1
Multiatmosphere Operation of 2a UV—Preiqnize_d
Electric‘Discharge'XeCR, Laser = J. B. TAUDENSLAGER,

R. V. SVOREC, AND T. J. PACALA, Jet Propulsion

Laboratory, Pasadena, CA 91103 —-High energy laser
output was obtained from a small volume (76 cc)electric
discharge'excited'XeCQ 1aser when operated at multi-
atmospheric (2 to 11 atm.) pressures. A UV-pre-ionized
transverse—electric—discharge iaser (EDL) device
operating at high”voltage”(l50 kv) was used to achieve
glow discharge operation at high E/N. The output
energy of the XeCl laser, with a fixed pressure of the
Xe and HCQ,”increased with helium buffer pressure.

The increase in 1aser output with helium puffer pressure
may be due to the increased probability of the three-
body jon-recombination formation chanmel for XeCi*
and/or may be due to’a nore favorable matching of the
gas discharge impedance tO the discharge circuit.
Efficient high E/N operation of EDL devices in the multi-
atmospheric pressure region should prove useful for
generating other lasers pumped by three-body reaction
processes.

Eificient Excitation of XeCl Laser by E-Beam
and Discharge Pumping - D. E. ROTHE and -

7. B, WEST, Northrop Research & Technology Center,
Palos Verdes, CA -_ Intense lager output at 308 nm’
was obtained from XeClin a Ne/Xe/HC1 gas mixture
at a pressure of 4 atrm by e-beam excitation and by
e-beam controlled discharge pumping. Efficiencies,
based on energy deposited in the gas, were over 4 per-
cent. The energy extraction per unit volume was 7 J/4
for e-beam excitation and 9 J/2 for the e-beam plus
discharge. Similar results were obtained with KrF in
the same device, indicating that under e-beam or
e-beam controlled discharge excitation, XeClis as
efficient as KrF. A parametric study was performed
of the variation of optical pulse energy, peak power,
pulse width and pulse shape as a function of HC1 and Xe
concentrations. Results of these experiments are dis-
cugsed with reference to the excitation and quenching
kinetics and optical absorption processes predicted for

this type of laser.’




BA-3

Efficient Electron Beam Pumped XeCl Laser,
L. F. CHAMPAGNE, Naval Research lLaboratory--Experimental
results for the electron beam pumped XeCl Taser will be
presented. Optical pulses ranging from 0.5 to 1.5 us
were obtained from mixtures of neon, xenon and HC1,
Stimulated emission was observed on the (0,1) and (0,2)
vibrational bands of the B-X transition. The smail
signal gain was measured to be 2.85%/cm under optimum
pumping conditions and the saturation intensity is cal-
culated to be ~ 0.35 MW/cm®. Unlike KrF and XeF, no
measurable degradation in output power is observed
when a static fill of the laser mixture is irradiated
several times. This suggests the possibility that
closed cycle operation should be possible for this
system. The absorption processes and laser performance
will be discussed in depth.

BA-4

Energy Flow Kinetics in a Xenon-Chloride Laser,*
L. J. PALUMBO, T. G. FINN,* and L. F. CHAMPAGNE, Naval
Research Laboratory, A kinetics scheme has been obtained
for electron-beam excitation of the xenon-chloride laser
in neon diluent. The kinetics of XeCl formation and
quenching processes have been investigated experimen-
tally by e-beam excitation of Ne/Xe/HC1 mixtures. The
fluorescence efficiency and rates of dominant loss pro-
cesses have been measured. The results of a computer
model indicate the major energy pathways by which the
upper~laser level is formed. Transient absorption and
the role of the XeCl ground state will be discussed.
The predictions of the numerical model agree well with
the observed laser output power, gain and absorption.

*Work supported by DARPA
‘+Science Applications, Inc., Arlington, VA
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BA-5

Dramatically Improved Performance of the XeCR
Laser Using Ar as Diluent Gas-R.C., SZE, Los Alamos

Scientific Laboratory” --Use of Ne or Ar diluents in

place of He results in 307% improvement in output energy.
Pressure dependence and comparisons with other RGH
lasing performance can be explained through the change
of the electron energy distribution as a function of
different diluent gases and operating E/n. The sharply
peaked pressure dependence (20 psia) is associated with
the rapidly decreasing density for electrons above 8 ev
as E/n is lowered when the filling pressure is increased
Kr- and Ar-H lasers operate poorly in Ar diluent because
of low electron densities above the 13 ev required to
excite the metastable state. Performance of different
Xe-H lasers depend on the halide donor molecule due to
the significant cooling of the electron temperature
caused by the low lying vibrational levels. Similar
discussion associated with Ne as diluent will be given.

*
Work performed under the auspicious of the U.S. DoE.

BA-6

Laser Photodissociation of Cl, Observed as a
Mechanism Responsible for the Long Stdtic Fill Lifetime
of the XeCl Exciplex Laser - ROBERT C. SZE and PETER B.
SCOTT, Los Alamos Scientific Laboratory*--The difference
in static fill lasing lifetimes between the KrCl and
XeCl laser using HCl as the donor molecule has been
investigated. After each firing of the laser, substan-
tial H, and Cl, are formed from the HC1 donor molecules.
The ph&todissoCiation cross section of Cl, by the 308 nm
XeCl laser is substantially larger than t%e 222 nm KrCl
laser. The Cl atoms formed initiates the chain reaction
in reactions with H,, and H, and Cl2 rapidly convert
back to HCl. Experiments ifivolving injection of the
308 nm laser into a KrCl laser cavity resulting in
nearly full recovery of the KrCl initial lasing energy
will be presented. ' ‘

*Work performed under the auspices of the US Department
of Energy.
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BA-7

Production of XeF*{B) by Nuclear Pumping. G. H.
MILEY, F. P. BOODY, S. J. S. NAGALINGAM, and M. A.
PRELAS, Univ. of I1l., Urbana, IL--We have studied the
formation of XeF*(B) in mixtures of Ar/Xe/NFs, Ne/Xe/NF,
and Xe/NF; excited by the MeV ions resulting from the
1%B8(n,a)’Li nuclear reaction. Light output at 350 mm
followed the input power density over periods up to 60
msec (i.e. quasi steady-state) and was ~ linear with
power density from 5 to 40 W/cm®. A fan was used to
chop (spoil) the high-Q cavity, thus providing a means
to measure the Stimulated Emission Ratio (SER).! For an
optimum gas mixture (Ar/Xe/NF3:99/0.5/0.2 at 300 T) an
SER of ~8 was obtained at ~40 W/cm®, corresponding to a
maximum small-signal gain (corrected for absorption) of
.015+.01% cm. This represents a conversion efficiency
of ~b0% from Ar* to 350-nm photons. Extrapolation of
these data to high-flux reactors appears promising for
laser applications. Present results will be interpreted
in terms of differences between the kinetics of e-beam
and nuclear pumping, including the initial ionization-
excitation mechanism, dynamic effects associated with
time scale, and electron-excited state densities.

]F. P. Boody, et al., Prog. in Astron. and Aero., Vol.
61, AIAA, (1978) 379-4T10.

BA-8 . ,
Recent Results with the Atomic Carbon Laser®
1.4539 - M. A. PRELAS, F. P. BOODY and G. H. MILEY,
Fusion Studies Lab., Univ. of I11., Urbana, IL--The
nuclear pumped atomic carbon Taser @ 1.453%u (C{3p'P,)-
C{3s'P,°)) 1in He-COp, Ne-CO and Ne-COs mixtures has
demonstrated a unique delay between the peak of the
laser signal and the peak of the neutron flux.! This
laser is pumped by MeV ions from the '°B(n,a)’Li re-
action. Studies are in progress to identify the
mechanisms associated with the delay from several possi-
bilities in a He-C02 mixture including: 1) dissociation
of €O, into the C(2p® 'S;) metastable state followed by
penning ionization, recombination, and cascading into
the upper laser Tevel {ULL), 2) dissociation of C0» into
vibrationally excited CO followed by relaxation and
direct excitation into the ULL, 3) dissociation of €O
into vibrationaliy excited €O followed by penning ioni-
zation, recombination, and cascading into the ULL. Ob-
- servation of spontaneous transitions which relax to the
ULL, such as C(4d 'P,°)-C{3p 'P,), have indicated that
penning jonization-recombination is not the dominant
process.
1

M. A. Prelas, et al., Progress in Astronautics and
Aeronautics, Vol. 61, AIAA, (1978).
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B4A-9 o
An Improved Kinetic Theory for Nuclear-Pumped
Lasers - W. E. MEADOR and W. R. WEAVER, NASA, LaRC--
Modeling of nuclear-pumped lasers requires accurate elec-
tron energy distributions for computing excitation, ioni-
zation, and recombination cross-sections and rate coeffi-
cients. Computation of the nascent-electron source term
in the electron Boltzmann equation also requires accurate
solutions of the fission-fragment equations. Previous
solutions for both electrons and fragments have been
obtained with the famiiiar P-1 approximation, which is
inadequate for problems involving significant losses of
particles by charge transfer or recombination. Although
the solutions are substantially improved by including
higher moments, such additions severely complicate an
already complex situation if they are incorporated in the
standard manner of Grad. A new method has been developed
on the basis of assumed relations between moments and on
the assumption that only the principal boundary condi-
tions are necessary. The result is a model similar in
form to two-function theories and of comparable simplic-
ity, but with improved scattering and loss coefficients.
Comparisons with exact numerical solutions of simple
jdealized problems verifies the accuracy of the method in
extending P-1 theory to large charge transfer or recom-

~bination.
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10:45 A .M. — 12:10 P.M,, Tuesday, October 17

Georgian Room

TRANSFER MECHANISMS IN ARCS

Chairperson: R.S. Bergman, .
General Electric Cleveland




B-1 .
g . Mechanism of Color Improvement in the Pulsed
ngh Pressure Sodium Arec = PETER D. -JOHNSON and T.H.
RAUTENBERG, JR., General Eleetrlc Co. Corporate. Research
and Development—-It hds been discovered that the color
temperature of the high pressure sodium arc can be in- .
creased from its usual value of about 2100°K when oper-
ated .on a sinewave power supply to over 2500°K when
operated in a pulsed mode at a pulse repetitipn rate of
500 to 2000 Hz and a duty .cyele of 10 to 35%. The .en-
hancement of the radiative output in the blue region of
the visible spectrum ig due pr1nc1pa11y to radlatlon,
from the nd2D->3p2P transitions of the sodium atom,
where n=4 to 15, Excitation of these upper energy
levels results from an unexpected transient non- steady -
gtate increase in plasma temperature to about 5400°K in
_the center of the arc. - . This temperature decays to a
value neat to that encountered in steady state excita-
tion in a. time. commensurate with the previously deter-
mlned plasma temperature decay rate for this. dlscharge.2

1, M.M. Osteen, U.S. Patent Appllcatlon, Serlal No.
806301, June: 1977.

2. T.H. Rautenberg, Jr. and Peter D. Johnson, J. Appl
Phys. 48, 2270 (1977).

BB-2 :
 Net Radiation Emission of SF,., Todine and Sodium
From Arc Measurements. R. J. ZOLLWEG, Westinghouse R&D
Center.——-The net radiation emission is an important
transport property needed to calculate temperature pro-
files and other arc properties. We have used published
experimental results of other investigators together with
arc energy balance analyses to determine net radiation
emtssion for arcs in a variety of different gases. The
temperdture measurements of Motschmann and of Poépp for’
SF,_ arcs have been. corrected for systematic error using
recently improved determinations of atomic transition
probabilities of S .and F lines. The net radiation
emission calculated by Liebermann and Lowke for 1 atm
gives good agreement with the temperature profile and
electric field for ~14,000°K (100A arc) but is a factor
of two high for ~10,000°K (40A arc). The radiation
emission of iodine is estimated from Nelger's measure-
ments of axis temperature at three different arc
currents. This is possible because atomic lodine is the
dominant radiator and hence the temperature dependence
of the emission is known. The sodium radiation emission
was found from temperature profiles of ac arcs contain-
ing pure Na, Na + Hg and Na + Xe measured by deGroot.
Calculated ac electrical properties of these arcs are in
agreement with deGroot's measurements. -
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BB-3 : .
The Radial Profiles of Current Density and Tem-
perature in a Magnetically Confined Helium Arc.* TONY S.
TAYLOR and GREGORY C. SMITH, Ohio State Univ.--A 4000A
helium arc between an incandescent annular tungsten
cathode of 16mm ID and 22mm OD and a flat water cooled
anode is operated in an axial magnetic field of 2 to 10
kilogauss. The region of maximum current density near
the anode corresponds closely to the emitting surface of
the cathode at high field strengths and low helium pres-
sures, although there is a conductive plasma in a cylin-
drical region of radius substantially larger than the
outer radius of the cathode. With increase of helium
pressure or decrease of the magnetic field intensity,

the current profile at the anode broadens. The_current
density at the anode is of the order of 500A/cm2- Al--
though the current density is near zero on axis and peaks
in the ring area defined by the emitting cathode surface,
the temperature, estimated spectroscopically, is nearly
constant from the axis of the arc to the outer edge of
the current carrying region, and is close to 60000°K.
Thus we appear to have in the core of the discharge col-
umn a dense, nearly homogeneous and isothermal plasma.

*Submitted by CARL E. NIELSEN

BB-4

Twe FTemperature Model of a Nonequilibrium
Discharge in Argon. =J.P. NOVAK, IREQ, Quebec, F. HRON
and E.S. KREBES, U. of Alberta.--A system of balance
equationsl for nonequilibrium discharges has been
applied to a steady state discharge in argom at atmos-—
pheric pressure. Free convection was assumed to be the
dominant mechanism of energy transfer between the dis-
charge and the ambient gas. The system was solved.
numerically for discharge currents from 1 to 10 Amps
corresponding to electron demsities in the core of
0.6 -~ 2.0 x 1015 ew=3., The electric field decreased
from 12 to 6.5V with increasing current while the tempe-
rature of the neutrals increased from 2500 to 6900°K.
The electron temperature was approximately 11000°K,
showing little dependance on discharge current. Radial
profiles of electron density, temperature, heat flux
and radial diffusion velocity, as well as gas tempera-
ture and heat flux were calculated for all cases. The
profiles of electron density and temperature, and of
gas temperature for a current of 5 A compare favorably
with experimental values measured by Polak and
SlovetskiiZ,

l. J.P. Novak et al. J. Phys. D 10, 1227 (1977).
2. L.S. Polak and D.I. Slovetskii, 12, 921 (1974).
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BB-5
Additional Validation of the MTE Continuum
Relation for Non-LTE Plasmas-T.L. EDDY and M.L. FENTRESS,

West Virginia University--The MTE Continuum relation

previously presented 1,2 is reexamined in light of more
recent experiments in argon plasmas at high pressures,
the diverse results of experimentally free-bound £
factors are found to be largely due to variations in the
atomic tramsition probability values used in the
evaluation. Deviations between experimental and theoret~
ical values are partially explained by the omission of
energy levels in the free-bound Gaunt factor calculation.

lr.1. Eddy, C.J. Cremers and H.S. Hsia, Paper DA-7, 28th

GEC, Rolla, Missiouri, Oct. 1975; Am. Phys. Society
Series II, Vol. 21, No. 2, Feb. 1976.

ZT.L. Eddy, C.J. Cremers and H.S. Hsia, JQSRT, Vol. 17,
pp. 287-296, 1977.

BB-6
High Pressure Cataphoresis - R.S. BERGMAN and
J.H. INGOLD, General Electric Co., Cleveland, Chio 44112-

In a previous analysisl of axial cataphoresis in a high
pressure discharge consisting of a partially ionized
sodium plasma immersed in a mercury-xenon background, it
was shown that electron-neutral momentum transfer is im-
portant in determining the axial gradient in the sodium
partial pressure when the discharge current is treated

as the independent variable. In this previocus work, how-
ever, the hard sphere approximation for the electron-
neutral interactions was assumed, leading to qualitative
but not quantitative agreement between calculation and
measurement of the cataphoresis. In the present work,
new expressions for the electron-neutral momentum trans-—
fer collision integrals for each neutral species are de-
rived from energy dependent electron-neutral cross-sec-
tion by the Legendre polynomial expansion method, lead-
ing to better agreement between theory and experiment.
lR.S.'Bergman and J.B. Ingold, Bulletin of the American
Physical Society, Vol. 23, p.133, 1978.
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CA-1

Ion Processes in Rare-Gas Halide Lasers®
W. L. NIGHAN, United Technologies Research Center.
Ion~ion recombination often dominates RGH* formation in
rare-gas halide lasers, while absorption of laser radi-
ation is significantly influenced by photodiésociation
of dimer ions. For these reasons knowledge of the
nature and concentration of various fon species in laser
mixtures is especially important. In the present work
ion production and loss processes have been analyzed for
conditions typical of e~beam controlled KeF*, XeF* and
XeCl* lasers, Particular attention has been directed
toward evaluation of the concentrations of rare-gas
trimer ions and of rare-gas halide ions. Calculations
show that the fractional populations of trimer ions can
be substantial (~10%) for some experimental conditionms.
On the basis of these results the role of various ion
species as absorbers of laSer radiation has been analyzed
and comparisons with experimental observations have been
made. The implications of these results as regards laser
properties will be presented. *This work was performed
in part through the sponsorship of the Office of Naval
Research. '

b

CA-2

Positive Ions in Atmospheric Pressure Helium and
Helium-Neon Mixtures, W. J. WIEGAND and R, H. BULLIS,
United Technologies Research Center--Ions produced in
helium and helium-neon mixtures at 760 torr and 300°K
have been sampled employing a quadrupole mass spectro-
meter coupled to an atmeospheric pressure ionization
source. In helium, the dominant ions observed were HeoT
and He3+ with an equilibrium coefficient comsistent with
existing low temperature-low pressure data,l For a
mixture of helium with approximately 0.2 ppm neon the
ions obsgerved include He2+, He3+, Nez+ and HeNet. Rate
coefficjents inferred from these measurements compare
faverably with reported values. Of significance is the
absence in these measurements of He4T as reported by
S Gusinow et.,al.Z Furthermore, no significant concentra-
tion of heteronuclear trimers was observed. The impli-
cations of these results to rare gas halide laser
processes will be presented.
1. P, L. Patterson, J. Chem. Phys. 48, 3625 (1968).
2, M. A, Gusinow, R. A, Gerber and J. B. Gerardo, Phys,

Rev. Letts. 25, 1248 (1970).

T
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CA-3

Electronic Structure and Photosbsorption Proper-
ties of Noble Gas. Trimer ITons.-H.H. ‘MICHELS and R. I.n0ms,
United Technologles Research Center®--a study of the
electronic structure and absorption characteristics of
the Ar3+ ion has been carried ocut to determine the rela-
tive importance of such species in the analysis of loss
mechanigms in the noble gas-halide execimer systems. This
study included detailed. quantum,mechanlcal calculatlons
of the potential energy Rypersurfaces for Ar3 and pre-
diction of the absorption bands. We find this ion to
have trigonal symmetry with a bound EE' ground state
2Al in Coy ). The vertical excitation gspectra is
2ps" (277 ev), 28" (.80 ev), 2A5"(1.34 V) and IV
(2.68 ev). The short wavelength transitions (300 500nm )
are found to be weak for photoabsorption from the ground
state. Similar results are predicted for the heavier
hoble gas trimer ions. These species are found in
gignificant concentrations in high pressure(>103 torr)
noble gas-halide excimer lasers. They are minor con-
tributors to the total photoabsorption losses, which
are dominated by the dimer ions.

%
Supported in part by AFWL and AFOSR.

CA-4

Ultraviolet Laser Emissions and Fluorescence
Enhancements in an E~Beam Excited Low Temperature and
High Density Supersonic Flow™. B. FONTAINE and
B. FORESTIER, Institute of Fluid Mechanics, Aix-
Marseille U. 13003 Marseille, France--Long Pulse
ultraviolet laser emissions have been achieved
following e-beam excitation (V=240 kv, J=10 Acm™ 2,
600 ns) of mixtures of rare gases and NF3in superso-
nic flow at low temperature (80 or 120 K) and high
density (1 amagat). Lasing was obtained near 350 nm
on XeF in Ne/Xe/NF3 mixtures and also on two Nell Lines
in Ne/NF3, one of them hadnot been nreviously reported.
These experiments have shown a lowering of absorption
by excited species (Ney*) near 350 nm when Ne/Xe/NFj
and Ne/NFy mixtures are strongly cooled. Aerodynamic
cooling has also allowed to obtain strong enhancement
on several molecular bands at near UV andvisible wave-
Lengths from XeO*, ArXeft, ArXe* and KrpF* when
mixtures of rare gases and oxidizedor fluored compounds
were e-beam excited. Effects of cooling on behaviour
of these laser and fluorescence emissions will be

- discussed.
*Supported by D.R.E.T.
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CA-5

Temperature Effects on the Quenching Kinetics of
XeF* in E-beam Pumped Ne/Xe/F, Mixtures#. Daniel
W. Trainor, M. Roknit, J, H. Jacob, and J. A, Mangano,
Avco Everett Res. Lab. , Inc. --Recent lasing experi-
ments involving Ne/Xe/NF 3 mixtures have shown a
factor of two improvement in laser performance when
operated at elevated temperatures. Intrinsic efficien-
cies in excess of 5% have been observedl, To model
these results, information on the various quenching
processes is necessary. Some of these important kine-
tic processes were investigated in experiments which
involved irradiating mixtures of Ne/Xe/F, with high
energy (= 150 keV) electrons?, The resu%ting fluc-
rescence emanating from XeF™ formed in the various
mixtures was monitored as a function of mixture ratio
and total pressure at temperatures near 500°K, Rate
constant information was thereby obtained for two and
three body quenching processes of XeF" with I, Xe
and Ne,

# Supported by ARPA and monitored by ONR

+ Hebrew University of Jerusalem, Israel

1. J. C. Hsia, J. A. Mangano, M. Rokni, and J, H. Jacob,
unpublished,

2. M. Rokni, J. H, Jacob, J, A, Manganoand R, Brochu,
App. Phys. Lett, 30, 458, (1977?.

CA-6

.Radiative Lifetime and Collisional Kinetdics of
the XeF (II, 3/2) State - C.H. FISHER and R.E., CENTER,
MSNW*--The effect of the XeF (II, 3/2) state has been ne-
glected in models of the 351 nm XeF laser because of a
lack of information, even though it may play an important
role due to collisional mixing with the nearby (III, 1/2)
upper laser level. 1In an effort to determine some of the
needed information, we have employed a laser induced
fluorescence technique to measure the radiative lifetime
and to investigate the collisiomnal formation and destruc-
tion of the XeF (II, 3/2) state. A short 351 nm laser
pulse excites ground state XeF molecules to the (III,
1/2) state, some of which then undergo collisional trans-—
fer to the mearby (IT, 3/2) state. The production and
decay of the (II, 3/2) state is followed by monitoring
the broadband (II, 3/2)>(I, 3/2) emission at 460 nm.
The XeF (IL, 3/2) state radiative lifetime determined in
the present experiments is 90 nsec. Transfer and deacti-
vation rate coefficients for the collision partmners com-
monly present in XeF laser gas mixtures will be reported.

