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Wednesday, October 14, 9:15 A, M,

SESSION A: IONIZATION

Chairman: V. A. J. Van Lint
General Atomics, San Diego, California

A-l THE PHOTOIONIZATION CROSS SECTICON OF NEON

+
K. G. Bewell
Texas Christian University, Ft. Worth, Texas

The photoionization cross section of necn has been calculated from threshold
to an incident photon energy of 11.547 Rydbergs by considering transitions

from the 2s and 2p shells. Hartree- Fock type functions were computed for
both the initial and final states and were used to obtain the cross section.

This resulted in a cross section which was in good agreement, both in
magnitude and energy dependence, with recent experimental data. Tt is
shown that the agreement between the theoretical cross section and the
experimentsl cbservations indicate that the free electron can be considered
to move in the potential field of the necn ion. This is contrary to
approximations employed in scme previous celeulstions of photoionization
cross sections. However, emphesis is given to the importance of the use
of accurate radial functions.

-+
Present address: LIV Research Center, Dallas, Texas
1. D. L. Ederer and D. H. Tomboulian, Phys. Rev. 113, Al1525 {1964)

2. J. W. Cooper, Phys. Rev. 128, 681 (1962)



A-2  PHOTCIONIZATION THRESHOLD POTENTIAL OF O,

J. A. R. Samson, and R. B. Cairns
Geophysics Corporstion of America, Bedford, Mass.

Photolonization of molecular oxygen has been cbserved at wavelengths longer
than the presently accepted threchold of 1026.5 A+ 141 This ean he
accounted for by the fact that at room temperature a high percentage of the
molecules are in rotationally excited states. This fact, therefore, ohscures
the true onset potential for the transibion X200 « X3§£. Regults ;ill be
reported for the photoionizetion of 02 at liquig nitrogen temperatures where
the effects of rotationally excited oxXygen are absent.

* Work supported by the National Aercnzutics and Space Administration

1. X. Watanabe and F. F. Marmo, J. Chem. Phys. 25, 965 (1956).

A-3 CONCERNING ELECTRON-IMPACT AND PHOTON-IMPACT
IONIZATION OF 02*

J. W. McGowan, E. M. Clarke™, H. P. Hansonj+ and R. F. Stebbings
General Dynamics/General Atomic, San Diego, Calif.

The eiectron impsct ionization of Op has been studied near threshold. The
results which have been ob%ained do not agree with recently reported electron
impact studies bul rather paraliel those reported for photoionization.

The first derivative of the ionization effieiency curve through 1.0 eV shows
structure which correlates Lo that asscciated with auvtolonization

1
O, + e -0, +e »

whereas structure due to direct vibrational excitation of the icn is not
pronounced. The electron distribution from the 127 deg electrostatic
analyzer used as source was measured to be less than 0.06 &V. Modulated
crosg heam techniques were used in these experiments.

* This research was sponsored partially by the Advanced Research Projects
Agency through the Office of Naval Research and partially by the Defenze
Atomic Support Agency.

T Present address: St. Francis University, Antigonish, Nova Scotia

*t Present address: University of Texas, Austin, Texas



A-4  IONIZATION PRODUCED BY COLLISIONS OF NITROGEN
MOLECULES WITH NITRIC OXIDE:

N. G. Utterback
University of Denver, Denver, Col. and GM Defense Research
Laboratories, Senta Barbara, Calif.

R. C. Amme
University of Denver, Denver, Col.

Ionization cross sections for nitrogen molecules impacting on NO target gas
have been measured over the laberatory energy vange 20 to 1000 eV. The
nitrogen molecular beam was produced by electron impact ionization, electro-
static acceleration, and neutralization by resonant charge transier.

Because of the low ionizing electron energy and the resonant charge transfer
behavior of No', the resulting beam was predominantly in the ground
electronic state. The Na-NO ionization cross gsection is presented as a
function of center-of-mass energy minus the ionization potential of WO,

and is compared with earlier Ho-Np results-! The cross section is chserved
to have the same energy dependence, with identical structure between 10

and 20 &V (exceas anergy). However, this structure occurs at very different
beam energies in the two cases, indicating that the structure iz not
characteristic of the nitrogen beam. Poszible reasons for the similarity
of the Np-Np and No-NO ionizing interactions will be discussed.

*  Bupported by NASA

1. WN. G. Utterback and G. H. Miller, Phys. Rev. 12k, 1477 (1061).

A-5 ENERGY REQUIRED FOR ION PRODUCTION BY ELECTRON
BOMBARDMENT IN HELIUM, ARGON AND CESIUM

R. J. Bovie and J. V. Dugan, Jr.
NASA-Lewis Research Center, Cleveland, Chio

The energy cost for ion production has been calculated for gtomic helium,
argon and cesium gases by comparing the relgtive probabilities for the com-
peting inelastic processes of excitation and ionization. The resulits are
obtained for two cases: (1) a monoenergebic electron besm incident upon

a cold neutral gas and (2) the inberaction of a thermal electrom gas with
cold neutrals. Experimental excitation crosgs sections were used in the
helium caleculations. The semi-classical Gryzinskl method was used to
theoretically determine the cross sections needed for the argon and cesium
calculations. Results obtained using theorebically determined helium cross
sections are compsered with those cbtained using the experimental cross .
sections. The results are presented graphically in plots of ion production
cost versus electron energy. In general this cost decreases smoothly with
increasing electron energy in the thermal case and decreases irregu}arly
with increasing electron energy in thz beam cage. A cursory analysis Of,
The interaction of an electron beam with a plasma has been made from3the
viewpoint of determining the plasma conditions under which the results of
each of the gbove mentioned cases may be applied.



A-6  ABSOLUTE EXPERIMENTAL CROSS SECTIONS FOR IONIZATION
OF LITHIUM IONS BY ELECTRON IMPACT®

W. C. Lineberger, J. W. Hooper, and F. W. McDaniel
Georgia Institute of Technology, Atlanta, Georgia

Absolute cross sections for ionization of L:i_Jr icns by electron impact have
been measured for eleckron energies over the range 300 to TOO eV. These
meagurements were performed at aboub 107% Torr under continucus beam
conditions in a crossed beam facility. Monoenergetic lithium ion and
electron beams intersect in a well defined collision volume and the
composition of the emerging lithium beam is determined with an electrostatic
anslyzer. The ion source is plenar and incorporates a platinum gauze
thermionic filament coated with isotopically purified B-eucryptite. The
electron source is & modified 6L6 bube. With an ion current of 0.5 miecro-
ampere and_an electron current of 1.0 milliampere, only about Tour primary
ions in 107 experience icnization by electron impact. However, spurious
currents have been reduced to the level that the signal-to-noige ratio is
greater than unity. Checks were performed to evaluate the possible effects
of such parameters ss beam intensity, chamber pressure, beam composition,
gignal-to-ncise ratic, space charge, and beam profile.

Surpcrted in part by the Controlled Thermenuclear Division of the U. 4.
Atomiec Energy Commission.

L+ Go A. Harrower, Rev. Sci. Inst. 26, 850 (1955).

2. G. D. Yarnold and H. C, Bolion, J. Sci. Instr. 26, 38 (19k9).

A-T METASTABLE-METASTABLE COLLISIONS IN NITRCGEN

"
E. C. Zipf, Jr.
Johns Hopkins University, Baltimore, Md.

The destruction of nitrogen molecules in the metastable A3Z§ (v' = Q)

state was invegstipated by measuring the intensity of the (0,6) Vegard-
Kaplan bhand (ABZa - XlEg) ag a function of time and pressure in the after-
glow of a microwave discharge in very pure nitrogen. Early in the afterglow
when the density of A3E$ molecules was comparatively high (~ 5 x 10t
molecules/em3), No {AST %) molecules were rapidly destroyed in metastable-
metastable collisions. From an analysis of the light data the ratio of the
rate coefficient for this process, k, to the radiative transition prgbabil;
ity of the {0,6) Vegard-Kaplan band, A{0,6), was determined. At 300°K
k/a(0,6) = 3 x 109 emd. Taking the value (0.1l = 0.0k sec-1) %iven oy
Carieton and Oldenbergl for A(0,6), we have that k = 3.3 x 10710 cm? sec-l,
The corresponding cross section for the deactivation of Ho (478, v =0)
molecules in metastable-metastable ccllisions has a value of 4.9 x 10-15¢cn2.

t Present address: University of Pittsburgh, Pittsburgh, Pa.