*Supported by DARPA under ONR Contract NO0014-78-C-0343.
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CA-7

' Theoretical Study of Formation Rates of Rare Gas
Halide Trimers-"V.H. SHUL and C. DUZY, Avco-Everett Res,
Lab., Inc.--A scarcity of information on the rare gas
halide trimers makes detailed calculations of theif for-
mation rates from the excited rare gas halides impossible
However, we have developed several approximate methods/
models for determining these rate constantsl. The range
of applicability of these methods is discussed and rate
constants for reactions of possible interest for the
KrF* and XeF* laser Systems are calculated. These
reactions are: '

(1) XrF* + Rg + Rg' ~ KrRgF* + Rg' and
(2) XeF* + Rg + Rg' -+ XeRgF* + Rg', where Rg, Rg' =
Ar, Kr in Eq. (1) and Ne, Ar, Xe in Eq. (2).

. .
Work supported by Advanced Research Projects Agency.

1y.8. Shui, Appl. Phys. Lett. 31, 50 (1977).

CA-8
Kinetics of KrF* and Kr>F* by Proton ExcitationT
C.H.CHEN, M.G.PAYNE, and J.P.JUDISH, Oak Ridge Nat'l.
Lab.-~A 2-MeV proton beam with 10-nsec pulse width was
used to excite Kr-F2, Ar-Kr-Fp, and Ne-Kr-F7 mixtures.
The time interval between proton pulses and the number
of protons in each pulse can be varied. The emitted

vuv and near uv-visible photons are wavelength resolved
and detected by time-resolved or time-integrated single
photon counting techniques. The lifetimes of KraF* and
KrF* are given, and the mechanisms of production and
quenching processes of KrF* and KryF* are discussed.

The quenching rate constants of KrF* and KryF* for
various quenching processes are listed, and the relative
efficiencies to produce KrF* by energy transfer pro-
cesses and ion-ion recombination are presented. The
difference of fluorescence efficiency between various
gas mixtures is discussed.

TResearch éponsored by the Division of Biomedical and
Environmental Research, U.S. Department of Energy,
under contract with the Union Carbide Corporation.
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CB-1

Correlated Electrical and Thermal Properties of
Arcs in Gas Flow. G.R.JONES. Univ. of Liverpool,
Englaﬁd*.'— Experimental results are presented for the
electrical and thermal properties of a 2kA A.C. arc
burning in a 7 bar air blast. Measurements are given of
the axial variation of local electrical conductance, the
radial distribution of gas density and the cross-section- .
al area of the arec core, both at peak current and during
the current zero period. The results have been obtained
using voltage probing, laser fringe deflection and R.F.
probing techniques. It is shown that the results corre-
late well, even close to current zero, with similar
results for different arc forms using integral boundary
layer theory parameters 1/, The role played by various
fundamental arc properties during the extinction is
identified and the behaviour of a model gas blast
circuit interruptor is predicted.

*Supported by the Science Research Council, U.X.

Cy.D.Cowley, J.Phys.D:ippl.Phys. 7, 2218 (1974).

CB~-2

Arc Interruption Capabilities of Gases and Gas
Mixtures-A. LEE and L.S. PROST, Westinghouse Research
and Development Center*~-Thermal.recovery of several
gases and gas mixtures have been measured after high
current AC arcing: SFg, CF4, CClF9CF3, and mixtures of
SFg with He, Np and CClFCF4. The arc is initiated by
contact separation in the nozzle~arc chamber under gas
flow from an upstream piston chamber. The gas pressure
in the compression chamber is monitored during each
cycle. The recovery and the pressure rise data for rms
arc currents from 10-20 kA lead to the interesting
observation that contrary to expectation, gases with
higher pressure rise in the compression chamber generally
have lower interruption capabilities. Since gas flow is
impeded by the arc, the pressure rise gives information
on the arc size for different gases, and the residual
effects of a larger arc channel overwhelm the benefits
of a higher pressure differential and greater gas flow
near current zero.

This work was performed under Contract Number 847-1 with
EPRI, '
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CB-3
Thermal Recovery Performance of Blown AC-Arcs in
Various Gases and their Mixtures with SF.-H.O. NOESKE, -

General Electric Corporate R&D, Philadelphia, PA.--The

rate of rise of the voltage has been measured which is
required immediately after current zero for ohmic re-
heating of the residual plasma of an AC arc which is
quenched by the flow of highly pressurized gases in a
supersonic nozzle. Its dependence on the type of gas at
its mixture ratio with SF, has been determined for var-
jous gases and controlled conditions of nozzle inlet

.pressure and the dI/dt at current zero. The pressure

drop in the nozzle was always sufficient for supersonic
flow. An attempt is being made to explain qualitatively
the peculiar dependence of the thermal recovery on the
critical rate of rise of the voltage after current zero
and the mixture ratio of the tested gases with SFg. For
this we consider the sonie velocity of the cold gas and
a parameter which we assume to be important for the
inhibition of the fusion of gas mixtures under existing
extreme temperature and concentration gradients.

CB-4

Measurement of Critical Power L.oss in Gas
Blast Interrupters During Thermal Recovery -
G. FRIND, L.E. PRESCOTT AND J.H. VAN NOY,
General Electric R&D Center--Critical values for post
zero current and for power loss during thermal re
recovery were measured in an orifice type, gas blast.
interrupter, for the gases air and SFg. Rate of cur-
rent fall was varied between 10 and 35 amp/ psec. The
measured values of critical power loss (at the failure
limit) were for both gases one order of magnitude
smaller than predicted by turbulent theory. The SFg
power loss wasg at 14 amp/usec only 500 watt. This
suggests that critical cooling during thermal
recovery was in our orifice type interrupter by
laminar rather than by turbulent conduction.




*

CB-5

Model Calculations for Post Current Zero
Thermal Behavior in Gas Blast Interrupters -
R.E. KINSINGER, General Electric Corporate R&D
Center--A simple channel model has been used to
represent the critical region of a gas blast arc during
the period of thermal recovery or reignition around
current zero. The power loss term for the model can
be chosen to represent either laminar or turbulent
loss processes. When initial conditions (at current
zero) are fixed by experimental measurements, (1) the
calculated subsequent behavior of the arc as a circuit
element is also in good agreement with the experiment
if the power loss model used is laminar. For this
agreement the arc diameters required are generally
small (£ 0.2 mm).

(1) G. Frind, "Measurement of Critical Power Loss in
Gas Blast Interrupters During Thermal Recovery, "
- to be presented in this Conference. '

CB-6

Experimental and Theoretical Study of a D.C.
Arc in an 8 Degree Conical Nozzle Flow.* H.T.NAGAMATSU,
Rensselaser Polytechnic Institute and General Electric
Co., and P.D., SYMOLON, Rensselaer Polytechnic Insti-
tute.—- The cold flow field for an 8° convergent-
divergent nozzle was determined for subsonic, tran-
sonic, and supersonic flow velocities. D.C. arc
voltage and current measurements were made for an arc
gap of 5.52 cm and a current of approximately 100A.
Arc voltage increased rapidly as the flow velocity
increased from zero to supersonic veloeity. Using
a channel flow model with constant arc temperature and
the energy integral for the comvective cooling,
analytical expressions were derived for the arc radius,
electrie field strength, arc voltage, resistance, and
power as functions of the cold flow properties,current,
and axial distance. Calculated arc voltages, resis-
tances, and powers are in good agreement with the

" experimental data,

*#Supported in part by EPRI under contract RP246-2

46




CB~7 .

Electric Arcs in Supersonic Flow - C.K. BHANSALI
and D.M. BENENSON, State U, of NY at Buffalo®--Numerical
solutions of the conservation equations are being obtain~
ed for a dynamic axial-flow arc immersed in a subsonic/
supersonic flow field within a converging-~diverging
nozzle., Effects of real gas properties, turbulence, and
(optically thin) radiation are included. The set of
equations is solved using a two step second order finite
difference method incorporating the concept of time : |
splitting. Transformation of coordinates is employed.
The general formulation permits use of the time dependent
approach to obtain required initial (steady-state) solu- '
tions within the nozzle. Solutions are obtained for the
case of a 10 bar (stagnation pressure), 700A (initial
current) argon arc in a channel having 10mm throat diam-
eter, ~8.5cm length (downstream of throat), and cold-flow
exit Mach number ~2.4. For laminar (and initial steady-
state) condition, the maximum centerline temperature,
~28,000K, is found near the upstream electrode; at the
exit, Te~23,000K., Arc diameter increases from ~4mm at
the throat to ~7mm at the exit. Centerline axial veloci-
ty 1s ~5600m/s at the exit. Arc voltage is ~420V.

*Research supported by National Science Foundation Grant
ENG 76-17009.
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DA-1 .
Theoretical Study of XeF Vibrational Excitation and
Dissociation-~C. DUZY and V.H. SHUI, Avco-Everett Res.
Lab., Inc.--A combination of phase-space theory and semi-
classical trajectory calculations was used to determine
rate constants for the dissociation of the ground state
of XeF from specific vibrational levels; i.e.,
XeF(v) + Ne + Xe + F 4+ Ne, where v = 0-5, Rate constants
for collisionally induced transitions between these
vibrational levels were also calculated. These rate,
constants were then incorporated into the ground state
master equation which alsc contains radiative feeding
(fluorescence/stimulated emission) from the XeF' {R)
state. Results of these calculations are discussed in
terms of their relevance to the behavior of XeF lasersZ,

&
Work supported by Advanced Research Projects Agency.

'y.H. Shui, J. Chem. Phys. 57, 1704 (1972).

2y, Rokni, J.A. Mangano, J.H. Jacob and J,C. Hsia, IEEE
J. Quant, Elec. 14, 464 (1978).

DA-2

. XeF Ground State Dynamics-S.F. FULGHUM, I.P.
HERMAN * M,S, FELD, and A. JAVAN, MITT--The time evolution
of vibrational level populations in the XeF ground elec—
tronic state is determined by a laser induced fluor-
escence technique., OGCround state XeF is produced by photo-
dissociation of XeF, by an ArF laser pulse, Buffer
gases are added to the XeFs cell as desired. A tunable
pulsed dye laser, delayed by varying amounts from the
ArF laser pulse, is then used to pump a selected XeF
vibronic transition in the B+X system, inducing fluor-
escence from the excited electronic state. The time
evolution of the ground state vibrational level popula-
tions is obtained by measuring the relative fluorescence
as a function of the time delay between the twe lasers,
Preliminary measurements on the v'"=1 vibrational level
in a He buffer indicate a multi-exponential deécay with
rates of from 1 x 10% sec™! torr™l to about 3 x 10
sec™! torr-1,

*Present address: Lawrence Livermore Laboratory.
fWork supported by the Office of Naval Research.
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DA-3

Lower Laser Level Removal in XeF.* K.Y. TANG
and R,0, HUNTER, JR.,* Maxwell Laboratories Inc,, and
D.L, HUESTIS, Molecular Physics Laboratory, SRI Inter-
national .-~The collisional removal of XeF(X4L") has been
investigated theoretically and experimentally. The gain
during the excitation pulse, and absorption by ground
state XeF during'andAafter the excitation pulse, have been
monitoredinelectron-beampumpedNe/Xe/NF3 mixtures. The
absorption features are identical in position and shape

to those observed in fluorescence under the same condi-
tions, modified by the ground state vibrational Boltz-
mann factors. The ground state density is found to
consist of two temporal components: (1) a time-decaying
component arising from XeF* - Xer¥ .+ hy; followed by
XeFf + Ne » Xe + F + Ne; and (2) a time-independent com-
ponent arising from Xe + F + Ne = XeF + Ne. The rate
coefficient for colligion-induced-dissociation and the
implications for laser performance will be discussed,
¥B3upported by ARPA under Contract No. DASGG0-77-C-0058
and DASG60~77-C-0028,

*Fannie and John Hertz Foundation Fellow, University of
California, Irvine.

DA-4

_ The Influence of the Bound Lower Level on the
XeF™ Laser Performance] M, ROKNITT, J.H.JACOB,
J. A, MANGANO and J, C, HSIA, Avco Everett Res, Lab, ,
Inc, =- The bound lower level of XeF could limit the
extraction efficiency of the laser. We have investigated
the effect of this on the laser kinetics and flux extrac-
tion, observing the depression of the side light fluores-
cence as a function of the intercavity flux, The inter
cavity flux was varied by introducing a cell containing
C{2 between the mirrors that formed the optical cavity.
By varying the Cf, pressure the cavity flux was varied
continuously. The side light was monitored near the
95% output coupling mirror, By this means we could
directly infer the cavity flux by measuring the laser
power extracted through the output coupler. From these
measurements it is apparent that the finite lifetime of
the lower level plays an important role in the flux
extraction, These measurements also give us an inde-
pendent determination of the saturation flux.

TThi.s work was supported by Advanced Research Pro-
jects Agency and monitored by the Office of Naval
Research under Contract No, N00014-75-C=0062,
1

The Hebrew University of Jerusalem, Israel,
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DA-5 '
Improvement in XeF Laser Efficiency at Elevated
Temperatures” J, C. HSIA, J, A, MANGANO, J. H,
JACOB and M. ROKNI**, Avco Everett Res, Lab, ,Inc,--
Improvement in E-beam pumped XelF laser efficiency is
reported when the laser is operated at temperatures
above 300°K, The improvement is due predominantly to
improved energy extraction from the upper laser level
as well as decreased lower level lifetime., The highest
intrinsic laser efficiency (laser energy out/E-beam
energy deposited in the active medium) observed at 3
amagats is 5. 5%. The temperature at which the highest
efficiency is achieved is observed to increase with -
increasing gas density.

*This work was supported by Advanced Research Pro-
jects Agency and monitored by the Office of Naval
Research under Contract No, N00014-75-C-0062,

**The Hebrew University of Jerusalem, Israel.

DA-6

The Role of the Broadband Emission in the Xel
Laser® M, ROKNI ¥, J,C, HSIA, J,H. JACOB and 1. A,
MANGANO, Avco Everett Res, Lab, ,In¢c. =- We have
investigated the broadband emission from XeF by moni-
toring the quazi-steady state fluorescence intensities as
a function of both diluent and pressure in E-beam
pumped gas mixtures, The observed pressure depend-
ence of the ratio of broadband to B—+~X emissions cannot
be explained by just collisional mixing of the B and C
states. A possible explanation for these results is that
there is another species that is emitting, i.e.,tria-
tomics, Laser sidelight measurements indicate that the
energy stored in the broadband is recoverable under
laser conditions, At low pressures when the collisional
mixing is unimportant it appears that the B state is
formed preferentjally. The effects of these observae
tions on the XeF laser extraction efficiency will be
discussed.

*

This work was supported by Advanced Research Pro-
jects Agency and monitored by the Office of Naval
Research under Contract No, N00014-75-C~0062,

sk
The Hebrew University of Jerusalem, Israel.
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DA-7

Kinetic Operation of the XeF* Waveguide Laser
Excited by a Capacitively Coupled Discharge--L,A, NEWMAN,
United Technologies Research Center--The kinetic opera-
tion of this recently developed laserl 1s described by
comparing the predictions of a detailed computer code to
experimentally determined parameters. Of particular
significance is that in order to explain the variation
in the fluorescence efficiency of this device with pump
power density, a quench process of XeF* which is propor-
tional to pump density had to be invoked, Various
quenching processes which could explain this observed
effect are discussed and the implications of this process
on the operation of larger scale devices is assessed,

* *
lL.A. Newman: "XeF and KrF Waveguide Lasers Excited by

a Capacitively Coupled Discharge" to be published in
Appl, Phys, Letts,

DA-8
Screening of Fluorine-Bearing Gases for Self-
Sustained Discharge Pumping of Rare Gas-Fluoride Lasers.

L. J. DENES, P, J. CHANTRY, N. T. MELAMED and

R. J. SPREADBURY, Westinghouse R&D Center.*--We have
studied energy loading in 2 us self-sustained discharges
using XF:Ar:He = x:20:700 Torr mixtures where XF is the
fluorine donor molecule. The energy loading showed a
systematic decrease with increases in the attaching
strength (or equivalently the dielectric strength) of the
added gas, XF. The high energy loading capability (~100
J/%) of the weakly attaching gases offers the potential
for efficient excited rare gas—fluoride (RgF*) production

‘through the metastable channel Rg* + XF - RgF* + X,

rather than through the recombination of Rgt and F~. F-
donor candidates should therefore satisfy the energy
requirement that D(X-F) < D(Rg*-F) X 5 eV where D is the
strength of the bond indicated. Using this criterion,
together with the preference for low dielectric strength,
candidate fluorine-bearing molecules have been stcreened.
The interesting gases include ¥,, NF,, SF,, C,F_, CHF3,
CF, and CH,F. Relative fluorescence intensity measure-
ments have been made with 1 Torr of each gas added to a
base mixture of 750 Torr He, 3 Torr ¥Xe. XeF* fludres-
cence was observed in all cases.

*Work supported by U.S. Army BMD ATC,
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DA=~9 :
Energy Loading Limitations in 300 ns, Self-
Sustained Rare Gas-Halide Discharges. L. J. DENES,

J. L. PACK and L. E. KLINE, Westinghouse R&D Center,*--
A 25 cm3 discharge apparatus has established limits om
the arc-free energy loading for long-pulse (300 ns) UV-
preionized self-sustained rare gas-halide discharges.
The mixtures contained small concentrations of a strong- -
ly-attaching fluoride gas (SF, or NF3) and a rare gas
(Ar or Xe) in a high pressure (+1000 Torr) helium buffen
The discharge apparatus has an experimentally optimized
electrode geometry and allows optimization of the
circuit parameters for each mixture. With proper
optimization, high energy loadings (¥ 30 J/& atm) are
obtalned with attaching gas pressures up to a few tenths
of a Torr. Modeling studies indicate that such NF
pressures will provide efficient XeF laser operation.
Further increases (i.e. 0.3 to 0.6 Torr with NF3 and 0.5
to 1.0 Torr with SFg) cause an unexpectedly rapid
decrease in the achievable energy loading. At higher
concentrations, energy loading is low (V3 J/% atm) and is
insensitive to the actual amount of attacher present.
The existence of this threshold phenomenon may provide
further insight into the mechanism of the glow-to-arc
transition in attaching gas mixtures.

*Work supported by U, S. Army BMDATC.

DA~10
Self-Sustained Discharge Pumped XeF Laser and

Discharge Kinetics - L. E. KLINE, L. J. DENES,

S. G. LESLIE and R. R. MITCHELL, Westinghouse R&D ~ -
U.V. preionized, self-sustained discharges in NF,:Xe:
He mixtures are used to pump the XeF laser. MeaSured
discharge voltage and laser output waveforms agree with
computer simulation results obtained by simultanecusly
solving differential equations for charged and neutral
species densities, circuit currents and voltages, and
the laser cavity flux. Predicted efficiencies are:

a) XeF* pumping(energy into XeF*/electrical emergy in)
of 5-15%, b) extraction (laser energy out/energy into
XeF#*) of V10%Z, and c¢) overall of 0.5 to 1.5% in agree-
ment with experiment. The model predicts that the
XeF* pumping efficiency is determined primarily by the
gas mixture proportions, and that the low extraction
efficiency results from the short (30 ns) discharge
pulse and the bound lower laser level in XeF. The
extraction efficiency can be increased to 40%, with a
corresponding overall efficiency of 2~6%, by increasing
the discharge pulse length to 300 ns. '

*
Work supported by U. 5. Army BMBDATC.
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DA-11

X -Ray Preionization for Electric Discharge
Lasers® J,I. LEVATTER and S. C. LIN, Univ. of Cal.,
: San Diego- -Using x-ray of 50-100 keV photon energy as
i an ionizing radiation source in a transmission-line-
driven, low-inductance discharge chamber, we have
recently succeeded in generating spatially-homogeneous
pulsed avalanche discharges of up to 100 nsec duration
over several liter volume at greater than 1 atm pres-
sures in a number of well-known gas mixtures for the
CO2 ir laser and the XeF, KrF uv lasers. The ob-
served laser power outputs from some of thege explora-
tory experiments are already found to be comparable to
or better than those reported in the literature for e-
beam -controlled discharges at the same total rate of
energy deposition. The ionization kinetics, overall effi-
ciency, and potential advantages of this new method for
initiating homogeneous avalanche discharges in certain
high power laser applications will also be discussed in
this paper.