1. XN.P. Carleton and O. Oldenberg, J. Chem. Phys. 36, 3460 {1962).



A-8 ABSORPTION OF RESONANCE RADIATION AND SUBSEQUENT
IONIZATION IN CESIUM VAPOR#®

D. H. Pollock and A. 0. Jensen
Blectro-Optical Systems, Inc., Pasadens, Calif.

The results of absorptiog measurements in cesium vapor near the atomic
resonance lines at 8521 A and 8943 A and the molecular band st 7600 A are
réported. It is shown that the broadening of the resonance lines is

directly proportional to the neutral cesglum density. Tonization measure-
ments are reported describing the effect of resonance radiation on the space
cha?ge limited electron current in an operating ionization cell. On'thep
basis of these results, an ionlzation mechanism has been hypothesized for the
?rngction of the cesium molecular ion Us,¥ as the dominant ionic specie

in high pregsure cesium vapor plasmas. Tﬁe mechanism consists of cesium
atoms first being excited to the rescnance levels (%8521 A8943)Y by radiaticn
emanating from a hot cathode and subeequently combining ;ith other excited
atoms ?hrough inelastic cecllisions to form the molecular cesium ion Thig
mechanigm is then compared with possible competing ionization mechanisms

which have been hypothesized to exist in the cegi 5
es i .
converter. T vapor thermionic energy

This werk was partially spensored by the Office of Naval Research

Wednesday, October 14, 9:15 A, M.

SESSION B: TECHNIQUES; TRANSPORT

Chairman; H. J. Oskam
University of Minnesota, Minneapolis, Minnesota

_B-1 A METHOD FOR MEASURING THE PLASMA POTENTIAL AT

GLASS WALLS

H. Heil and R. A. Blanken
Iughes Research Laboratories, Malibu, Calif.

Modern electrometer instruments make it possible to measure the plasma
potential by simply painting a conductor onto the outside of the glass wall
which bouads the dischar%e and measuring the potential which it assumes.

A glass resistance of 10 L O or less is sufficient to reduce the time
constant of the instrument to seconds. Tn pyrex, such a resistance through
the walls is obtained at about 850°C; this temperature is easily reached by a
hot air blower if the discharge itself does not provide enough power. IT
the electrometer is used as a null instrument, no currents arve drawn

through the glase and the discharge plasma is left entirely undlsturbed by
the process of measurements. With gas laser type discharges using con-
ducting rings around the glase tube, we measured the electric field X in the
positive column as a function of the discharge parameters. At the lower
pressures X is sensitively affected by varlations in the shape of the
snvelepe. A Langmuir probe has little effect on X. A pair of conducting
dots at the ends of a diameter acrose the tube permit Hall-efTect type
measurements which indicate a surprisingly large drift energy of the
electrons.



B-2 PERTURBATION OF A PLASMA BY A PROBE II*

J. F. Waymouth
Massachusetts Institute of Technology, Cambridge, Mass. and
Sylvanla Electric Products, Inc., Salem, Mass.

The modifications that must be made to Langmuir Probe Theory when mean-
free paths are ghort in comparison with probe size have heen discussed
recently by several authors. This paper discusses the oppeosite case, in
which mean-free paths are large in compariscn with the dimensicns of the
vessel containing the plasma. Under these conditions, 4. c. electron
currents drawn by the probe can appreciably depopulate large fractions of
the electron energy distribution, thereby leading to erronecus results.
It is shown, however, that pulsed measurements can be made in a time that
is short compared with depletion time constants, so that the usual prcbe
information can still be obtained. Tt is alsc shown that 4. c. probe
meagurements under these conditions can yield information about the rate
at which the depleted electron energy distribution is refilled by those
collision processes that do occur.

¥ Work supported in part by the U. S. Army, Navy and Air Force.
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B-3 THE LIMITATIONS OF THE LANGMUIR PROBE THEORY AND
ITS EXTENSION TO DENSE PLASMAS

G. Teker' and J. J. MeClure™ ™
Tnstitut Fir Theoretische Physik der Universit#t Bochum, Germany

Deviztionz from Lengmuir's prcbe theory cccur if the extension of the space
charge region, the density, or the temperature disturbance is larger than
the mean free path of the ions. The range of experimental parameters where
the deviaticons become important is discussed. The results of an analysis
for the characteriztic case of a density-limited probe are presented, which
clarify the meaning of "Bohm's sheath criterion” as well as the phenomenon

" of probe-induced fluctuations.

tPresent Address: Joint Institute Tor Laboratory Astrophysics,

Boulder, Cclorado

*present Address: FE. H. Plesset Associates, Inc., Santa Monlca, Calif.
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MICROWAVE COAXIAL PROBE INVESTIGATIONS OF A
HELIUM DISCHARGE

B. Wieder
National Bureau of Standards, Boulder, Colorado

Recent experiments in the high Treguency range have shown that if an
alternating voltage is applied to a probe in a plasma a rectified direct
current vesults, and that this current shows a resonance when “he plasma
f?equency 1s near the freguency of the applied voltage. o test the tech-
nigue at microwave frequencies a probe of coaxial design was inserted into
a hot cathode helium discharge plasma and the direct current response was
measured at geveral frequencies in the one to two glgahery range_as the
current through the discharge was varied. At the same time a measurement
was made of the microwave signal reflechted from the probe. For g given
frequency the reflected signal shows a clear resonance type response as

the discharge current is varied; as the frequency of the signal is increased
the value of the current at resonance increases. The de response similarly
shows rescnance type elfects, but the response iz congidergbly more complex
and occurs at & discharge current substantially greater than the current st
yhich the corresponding reflected signal response appears. From a plasma
diagnostice viewpoint, therelfore, the reflected signal is clearly more
tseful. A discussion of these effects, and details of the experiment will
be presented.

2
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KINETIC FORMULATION OF LOW DENSITY ELECTRON
STREAMING

W. A. Janos .
North American Aviation, Inc., Los Angeles, Calif.

The streaming tendency of a rarefied distribubion of electrons in the presence
of neutrazl scatterers and a unidirectional electric field is studied. Given
a situation closge to streaming, a linesrized form of the Boltzmenn equation
about this collisionless solution is considered and treated as a problem in
perturbation thecry with the collision term as the perturbation. The
assumptions made for the initial electron distribution and the distribution
of’ neutral scatterers are that they are finite, truncated in their respective
velocities, the scatterer distribution is spatially uniform and the electron
distribution is too rarefilied to contribute any significant self-field re-
action to the external field. The basic presupposition aboul the ccllisicon
term 1s the screened Coulomb versicn of the total scattering cross sectlon

of a form corresponding to the first Born approximation to the Fermi-Thomas
scattering potential. Thus, in the language of the perfturbation approach
used, definition is given to maximal relstionship between field magnitude
and effective streaming of a class of initial electron distributicns, a
hypothetical prestreaming "thermalization” time in the presence of a weak
external field, and critical field streaming within one collision time.

13



B-6 ELECTRON DRIFT VELOCITY AND HALL EFFECT IN THE LOW-
PRESSURE MERCURY POSITIVE COLUMN

J. M. Anderson
General Electric Research Laboratory, Schenectady, Wew York

The positive column in mercury vapor from =~ 1 to 500 microns pressure was
examined by the Hall procedure. The average electron density in the column
was_measured independentiy by a microwave cavity, allowing separabe determi
nation of electron drift velocity, Vg Theory relates the Hall potential i
Vi, to the Hall magnetic field and column diameter, D, as Vo = of vy x B)'5
The factor,a was found to appreoach the theoretical value QHTE v %2 for lév
pressure, 'free-fall" columns and oo = 0.5 for mediumrp;essure ;diffusio f
controlled" columms. At intermediate pressures this transition’is not .
smooth and excessive dlscharge noise is present.