*J ointly supported by ONR and DARPA undef Contracts
NO00014-77-C-0692 and N0O0014-76-C-0116.
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DBE-1
_ Theory of Arc Clogging in Nozzles - P. KOVITYA,
J.J. LOWKE and A.D. STOKES - University of Sydney,
Australia - One dimensional solutions have been obtained
of the equations of mass, momentum and energy for an arc
in a nozzle over which there is an imposed pressure drop.
It is assumed that radial pressure gradients are negli-
gible and that the gas surrounding the arc is isothermal
at room temperature. As the current is increased three
current domains are distinguished, (1) when the arc dia-
meter is less than the nozzle diameter, (2) nozzle clogg-
ing, when the are fills the tube and the plasma pressure
is influenced by ablation products from the wall, (3)
nozzle blocking, when the pressure in the nozzle is so
large that back flow occurs. Derived volt-ampere curves
are only slightly sensitive to the gross changes in gas
flow characteristics that occur between domains. For
domain (1), V-I characteristics are slightly positive or
negative depending of whether the nozzle throat is near
the nozzle entrance or exit. Calculations indicate that
the Mach number of the plasma is approximately equal to
the Mach number of the gas surrounding the arc. The
nozzle first "clogs" at the downstream end of the nozzle.

DB~2
Temperature Measurements in Turbulent Arcs* -
Y.K. CHIEN and D,M. BENENSON, State University of New York
~at Buffalo--Experiments are being carried out to more
quantitatively determine the distributions of temperature
and its fluctuations in turbulent arcs. Initial tests
are being conducted with DC argon arcs in a cylindrical
channel lcm diameter, ~15em long. The arc is operated at
(nominally) atmospheric pressure, ~100A, and with mass
flows from laminar to turbulent regimes, Integrated in-~
tensity distributions are obtained using a high speed
rotating mirror to freeze out effects of gross motion of
the arc during data acquisition. The data acquisition
system, which includes transient recorder and microcom-—
puter units, permits rapid recording, transfer, storage
and processing of the many traverses of the arc. Radia-
tion is monitored from the argon I 4159% and 6965glinea
together with their adjacent continuua. Using a data re-
duction procedure previously developed for turbulent
flows ~ which procedure requires local (spatial) infor-
mation on time-averaged emission coefficients from two
lines and one continuum - the time-averaged radial dis-
tributions and mean square fluctuations can be found.
*Supported by National Science Foundation Grant ENG 76-
17009 and by Electric Power Research Institute Contract
RP 246-2,
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DB-3

Free Convection in Horizontal High Pressure
Mercury Arcs. D.K. MCLAIN and R.J., ZOLLWEG, Westing-
house R&D Center.--When high pressure mercury arcs ate
operated horizontally in enclosed cylindrical quartz
tubes the arc bows upward because of buoyancy forces.
The magnitudes of these buoyancy forces and of the wall-
stabilizing forces have been measured at different
mercury pressures and as a function of power loading by
visual observation of arc position as a function of
applied transverse magnetic field. The two-dimensional
(r,z) vertical arc convection model developed by Lowkel
has been modified such that the arc position, tempera-
ture profile and convective gas flow are calculated
numerically for a two-dimensional (r,8) horizontal arc
cross section using material transport properties deter-
mined previously.2 Calculated arc positions are in good
agreement with experiment as are the displacements when
a transverse magnetic field is applied. Gas flow direc-
tion in the arc core is reversed with a significant '
transverse magnetic field.

13.J. Lowke, Bull. of APS 21(2), 134 (1976).
2R.J. Zollweg, J. Appl. Phys, 49(3), 1077 (1978).

DB-4 ' _ ‘
Simple Theory of Free Burning Arcs - J.J. LOWKE,
University of Sydney, Australia - Analytic expressions
are derived to give approximate properties of free burn-
ing arcs. Expressions are given for the arc voltage,
electric field, arc radius and plasma velocity in terms of
the arc length, current, gas pressure and temperature.

The energy balance equation relates arc temperature with
current. The expressions involve the material functions
of the arc plasma, so that predictions can be made for
any arc medium whose material functions are known. Prop=-
erties of free burning arcs for low currents, e.g., less
than 25 A for air, are controlled by natural convection,
it being assumed that the arc is vertical. At higher
currents properties become controlled by convection in-
duced by the self magnetic field of the arc and depend on
the current density at the cathode, which is assumed to
be constant with current, Although gross simplifications
are made such as assuming that arc temperature is isother-
mal with radius, the major predictioms for arcs in air for
currents ranging from 1 to 20,000 A are in fair agreement
with experiment for a distance of 1 cm from the lower
electrode. At smaller distances electrode effects,and at
larger distances turbulence effects not included in the
simple theory make predictions increasingly inaccurate.
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DB~5

Emission of a Sound Wave from a 0.01 to 80 kA
AC Arc ~ F, NADEAU, and M.G. DROUET, Direction Sciénces
de base, IREQ, Viarennes, Québec —— The amplitide of the
pressure wave produced by an atmospheric 60 Hz arc has
been measured for current varying between 10 and 80,000
A and arc length between 0.0l and 6 m. For low values
of the arc power the amplitude of the sound wave is
found to be proportional to the time rate of change of
the electrical power dissipated in the arc, in agreement
with recent studiesl; however, for high values of the
electrical input, a very large departure from this re-
lation is observed. It is attributed to non-linearity
in both the production and the propagation of the sound
wave evidenced in particular by the stronger absorption
of the high frequency components of the sound wave for
increasing amplitude of the wave, in agreement with
theoretical considerations?.

M, Fitaire, T.D. Mantei, Phys. Fluids, 15, 464 (1972).
H. Dadgar, thése, Orsay, France, 1977. .
H. Dadgar, M. Fitaire, A. Pilorget, to be published.

°R.B. Lindsay, Mechanical Radiation, McCGraw Hill, 1960.
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E-1
Ab Initio Calculatiens on HgCl and HgBr: Appli-
cation of the Relativistic Effective Core Potential
Methods-W.R. WADT, Los ‘Alamos Scientific Laboratory--The
recent development of relativistic effective potential
by Kahn, Hay and Cowan™ allows one to extend ab initio
quantum chemical techniques to molecules involving very
heavy atoms (Z>54). The effective core potential method
will be reviewed and illustrated by application to the
mexcury halide laser systems. Potential energy curves,
spectroscopic constants and radiative properties will be
reported for HgCl and HgBr. The strengths and limita-—
tions of the results will be outlined. The effects of
spin-orbit coupling of the mercury halide systems will be
considered using a simple, effective, one-electron model.
The theoretical data will be synthesized to give theo-
retical emission spectra and lifetimes and compared with
experiment. Preliminary results on the photodissociation
of Hg012 and HgBr2 will be discussed.

*
L.R. Kahn, P.J. Hay and R.D. Cowan, J. Chem. Phys.,
68, 2386 (1978).

E-2

The Dominant Kinetic Processes in XeF Laser
Media*-D.L. HUESTIS, SRI International——The XeF laser,
operating at 351 and 353 nm, has the longest wavelength
of any of the rare gas halide lasers. In electron-beam
pumped Ne/Xe/NFy mixtures, substantial output energies
have been obtained at reasonable efficiencies. However,
the efficiencies are well below the theoretical maximum
of 13% based on the ratio of the 3.5 eV XeF photon to the
27 eV primary excitation energy in neon. Before the ul-
timate efficiency and scaling potential can be assessed,
three major classes of kinetic processes must be compre~
hensively characterized: (1) Production of the excited
state--The substitution of Ne for Ar as the host gas to
reduce the absorption due to Aro+ has necessitated under-
standing the input kinetic chain of the Ne/Xe/NF3 mix-
ture: (2) Excited State Mixing and Quenching—-It has re-
cently been established that the upper laser level
[XeF(B%)] is not the lowest excited state; and (3) Re-
moval of the lower laser level sustained laser action
depends on the depletion of the XeF(X22+) ground state
vibrational manifold by dissociation induced by collisions
with the background rare gas. '

*
Supported by the Defense Advance Research Projects Agency
under Contract DASG60-77-C-0028 through U.S. ArmyBMDATC.
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E~3

Applications of Rare-Gas-Halide Lasers to
Multiquantum Spectroscopy and Nonlinear Optics - D.J.
KLIGLER* and J. BOKOR**, Stanford University, Stanford
CA, W.KX. BISCHEL and C.K. RHODES, SRI International--
Multiple photon absorption, photodissociation, and para-
metric conversion using rare-gas—-halide lasers open up a
new,; previously inaccessible region of the atomic and
molecular energy scale to study. The high power and
efficiency of these lasers make it possible to create
large excited state densities using nonlinear processes
and thus offer great promise as pump sources for new VUV
and -even XUV lasers. - In our laboratory, we have studied
a number of simple atomic and molecular systems in this
way. Excitation of Hy and CO has been studied using
flourescence emission spectroscopy. Photolysis of 0CS,
N20 and OCSe has been_studied with a view toward effi-
cient production of (18) excited group VI atoms. Further,
Kr and Xe have been selectively excited allowing detailed
kinetic studies of the rare-gas-halide and rare gas dimer
systems. The results of these experiments will be dis-
cussed as well as very promising possibilities for the
future.

* National Science Foundation Graduate Fellow
#*%*Fannie and John K. Hertz Foundation Graduate Fellow
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FA-1

Microwave Diagnostics of a Vacuum Arc Plasma-
M. ROSENFELD, R. DOLLINGER, and C.N. MANIKOPOULOS,
St. U. of N.Y. at Buffalo*--A comprehensive microwave
plasma diagnostics study has been undertaken on a vac—
uum arc device employing coaxial electrodes . Unlike
conventional geometries, a hollow ring anode (17.5 cmi
I.D.) surrounding an axially positioned solid cathode”
(1 cm 0.D.) is utilized. Experiments with and without an
axial magnetic field applied to the plasma were perform-
ed with 3 different cathode materials. Using microwave
interferometry and reflection measurements at 10 GHz, the
temporal density variation of the arc plasma was monitor-
ed. Plasma density was found to increase by a factor of
10 for an equivalent increase in arc current. This is
consistent with the work of others. However, the mag~
nitude of plasma density was 3 orders below that found in
vacuum arcs with opposing butt electrodes. As a result
of the hollow ring anode, a larger volume is available
for the plasma to expand. This is believed to be re- °
sponsible for lower densities. Plasma densities exceed~

ing-lO12 cmf3 as evidenced by cutoff, were demonstrated.

*Supported in part by the Electric Power Research
Institute and Sandia Laboratories
+5tudies done at SUNY and Gould, Inec., Greensburg, PA

-2
A Neutral Temperatures and Densities in a Copper
Vacuum Arc with a Ring Anode- W. CROMPTON, F.N. YAO, J.
L. LEE, R. DOLLINGER, D.P. MALONE and D.M. BENENSON,
State University of N.Y. at Buffalo.*--The anode of the
vacuum arc consists of a large, open cylinder (17.5 cm
1.D.) which surrounds a small cylindrical, copper cathode
(1 em I.D.). A series of spectroscopic measurements of
the visible Cu I line intensities were made at several
different axial and radial positions. The densities and
temperatures were calculated from the time. averaged line
intensities. The temperature was found to have a value
of ~6000°K that was independent of position and peak val-
ues of arc current (v6 kA). One nmight expect the density

near the anode to be about lO8 times less than near the
cathode because the volume of the plasma in the anode

region is about lO8 times the volume of the cathode
spots where all of the plasma is generated. However,
it was found that the vacuum chamber was uniformly

filled to a density of 101373, Copper ions were found

only in the axially oriented plasma plume produced by
the cathode. '
*Supported by the Electric Power Research Institute
and Sandia Laboratories.
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FA=3 Cathode Material Study with a Hollow Anode - P.
R. SCHWARTZ, R. DOLLINGER, A.S. GILMOUR and D.P. MALONE,
State University of N.Y. at Buffalo.*-~A vacuum arc with
a round, hollow anode (17.5 em I1.D.) exhibits a series
of repetitive voltage spikes and an average arc voltage
of several kV. Neither phenomenon is seen in a typical
vacuum arc with opposing butt contacts where the arc
voltage is essentially constant (<100 V). In contrast,
the arc current of a vacuum arc with a hollow anode
(under certain conditions) is essentially constant (vl
kA). Therefore, a study using 13 different cathode ma-
terials was done in order to determine which cathode
materials produce voltage spikes and high average arc
voltage. Tt was found that a vacuum arc with a vana-
dium cathode was the best at producing these phenomena
and aluminum, titanium, niobium and molybdenum were
second best. These results were compared to those
material properties that have historically been of
interest in typical vacuum arcs. A correlation was
found between erosion rate and molecular weight which
will be discussed.

*Supported by the Electric Power Research Institute

FA-4

Voltage Fluctuations in Low Current Atmospheric
D.C. Arcs - M.G. DROUET, Direction Sciences de base,
IREQ, Varennes, Québec; R. HAUG, and M. GOLDMAN, Labo-
ratoire de Physique des Plasmas, SUPELEC, Gif-sur-
Yvette, France -- The voltage fluctuations associated
with the metallic-gaseous transition in an arc produced
by the separation of current carrying contacts has been
studied previouslyl. A very similar phenomena has been
observed for a low current D.C. arc, 5 mm in length and
burning in air between Cu/Cu or Cu/Ag electrodes. The
voltage fluctuations correspond, in our case, to fluc-
tuations in the release of metallic vapor from the
anode surface as evidenced by spectroscopic observation
of the light emission from the anode region. This dis-
continuous release of metallic vapor is attributed to
successive explosive releases of metal from the anode
separated by long period of heating of the anode sur-
face during which the Cu or Ag lines are absent while
the N, lines are increased. We expect a similar phe-
nomena to be associated with the formation of craters
at the cathode.

IM.F, Hoyaux, C.W. Kimblin, Electrical Contacts (T114i-
nois Inst. of Tech.) p. 218 (1969).
E.W. Gray, J. Appl. Phys. 43, 4573 (1972).
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FA=5
Dynamic Measurements of Cathodic Emission on
Oxide Films -~ H. MERCURE, and M.G, DROUET, Direction
Sciences de base, IREQ, Varemmes, Québec —— Recent
experiments have shown that oxide layers play a domi-
nant role in delineating the basic emission features.
Such findings have been deduced primarily by using
S.E.M. recordsl. However, real-time measurements of
individual site current, with a time resolution better
than 10 ns, have been made possible by a novel techni-
que? which exemplifies the impulsive nature of cath-
odic emission. This same technique is being applied
to an investigation of the fine structure of current
emission on controlled copper oxide layers (25 -
1000 R) in atmospheric air. Trends in emission fea-
tures are analysed and correlated with oxide thickness.
The use of this current sampling method in conjunction
with T.E.M. or S.E.M. observations is believed to be
essential in order to define a consistent emission
model.

l1A.E. Guile, A.H. Hitchcock, Proc IEE, 125, 251 (1978).
2M.G. Drouet, S. Gruber, IEEE Trans. PAS-95, 105 (1976).

FA-6 .

Cathode Current Densities and Current per Cell
in a Copper Cathede Vacuum Arc-G.P. SMITH, D.P. MALONE,
R. DOLLINGER and A.S. GILMOUR, State University of N.Y.
at Buffalo.*-— High speed, framing photographs (2.5us/
frame) of a ~700 A copper cathode vacuum arc are used to
obtain experimental values for the area of the cathode ,
spots as a function of time, current, current density (J) }
and rate of change of current. The current per cell (or

|
|

" microspot) was calculated from the present data and three
previously proposed theoretical cell areas. These pre-
sent values of current per cell (3.9 A to 5.3 A) were
found to compare favorably to the earlier values obtain-
ed by others even though the earlier work was done using
single cell arcs (010 A) and the present work used
multi-spot/multi-cell arcs (v7 spots or v 70 cells). It
was observed that the current changed smoothly in time
but that J was discontinuous because the number of spots
changed only in integral steps. The current per spot
was found to range from 20 A to 182 A depending on J and
the statistical nature of spot size.

*Supported by the Electric Power Research Institute
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FA-7
Power Flux to the Cathode of a dc Mercury
Vacuum Arc. GISELA ECKHARDT, Hughes Research Labs --
The power dissipated in the cathode of a dc mercury
vacuum arc has been measured for a range of discharge
currents and 1inear current densities. A molybdenum
cone with a 90°-cone angle served as the container for
the continyously replenished liquid mercury and as the
external anchor for the cathode spots. A1l spots were
anchored at the intersection between molybdenum cone
and mercury pool surface, forming a circular pattern
around the pool. It was found that the net power flux
into the cathode was independent of the total discharge
current between 30 and 84A but showed a weak dependence
on the Tinear current density I' (= total discharge
current divided by the perimeter length of the cathode
spot pattern). The energy balance for the mercury
cathode spots will be discussed in this context.

FA-8

A Simple Clasgical Analysis for Particle-Sur-
face Energy Accommodation - L. P. HARRIS, General
Electric Corporate R&D--A simple two~-stage classical
analysis is given for the energy accommodation and
possible condensation that occurs when a low energy
atomic particle strikes a golid surface. In the first
stage, the particle-surface forces are approximated
with a parabolic potential well and the solid by an
elastic econtinuum, The particle-surface interaction is
then mathematically equivalent to a transient in a
simple RLC electrical circuit. In the second stage, the
"spring constant” parameter of the potential well is
adjusted as a function of the ratio of particle incident
kinetic energy to the binding energy of the condensed
particle. The results give the energy accommodation
coefficient in terms of two dimensionless parameters,
the energy ratio and the ratio of the incident particle
mags to the solid mass uncovered by sound waves while
: the particle reflects from the surface. For conditions
| | at vacuum arc electrodes, impaci of a metal atom on
' the parent metal gives high energy accommodation and
condensation.
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FB-1.

" Three-Temperature Theory of Gaseous Ion
Transgort haed I.u Ao Viehlandy Sc Lo Lin* and Ee
A. Mason¥ Parks College of St. Louis University
A three-temperature kinetic theory of gaseous
ion transport throusgh neutral atomic sases,
valid for electric fields of arbitrary strength
without restriction on the ion-atom mass ratio
or interaction potential, iz presented. The
theory is based on the use of a set of basis
functions in which the ions are allowed to have
different temperatures parallel and perpendicu-
lar to the field, neither of which is necessar-
ily equal to the gas temperature, and for which
the ion velocity distribution is displaced from
the origin. Althoush the theory is more diffi-
cult to use than are earlier theories, it has
the important advantase of yielding accurate
results in low orders of approximation to quan-
tities that are intrinsically anisotropic, not-
ably ion diffusion coefficients. Numerical re-
sults are presented for both model and real
data.

*Permanent address: Srown University

FB-2 :
Diffusion of Tons in Oxygen, Nitrogen, Carbon
Monoxide and Carbon Dioxide — J.A. REES and S.R. ALGER,
Liverpool Univ. (U.K) ---~ Experimental data have been
obtained for the ratio DT/u (DT is the ion diffusion

coefficient perpendicular to the direction of the app-
lied electric field and y is the ion mobility) for 0

2
ions in oxygen, N+, N2+, N3+ and N4+ ions in mnitrogen,
CO+C0 ions in carbon monoxide and 0 and CO. ions in

3
carbon dioxide. The results have been fitted using
generalised Einstein relationships with the ratio of the
diffusion and viscosity collision cross-sections for the
ions treated as an adjustable parameter. The values
chosen for the parameter also lead to acceptable values

of the longitudinal diffusion coefficient DL in those

cases for which experimental data are available.
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FB-3

The Drift Velocity of Electrons in Mercury
Vapour, M.T. ELFORD, Electron and Ion Piffusion Unit,
Australian National University, Canberra - The drift
velocity of electrons in mercury wvapour at 573K has been
measured over the E/N range 0.1 to 3 Td and at pressures
ranging from 5.4 to 14.5 kPa. The experimental tech-
niques are described and the absolute errors are
estimated to be less than 2%. The drift velocities show
a linear dependence on pressure which is ascribed to the
presence of dimers. A momentum transfer cross section
has been derived using drift data extrapolated to zero
pressure. The resonance was found to occur at approx-
imat§%y 0.45 eV and to have a magnitude of approximately
200 .

FB-4

Electron Drift and Diffusion in Polyvatomic
Gases*. P. KLEBAN, Univ. of Maine, and H. TED DAVIS,
Univ. of Minnesota — We describe recent resultst+:2 on
electron drift and diffusion in polyatomic gases., A new
kinetic mechanism for the drift velocity maximum
(negative differential conductivity) obsexrved in methane
is proposed. Good agreement with experiment is obtained
with the use of model scattering cross sections. The
Boltzmann equation is solved directly by an iterative
numerical technique. Drift velocities and (anisotropic)
diffusion constants for CH4, CD4, and related models are
calculated with this method,

1. P. Kleban and H. Ted Davis, Phys. Rev. Letters, 39,
456 (1977).

2. P, Kleban and H. Ted Davis, J. Chem. Phys. 68, 2999
(1978). e

* .

Work supported in part by grants from the National
Science Foundation and the Donors of the Petroleum
Research Fund.




FB-5

Model of Drift Velocity Enhancement and Differ-
ential Negative Conductivity in Molecular Gas-Rare Gas
Mixtures - M. R. STAMM, W. F, BAILEY, A, GARSCADDEN, Air
Force Aero Propulsion Laboratory, Wright-Patterson AFB,
Ohio 45433--An analytic model is presented to explain
the influence of small amounts of molecular gases on the
electron drift velocity, Wy, in rare gases. 1In argon at
low E/N, Wy is enhanced typically by a factor of 4 due
to the presence of a few percent of molecular gases such
as Hy or Np. Furthermore rare gas-molecular gas mixes
may exhibit differential negative conductivity, in which
an increase of E/N causes a decrease in W,. It is
demonstrated that both effects depend on the energy
thresholds, Etp, of the inelastic processes and the
energy dependence of the elastic and inelastic cross
sections near E¢p. The details of the Wy variation with
E/N also depend on the nature of the inelastic collision
(resonant or nonresonant). The necessary conditions for
We enhancement and for the occurrence of differential
negative conductivity are given. Comparisons are made
with available experimental data and with numerical
solutions of the collisional Boltzmann equation,
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GA-1
"Ton-<Molecule Reaction Studies Using a New

Flow-Drift Tube. - W. LINDINGER, E. ALGE, H. ST@RI,

and R.N. VARNEY, Atomphysik, U. of Inngbruck. --

An apparatus for study of ion-meclecule reactions
having certain new features has been built. The
features include: (1) The ion source is a hollow
cathode discharge tube from which ions emerge through
a 50~um hole directly into a drift tube. (2) The drift
tube may contain a buffer gas that is the same as or
different from that in the HC. {3) A reactant gas of
still a different type can also be added to the drift
space. (4) Both primary ions and product ions leave
the drift space through a sampling hole 150 um in
diameter and are then mass analyzed and counted. New
reaction rate coefficients have been determined for
ax** in 0,, O, CHy, NOp, CoH,, and H,. The re-
sults with Hy dlsc%osed a hlgh degree of sensitivity
to whether the Art* is in a 3P or a D state. The

data in addition show that the transverse diffusion
coefficient for Ar' ions in Ar is essentially constant
for E/N from nearly C to 400 Td.