1h

B-7 MAGNETO-PLASMA DIFFUSION WITH BIASED WALLS#*

D. R. Whitehouse
Massachusetts Inetitute of Technology, Cambridge, Mass.

In the theory of collisicn-dominated, low-p, stable plasma diffusion, 1t is
important to know what limitations the boundary conditions place on the
density distribution and internal currents. For a placma in an enclosed
cavity whose walls can be biased with a variable potential, currents can be
made to flow which will affect the logs rate of charges to the walls. 1In
effect, one may vary the perpendicular and axial diffusion coefficients
within certain specified limits. For an active plasma, thig will control
the required ionization frequency, and in an afterglow it will determine

the decay rate. A sketch of the theory for three-dimensional diffusion will
be presented. An experiment will be described in which a pulsed discharge
generates a plasma in a rectangular cavity with biased walls, and the decay
time of the afterglow is measured.. Although the theory cannot predict exact
functional dependence of the diffusion coefficient on applied potential, it
can predict an upper and lower limit. These limits have been checked for
argon plasmas Trom 1 to 100 microns In magnetic flelds up to 1000 gauss.

¥ This work was supported in part by the U. 5. Army, Navy and Air Force
and in part by the U. 5. Atomic Energy Commission
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B-8 THE IONIC CENTRIFUGE IN TWO TYPES OF DISCHARGE

J. Bleplan
Pittsburgh, Pennsylvania

The I?nic Centrifugel may be coperated in two ways. One, with large enough
negative voltasges on the end-plates and the cylinder fléating at a constgnt
voltage equal to (-e/80 c= M) HS T'° volts. The posibive ion current
received by it is one half that delivered by the central arc. The cther
not as yet tried out, with the end-plates with a large enough positive ’
vol?age agd the cylinder grounded. The eylinder will receive the whole
pos1?1ve 1on current emitted by the central arc. The electron current
received by the end-plates will be greatly reduced by its space charge
Three authors give for the electron current density received by the gné—
plates a quantity considerably less than it would be if the pesitive

ions were not poved by the electri i i ; ; ;
electron5.2:3:ﬁ y ric field in the opposite direction to the

i J. Blepian, Proc. W.A.8. 47, 313 (1961)
2. L. Oster, Rev. Mod. Phys. 32, 141 (1960)
3. B. 8. Tanenbaum, Phys. Fluide L, 1262 (1941)

L, V. C. A: Ferraro & C. Plumpton, Magneto-Fluld Mechanics. Oxford
University Press {1961)
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SESSION C: EXCITATION; IONIZATION

Chairman; R, M. St. Jchn
University of Oklahoma, Neorman, Cklahoma

C-1 FRANCK-CONDON OVERLAPS AND THE DISSOCIATIVE

TONIZATION OF Hp™

L. J. Kieffer+ and G. H. Dunn+
Joint Institute for Laboratory Astrophysics, Boulder, Colerado

Measurements of the kinetic energy distribution of protons resulting from
disgociative ionizgticn of Hp showed general agreement with a simple
calculation.l Remaining discrepancies were tentatively attributed to the
use.of & funections for the internuclear wave functions of the 2po, state
of H2+. Neirly exact internuclear wave functicons for the continuum, 2poy,
state of Hp' and ground state Ho have been generated on a computer from
the differential egquaticn in the internuclear ccordinates. The square of
the overlaps, F, of these wave functions was taken as beforel to give the
energy distribution of pretons. The function F was modified? te account
for thermal motion of the Ho gas. The resulting predicted energy distri-
bution was then folded into the slit functicn for the mass spectrometer
used to detect the protons.l The predicted relative current of protons as
a Tunction of their energy is still significantly different from the

observations.

* Supported in part by Contrcelled Thermonuclear Branch of the Atomic
Energy Commission.

+  Staff members, Natlional Bureau of Standards.
1. G. H. Dunn and L. J. Kieffer, Phys. Rev. 132, 2109 (1963).