GA=-2

Reactions of Excited Ions of the Rare Gases -
M. GROSSL, H. HELM, M. LANGENWALTER and T.D. MARK, Inst.
f. Atomphy51k Univ. Innsbruck, Austria—-In their parent
gas atomic rare gas ioms R+4P3/2 are converted in three
body collisions into stable bound molecular ions
RoF(I1/2y). The upper state 2P1/2 is regarded to be lost
in three body collisions as well. However the molecular
state directly accessible to it, R2+(Illl2u) is weakly
bound and may decay into gerade states of the rt P3/2 +
R™Sy configuration. It has been proposed that the rate
of loss of R+2P1/2 ions is governed by the balance of
radiative decay and thermal dissociation of the weakly
bound molecular iont : :

R2+(111/2u) — R2+(gera'd'e) Fhv - (1)
R,¥(111/2,) + R ——k——> R¥2P3/y + 2 R (2)

We have measured the rate of loss of singly charged
atomic ions of Ar and Kr in a stationary afterglow ex-
periment and found evidence for reactions (1) and (2).
The experiment is sensitive to the ratio of the life~
times of ions in (1) and (2), t.k.N, where N is the
gas demnsity,

tH. Helm and R.N. Varney, J. Chem. Phys. 68 (1978) 5301
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GA-3 S . :
Toni-Molecule Association Reactions, F.C. FEHSEN-
FELD, T.J. BROWN, and D.L. ALBRITTON, NOAA/ERL, Boulder
CO#%--~Ton-molecule association ‘reactions that produce
weakly bound "cluster" lons play an important role in
high-pressure, low-temperature ionized gases. Rate con-

stants for the association of 0 and 02_ with N, and 02

and Ar with Ar have been measured as a function of temp-
erature in a variable-temperature flowing afterglow. - In
addltion -equillibrium constants for the assoclation of
NO' with N, and Ar,” with Ar have been detérmined be-
tween 100 K and 200 K. From these results, the heats

of formation and entropy of NO+'N2 and Af3+ are dedu@éd.

The results will be reported and their implication
briefly discussed. :

#This work has been supported in part by DNA.

GA-4

Ton-molecule Reactions of Singly and Multiply
Charged Atomic and Molecular Ions in Kr and Kr + Clo
Discharges.- F. HOWORKA, I. KUEN, and R.N. VARNEY,
Atomphysik, U. of Innsbruck, Austria.--The partial
charge exchange rate constant of multiply charged Krit
ions (n = 2,3,4) was determined in a low pressure
hollow cathode discharge in pure krypton Kr2+ :k<5 x
10-13 Kr3+ k= (1.9%0.7) x 10 I e k2 (120.7)
x0T -10 em3s—1, The formation of KrCl' in Kr- —-Cly mix-
tures was found to be due to three energetically
possible processes with the rate constants k:

ke’ +cl, »xectt + c1 k=1x10"2 cmos™t

kett + 1, + gec1t + a1t k=1x 101t cm3s‘l
+ 2 + 28 6 -1

Cl + 2Kr -+ KrCl + CI+Kr k=4 x 10 cm s

If more than one process is responsible, the above k
values are to be considered upper limits.
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GA-5

Measurements of the Reaction He' + Ho - He + HT +
H at Low Temperatures™ - A. K. CHEN, R, JOHNSEN, and M.
A, BIONDI, Univ. of Pittsburgh -- Bimolecular and termo-
- lecular rate coefficients have been determined for the
dissociative charge transfer process He' + Hpo + (Hp) -
He + H* + H + (Hy) using a temperature-variable drift
tube/mass spectrometer apparatus at temperatures from 77
to 330 K. The results indicate that the two body rate
coefficient decreases from 1.5 x 10-13 em3/sec to 1.1 x
10-13 em3/sec as the gas temperature is raised from 77 K
to 330 K. A three-body contribution to the charge trans-
fer rate is found to have a rate coefficient of 1.8 x
1030 cn®/sec at 77 K and ~ b x 10-31 emP/sec at 330 K.
The corresponding reaction with deuterium has also been
studied and is found to exhibit considerably smaller
rate coefficients. The results will be compared with
previocus experimental and theoretical results.

*TMis research has been supported, in part, by the
National Aeronautics and Space Administration (NGL39-
011-137).

GA-6

Reactions of Drift-Induced Vibrationally Excited
Tons, W. LINDINGER, D.L. ALBRITTON, and F.C. FEHSENFELD,
NOAA/ERL, Boulder CO 80303#--A flow-drift tube has been
+

used to study the reactions of vibrationally excited 02

and CO + ions with several gases. The vibrational exci-
tation"is collisionally induced at high E/N in an argon
buffer gas. The excitation does not occur for ions drift—
ing in a helium buffer. It is found that vibrational ex-

citation promotes the otherwise-slow reactions of 02+ and
CH, -and CO + with 02 and inhibits the fast reaction of

4 2

COZ+ with HZ' The drift—induced vibrational excitation

+ +
of 02 and 002
02 and C02, respectively, in the argon buffer gas, allow-

is rapidly quenched by a few percent of
ing one to study separately the effects of kinetic and
ionic vibrational energy on the reaction rate constant.

*This research was supported in part by DNA.
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o The Production of NO+(a 3Z+) in the Reaction of
N' with 0,, D.L. ALBRITTON, A.A. VIGGIANO, T. DOTAN, and
F.C. FEHSENFELD, NOAA/ERL, Boulder, CO 80303%--It is well-
known that the 02+ and NO+ product channels each consti-
tute about 50% of the total rate constant for the reac-
tion N+ 0, » 0, + N

> NOT + 0.

The N0+(X lZ+) and NO+(a 32+) products are both energet-—
ically possible. A selected-ion flow tube has been used

3

to determine the percentage of NO+(a Z+) ions. It is

known from separate studies that N0+(a 3Z+) reacts rapid-
1y with N2 to form N2+; therefore, the separate addition

of N2 and the search for an N2+ signal provide a monitor

for the N0+(a 32+) product. It was found that NO+(a 3Z+)
production was less than 5% of the total rate constant.

*This research was supported in part by DNA.

GA-8

The Determination of Thermal Energy Rate
Constants using a Modified Version of the Selected Ton
Flow Tube (SIFT) Technique, G.I. MACKAY, G. VLACHOS,
H.I. SCHIFF and D.K. BOHME, York University. The selected
ion flow tube (SIFT) originally reported by Adams and

Smithl has been modified to permit increased ion signals
and versatility in ion production. The reactant is
produced in known energy states by chemical ionization
in a miniature flowing afterglow. It is separated from
other ions by a quadrupole filter. A venturi aspirator
is used to inject the mass-selected ion beam into the
carrier gas of the main reaction tube. Both He and H
have been used as the carrier and aspirator gases.
Reaction of these ions with the neutral reagent intro-
duced downstream is monitored in the usual manner.
Previocus difficulties encountered with the conventional
flowing afterglow such as extended sources of reactant
ions, interferences from reactions of the parent or
product ion with buffer gas or of the neutral reagent
with other ions produced in the source region are
avoided. Examples will be given to illustrate how these
advantages can be exploited. _
1. N.G. Adams and D. Smith, Int. J. Mass Spectrom.

Ton Phys., 21 349 (1976).
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GA=-9

' Mobililty of Ions in Methane Gas--M. SAPORO-

SCHENKO=--Southern Illinois University-Carbondale-~- The

- mobilities of CyHg*, CgHg™, C.Hp;*, and CgHys* ions in
methane gas have geen méasureg using a Tyndall double

shutter device. Gas pressure in the drift tube was 1.8-

2.2 torr range. The ions have been identified mass-

specrometrically simultaneously with measurement of

the mobility. The mobility, extrapolated to zero

field and atmospheric pressure, is 1.17 em?-voltl-gec-1

for C4Hg" ion and few percent lower for the higher order

ions. Drift velocities have been measured for the

secondary and tertiary ions in methane gas.

GA-10

Ionic Polymerization in CH, - M. SAPOROSCHENKO,
Southern Illinois University-Carbondale--A large number
of positive ions in methane gas formed in a chain of
consecutive ion-molecules reactions were observed in
the drift tube mass spectrometer. Cross sections for
the reaction of seventeen ions with methane molecules
were determined from the exponential attenuations of
the normalized intensities of the ions with increasing
drift distance at constant gas pressure and constant
electric field intensity. Rate constants for the
reactions of the following ions: CpHgt, C3H5+, CgH7+,
C4Hg+, CgHg+, and CgHpp* with methane gas were ob-
tained from the experimentally measured ion drift
velocities and cross sections. Extensive ionic poly-
merization in CH, through long chains of consecutive
low energy ion-molecule reactions was studied. Ions
containing up to twenty carbon atoms were observed.
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FB-6
On the Diffusion Approximation of the Boltzmann

Equation for Slow Electrons* J.H, JACOB, B.N. SRIVASTAVA,

M. ROKNI**, J,A. MANGANO, Avco Everett Res. Lab.,, Tnc.—-
The applicability of the lowest order diffusion or Py
approximation of the Boltzmann equation is investigated.
The analysis which is performed by considering a narrow
beam of electrons in energy space shows that for stable
high pressure discharges the Pj approximation is valid -
for all the cases considered. This result is a direect
consequence of the fact that the electron Production in
high pressure discharges is due to distributed source
of electrons for which the spatial derivative in the
Boltzmann equation can be neglected. For cases where
spatial derivative cannot be neglected, e.g., for
spatially localized source of electrons, the region of
validity of the P; approximation is much more restric-
tive. Electrons generated for swarm experiments are
examples of a spatially localized source of electrons.
*Supported by ARPA Contract NO0G14-75-C-0062,

**The Hebrew University of Jerusalem, Israel.

FB-7

- Theory of Electron Dpift and Diffusion in Neu-
tral Gases in an Electrostatic Field® - 8, L. LIN, R. E.
ROBSON,t+ and E. A. MASON, Brown U. - We develop a rigor-
ous theory of electron transport in neutral gases i an
electrostatic field, which does not require approximat-
ing the electron distribution function by -the first two
terms of an expansion in spherical harmonics. The
method is a modification of the procedure developed by
Viehland and Masonl for ion transport. Therée Is no res-
triction upon the field Strength or cross section, and
both elastic and inelastic collisions are considered,
In cases such as electrons in methane, where inelastic
collisions are dominant, the inadequacy of the two-term
approximation is especially pronounced, and the present
method is directly applicable. However, in othep situa-
tions where no inelastic collisjons occur, even where
the elastic cross section has a deep Ramsauer minimum,
the two-term approximation suffices. :

*Supported in part by the US Army Research Office,

Permanent address: James Cook U., North.Queensland,
Australia,

L. A. Viehland and E. A, Mason, Ann. Phys. (N.Y.) 110,
287 (1978}. .

1
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FB-8

Analytic Solutions for Electron Enerpgy
Distributions in Gas Discharge Lasers. P.E. NIELSEN,
T.E. GIST, and E.D. SEWARD, AF Inst of Tech, WPAFB OH
45433.--We develop approximate analytic solutions to the
Boltzmann equation for the number of electrons f(e)de
within de of ¢ arising from an electron beam applied to a
neutral gas in the presence of an electric field. These
solutions complement more detailed numerical solutions to
the Boltzmann equation in several ways: they may be used
in a general assessment of direct vg discharge pumping in
gas lasers, they provide a priori knowledge of the zoning
necessary for an accurate numerical solution, and when
input as an initial condition to numerical programs,
they allow rapid relaxation to the true solution. We
discuss these and other applicatiomns in detail.
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GB-1 .

A General Characteristic Equation for a Diffusion-
Controlled Positive Column of Arbitrary Shape with One-
and Two-Step Ionization. GERALD L. ROGOFF, Westinghouse
R&D Center--A simple expression characterizes the elec—
trical properties of a steady-state positive column of
arbitrary cross-sectional shape with electron loss by
diffusion and production by one-step and/or two—~step
electron~impact ionization, i.e., with production rates
linear or quadratic in electron density. This equation
relates the ionization and diffusion coefficients (or
applied electric field), the total number of electrens
per unit column length (or electron current), the area of
the column cross section, and the cross-—sectional shape,
which is represented by a single dimensionless number.,
For the limiting case of one-step lonization only, the
equation indicates that the field depends on the cross-
sectional area and is independent of the number of
electrons per unit length, However, in the limit of two-
step ionization only, the dependence is completely
reversed; the field varies with the number of electrons
per unit length (and thus with current) but is indepen-
dent of the cross-sectional area. Thus, for two-step
ionization and constant electron current, the operating
field varies only with the shape of the cross section.

GB-2

Behavior of Neon Discharges~ R.M.M. SMITS,
‘Eindhoven U.,The Netherlands--The positive column of a
neon discharge has been investigated in the region
0.50<p,R<10 torr.m, 0.01<I/R<10 A/m. A numerical model
has been set up for the positive column in this region,
The electron energy distribution function has been calcu-
lated from the Boltzmann-equation, Balance equations for
the excited atoms and the electrons have been solved to-
gether with the gas and electron temperature equations.
Taking into account the alterations in some plasmapara-
meters due to a nonlinear striation development above
certain pressure and current values, the sudden constric-
tion of the column may be explained with this model., The
calculations are in agreement with the experiments. The
electron density and temperature have been measured using
the electron~atom continuum radiation. Excited atom den-
- sities have been measured with the fluorescence technique,
using a c.w., dye-laser. With this laser also reaction
coefficients for transitions between 2p-levels by atomic
collisions have been measured. The dependence of these
coefficients on the gas temperature has been evaluated
from these measurements with the aid of the numerical
model. All coefficients were proportional to T.o with
O<n<2.5. (A simple estimation gives n=1.5 for a special
case).
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GB-3

Model Calculations on the Positive Column of
Hg-Noble Gas Discharges. F.A.S. LIGTHART, Philips
Research Labs, Eindhoven, The Netherlands.--Model cal--
culations have been carried out on the positive column
of low-pressure Hg-noble gas discharges. The atomic
states 6180, 63P0 1.2 and 61P1 and the ions Hgt and Hg§
are included. 1In’addition to direct and two-step elec—
tron—-impact ionization we also include ionization via
mutual collisions between 63P-atoms.l The electron-
impact rates are calculated using a modified two elec-—
tron group model. The calculated electric field
strengths, UV-_efficiencies and electron temperatures
" reproduce experimental data within 5-10% for a set of
conditions relevant to fluorescent lamps (noble gas:
argon or neon, R=1.8 cm, p=0.5-20 Torr, Tyail = 20-80°c,
I=,1-.84). The inclusion of excited-state collisional
ionization leads to much better agreement as compared to
prior calculations, in particular at the higher wall
temperatures. The application of the two electron group
model gives better agreement, particularly at low
current values.

lL. Vriens, R.A.J. Keyser and F.A.S. Ligthart, J. Appl. -
Phys., in press.

GB-4

Electron Density Distributions in a Low-Pressure
Discharge Tube Containing an Array of Dielectric Fibers,
GERALD L. ROGOFF, Westinghouse R&D Center—~Steady-state
electron density (ne) distributions have been calculated
nunerically for positive columns of circular cross
section containing an array of dielectric fibers parallel
to the axis, a structure similar to the glass or quartz
wool usedl to enhance the rate of electron-ion surface
recombination. The fibers are treated as regions of zero.
electron density in the boundary conditions for the
electron continuity equation, which includes terms for
production by one-step (=ng) or two-step (¢nez) electron-
impact ionization and loss by diffusion. For one-step
ionization the calculated distribution is fairly diffuse,
similar to that with no fibers. However, for two-step
iomization the column is highly constricted, much more so
than with no fibers. The latter distribution is also
-more constricted than those calculated by Haskerl with
stepwise ionization but with the effect of the fibers
distributed continuously by a loss term added to the con-
tinuity equation. The calculated constricted distribu-
tion agrees qualitatively with experimental observations.

11, Hasker, Appl. Phys, Lett. 28, 586 (1976); J. Illum.
Eng. Soc. 6, 29 (1976).
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GB-5

Average Loss Rate of Electron Energy in Posi-
tive Column of Oxygen Glow Discharge — K. NOBATA, T.
KAKISHIMA, and M. KANDO, Shizuoka U. -- Both the elec—
tric field E and the electron temperature T, have been
measured by Langmuir probes in the positive column of
oxygen glow discharge. The values of E/p at the pres-
sure higher than about 5 Torr where the contraction
occurs are found to be much smaller than those at the
pressure bellow about 2 Torr where the positive column
does not contract, under the condition of same values
of To. This implies that the average loss rate of ener-
gy at each collision of an electron with gas molecule,K,
becomes smaller at higher gas pressure than about 5 Torn
The amount of the dissociation of the oxygen molecules
is estimated not to be large at 10 Torr rather than at
2 Torr by spectroscopic measurements. The change of K
is reasonably explained by increasing of excited mole-
cules. The ratio of the number of molecules excited to
a metastable state to that of ground state,x, is calcu-
lated against the pressure by providing a parameter of
the probability of excitation. The change of K against
the pressure is explained by the change of x against
pressure at a certain value of excitation probability.

GB-6

Electron Energy Relaxation in Low-Pressure Gas-
Discharges~F,A.S, LIGTHART and R.A.J. KEIJSER, Philips
Research Labs.,Eindhoven, The Netherlands--The Fokker-
Planck formalism has been used to derive expressions for
the rate of electron energy relaxation between the so-
called bulk and tail electrons in a two electrom group
model approachl. The electron energy distribution used
is continuous at the bulk-tail boundary. The effects of
diffusion and drift of the electrons in energy space are
both taken into account. The earlier relaxation rate

were calculated using (i) a stopping power approach which
only accounts for the continuous slowing down (drift) of
the electrons and (ii) a discontinuous. electron energy
distribution. We find that the diffusion effect is
dominant, but that the too small relaxation in the
earlier approach is largely compensated by the use of the
discontinuous function. The new rates are used to calcu-
late excited state densities in a low-pressure Hg-Ar
discharge. Good agreement with experiment is obtained.

lL Vriens, J. Appl. Phys. 44, 3980 (1973).
21, Vriens and F.A.S, ngthart Phlllps Res, Repts. 32,
1 (1977).
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HA-1

Inelastic Processes in 5-500 eV He%-Li
Collisions - G.D. MYERS, and J.J. LEVENTHAL,
Univ. of Mo.-St. Louis®*--Excited state
production in 5-500 eV He*-Li collisions has
been studied by observing uv-optical-near ir
radiation emanating from the collision region
of a beam apparatus. The dominant feature of
the collision produced spectra at all kinetic
energies was the 671 nm. Lil resonance line.
At elevated energies, endothermic charge
transfer, yielding Hel emissions, was observed.
Although there are no restrictions on the spin
states of the product species, only Hel triplet
radiation was observed. The absence of )
singlet Hel radiation is attributed to nearly
inaccessible crossings of the He*(l 28)-Li
(2 23) potential energy curve with other
singlet [HeLil *curves.

*Work performed under ONR Contract No.
NOOO1l4-76-C-0760

HA-2

Mobilities of He**, Ne*t, Ar™ and Xe*' in Their
Parent Gases™ - RAINER JOHNSEN and MANFRED A. BLONDI,
Univ. of Pittsburgh. -- Mobilities of the doubly charged
rare gas ions He'', Nett, Artt, Krt+, and Xe™ in their
parent gases have been determined using a drift tube/
mass spectrometer apparatus. The observations of more
than one mobility for each of the doubly charged ions
(except for He'™) is attributed to the presence of the
~1p ana 1s low-lying metastable states as well as the 3P
ground state of these ions. At 300 K the reduced
mobilities (in units of cmz/V-sec) extrapolated to zero
field have the values (accurate to ¥ 3%); we(Het in He)
=18.33 po(Ne*™ in Ne) = 6.5 (D), 7.0 (3p), 8.5 (1s);
po(Ar*™ in Ar) = 2.7 (3P), ~ 2.2 (1D); po(Krt+ in Kr) =
1.11 and 1.28, po(Xe'™ inXe) = 0.65 and 0.75. The
measured mobilities of He't in He are in quite good
agreement (5%) with those calculated by Wadehra and
Bardsley.

*Phis work has been supported, in part, by the U. S.
Army Research Office {DAAG=-29-77-G-0079).
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HA-3

Radiative and Non-radiative Charge Transfer Re-
actions of Doubly Charged Rare Gas Ions with Rare Gases™
RATNER JOHNSEN and MANFRED A. BIONDI, Univ. of Pitts-
burgh. ~- Radiative and fast charge transfer of doubly
charged rare gas ions, X**, with rare gas atoms has been
studied at thermal energies in a drift tube/mass spec-
trometer. The measured rate coefficient of 4.8 x 10~1%
em3/sec for Het* + He = 2 Het+ hv agrees well with the
calculations of Cohen and Bardsley. Slightly smaller
rate coefficients, dependent on the state of the ion
(18, 1D, 3P), are found for the corresponding reactions
in the heavier rare gases. Three body contributions
with rate coefficients from 10-31 to 10730 cub/sec are
found to contribute to the charge transfer which become
more important in the heavy rare gases and at reduced
temperature. Rate coefficients ranging from 10-15 to
10"Y em3/sec have been obtained for the heteronuclear
reactions X** + Y several of which result in doubly
charged products. Similar reactions with molecules to
produce ions of ionospheric interest and their reactions
(0" + Wp, 0p) will be discussed briefly.

*This work has been supported, in part, by the U. 8.
~ Army Research Office (DAAG-29-77-G-0079).

HA-4 :
Interactions of o Particles with He Atoms -

J.N. BARDSLEY, J.S. COHEN, and J.M. WADEHRA, Los Alamos
Scientific Laboratory#--Ab initio calculations on the
lowest three states of He§+ were performed by the
valence bond method which is particularly appropriate
for studies of long-range interactions. The mobility

of o particles in He was computed using the lowest order
of transport theory to be about 5% lower than the
experimental values of Johnsen and Biondi. The
dependence of the mobility on field strength is in good
agreement. The probability of radiative tramsitions
between the lowest ungerade and gerade states was
evaluated and the rate for radiative charge transfer in
t-He collisions was estimated by the JWKB approximation
to be 4.4 x 10714 op3 o1, Calculations incorporating
quantal treatment of the resonances in these collisions
.will also be reported.

*Supported by NSF, DOE and ARPA.
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HA-5
Potential Surfaces Govern Processes In lonized
Gases - D.G. HOPPER, Science Applications,Inc.*--The
rates of various processes in ionized gases may be in-
terpreted in terms of and rigorously calculated from a
sufficient knowledge of the relevant molecular adiabatic
potential energy surfaces. A program of ab initio state-
of-the-art calculations to advance the knowledge of such-
surfaces for atmospheric molecules, clusters, and their -
jons is currently underway at Science Applications,Inc.
Multiconfiguration self-consistent-field calculations ]
with extended configuration interaction for several elec- ]

tronic_states of the N 0t,03,N0%, and C03 systems will %
be ocutlined as examp1e Ee presentat1on will stress : %

the use of these caTculated surfaces to interpret, to
ass1gn and/or to pred1ct (a) reactivity such as in the
ot /No and U+02+M+M+03 reactions, (b) vibrational (IR)
spectra, (c) electronic (UV and vis) spectra and (d)
molecular geometries and properties. In skilled hands
such a priori calculative procedures must now be con-
sidered instruments for data obtention in ionized gases.
Hereinafter the acquisition of molecular property and
rate data by such calculative instruments will more and
more frequently precede acquisition by any other in-
struments available for the study of basic phenomena in
ionized gases. *Work supported in part by AFOSR.

HA-6

Switching Reactions of Solvated Hydroxyl Ions -
J.F. PAULSON, Air Force Geophysics Laboratory* —-
Cross sections have been measured in the energy range
from 0.3 to 10 eV for reactions in which the negative
hydroxyl ion, stabilized by clustering with water, is
further stabilized by bimclecular switching reactions
with CO,, 805, and NO,, leading to HCOS, HSO3, and
HNO3, respectively. The product of the reaction with
CO5, i.e. HCO3, undergoes a subsequent switching reac-
tion with SO,. The cross sections for these solvent
exchange reactions are large, e.g. 30x10™ -16 m? at

collision energies below 1 eV, but decrease as roughly
the negative fifth power of energy above 2 eV. Cross
sections were also measured for charge exchange and
collisional dissociation in the interaction between
OH_-HZO and NO,.

*Supported in ?art by the Defense Nuclear Agency
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HA=7

Energetics and Structures of the Excited and
Ground States of COs~ R. L. C. WU and T. O. TIERNAN,
Wright State U.*--Accurate translational energy thresh-
olds have been determined for collision-induced dis-
sociation of C03~ to give 0" and CO2, using ion beam
techniques. The projectile ion, €03 , was produced
from pure C02, and from a mixture_of N20 and CQ2 by the
three body association process, 0 (C02,C02)C03 . A
mixture of O3 and CO2 was also utilized to generate
€03, and in this case, CO3 1is formed by the particle
transfer_reaction, 03 (€02,02)C03 . It was observed
that €02~ projectile jons formed in the 03 /CO2 reaction
exhibit a dissociation energy of 2.5 eV, while some
fraction of the CO3~ ions produced by the 0 /CO2 re-
action has a lower dissociation energy (1.8 eV). This
is indicative of an excited state of CO03 which is not’
effectively collisionally deactivated, even at relative-
1y high source pressures. The excitation functions for
the isotopically labelled ions, C!®s16518057 and
c16,18,180,7  impacted on He, were also determined.
The implications of these experiments with respect to
the sgructure and thermochemistry of CO3 will be dis-
cussed.

*Supported by AFOSR Contract No. F44620-76-C-0007.

HA-8

Negative Ion Chemistry in Air-Like Gas Mixtures*
V.A. MOHNEN and J.A. KADLECEK, Atmospheric Sciences
Research Center, State University of New York at Albany
A drift tube mobility analyzer coupled with a quadru-
pole mass spectrometer was used to investigate the
development of ifon sequence in air-like gas mixtures
containing known additions of oxides of nitrogen,
sulfur dioxide, ammonia and, most importantly, ozone.
The drift tube was operated at atmospheric pressure.
Dominant negative ions observed in the mass spectrom—
eter include the hydrated species of NO3 , coy , No7 ,
805 and S04 . 1If ozone is present in the system, a
dramatic shift of the ion spectra is observed towards
805 (mass 112). Possible reaction mechanisms leading
to these ions and implications to stratospheric ion
chemistry will be discussed.

*Supported by NSF Contract ATM76-81264 and
ONR Contract NOQ01l4-76-C-0283.
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HB-1

Near-resonant light scattering from ground-state
and excited Na atoms in a gas discharge. L. VRIENS and
J. de RUYTER, Philips Research Labs, Bindhoven, The
Netherlands.--We report on the collision-induced spec-
tral redistribution and depolarizetion of light scatter-
ed from a low-pressure Na-Ne discharge. A single-mode cw
dye laser was tunéd near the 3281/2-32P3/2, 32P1/p-42D3/2
and 32P3/p-5281/2 transition frequencies of Na. Rayleigh
and Raman scattering (RS) and collision-induced fluores-
cence {CIF) were observed. The RS is dominant in scat-
tering from the ground-state atoms, see alsol, For the
excited atoms the.(spectrally)} integrated CIF signals
are found to be almost two orders of magnitude. larger
than those for the RS. A quantitative analysis is made
to explain this difference in terms of the various broa-
dening mechanisms (spontaneous decay, Lorentz (Ne),
Stark (e)), level mixing, quenching and radiation trap-
ping. As an application of the analysis, we determine
local gas temperatures from the line width of the CIF
from the excited states.

L. Vriens, J. Appl. Phys. 48, 653 (1977).

BB-2

Use of Collisional-Radiative Model for Plasma
Diagnostic Purposes-AMIT K. HUI, Vanderblilt U, --
Colligional-Radiative model was used for the study
of diffusion in a hydrogen plasma across an axial
magnetic of moderate strength. The magnetic field
was varied and relative intensity of first three
Balmer lines was measured. Recently calculated
Collisional -Radiative coefficients were used for
determination of electron density and variation of
electron temperature from measured line intensities.
Diffusion was found %o be collisional in nature.

The work constitutega part of authors doctoral
dissertation submitted to Indian Institute of
Technology, Kanpur.
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HB-3

- Interaction Between Vibrationally Excited
Molecular Nitrogen and Atomic Cesium, R. CHANDRA,
N. SHAH, C.H. LEE, C.N. MANIKOPOULOS and D.T. SHAW, SUNY
at Buffalo.”™ -~ Both a flowing system with a glow '
lischarge and a stationary system with a hot cathode
have been utilized to study the interaction of N* with
Cs.l Measurements have been carried out for a variety"
of mixing ratios, molecular nitrogen pressures in the
range of 1 to 50 torr and cesium pressures between 0.01
and 0.2 torr have been employed. Spectroscopic measure-
ments of the line emissions have been carried out as a
function of discharge current as well as a function of
position in the interelectrode gap. Studies of the
discharge current-voltage characteristics and the
corresponding line emissions of the excited species
indicate the production of Cs ionization by collisions
with vibrationally excited molecules.

* Supported by NASA and NSF.
1 D.T. Shaw, C.H.Lee and C.N. Manikopoulos, Proceedings
lith Intersociety Energy Conversion Engineering Conf.
Sept. 1976, Vol. II, pp. 1625-1629.

HB-4

Pulsed Discharge of Cesium Seeded Molecular
Nitrogen, M. HATZIPROKOPIOU, F. RADPOUR, C.N. MANIROPOU-
LOS, and D.T. SHAW, SUNY at Buffalo*-~ The behavior of
a pulsed mixture of molecular nitrogen and atomic cesium
has been studied for a variety of mixing ratios in the
plasma afterglow. The nitrogen pressure was in the range
of 1 to 100 torr while the cesium pressure was between
0.01 to 0.1 torr. A hot tungsten cathode was employed
with an interelectrode separation of several millimeters.
The characteristic emission lines of the excited species
in the decaying plasma were studied as a function of
position in the interelectode gap for each mixing ratio.
The plasma density was also monitored in the afterglow
using plasma probes. The. proper analysis of the
- emission lines of Ny allowed for the deduction of the .
vibrational temperature of N7 in the afterglow as a
function of position. Indications were seen of cesium
electronic excitation by vibrationally excited nitrogen.

* Supported by NASA and NSF.
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HB-5

Laser Initiated Afterglow in a High Pressure
K-Kr Mixture,*-L.K. LAM and L.D. SCHEARER, U, of Missouri-
Rolla—-We ionized K atoms in a K-Kr ({K]= 6 x 1014 em=7,
[Krl = 2 x 1019 cm~3) mixture with a 120 uJ, 404 nm dye
laser pulse in a resonance absorption-photolonization
process and monitored the K fluorescence spe¢tra as a
function of time. We saw a fast (20 ns) initial compo-
nent due to electron excitation and a slow decay tail
(v10 us) due to electron-ion recombination. Electron
temperatures and densities in the afterglow decay are
obtained from the spectra assuming LTE. ‘The electron
density decay obtained compares favorably to that
obtained from a simple energy loss collisional-radiative
model,

This research supported in part by ONR.

HB~6
Studies of Population Inversions in MPD Arc

Generated Helium Plasmas* - T.B. SIMPSON, T.M. YORK**,
W.F. VON JASKOWSKY, K.E. CLARK, R.G. JAHN, Princeton
U. -- Population inversions during the recombination of
an expanding and cooling argon plasma have been demon-
strated to be large enough to support laser oscillations

The application of this expansion-recombination
mechanism to a helium plasma is of interest due to the

- possibility of steady vacuum ultraviolet lasing, This
work examines the pussibility of using -a quasicsteady
MPD arcjet to produce population inversions in helium,
primarily in the n=3-2 transition of Hell at 16408,
Theoretical studies using the collisional-radiative
quasi-equilibrium model including absorption indicate

a range of Te and Ny where inverted distributions can
exist. ‘Experimental studies of the radiative properties
of the helium MPD discharge, along with magnetic and
double Langmuir probe measurements, show that the desired
ranges of Te and Ne may be obtained in the exhaust flow
of the MPD accelerator, - -

(1) Applied Physics Letters, Vol. 30, No. 11, 1 June '
1977.

*Supported by NASA Research Grant NGL-31-001-005
**Permanent Address: The Pennsylvania State University
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HB~7
Electron Collision Frequencies in Ar, He, Ne Gases

‘Plasma Afterglow - J.S. CHANG, P. BAILLE, G.L. OGRAM, K.
KESKINEN and R.M. HOBSON, YORK U. -- The electron-neutral
collision frequency Vyfg in Ar, He, Ne gases has been cal-

culated using recent numerlcal results for momentum—
transfer cross sections’ by assuming Maxwellian electron
energy distributions. The electron temperature Te rela-
xation and plasma density Ng decay have also been calcu-
lated using present results for Veff in Ar, He, and Ne.
Ar.f. discharge tube with single and triple probe and mass
spectrometer was used for experimental confirmation.
The results show that: (1)Veff has apower-law dependence
of 0.56 and 0.82 for He and Ne gas, respectively in the
range of 0.01-0.5 eV: therefore for larger Te the Ty
relaxation and Ne decay show discrepancies with the ap-
proximate theory for Ne’; (2) The T, dependence of Veff
for Ar has a dependence dlfferent from the mono-energetic
case, The afterglow theory using the mono-energetic ex-
pression3 should be reconsidered; (3) The effect of T
relaxation on volume recombination has been examined by
numerical calculation and experiment.

Yau et al, J. Phys. B. 11, (in press) (1978).

2Chang et al J. Phys. B. 11 1675 '(1978). -
3Bochknova et al Sov. Phys. J.E. T.P. 19, 475 (1974)

HB-8
Electronic Recombination of He+ - J.¥. DELPECH

and J. BOULMER, U. Paris XI, Orsay, France--Experimental
rate coefficients for excitation transfer due to col-
lisions with electrons and neutrals have been Tecently
measured in detail in helium. These experimental results
have been used to solve the system of first-order dif-
ferential equations which described the relaxation of a
partially ionized gasl. The recombination rate coeffi-
cients from 300 to 600 K, with and without 10.6 Um

laser irradiation, are found to be in excellent agree—
ment with previously reported experlmental results?,

1 7. Stevefelt, J. Boulmer and J.F. Delpech, Phys. Rev.
Al2, 1246 (1975).

27, Boulmer, J.F. Delpech and J. Stevefelt, Phys. Rev.
Al5, 1502 (1.977).
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I-A

Dissociative Recombination of Vibraticnally Ex-
‘éited N,' Ions—E. C. ZIPF, University of Pittsburgh.—
Absolute laser photofluorescence techniques are used to
study the dissociative recombination of N,¥ ions in
specifically identified rotational and vibrational
levels. The N,* density and spatial distribution, and
the rotational and vibrational temperature of the XZZE
ground-state ions are determined from the fluorescence
‘radiation. The optical measurements show that rotational
equilibrium is achieved rapidly (Tppr ~ 300" K) but that
N, ions remain vibrationally excited throughout the
afterglow period with an approximate vibrational tempera-
ture of 1100° K in a gas mixture consisting of 0.25u Nj
in 6 torr of Ne. By combining these results with siml-
taneous measurements of the average electron density by
microwave methods and of the composition of the decaying
plasma by ion mass spectroscopy, we have measured the
dissociative recombination coefficients, a(v'), for N+
ions in the v' = 0,1, and 2 vibrational levels. The
experiment shows that of{v' = 0,1,2) = 2.8 x 1077 cm3
sec”! at 300° K in agreement with the averaged value
obtained by Mehr and Biondil.

1, J. Mehr and M. A. Biondi, Phys. Rev., 181, 264, 1569.

I-1

Electron and Ion Temperature Dependence of the
Dissociative Recombination Coefficients of Hq0" andgpsgt
-G.L. OGRAM, JEN-SHIH CHANG, J.B. HOYE and R.M. HOBSON,

York U. Toronto—-The dissociative recomhination coeffi-

|
|
cient of H30" and D3O+ was measured for ion temperatures

between 800°K and 3500°K and electron temperatures betwe-

en 800°K and 10,000°K. The r.f. produced plasma was |
shock heated in a 4 cm I.D. low pressure shock tube. The

electrons were heated independently of the gas and ions ’
by using a pulsed, focused microwave beam. The charge

density decay and electron temperature were measured

using cylindrical double and triple electrostatic probes,

respectively. The experimental results have shown: (1)

that if we express the dependence of coefficient on ion

temperature T; as a power-law, ie Ti—Y, no single power- |
law dependence holds over the rapgi_of‘measurement, Y

ranges between 0,7 and 1.1 for Hg0", y increasing with

temperature. The previously unmeasured coefficient for

D3O was found to have a similar dependence on Ti‘ (2)

that these temperature dependences do not exceed the

upper limits of v given by the simple theory of dissocia-

tive recombination of wvibrationally excited ions given by

0'Malleyl. ' i

l7.¥. 0'Malley Phys. Rev. 185, 101 (1969)
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JA~1
+ Electron Impact Double Iconization Cross Sectiong
of X ITons.* R.K. FEENEY and W.E. SAYLE, II, Geg i
Institute of Technoloqgy.~-—Abscolute cross sections for the
electron impact double ionization of Kt ions have been
measured ag a function of incident electrg&senergy from
below threshold to approximately 2.9 x 10 em? at
approximately 150 ev electron energy. The measurements
were accomplished with a crossed beam facility operating
in the pulsed beam mode. The electron source utilized
an oxide cathode and operated with typical currents of
1 ma. A thermionic-type ion source produced a collimated
ion beam of approximately 100 nA., After undergoing col-
lisions with the electron beam, the ion beam charge state
components were separated in a two-stage parallel plate
electrostatic analyzer., Two stages of analysis were used
to improve the signal-to-noise ratio. The two beam cur-
rent distributions were determined by means of a movable
glit scanner. Numerous consistency checks were performed
to evaluate possible sources of error. S

s

*Work partially supported by USDOE.

JA-2

A. ZAJONC and ALAN GALLAGHER,* JILA, Univ. of Colo, and

: NBS.—-0Optical excitation functions for the 3D, 4D, 45,
and 5S states of Li have been measured in a crossed-beam
apparatus. The intensities of the radiation from these
states have been measured relative to the 6708 ﬁ, reso-
nance-line intensity. Since the resonance line intensity
has been accurately normalized to the Born theory at high
energ}',1 we thereby obtain normalized cross sections for
the S and D state excitations. These cross sections rise
very abruptly at thresheld, almost as fast as our ~0.3 eV
energy resclution. At energies above 30 eV, we observe
constant QE (cross section times energy), indicating
convergence to the Borm theory. This convergence is.
more rapid than is characteristic for resonance-line
excitation, :

Electron Excitation of the S and D States of Li.
|

_ *Staff Member, Quantum Physies Division, National Bureau
of Standards.

1. D. Leep and A. Gallagher, Phys., Rev. A 10, 1082
(1974).
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JA-3

Excitation and Predissociation of Triplet
States in Ho and D2 Measured by Electron-Photon Coinci-
- ‘dences - N. BOSE, U. of Kaliserslautern, Germany*-—The
excitation of hydrogen triplet states by a beam of mono-
energetic electrons is investigated by the energy loss
technique. A direct detection of predissociated triplet
states is possible by coincidence measurements between
energy loss electroms and Ly o photons.

Tote, - , _
HZ(X Eg)+e (E>14.7 eV} H, (Triplet)+e loss

L Prediss. W

H(2p)+H(1s)
¥

Ly o coincidence

Using selection rules and known data about triplet po-
tential curves, the predominant influence of hetero-
geneous predissociation is shown. For one state above
ionization limit the measured coincidence peak could
unambiguously be associated with the predissociation of
k 3ﬁu v = 4. :

#Present address: U. of Toronto.

JA-4
Electron Impact Tonization of Rare Gas Dimers
and Atoms - H. HELM, K. STEPHAN and T.D. MARK, Inst. f.
Atomphysik, Univ, Innsbruck, Austria--An ion source-mass
spectrometer combination has been used to measure rela-
tive partial single and multiple ionization cross sec-—
tion functions of He, Ne, Ar, Kr and Xe. Single electromn
impact iomization of Arp, ArKr and Krp has also been
studied in our electron energy range (< 180 eV). In order
to optimize extraction and transmission conditions the
total ion current from the source was measured without
mass spectrometer and compared with previous studies.
Relative partial cross sections were summed up using our
measured cross section ratios and calibrated with the
rotal cross section reported by Rapp and Englander-Gol-
denT. Total cross section functions thus obtained agree
in shape with those of Rapp and Englander-Golden. No pre-
vious data for the ionization cross gsection of Van der
Waals dimers exist.

tp. Rapp and P. Englander-Golden, J. Chem. Phys. 43
(1965) 1464




JA-5

Excitation of Nz(A3E$) by Electrons.® D. LEVRON
and A. V. PHELPS,T JILA, Univ. of Colo. and NBS.--Rate
coefficients for electron excitation of the metastable
Nz(A323) state were determined from lifetimes! and den-
sities of the v=0 vibrational state obtained from abso-
lute intensity measurements of 276 nm emission. Experi-—
mental rate coefficients vary from 2.6 x 10712 em? at an
electric field to density ratio E/N = 4.7 x 10716 v cp?
to 1x 10716 cn? at E/N = 2x10715 v ¢m?. Excitation
rate coefficients at low E/N are determined by cross
sections for vibrational excitation and are nearly in-
dependent of cross sections for electronic excitation.
The derived vibrational excitation cross sections are
about two times those obtained previously.3 This value
disagrees with the factor of about 1.5 we obtain from
analyses of electron transport data.

2

*Work supported in part by ARPA/ONR.

Staff Member, Quantum Physies Division, NBS.

1. D. Levron and A. V. Phelps, J. Chem. Phys.
(Sept. 1978).

2. b. C. Cartwright, 8. Trajmar, A. Chutjian and
W. Williams, Phys. Rev. A 16, 1041 (1977).

3. A. G. Engelhardt, A. V. Phelps and C. G. Risk,
Phys. Rev. A 135, 1566 (1964).

JA-6

Electron-Impact Disscciation of 0,: Excitation
of the OI Quintet States-M. R. GORMAN, E. C. ZIPF, and
R. W. MCLAUGHLIN, University of Pittsburgh,--The absolute
cross sections for the excitation of the quintet states
of atomic oxygen by electron-inpact disscciation of C,have
been measured. The direct cross sections for the speci-
fie ns 539, np 5P, and nd 5DO terms were evaluated from
these results by relying on the O oscillator strengths
given by Pradhan and Saraphl! in order to calculate the
cascade contributions. For a given principal quantum
number, n, the 580, 52, and SD° terms are found to be .
excited with equal probability. The total excitation
cross section for the O quintet system has a value of
6.9 x 10718 em? at 100 eV; this value also applies to
the excitation of the metastable 0I(3s °SC) state which
is populated for the most part by cascade radiation from
the other quintet levels. From an analysis of the vari-
ation of the specific cross sections gn(53°, 5P, 5D°) as
a function of n, we have determined the total cross sec—
tion for the excitation of the high-lying OI quintet
Rydberg states (n > 10) produced by electron impact dis-
sociation of O,., At 100 eV og = 1.9 x 10 2! cm?.

1A, XK. Pradhan and H. E. Saraph, J. Phys. B: Molec Phys.
10, 3365 (1977).
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JA-T

Metastable Fragmentation of NH; Induced by Elec—
‘tyon Bombardment-B. L. CARNAHAN and E. C. ZITF, University
of pittsburgh.-—The production of metastable fregments
Tesulting from electron impact on ammonia has been inves-
tigated In a series of time-of-flight and excitation
funetion measurements sparning the bombardment energy
range from threshold to 200 eV. The observed time-of-
flight spectra were dominated by the detection of excited
atomic hydrogen in the 2s state and in long-lived Rydberg
levels. Over the range of incldent energies investigated,
four separate processes were identified as sources leading
to the production of H(2s) atoms, while the hydrogen RyG—
berg signal was found to proceed through at least three
digtinet dissociation paths. The results to be presented
will include a summary of the threshold energles which
were measured for these various processes and a set spec-—
tra for both the 2s and Rydberg fragments which trace the
development of their respective kKinetic energy spectra
with increasing electron energy.

JA-§

* Photoabsorption Spectrum of CFaf by Flectron
Impact ~ S.K. SRIVASTAVA and 5. TRAJMAR, Jet Propulsien
lLab., and N.W. WINTER, Lawrence Livermore Lab.——Photo
absorption spectrum of CF3I in the wavelength region be-
tween 653% and 3757A has been generated by utilizing
electrons as pseudo photons (high energy and low angle
scattering). In the present experiment, electrons of
100, 150,and 200 eV impact energies were scattered by a
CF3I beam at scattering angles of 0, 5, and 10 degrees.
The energy loss spectra between 3.3 and 19 eV were re-
corded. From these spectra, it was concluded that the
energy loss spectrum at 200 eV impact energy and 0°
scattering angle could be converted to represent the
photoabsorption spectrum of CF3l with a fair accuracy.
The spectrum of CF3I was known only up to about 11004,
In the present work it has been extended to 6533A. Three .
new spectral features have been found which represent '
hetherto unknown electronic transitions. These and the
previously known features will be interpreted with the
help of Hartree-Fock self consistent field (HCF) calcu-
lations and the improved virtual orbital method.

*Supported by the Natiomal Aeronautics and Space Admin-
jstration under Contract NO., NAS7-100 to the Jet Propul-
sion Laboratory.
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JA-9

A Study of Excited Fragment Emission
from the Electron Impact Dissgociation of

Volatile Mercury (I1) Halides -~ J. ALLISON

and R. N. ZARE, Stanford U.--Emission resulting
from collision of 5-200eV electrons with
gaseous HgX,s and CHgHgX (X=C%,B8r,I) in the
3800-5500 A region was characterized.

Absolute cross-sections for formation of

HgX B-X emission as a function of electron
energy were determined. The formation of
electronically excited mercury atoms in these
systems and cross-section trends are discussed
in terms of a simple charge transfer model.
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JB-1
Time Resolved Spectroscopy of Krypton and Xenon

Excimers Excited by Synchrotron Radiation.* T.D. BONI-
FI£Lb, F.H.K. RAMBOW, G.K. WALTERS, Rice University,

M, V. McCUSKER, D,C. LORENTS, Molecular Physics Labora-
tory, SRI International, and R, A, GUTCHECK, Stanford
Synchrotron Radiation Lab. Time dependences of the lowe
est 0u+ and 1, states of Kro and Xej were taken follow-
ing excitation using momochromatized synchrotron radia-
tion from SPEAR. Pure gases and mixtures with argon were
studied from 100 to 10,000 torr. Direct excitation into
the molecular wells was possible as well as excitation of
selected atomic states. The measured lifetimes, molecular
formation rates, and rates for vibrational relaxation and
collisional mixing of the Ou+ and 1, states will be re-
ported. Results for xenon generally agree with those
obtained with low level e-beam excitation, For kryptom,
however, it is found that excitation in the 1P1 level

is not relaxed to the 1, state within the 1, lifetime,
for pressures below 5,000 torr, accounting for the
peculiar pressure dependence of the Krz(lu) decay in
experiments employing e-beams. '
#Supported by Office of Basic Energy Sciences, DOE,

JB-2

Fluorescence Studies ofI(rg at 14578, %- M.J. W.
BONESS and C. DUZY, Avco-Everett Res. Lab., Inc.
-= BExperimental and theoretical fluorescence studies of
the krypton excimer system at 1457 & pumped by a high
energy E-beam are reported. A 450 kV electron beam
with a foil aperture of 4x100 em2, current capability of
1-20 amps/cm? and pulse length of 1. 5pusec has been
employed to pump pure krypton contained in a clean
stainless steel cavity at pressures from 1-10 atms,
Measurements of the temporal behavior and the abso-
lute efficiency of the fluorescence have been performed,
These results are compared with the predictions of a
comprehensive computer code which has been developed
to model the system. This code contains both heavy par-
ticle and electron kinetics and can be used to model
either fluorescence or lasing.

ala
£

Work supported by Department of Energy.
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JB-3

Krg* Fluorescence Studles for Low Current, Long
Pulse Electron-Beam Pumplng. D.J., ECKSTROM, H.H. NAKANQ
and D.C. LORENTS, SRI International, and J.A., BETTS, TRW,
Inc.--Absolute fluorescence intensity measurements as a
functlon of absolute electron-beam pump rate have been
made for Kr pressures up to 4 atm and electron beam cur-
rents up to 30 A/cem® for ~ 1 psec pulses. Fluorescence
vields of 100% were measured for higher pressures. How-
ever, electron interactions severely modify the fluores-
cence behavior at low pressures, resulting in suppression
of peak intensities and lengthening of the afterglow. The
fluorescence intensity increases after termination of the

electron beam in certain cases, The local fluorescence
intensity is reduced more than the integrated fluores-
cence intensity for a given condition. Experimental
results will be compared with results from a numerical
model, and suggested kinetic processes and rates will be
discussed,

*Supported by the Department of Energy, Division of
Laser Fusion.

JB-4

Electron Density Measurements in Kr Pumped by a
Low Current, Long Pulse E-Beam.” . T, ROTHEM, H.H, NAKANO,
D,C, LORENTS, and D,J. ECKSTROM, SRI International, and
J.A, BETTS, TRW, Inc.--A cw CO5 laser has heen used to
measure electron density histories in e-beam~pumped Kr
plasmas by the inverse bremsstrahlung technique. Kr
pressures were < 3 atm, electron beam currenis were
< 20 A/cm”, the beam pulse lengths were ~ 1 ysec, and the
excitation path length was 100 cm. Absorption coeffi-
cients ranged up to several percent per cm. The highest
absorptions were observed at the lowest pressures,
suggesting that higher electron temperatures exist under
those conditions. High T, would reduce the electron-ion
recombination rate and increase the bremsstrahlung
absgorption cross section. Comparison of the measurements
with the results of computer modeling studies will be
presented,

*¥Supported by the Department of Energy, Division of
Lager Fusion,
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JB-5

Kinetic Processes in Selenium Atom Lasers-M.J. SHAW,
Rutherford Laboratory, UK--Lasers operating on the for-
bidden transitions 1S -+ ID, 18 = 3P in atomic selenium
seem good candidates fof high energy storage with appli-
cations to laser fusion'. Excited selenium atoms are
produced by photolysis of carbonyl selenide at wave-
lengths less than 200 nm OCSE 4+ hv -+ Se(1S) + CO. Photo-
lysis by ArF laser at 193 nm has a number of advantages
over Xe, photolysis at 172 nm in that photoionization of
Se(ls) is excluded and vacuum UV conditions and materials
may be avoided. Measurements of the yields of various
selenium atom states resulting from ArF laser photolysis
and their effects on the kinetics of the system will be
described. Ways of increasing the yield of 1S atoms will
be discussed together with measurements of two-photon
ionization processes in the donor molecule.

1J.R. Murray and C.K. Rhodes, J Appl. Phys. 4, 5041 (1976)

JB-6

Sulfur 18g - 1D2 Laser By OCS Photodissociation
E. T. POWELL, D. PROSNITZ, and B. R. SCHLEICHER,
Lawrence Livermcre Laboratory* -~ Laser oscillation was
previously reportedl for the forbidden 18y - 1D2 and
185 ~ 3P1 lines of selenium using 172 nm photodis-
sociation of OCSe. Strong lasing has now been obtained
for the 772.5 mm, 185 - 1Dp line of sulfur by photodis—
soclation of OCS at 146 nm using Kr; radiation. The buffer
gas has been coptimized to minimize 18 atom deactivation
by photoelectrons? employing moleculer buffers which
provide both electron cooling and electron attachment.
The 3(18) decay time is longer that 10-6s for excited
concentrations greater than 1016 em=3. An output energy
of 9 md was obtained from a 6.5 em3 laser volume to be
compared with 80 mJ possible by extracting one T772.5 nm
pheton for each OCS molecule in that volume.

*Supported by US ERDA Comtract B (11-1)-2176

14. T. Powell and J. J. Bwing, Appl. Phys. Letters 33,
165 (1978)

EH,VT. Powell and A, U. Hazi, to be published Chem. Phys.
Letters,
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JB-7

Electron Energy pistributions in Photolytically
Pumped Lasers—R.D.'FRANKLIN,'W.L. WMORGAN, and R.A. HAAS,
Tawrence Livermore Labotatqﬂz.*—-?hotolysis of 0OCS or
0CSe by Kggﬁor Xe) vuv excimer radiation produces S or Se
atoms in the (1S) electronic state. Photoionization of
these (15) atoms by the excimer radiation produces elec-
rrons which can be rapidly heated by superelastic colli-
sions with (lS) atoms. Electron multiplication by im-
pact ionization is greatly enhanced by this heating.
Catastrophic loss of the (18) states has been observed1
in these systems and has been attributed to electron mul-~-
tiplication and the resulting gsuperelastic quenching.
The Boltzmann energ{ equation has been solved for mix-—
tures of § and Se (1s) atoms with CO and Xe added as buf-
fer gases. The caleculations show that highly non~-Boltz-
mann electron energy distributions can result from super-
elagtic electron heating, and cooling by inelastic exci-
tation of CO vibrational levels and Xe electronic states.
The impact of these distributions on media kinetics has
been assessed. '

*

Work performed undexr the auspices of the U.S. Department
of Energy by the Lawrence Livermore Laboratory under con-
tract number W-7405~ENG-48.

lpowell, H. and Hazi, A., to be published, Chem,Phys.Lett.
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KA-1

Theory of Low Pressure Spark Buildup.* EUGENE dJ.
LAUER, DAVID M. COX, SIMON S. YU, LLL--The Tow Pd branch
of the Paschen curve for spark breakdown is numerically
modeled with a one-dimensional code (x, t). The vacuum
r_fiald is assumed, and the frictionless runaway condi-
tion is used for particles. The model includes charge
exchange between energetic ions and gas molecules, gas
ionization by electrons, ions and neutrals, secondary
electron emission from the cathode due to impact of ions
and neutrals, and back scattering of electrons from the
anode. The predicted threshold sparking parameters for
H> gas agree with published measurements.

work Jointly Supported by U.S. DOE under contract No.
W-7405-Eng-48 and Department of the Navy under contract
No. NOOO14-78-F0012.

Ka-2

: Ultraviolet Laser Induced Gas Breakdown.
ROBERT R. BUTCHER and oHyAM H. CURBAXANI, Los
Alamos Graduate Center®--Experiments reported
here are designed to extend laser induced gas
breakdown data to shorter wave lengths than
have previously been reported. Energy outputs
of greater than 250 mJ/pulse have been measured
at 248nm with KcF and 120 mJ/pulse at 193nm with
ArF. Preliminary results indicate the threshold
for air breakdown to be approximately 1010 watts/
cm? at 248mm, with work presently being pursued
at 193nm. Results are in general agreement with
some aspects of energy transfer mechanisms pre-
viously reported.
*Qperated by U of NM under U of Calif. contract.

1Shyam H. Gurbaxani and R. R. Butcher, to be pub-
lished.

2Shyam H. Gurbaxani, Bull.Am.Phys.Soc., 18,465
(1973).
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KA-3

2-I Breakdown Isolators for Laser-Fusion Lasers
- R.J. BJURSTROM and C.J. ELLIOTT, Los Alamos Scientific
Laboratogz*——Optical breakdown which naturally occurs
within large CO, laser-fusion lasers had been found to
provide protection against retropulse damage of the
power amplifier thexeby obviating the need for expensive
Faraday-rotator technology. This phenomena occurs near
mirror surfaces where the retropulse turns back on
itself and traces out a region which partially overlaps
that traced out by the incident pulse. This partial
beam overlap has been described by a 2-D propagation
code DAMCO which includes inverse-bremsstrahiung absorp-
tion, electron generation {(computed on the basis of
Boltzman codes), pulse propagation, and recombination
on an (x,z,t) grid. Results are given for evaluation of
the design used in Antares, the LASL 100 KJ laser system,
and the difficulties of using this mechanism for wave-
lengths shorter than 10y are described.

*
Work performed under the auspices of the United States
Department of Energy.

KA-4

The Radial Distribution of Space Charge Within a
Filamentary Discharge Channel., E. MARODE*, D, HILHORSTT,
T. GALLIMBERTI®** and B. GALLIMBERTI**, *Lab. Phys. Déch.
CNRS-ESE Gif/Yvette France, tMathemat. Centrum, 2°Boer-
haaverstraat 49 Amsterdam, Holland, **Instituto di Elet-
troteenica-University di Padova Italia-~The formation of
a discharge in free space leads often to the build-up of
a weakly ionized plasma channel; evidence of a longi-
tudinal field arises from the current and potential
measurements. On the other hand the equipotential be-
havior of a plasma should prevent the existence of a
large field in it. It has been therefore necessary to
analyze how the space charge, defining the longitudinal
field, is distributed within a cylinder of ionized and
positively charged gas. The steady state distribution of
a cloud of electrons within a gaussian shaped cloud of
positive ions at rest was studied under the assumption
that no radial current flows out of the cylinder. The ma-
thematical analysisl, together with the numerical solu-
tion of the problem leads to the conclusion that a purely
positive charge appears around a quasi-neutral plasma
forming the discharge core, the transition layer being of
the order of the debye screening length.

lO.Diekmann, D.Hilhorst and L.A. Peletier-Mathemat. Cent.
Tw 1 74/78. Amsterdam.




KA-5
- Criteria for Maintenance of Spatial Homogene -
ity during the Formative Phase of a Pulsed Avalanche
"Discharge.® S. C. LIN and J. I. LEVATTER, Univ. of
Cal., San Diego--The effects of finite voltage rise time
on charge redistribution near the cathode during the
formative phase of an otherwise homogeneously pre-
ionized, large-volume, pulsed avalanche discharge are
examined., Approximate formulae are derived for cal-
culating the rate of growth of the electron-deficient
cathode layer and for determination of the critical track
length corresponding to development of strong local
space-charge fields around primary electron avalanche
patches which may lead to secondary avalanche proc-
esses and subsequent streamer formation, Criteria
are then proposed for establishing certain relationships
between the voltage rise time and the initial plasma
conditions which may eliminate the possibility of
streamer formation throughout the formative phase of
the discharge.

Q<Supported by the Defense Advanced Research Projects
Agency (DARPA), Contract NO0014-76-C-0116.
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KB-1
The Atomlc Fluorine Laser using a Hollow Cathode

Discharge, J.K. CRANE and J.T. VEEDEYEN, Gaseous FElet—
tronics Laboratory U. of Illinois --It is possible to
obtain uniform, stable, long pulse excitation (> 100 usec)
in gas mixtures involving highly electronegative constit~
uents (8Fg, CCL,, NF,, I.). Such a system was used to
investigage the atomic Fiuorine laser. In the hollow
. cathode, lasing on Fluorine tramsitions in the doublet

system lasted for up to 80 ps with no signs of the self-
termination as reported previously in positive column
devices. The excitation process of the laser appears to
depend heavily upon the Fluorine donor utilized. For
instance, a single step process ils involved when NF_ is
used whereas a two step process is evident for SF6- The
details will be discussed.

*Supported by NASA Contract NGR-14-005-200

KB-2

€0, Laser-Produced Plasma-Initiated Recombina-
tion Laser Studies im Ar, Cl, Xr, N, and Xe -
W. T. Silfvast, L. H. Szeto, and O, R, Wood, II, Bell
Tel. Labs. —--This paper describes the results of a
detailed study of a number of COy laser-produced plasma-
initiated recombination lasers in which initially ion-
ized plasmas rapidly expand and cool resulting in high
recombination rates and population inversions in the
neutral species. Nine near-infrared, neutral-gas
lasers, with wavelengths between 1.27 - 3.65 um have now
been produced by such a process. In addition, by incor-
porating a periodic spatial variation in the 10.6 um
pumping radiation, small-signal gains exceeding 55%/cm
at 2.03 um in xenon have been achieved. These results
strongly suggest that powerful and efficient near infra-
red lasers can be developed using this technigue.
Although the population inversions described in this
paper were achieved in the near infrared, scaling of the
same physical processes to higher ionization stages
should be possible. This eventuality would have impor-
tant implications for the development of short-wave-
length lasers.
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KB-3

Flectron Collisional Laser in Pb+ Populated
by Recombination - W. T. SILFVAST, L. H. SZETO, and’
0. R. WOOD II, Bell Laboratories--Laser oscillation
has been achieved on two transitions in highly excited
Pb" where the inversion is shown to be established via
electron thermalization within twe "bands" of levels.
As the electrons ccol in the afterglow of a pulsed dis-
charge, the population distributions within these bands
are shown %o shift to the lower lying levels of each
band producing a quasi—steady—statel inversion. The
inversions in Pb* oceur in the infrared at wavelengths

2 2 2

of21.16um (61 Fgpp = Td 53/2) and 1.32um (6f Fo /o
Ta D5/2)._ However, for ioms of much higher ionization

potential (i.e., highly stripped ions) a similar
inversion would occur in the vacuum uv or soft x-ray
region.

lD. R. Bates, A. E. Kingston and R. W. P. McWhirter,
Proc. R. Soc. A267, 297 {1962},

KB-4
) The Production of Excited Metal Atoms
by Fragmentation of Metal Carbonyls and Other
Metal-Encapsulated Compounds ~ J. ALLISON, Z.
KARNY, R. NAAMAN and R. N. ZARE, Stanford U.--
The luminescence from excited metal atoms in
the 3300-6500 A region from excitation of a
number of metal-containing conmpounds was
characterized. Excitation was performed by a
number of methods including electron impact,
multiphoton fragmentation using ArF and RxF¥F
lasers, and collisions with rare gas metast-
ables. 1In the case of Fe(CO);, emission from
selected J levels of a number of triplet and
guintet states of the metal atom is observed.
Some mechanisms are suggested for the formation
of these excited atoms.
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LA~1

Comparison of Monte Carlo and Boltzmann Cal-
culations of Electron Diffusion to an Anode -
G.L. BRAGLIA, Universita Parma, Italy and J.J. LOWKE,
University of Sydney, Australia - Calculations have been
made of the effect of an absorbing metal anode on a con-
tinuous stream of electrons travelling in a gas in a uni-
form electric field. The absorbing boundary influences
the electron energy distribution which becomes a funetion
of position near the boundary. The effective electron
drift and diffusion coefficients also become a function
of position so that the electron density distribution is
no longer given by the solution of the electron contin-
uity equation using the usual equilibrium drift and di-
fussion coefficients appropriate to the applied electric
field and gas pressure. Predictlons obtained using both
Monte Carlo calculations and a solution of the Boltzmann
transport equation are in fair though not exact agreement.
The calculations for a momentum transfer cross-section
proportional to electron speed give an enhancement of the
average electron energy of almost a factor of two at the
boundary.

LA-2
‘ Negative Oxygen Tons in a Cylindrical Hollow
Cathode, R.N. VARNEY, I. KUEN, and F. HOWORKA,
Atomphysik, U of Innsbruck, Austria — The negative-ion
density distribution of 0~ and 07~ across the negative
glow of a hollow cathode discharge in 0, shows a sharp
maximum near the sheath edge where the ions are trapped
in a shallow potential well., Whereas the distribution
of 097 is nearly independent of the extraction potential
of the sampling probe, a second maximum of 0~ ion current
- appears on the axis of the discharge when the potential
of the probe exceeds 10 V. This is due to dissociative
attachment of slow plasma electrons which are accelerated
toward the probe and create 0~ ions in the orifice. The
dependence of the spatial ion density distribution on
discharge current, discharge pressure and probe voltage
leads to a better understanding of the discharge in
electro-negative gases, '
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LA-3

Model of the Hollow Cathode Discharge Using a
Two-Fluid Theory, B. E. WARNER and K. B. PERSSON#*, Univ.
of Colorado & NBS/Bouldert - The use of the hollow
Cathode discharge as a laser medium has increased inter-
est in understanding the mechanisms in this discharge.
A one-dimensional, two-fluid approach to modelling the
discharge is presented. Special attention is focused on -
the ionization source and the description of the electron
distribution function. The resulting set of non-linear,
coupled differential equations pose problems in numeri-
cal solution due to a region of instability. Application
of the plasma approximation avoids the numerical instabi-
lities and permits integration to stable regions where
the full set of equations are used. The resulting ion
and electron density profiles, and potential distribu-
rions compare favorably with measurements in a planar
hollow cathode:

tSupported by ONR Contract NOOO1L-77-F~0026
%5taff Member, Time and Frequency Division, NBS

JLA-G

Power Deposition in the cathode~-Fall and
Negative Glow Regions of a pischarge — S5.B. HUTCHISON
and J.T. VERDEYEN, Gaseous Electronlcs Laboratory, U. of
111linois*--The cathode Fall voltage multiplied by the
discharge current represents a minimum power necessSary
to sustain a discharge. 1s this power directly coupled
to the ions generated in the cathode dark space OT is it
primarily transferred to the "heam" electrons which have
gained energy comparable to the cathode fall voltage?
One is motivated to ask this question, because the ans—
wer determines the limiting efficiency of a hollow
cathode discharge laser. 'Two theories are discussed
which support contradictory viewpoints but which are
otherwise in agreement with kpown facts about the cathode
region. In order to distinguish between these theories,
calorimetric probe measurements of the cathode fall and
negative glow regions of a planar d.c. discharge in
helium have been made in an offort to explore the
problem of power deposition in the cathode regilon.
These measurements have yielded quantitative data con-—
cerning power deposition as & function of position in
such a discharge.

#Supported by DAHC04-75-G-0132.
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LA-5

Steady -State Cathode Fall Model with Transverse
Gas Flow" - W.H, LONG, JR., Northrop Research and
Technolopy Center, Palos Verdes, CA-- The cathode fall
of a glow discharge is characterized by steep gradients
in the electric field and particle number densities, Elec-~
trons are accelerated through this region so rapidly that
they never reach local equilibrium, Ion mobility is lim -
ited by charge and momentum transfer, which is also the’
principal source of gas heating. Transverse flow pro-
vides cooling through a turbulent boundary layer, The
present model begins with a solution of the Boltzmann
equation for electrons in position and velocity space,
which is coupled self-consistently with the field equations,
the moment equations for positive ions, and the boundary
layer equations for the gas, including heat addition. Re-
sults confirm the distinct nonequilibrium behavior of
electrons in this region and reveal a severe depression
of the neutral number density near the cathode surface,
The derived current-voltage characteristics indicate that
an extended cathode sheath cannot exist in high pressure
gas flows, the preferred steady -state solution being anarc,

*Work supported by AFAPL, Contract F33615-77-C -2048,

‘LA-6

Observations of Density Disturbances in the Cath-
ode Region of Electron-Beam Sustained Discharges-E. MAR-
GALITH .and W.H. CHRISTIANSEN, Univ. of Washington*--A
plasma diode e-beam gun is used as an external ioniza-
tion source in a sustained discharge. Power densities
in excess of 200 w/cm® were obtained in N, atdensities
from 0.2 to 0.4 amagat for pulse lengths on the order of
200 usec. Using holographic interferometry, the density
in the vicinity of the cathode is observed. In addition
to the density disturbance normally associated with the
cathode shock, density variations of more than 50% are
observed at the cathode vicinity following the initia-
tion of the discharge. A characteristic propagation rate
of the disturbance and related gas velocity are examined.
The Tayer thickness reaches 5 mm to 10 mm in 100 us de-
pending on the discharge conditions and the gas pressure.
The velocity varies in the range of 10 to 20 m/s away
from the cathode and is found to be related to the ratio
of the discharge current to the gas pressure. Enhanced
diffusion,which is a result of nonuniform heating at the
cathode,is suggested to explain the observed phenomenon.
Good agreement is obtained with theoretical calculations
when a diffusivity two orders of magnitude larger than

the gas kinetics value is introduced.
*Supported by AFOSR Grant 74-2650.
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LA-7
"TEA COs Laser Performance Using Two Current Ex-
"citation Pulses, R. TURNER, and R. A. MURPHY, Applied

tation pulses (< 50 nsec) 0 to 50 msec apart have been
used to study the glow to arc transition in a small TEA
C0, laser. The operating conditions are adjusted to give
a uniform discharge in a 10%Z He~CO, mixture at 300 Torr
with a-50 msec-separation between excitatien pulses. For
this condition, the effective gas resistance is high (&%
10 R); the inductance is low (a uniform discharge); the
velocity of the cathode to anode ionization wave is high
(> 10® cm/sec); the emission from CO, O, and Al is small
and of equal intensity for each current pulse. As the
spacing between excitation, pulses is reduced to 1 msec
the gas resistance drops (&4 1 &); the electron density
increases; the inductance decreases (a non-uniform dis-
charge); the ionization wave velocity decreases to 3, 5%107
cm/sec; the emission from CO, 0, and Al due to thesecond
current increases fj 10 times} the'filamentary structure
becomes more pronounced and finally a single arc forms.
The conditions leading to the arc form within 10 nsec af-
ter the excitation and are attributed to cathode heating.

*Supported by U.S., Navy Contract N00024~78-C~5384
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LB-1

Cooling of Resonant Absorbers by Photon Pressure,
R. E. DRULLINGER, D. J. WINELAND and F. L. WALLS, Nat-
tional Bureau of Standards,Boulder, C0. -- We report
the first observation of radiation pressure cooling of
a system of resonant absorbers which are elastically
bound to a laboratory fixed apparatus. Ground state Mg
ions are stored in an electromagnetic Penning trap where
the trapping time is the order of days and the rate of
collisions with the neutral background .gas is the order

. L. 2 2

of hours. Irradiation of the 51/2 + P3/2

(Mj= +1/2 <> Mj= +3/2 or Mj= -1/2+ Mj= -3/2) resonance

transition with the output of a frequency doubled,
single-mode, dye laser tuned to the low frequency side
of the Doppler broadened line profile has produced
cooling to a few degrees Kelvin. On this transition

where T—i ~ 108, a cooling rate of approximately

100%/sec can be achieved with imW/cm® and a temperature

limit of . 10-3K is predicted.

LB-2

Coaxial Beams Photofragment Spectroscopy oimgéf*-
P.C., COSBY, J.B., OZENNE, and J.,T. MOSELEY, Molecular
Physics Laboratory, SRI Internatiomal, and D.L, ALBRITTON,
NOAA Aeronomy Laboratory--Photodissociation of 02+ has
been studied in a coaxial ion beam-single mode laser
apparatus in which the photofragment 0% ions produced
with a specified kinetic energy in the center-of-mass
frame are collected., Several hundred transitions in the
(b4I§",v!=4, N =9-23) « (aAHu,v”=4,5) bands of 1602+ and
16,1 02+ were measured with a sub-doppler resolution of
0.003 em"l and comparable accuracy. Transitions to 02+
(béﬂg',v!=5) were also studied. Linewidths of the
absorptions, which range from 175 to 2000 MHz, reflect
the predissociation lifetime of the baﬂg' state and
depend on the vibrational, rotational and fine structure
levels of this state, and the isotopic composition of the
02+} In addition, high resolution kinetic energy specira
of the o photofragments show marked differences between
predissociations resulting from Q~branch transitions
(AJ=0) and those from P or R-branches (4J= +1),
*Research supported by NSF and ARO.
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LB-3

Two~Photon Photodetachment of C,~.* PATRICK L.
JONES, ROY D. MEAD and W. C. LINEBERGER,T Dept. of Chem.,
Univ. of Colo. and JILA, Univ. of Colo. and NBS.——A new
band system to the lOW'frequency side of the previously
observed 21~ 2% transition of Cy” has been seen using
resonant two-photon photodetachment.!?? A mass analyzed
beam of C;  from a discharge ion source was crossed with
the intracavity beam of a cw tunable dye laser. FElec-
trons and neutrals produced by photodetachment were
counted as a function of laser frequency with the re-
‘sultant cross section being highly structured due to the
saturated transition to the intermediate bound state of
Co~. Vibrational frequencies and a characterization of
the intermediate state will be presented. '

*Supportedvby the National Science Foundation.
Tcamille and Henry Dreyfus Teacher-Scholar.

1. G. Herzberg and A, Lagerquist, Can. J. Phys. 46,
2363 (1968).

2, W. C. Lineberger and T. A. Patterson, Chem. Phys.
Lett. 13, 40 (1972).

LB~4

Photodissociation and Photodetachment of Ions in
0o/CH,,/H,0 from 4000 to 8600 A.® L.C. LEE and G,P, SMITH,
Molecular Physics Laboratory, SRI International,--The
photodestruction cross sections for 07, 097, 0, -Hg0, 037,
03~ -Hg0, 04, OH™, and OD_ have been measured in the
4000-5400& and 6900-8600 A regions. The ions were pro-
duced in a drift tube mass spectrometer and interacted
with a dye laser or ion lasers inside the laser cavity.
The photodetachment cross sections for O and OH™(0D7)
have sharp onsets at wavelengths near 8480 and 6795
respectively, and at shorter wavelengths their values are
nearly constant, The photodestruction cross sections for
0,7, 04"; and 02"-H20 increase monotonically with
increasing photon energy. In contrast, the photodestruc-
tion cross section for 03— shows structure over the
wavelength region observed. The processes for creation
and photodestruction of the various negative ions will
be discussed, Comparison is made with other measure-

ments,

*Supported by Atmospheric Sciences Laboratory, U.S., Army
Electronics Command, White Sands Missile Range, NM,

121




LB-5

Photodissociation Cross Sections of Atmospheric
Positive fons 3500-8600 A.” G.P, SMITH and L.C. IEE,
Molecular Physics Laboratory, SRI International.--Photo-
dissociation cross sections have been measured for many
positive atmospheric cluster ions at ion laser and dye
laser wavelengths between 3500 and 8600 R, using a drift
tube mass spectrometer, Structureless cross sections
were observed for the dimer ions O +, NON0+, N , and
COgC0y™, and for COLT, 02 “Hp0, and 0 *2Hq0, The nature
of the electronic states involved is dlscuSSed. Evidence
of a second dissociative state for 04+ and for 02+-H201n
the ultravielet is presented Upper limits on the cross
sections of coco*‘ NoHT, No* ‘N, NO*-COg, NOT -H,0,
Not- 2H20 and H30 *nHeO,n=0-3 below 1 x 107 -19 cm? were

established at many wavelengths.

*Supported by U.S. Army Research Office.

LB-6

Photodestruction of Ions Formed in 0,/S0./Ar Gas
Mixtures.* R. V. HODGES* and J. A. VANDERHOFF Balllstlc
Research Lab.--Measurements of photode§truct10n Cross
sections for SO, , 0,-50, , and 0,-50, have been
extended to cover the photon energy range 1.6.to 3.5
eV.” Cross sections for $0,-50, and SO,-50, have also
been determined over this energy range. “The cross sec-
tion for SO 1n§§easss smoothly with photon energy from
0.9 to 2.4'x 10 . This behavior is consistent
with direct photodetachment. 0,50, has a measurable
cross section only at photon enérgiés greater than
~ 3 eV. The photodestruction spectra of the remaining
ions consist of broad, structureless bands character-
istic of transitions to repulsive, excited states.

*Research supported by DNA.

i
NRC/BRL Resident Research Associate

1
J. A, Vanderhoff, Bull. Am. Phys. Soc. 23, 155 (1978).
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LB-7

Multiphoton Ionization of Cs-Inert CGas Excimers®
M.A. CHELLEHMALZADEH and C.B. COLLINS, Univ. of Texas
at Dallas——In this work a more sensitive, multiphoton
technique has been introduced for the study of the
electronic transitions of alkali-inert gas excimers.
In situ detection of the photoionization resulting
from illumination with a tunable dye laser had made
possible the detection of absorption in CsAr and
CsKr at levels as low as 10~%em™l with S/N=40, Dis-
persion curves have been interpreted in terms of
available potential curves.

- *Research supported in part by NSF Grant ENG74-06262
and in part by the Organized Research Fund of the
Univexrsity of Texas.

LB~-8

Multiphoton YTonization of Cs9 Dimers Through
Dissociative Molecular States®., J.A. ANDERSON and C.B.
COLLINS, Univ. of Texas at Dallas, D. POPESCU, Institute
of Physics of Bucharest, T. POPESCU, Univ. of Bucharest,

Romania--Hybrid resonances observed in the multiphoton
absorption spectrum of cesium and rubidium dimers have

contributed to an improved understanding of the inter-
atomic potentials of the heavy alkalis.l,2 Such reson-
ances generally occur through dimer or excimer states
of a collision complex and those reported here have
been excited by superimposed beams from two separately
tunable dye lasers. The wavelength of one was fixed on
an atomic transition resonance while the other was scan-
ned through the visible wavelengths. Four new transi-
tions from 1% and two from 7L, states of Csy to states
dissociating to 52 D3/2 and 52D5/2 were found.

*Conducted as part of the U,S.-Romanian Cooperative
Program in Science and Techrnology, supported by NSF
Grant INT76-18982.

i1, C.B. Collins, B.W. Johnson, M.Y., Mirza, D. Popescu,
and I. Popescu, Phys. Rev. AlQ, 813 (1974).

2, C.B. Collins, S.M., Curry, B.W, Johnson, M.Y. Mirza,
M.A. Chellehmalzadeh, J.A. Anderson, D. Popescu and

I. Popescu, Phys. Rev. 14, 1662 (1976).
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MA-1

H Negative Ion Beam Direct Extraction from a
Hydrogen Multipole Plasma - M. BACAL, A.M. BRUNETEAU,
H.J. DOUCET and A.M. MARECHAL, Ecole Polytechnique
91128 Palaiseau Cedex (France).-— Large concentrations
of negative ions in hydrogen multipole and diffusion
type plasmas have been previously reportedl. Direct ex-
traction of negative ions from a multipole plasma of
1011 cm=3 substantiates previous negative ion density
measurements effected using electrostatic probes.

1y, Bacal, E. Nicolopoulcou and H.J. Doucet, Bull. Am.
Phys. Soc. 23, 141 (1978).

MA-2

Dissociative Attachment from Vibrationally and
Rotatienally Excited Hs by Electron Impact -~ M. ALLAN
and S.F. WONG, Yale U.*——Previous studies of dissocia-
tive attachment in excited molecules (e.g. 0y, N0, COp
ses) are-limited to temperature dependences in cross
sections.! We report here dissociative attachment cross
sections in Hy for different initial vibrational levels
v=0~3 and for selected rotational levels J=0~7 for elec-
tron energies 2-18 eV. The apparatus used is an elec-
tron impact mass spectrometerz.with changes in ion op-
tics and incorporation of an oven source for excited
molecules. In the 3.75 eV resonance region the thresh-
. 0ld cross sections for H™/Hy show an increase by more
than a factor of ten with each increase in vibrational
quantum and a three-fold increase from J=0 to J=7. The
detailed comparison between experiments and a recent
theoretical calculation of Bardsley and Wadehra will be
discussed. The experimental findings in the 11-18 eV
region and the isotope studies in Dy will also be
presented.

#Supported by US ARO, NSF, and Swiss NSF.
14,.5.W. Massey, Negative Ions, Cambridge U. Press (1976)
2Stamatovic and Schulz, J. Chem., Phys. 53, 2663 (1970).
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MA-3

' The Dependence of the Dissociative Attachment on
the Vibrational and Rotational State in e~Hy Collisions,
J. M. WADEHRA, and J. N. BARDSLEY, University of
Pittsburgh*—The analysis of H™ productien in the
negative ion sources for injection into controlled
thermonuclear devices requires cross sections for
dissocilative attachment of hot H, molecules by electrom
impact. Resonant scattering theory with semi—-empirical
parameters is used to provide estimates of these cross
gections near threshold for several vibrational-
rotational states of Hg. Typical values just above
threshold, in cm?, are 2.8 (-21) for the ground state
(v=0, J=0), 8.3 (-20) for (1,0), 1.0 (-18) for (2,0)

and 3.5 (-20) for (0,10). The effect of rotational
excitation is found to be significant, although not as
large as suggested by Chen and Peacher.

*Supported by National Science Foundation and Advanced
Research Projects Agency.

MA-4
Measurements of Attachment Coefficients and Ionic

Mobilities in NF3:§2 Mixtures, V.K. LAKDAWALA and J.L.

MORUZZI, Department of Electrical Engineering and
Electronics, University of Liverpool, Liverpool, U.K.--
Measurements have been made of the attachment coefficient

o and mobilities of negative ions in NFB_NZ mixtures in

a pulsed drift tube over the range of 1.04E/p&15 V cm

torr—l. The electrons were released in a pulse of
short duration from a rear illuminated palladium coated
photocathode and the time dependence of the negative ion
current arriving at the collector was used to measure o .
For better §/N ratio the amplified ion current was a
recorded in a MCA. Measured values of aa/pNF3 at 20°C

varied between 40.0 to 120.0 cm.-l per torr and was found

to peak at Efp of V cm T torr_l. At least two distinct
ion peaks were observed in the waveform with reduced zero

field mobilities of 1.54 and 1.87 c:m2 V_l srl respective-
1y. The overall accuracy of the measurements is estimat-

ed to be better than + 10%.
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MA-~5

’ Dissociative Attachment Cross Section Measure-
ments in ¥5; and NF3; - P. J. CHANTRY, Westinghouse R&D
Center®——An apparatus which permits total ion current
measurements and mass identification of the ions has
been used to measure the magnitude of the attachment
cross section between zero and 10 eV for the title
gases, Above 0,23 eV the result in F, is in good agree-
.ment with the curve calculated by Halll, but exceeds it
by approximately an order of magnitude at zero electron
energy, where the present measurements reveal a sharp
peak. The dependence of the attachment rate coefficient
k,(F;) on electron mean energy £ predicted from the
present data agrees acceptably with the measurements of
others made above € = 0.3 eV, but disagrees significant-
ly with other lower energy measurements?, The cross
section in NF3 is dominated by a single broad peak cen-
tered at 1.6 eV _which causes ka(NFg) to peak at € = 2
eV. The ions F, F» , NF» and NF are produced with
relative peak intensities of approximately 100:3:1.4:
0.02.

%Supported in part by ARPA, Contract DASGE0-77-C-0023,

1. R. J. Hall, J. Chem. Phys. 68, 1803 (1978).
2. G. D. 8ides, T. 0. Tiernan and R. J. Hanrahan,
J. Chem. Phys. 63, 1966 (1976).

MA-6 :

Electron Attachment and Ionization Rates, and
Electron Drift Velocities in Rare Gas - Halide Gas
Mixtures* - S.R. HUNTER, K.J. NYGAARD, S.R. FOLTYN,
and H. BROOKS, University of Missouri-Rolla--Electron
attachment and fjonization coefficients have been
measured in gas mixtures containing Fp-Ar, Fo-He,
NF3~Ar and Clo-Ar with varying halide concentrations
over a wide range of E/N {electric field/gas number
density). An argon fluoride laser has been con-
structed 2=1930A; pulse width = 20 nsecs.) allowing
the above coefficients and the electron swarm drift
velocities to be measured, from which the reaction
rates for these processes have been obtained.

*Supported in part by ARPA/ONR.
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MA-7 )

Temperature Dependence of the Attachment Reaction
Rate in Io-He Gas Mixtures.* H. BROOKS, S.R. HUNTER, and
K.J. NYGAARD, University of Missouri-Rolla.--Electron
dissociative attachment reaction rates have been measured
in gas mixtures containing I, and.He in a pulsed Townsend
discharge experiment using a kryton fluoride laser as a
photo-electron source. The measurements have been made
with varying I, concentrations from 1% to 10% over a
wide E/N range with gas temperatures between approxi-
mately 20°C and 100°C. The variation in the gas tem-
perature allows the importance on the observed attachment
reaction rates of varying percentages in the population
of the vibrational levels of the I, molecule to be :
observed. This knowledge is of importance in the under-
standing of the operation of 12 lasers currently under
development.

*Supported in part by ARPA/ONR.

MA-8

Dissociative Attachment 0f ElectronsTo F.- C. A.
|

Brau, A. E. Greene, S. D. Rockwood, B. I. Schneiaer
Los Alamos Scientific Laboratory.*—— Results of a
joint theoretical and experimental effort to determine

electron dissociative attachment rates and cross sections
for F., will be reported. Experimentally the rate of
dissociative attachment to F, in N2 and Ar has been meas-
ured over the electronuBean3energy range from 0.9 to 4 eV.
The rate is about 7x10 cn /s aEB?Zmean energy of 1 eV,
and decreases like (mean energy) . Theoretically we’
have taken two approaches. Qualitatively we have exam-
ined the electron attachment to ¥, in terms of potential
energy curves of F, and F, and the compound state model
of Bardsley, Herzenberg and Mandl. Quantitatively we
have used a computer program which solves the Boltzmann
equation to find electron energy distrxibutions and
dissociative attachment cross sections. This latter
analysis has been applied to ocur own experimental results
and those of other investigators in search for a mutually
consistent set of cross sections. We conclude that no
such set of cross sections is possible. We will also
comment on the sensitivity of electron energy distribu-
tions to the fluorine concentration.

*Work performed under the U,S. Department of Energy.
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MA-9

Electron Attachment Rate Constant for Cf> at
Room Temperature and 250°C ™ M.RORNIJ.A.JACOB
and T, A.MANGANO, Avco Everett Res, Lab. ,Inc. -~
The electron attachment rate constant for Cf; has been
measured in mixtures of NZ/CQZ and Ar/Cfz at room
temperature and at 2500C in an electron beam control-
led discharge, From these measurements and the use
of a numerical solution of the Boltzmann equation we
have been able to calibrate the relative electron attach-
ment cross-section of Cfy that has been measured by
Tam and Wong, and by Kurepa and Belic. The peak
value of this cross-section that gives the best fit to our
data is 2.2 x 10‘16 cm? at room temperature.

*Work supported by the Advanced Research Prcjects
Agency and monitored by the Office of Naval Research
under contract No, N00014-75-C~0062,

*%The Hebrew University of Jerusalem, Israel.

MA-10

Electron Attachment to Chlorofluoromethanes.®
D.L. McCORKLE, A.A. CHRISTODOULIDES, and
L.G. CHRISTOPHOROU,t University of Tennessee-—-Electron
attachment rates, ow(E/Pygg), for CCLsF and CClFj mixed
in small concentrations with Np and Ar were measured as
a function of E/Ppgg, the pressure-reduced electric
field, at 298°K. FElectron attachment cross sections,
o5(€), were deduced as a function of electron energy, &,
for those molecules from the measured aw(E/Pagg)» and
will be reported. The attachment cross section for
CC14F showed maxima at 0.22 and 0.75 eV with oz(e = 0.22
eV) = 1.1 % 10715 em? and a,(e = 0.75 eV} = 7.5 x 10716
cm?. The o_{g) for CClF3 exhibited a pronounced maximum
at 1.45 eV with oy(c = 1.45 eV) = 2.4 x 107'% cu?. The
number and positions of negative ion resonances for
these halocarbons at subexcitation energies will be
compared with literature values on chlorofluoromethanes.
These data are of practical interest because of the
occurrence of chlorofluoromethanes in the atmosphere.

#Supported by DOE Contract EY-76-8-05-4703.
+Also, Oak Ridge National Laboratory

129




MA-11

Negative Ions Formed by Electron Impact on
Fluorocarbons. I. SAUERS, L.G. CHRISTOPHOROU, and
J.G. CARTER, Oak Ridge National Laboratory*--Negative
ions resulting from low-energy (0-10 eV) electron impact
on 2-CyFg, ¢-CyFg, 2-CyFg, and c-CyFg have been studied
‘using a time-cof-flight mass spectrometer. Observed
fragment ions include: CyF7~* (0.0), CyFg™* (0.0, 0.7),
C3F5_* (2.3, 4.2), C3F3- (5.].), C2F3" (5.4), CF3-. (5-3),
and F~ (5.2) from 2-CyFg; C3Fs~ (4.1), CoF3” (4.9, 7.9),
CFg~ (4.8), and F- (4.8, 6.5, 7.9, 10.2) from c-CyFg;
CaFgy™ (1.5, 5.0), CFj3~ (5.9), and F~ (5.3) from 2-C,Fg3
CyFg~ (4.8, 7.0), CaF3~ (1.9, 4.0, 7.0), and F~ (4.1,
6.0, 6.7, 7.6, 8.3) from c~CyFg. Values in parentheses
are the energy positions of resonance maxima and the

asterisk indicates metastable (>10-% sec) fragments. No

cleavage was observed at the multiple bonds. Although
at high (»5 eV) energies negative ion states multiply
fragment, only 2-C,Fg exhibited fragmentation at 0.0
eV, The parent ions 2-CyFg™ %, c—CyFg %, 2-C,F¢™% and
c-CyFg=* form at 0.0 eV and are by far the most abun-
dant; their lifetimes against autodetachment were found
to be 11, 5, 9, and 6 usec respectively.

%0perated by Union Carbide Corporation under contract
W-7405-eng-26 for the U.S. Department of Energy.
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MB~1
Analysis of Qzone Generation Processes at Atmos-

pheric Pressure in E-Beam controlled Discharges® - D.
PIGACHE, G. FOURNIER, and G. GOUSSET, Office National
d'Etudes et de Recherches Aérospatiales, 92320 Chatillon
France and M. LECUILLER, CNRS-ESE, 91190 Gif-sur-Vvette,
France - ~ Ozone generation rates greater than dissocia-
tion rates {dissociative attachment +8.4 eV dissociative
excitation) were previOu?}¥ reported in an E-beam control-
led discharge in pure 02 . These measurements are con-
firmed at atmospheric pressure. In order tp explain this
discrepancy a 3 body reaction (ozlgzg RS 0232§E
—3> 204) wag first suggested. However, the time evolu-
tion of the ifg concentration and the dependance of

concentration and ozone generation rate on initial
ozone concentration are not entirely explained by this
assumption. Accordingly, it is deduced that the excita-
tion processes labelled 4.5 eV and 6 eV should be partly
dissociative. :

¥ Submitted by J. Taillet

(1) 6. Pournier, R. Lucas, D. Pigache, and M. Lécuiller,
Bul. Am. Phys. Soc.23 (1978), 146.

MB--2

Ozone Production in Fast Pulsed High
Voltage Dielectric Barrier Discharges in 0p -
L.A. ROSOCHA, Univ. of Wisconsin,* and W.A.
FITZSIMMONS, Nat'l Research Group,Inc, Madison,
Wisconsin.-~ We have studied dielectric barrier
discharges in 0, produced by 50 to 100 KV, 4 ns
rise time, high“voltage pulses from flat plate
Blumlein cigcuits. Ozone densities of 1014 to
10l> per cm” per pulse are produced with % cm
electrode spacing and 2 mm thick glass dielec-
tric barrier for 0, pressures between 25 and
760 Torr. Our ana%ysis includes the Townsend
ionization of the gas coupled to the Blumlein
circuit, along with 59 rate equations which
describe the kinetics of 05 production. The
measured growth rate and absolute yield of O3
as functions of 0, density, charge voltage, and )
other electrical parameters are in excellent
agreement with the calculations. Our results
indicate the most efficient production of Ozone
occurs when E/P is between 50 and 100 V/cm-Torr
with an energy cost of about 5 eV/O3 molecule.

*Supported in part by University of Wisconsin
. Graduate School. '
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MB-3

E-beam Pumped Closed Cycle CO, Lasérs - P. BLETZINGER
and C. A. DeJOSEPH, Air Forceé Aero Propulsion Laboratory,
Wright-Patterson AFB OH 45433 and Universal Energy
Systems, Dayton OH--Many medium and high power flowing
gas iaser applications would benefit from a closed-cycle
gas supply. However the high energy E-beam as well as
the discharge may produce gas species which affect laser
operation., Several experimental and theoretical inves-
tigations have been performed of low pressure CO; laser
discharges but there is little experimental information
on the plasma chemistry effects at the higher pressures
used in medium or high power lasers. Of particular
interest are the generation rates of the various nitro-
gen-oxide compounds, known to cause deterioration of

- the discharge and laser characteristics. We will

describe an experiment using a small E-beam and a very
high vacuum closed cycle loop designed to minimize the
influence of the leak and contamination characteristics
of the vacuum system. Diagnostics include electrical
probes, con-line and off-line IR spectroscopy and masspec
roscopy. Preliminary results indicate that indeed also
in an atmospheric CO2NoHe mixture (1:2:3 pressure ratio}
NOx compounds are generated in the ppm range.

MB~4

Discharge Characteristics in CW CO2 EDLs - D.L.
SMITH, C.M. LEE, T.W. MEYER and P.D. TANNEN, USAF
Weapons Lab - An atmospheric pressure electron-beam
sustained discharge was used to investigate the
performance of CW subsonic €02 EDLs. -Specific energy
loading in the 8:7:1:0.3 (He:Np:C02:05) gas was as high
as 210 kJ/1b. Discharge efficiency was improved by
reducing the discharge spreading. Different cathode
arrangements were very effective in reducing the
spreading thus restricting the energy loading to the
desired volume. Measurements of small signal gain with
a solid cathode sheet showed a maximum gain of 0.45%/cm;
a slightly recessed cathode with helium blanket improved
the gain to 0.6%/cm with the same energy loading.
Current-voltage characteristics of the discharge with
electron beam current densities ranging from 50 to 250
pamp/cmé for the various cathode arrangements showed
that the higher %ains correlated to higher E/N values,
0.9 - 1.1 X 10-16 Vv - cm2. The impact of the more
efficient energy loading is shown in the laser output.
Far field beam guality measurements of the square
output pattern imply a 1.04 times diffraction Timited
beam without the use of corrective optics.
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MB-5

Transverse Electrodeless Discharge Ex-
citation of a CO, Laser, C. P, CHRISTENSEN, .
Univ. of Southern Calif.*--A pulsed electric
discharge between two dielectric sheets is used
to excite a CO, laser. This type of discharge
inherently exhibits good spatial homogeniety
since the dielectric functions as a distributed
capacitive ballast. Energy deposition into the
laser medium is limited by the dielectric con-
stant and breakdown voltage of the dielectric
material. However, it is shown that pump energy
densities of the order of 100 J/L can be
achieved with an appropriate choice of dielec-
tric. A CO, laser utilizing this technique has
been constrﬁcted which operates without preion-
ization at pressures extending to 600 torr. A
simple L-C circuit is employed for laser exci-
tation, and barium titanate is used for the
discharge dielectric.

*Supported hy NSF Grant ENG-77-0012Z3

MB-6

The 16 uym CO, Bending Mode Laser. L. H. TAYLOR
and R. B, FELDMAN, Wéstinghouse R&D Center*--A computer
model yvields a detailed description of the 16 um
(0290+0110) COp laser. The electrical excitation of the
gas is followed by the collisional transfer of emergy
from the excited N, to the 0001 level of CO,. A 9.4 um
optical pulse stimulates the transfer of stored energy
from the 0001 level to the 0200 level, causing a short-
lived population inversion relative to the 0110 level,
with a resultant 16 pym laser pulse. The latter two
levels involve only the bending mode of the CO
molecule; their populatioms are therefore very aependent
on collisional relaxation processes. The rotational
state populations colligionally relax very quickly to
the Boltzmann equilibrium values. The effect of the
collisional processes on laser performance has been
studied as a function of pressure and temperature, For
a 1:2:25=C02:N :He mixture, an optimized ocutput energy
of 170 mJ/2 (a% an efficiency of 0.8%) is predicted at
50 Torr and 200 K. The latter two values yield the best
compromise between the desired fast rotatiomal relaxation
and slow vibrational relaxation of the bending mode.

#Supported, in part, by US DOE Contract EW-78-C-04-4199.
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MB~7
€O Laser Operating on IEE-Overtone Infrared Band.
R.C. BERGMAN, J.W. RICH, Calspan Corporation*-- During
the past year, powerful laser action on the AV = 2
vibrational bands of CO has been observed in electric-
discharge-excited systems. Both a c.w. supersonic flow
laser(l 2?nd a cryogenically cooled, non-flowing pulsed
device ( have recently been reported. The present paper
reports additional experiments on the performance and
operating characteristics of the supersonic flow system.
|
J

The dependence of the output power and spectral distribu-
tion on discharge parameters, including current, gas mix-
ture, and temperature, has been measured. The laser now
operates at approximately 1% electrical efficiency, with
power distributed over ten AV = 2 band components from
2.7 to 3.1 um. The present results are compared with
the predictions of theoretical models of CO overtone
lasers. Means of increasing the efficiency and extending
the spectral range are discussed.

*

Supported by USAF Avionics Lab. and Calspan I.R.§. D.
g c. Bergman and J.W. Rich, Appl. Phys. Lett. 31,
597 (1977).

2V.Danilychev, Paper K 11, 10th International Quantum
Electronics Conf., Atlanta, GA, 29 May-1 June 1978,
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NA-1
Decay of Feshbach Resonances in NO: Electronic
and Dynamic Coupling, J. MAZEAU, Universit€ P, et M.

Curie, Paris, France — Decay of the first four vibra~

tional levels of long lived NO ions has been observed
in the vibrational levels of the ground state up to
v=18. This decay is well described by the product of a
Pranck-Condon factor and a bielectronic coupling term
which depends on the final energy of the scattered elec-
tron. Decay into the Rydberg states is also observed.
When the exit channel is the parent state of the reso-
nance, decay occurs through a monoelectronic process

and a Av=1 selection rule. The decay intensity in-
creases as v+ 1 of the final state. This decay is for-
bidden in the Born-Oppenheimer and pure electronic

_ coupling approximation and is interpreted as an inter-

action between electronic and nuclear motion.

NA-2

Temporary Negative Ion Formation in Alkali
Vapors.* A.R. JOHNSTON and P.D. BURROW, University of
Nebraska.--An electron transmission experiment! has
been used to study resonances in the total scattering
cross section of Na, Rb, and Cs. In Na a low energy
3p shape resonance was observed at 0.10£0.03 eV, which
is in good agreement with theory.?*® In Rb evidence was
found for the existence of a shape resonance below
0.05 eV. In each element a progression of Feshbach
resonances was observed from energies near the first
excited state to the lowest ionization potential. The
classification of these resonances will be discussed.

*This work supported by the National Science Foundation.

1) . Sanche and G.J. Schulz, Phy. Rev, A 5, 1672 (1972).

2p.L. Moores and D.W. Norcross, J. Phys. B 5, 1482
{1972}.

3p.L. Sinfailam and R.K. Nesbet, Phy. Rev. A 7, 1987
{1973).
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NA-3

Inelastic Electron Collisions at Very Low
Epergies Using a Magnetically Collimated Electron Beam -
WING-CHEUNG TAM* and S.F. WONG, Yale U.t-—-A new type of
electron impact spectrometer using an axial magnetic
field for electron collimation has been developed.
This makes it possible to obtain a uniform incident
electron beam and to characterize the analyzer trans-
mission down to near zero emergy simultaneously. The
capability of this new apparatus for collision studies
at very low impact energies (0.1-15 eV} will be demon—
strated with energy-loss and constant-residual-energy
spectra, as well as energy dependences of vibrational
and electronic excitation in Ny, €0, and CoHp. Poten—
tial applications and limitations of this experimental
approach will be discussed,

*Present address: Div. of Phys. NRC, Ottawa, Ont,,
Canada K1A OR6. :

ISupported by US ARO and NSF.

G.J. Schulz, Principles of Laser Plasmas, edited by
G. Bekefi (Wiley Interscience, N.Y., 1976} Chap. 2

NA-4

Low Energy Electron Scattering in Methane and
Other Saturated Hydrocarbons.* P.D. BURROW, University
of Nebraska and J.A. MICHEJDAT, Yale University.--An
electron transmission! study of methane, ethane., pro-
pane, butane and cyclohexane reveals sharp structure in
the total scattering cross sections at energies below
1.5 eV. In contrast to unsaturated hydrocarbons in
which structure is due to temporary negative ion forma-
tion, no appropriate Tow lying unfilled orbitals are
available in these compounds. Energetically, the fea-
tures appear to be associated with the thresholds for
excitation of certain of the vibrational modes. A
trapped electron experiment? was also carried out and
vibrational excitation at these thresholds was observed
directly.

*This work supported by PRF.

t+Present address, Bell Laboratories, Allentown, PA

L. Sanche and G6.J. Schulz, Phys. Rev. A 5, 1672 (1972).
26.J. Schulz, Phys. Rev. 112, 150 (1958).
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NB-1 _

Measurement of the Rate Coefficients for the Bi-
molecular and Termolecular Charge Transfer Reactions
"of Be(255), Hep(3L,) and Arp'*, C.B. COLLINS and F.W.
LEE, Univ., of Texas at Dallas—-This work continuesl
the measurement in afterglows of e-beam discharges in-
to high pressure gas mixtures of rate coefficients for
energy transfer reactions of inert gas metastables and
ions. - The bimolecular reactiomns of 23S compared fav-
orably with the NOAA results? at low pressures. Term-
olecular components measured for reactions of 23S var-
ied from = 10-30 for Kr to 15%10-30 cmbsec~l for cCi3F.
Termolecular rates for reactions of Hep(3I) were gen-
erally smaller and those for Aryt were below the limit
of detection. Bimolecular rates were found to agree
with the NOAA results> when available.
*Research supported by NSF Grant ENG 74-06262.
1. F.W. Lee, C.B. Collins and R.A. Waller, J. Chem.
Phys., 65, 1605 (1976); F.W. Lee and C.B. Collins, J.
Chem. Phys., 65, 5189 (1976); 67 2798 (1977); 68, 1391
(1978).
2, W. Lindinger, A.L. Schmeltekopf, and F.C. Fehsen-
feld, J. Chem. Phys. 61, 2890 (1974).
3. D.K. Bohme, N.G. Adams, M. Mosesman, D.B. Dunkin,
and E.E. Ferguson, J. Chem. Phys. 52, 5094 (1970).

NB-2

Quenching of Neon Metastable Atoms in Pure Neon
Afterglows. R.A. STERRA* and A.J. CUNNINGHAM, Univ, of
Texas at Dallas, -~ We report the results of a room
temperature study of the quenching of neon metastable

atoms in pure neon afterglow plasmas. The experiments
were conducted over the pressure range 20 - 400 Torr.

using resonance absorption techniques to monitor the
-temporal evolutigon ¢f the abselute population density
of the 3Py, 9Py, 3P, and 1P lowest excited states.
Two and three %ody rate coefficients for the destruc-
tion of the 3P0 and 3P, states are compared with the
values reported by Phelps, New results are reported
for the 1P1 state and the role of quenching by
electrons ‘discussed,

*Supported by University of Texas at Dallas' organized
research funds.
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NB-3

Kinetic study of Ar*-C0s transfer. Possibility
of CO Cameron Laser. J.P. GAUYACQ, F. COLLIER and P, COT-
TIN - Lab. de Marcoussis (France)*- Dlssoc1at10n of the
CO0» molecule by colllslonw1thnmtastableargon( P2) has
been shown a few years ago1 to almost uniquely lead to
the excitation of the first vibrational levels of the
metastable adm state of CO., This efficient energy trans-
fer suggests the possibility of lasing action on the
Cameron bands (A=210 nm, T,,q ~7 ms). A kinetic study
of Ar-C05-N; mixtures excited by an e-beam has been under-
: taken using the C3ﬁ - B3ﬂg (A=337 nm) emission of N;.
f Because of its rather long decay time, the €O adr state
i flourescence vield is very low; in comntrast, the C3mu
! state of N2, which is associated with the same kinetics
. as CO (a37) provides important signals and can thus be
i used as a tracer of the kinetic chain. Furthermore,
| using. different pressure ratios, it is possible to
: separately study the decay rates of each kinetic step.
I The kinetic constants for energy transfer from Art (or
i Ar*%) and Ar* to COp have been measured. This allows for
a detailed investigation of the feasibility of a CO Cam-
eron laser.

work sugﬁorted by DRET -
G.W. OR and S.W. SETSER, Chem. Phys. Let. 8, 51 (1971)

NB-4 :
Ionization and Energy Pooling in Laser-
Excited Na Vapor - G.H. BEARMAN, and J.J.
LEVENTHAL, Univ. of Mo.-St. Louis*--Energy
transfer and energy conversion processes,
occurring in laser-excited Na vapor (~10

i have been investigated using a cw dye laser

! tuned to one of the D lines, emission spectro—
scopy and mass analysis. Both Na* and Na} ions
i were observed as was radiation from high-lying
Na states. These experiments eliminate super-
elastically heated electrons as the source of
the ions and excited states as had been sug-

L gested.l The Na' ions probably result from

two photon ionization of Na(3p) and/or laser
induced Na(3p)-Na(3p) processes; the high-lying
radiating states are formed in energy pooling
reactions.

cm-s)

*Supported by US DOE Contract EY-76-5-02-2718

5. Geltman, J. Phys. B 10, 3057 (1877).
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NB~5

Excitation of 0(3S) Resonance Radiation in Inelas-
‘tic. Collisions Between 0(vS) Metastables and O, Molecules ¥
J. FRICKE, H. K. KIEFL, and W. L. BORST*, University of
Wrzburg, Germany.--Strong emission of ((1304 A) resonan-
ce radiation was observed according to the reaction

0(58) + 0p =& 0(38) + 0y —a= 0(3P) + 05 + hv.

The cross section for this endothermic process was mea-
sured for 0(°S) energies from threshold to 8 eV. It rose
steeply from the minimum threshold of 0.36 eV (c.m. sys-
tem) to a plateau of 3 x 10717 cm2 near 3 eV, from where
it decreased slightly. The 0(53) metastables were produ-
ced by electron dissociation of 0,, velocity-selected by
a time-of-flight technique, and monitored by in-flight
radiative decay at 1356 R. The resulting 0(3S) atoms
were detected by 1304 & resonance radiation., A gas fil-
ter technique, uv-transmitting filters, and single photon
counting were used to monitor the uv-photons. The possi-
ble experimental errors were carefully assessed. In con-
trast to 02, the use of N, as a target gas did not result
in any significant uv-production. The present results
are applicable to auroral processes.

*Supported, in part, by Deutsche Forschungsgemeinschaft.
*O0n leave from Southern Illinois thiversity, Carbondale.

NB-6

1 The Effect of Spin-Orbit Coupling on Quenching of
0(’D) by Rare-Gas Atoms. J. S. COHEN, W. R. WADT, and P.
J. HAY, Los Alamos Scientific Lab,*--Thermal-energy rate
constants for the quenching reaction,

1 ' 0(3P2)-+ Rg
0( D2) + Rg > 0(3P0) + Rg

with Rg = Ar, Kr, and Xe, have been determined. The in--
elastic transitioTS+a£e ma§n1y3due to the §pin~orbit
couplings of the "I ("D), "% ("P), and “N("P) states of
Rg0. Calculations reported earlier showed the necessity
of a careful treatment of the spin-orbit operator. We
have now evaluated the matrix elements using accurate CI

wave functions with the approximate operator
+ >

1 2 % eff, 3
Vs =7 @ E (2 /T ) Ay e 8y
1k’k k

k k

where k = Rg or 0, = electrons of k, and ZEff is 4

i =
chosen to reproduce %he splittingi $f1Rg (p7) or O(p ).
Charge-transfer character in the "I ('D) state has been
found to increase the effective coupling by factors of
“ 4 and v 8 for Kr and Xe respectively.

*Work performed under the auspices of the U.S.DOE.
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NB-7
’ Analysis of the N2 (C®I ) Excitation by Ar{’Ps)
and Ar{°Py) Metastable Atoms.T.D. NGUYEN and N. SADECHT,
Laboratoire de Spectrométrie Physique-U.5.M.G. 38041- '
CRENOBLE, France.-The energy transfer reaction between
Ar(°P, and P,) metastable atoms and Na(X'I*) molecule
was studied in the afterglow of a pulsed 108 pressure
argon-Nz (1-107%) discharge!. To determine the specific
contribution of each argon metastable species fer the pro-
duction of the N2(C®T ,v',N')a cw tunable dye laser was
used to selectively depopulate one of the metastable le-
vels by optical pumping techniquel. Analysis of the
nitrogen 2+(CI -Bsﬂg] emission spectrums resulting from
the excitation By either metastable atoms show that the
initiel population of the rotational and vibrational le-
vels of the N»(C*I ) state depends on the argon metasta-
ble species. The hggh resolution (R = 300000} spectrum of
the 2*(0 - 0) band shows a diminution of the emission line
width with increasing rotational quantum number. By si-
multanecus measurement of the argon metastables density
we have also determined the relative reaction rates in
rotational and vibraticnal excitation of Nz (C3I ) by

both argon metastable ateoms. N

1. N. SADEGHT and T.D. NGUYEN, J. Phys. Lett. {Paris} 38
L 283 (1877).
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