2. P. J. Chantry and G. J. Schulz, Phys. Rev. Letters 12, Lhg (196L).
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C-2  PHOTODISSOCIATION OF IH," AND D,*: THEORy*

C-3a TOTAL CROSS SECTIONS FOR DISSOCIATIVE IONIZATION OF

' ES BY ELECTRON IMPACT
G. E. Dunn™ MOLECUL

Joint Institute for Laboratory Astrophysics, Boulder, Colorado

D. Rapp, P. E. Golden, and D. D. Briglia

i ’ Lockheed Missiles and Space Company, Palo Alto, Calif
The cross sections o, (1) for photodissociation of Hy* (D2+) from esch of

the 19 (27) vibraticngl levels n of the ion have been calculated as a

function of.wavelength. The electronic transition from the lscg to the ' The method of Bleakneyl has been used to obbain approximate total cross
2P0 stgte-ls the gnly one considered. The calculations are considered sections for dissociative icnization of nine gases (Hg; Dp, Mp, Op, CO,
exact within the limits of the Born-Oppenheimer approximation. The .1 WO, COn, NoO and CHY) by electron impact from Ghreshold to 1000 V. The
oni() have been rultiplied by a weight factor given by the normalized . créss gécﬁ%bns are made absolube by comparison with the total ionization

TFranck-Co ; . risc ;
state of Edgﬂ(gacgors between the ground stabe of o (Dg) and the lso ecross sechions. The fractions of energetic lons to total ions at 200 eV
2 > ), and these products were added.

c : The resultant cross for these gases are 0.07, 0.07, 0.21, 0.36, 0.25, 0.28, 0.35, 0.26, and
section o)) 1s éxpected,to be characteristic of ions formed by the impact 1 0.13, respectively. Use’of mass spectrometry to obtain these ratios will
of moderate to high energy electrons with s (DE)' Comparison of o(i} with usually underestimate these ratios because of digerimination effects

an experimental measurementl shows considerable discrepancy. against energetic ioms with various angular distributions. Tvidence for

ions with initial kinetic energy up to 13 eV in some gases will be presented.

* Bupported in part by the Controlled Thermonuclear Branch of the Atcmic

Energy Commission. 1. W. Bleakney, Phys. Rev. 33, 1180 (1930).

+t Starr menber, National Bureau of Standards

L. G. H. Dunn, Proceedings of the Third International Confarence on

the Physics of Elesctronic and Atomic Collisions { North-Holland - '
Publishing Co, Amsterdam, 19643, . 997. C.-3h TOTAL CRQOSS SECTIONS FOR IONIZATION OF ATOMS AND
' MOLECULES BY ELECTRON IMPACT

D. Repp, P. E. Golden, and D. D. Briglia
Lockheed Missiles and Space Company, Palo Alto, Callf-

Absolute total cross sections for ionization of fourteen gases (He, Fe, Ar,
4 Kr, Xe, Hp, Do, Np, Op, C0, NO, COp, Np0 and CHy) by electron impact were
measured from threshold to 1000 eV. Instrument calibrztion was carried
out with great care and attention was given to conslistency checks such as
) total collection of ion current. The sbsolute values of cross sections

L depends.-on McLeod gauge measurements of low pressures and, since there has
been some guestion of the accuracy of thls method when cold traps are used,
a careful assessment of a systematic effect is being made. Our data agree
with those of Tate and Smithl to within about 5-10% whereas the differences
are somewhat larger when compared to those of Asundi, Craggs and,Kurepa.2

1. J. T. Tate and P. T. Smith, Phys. Rev. 39, 27C (1932).

2. R. XK. Asundl, J. D. Craggs, and M. V. Kurepa, Proc. Phys. Soc. 82,
967 (1963).
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C-3c TOTAL CROSS SECTIONS FOR NEGATIVE ION FORMATION IN
MOLECULES BY ELECTRON IMPACT

D. Rapp, D. D. Briglia, and R. D. Rempt
Lockheed Missiles and Space Company, Pale Alte, Calif.

Absolute cross sections for resonance dissociative attachment in seven gases
(He, Dy, Op, CO, NO, COp and NQO) have been measured in a Tate and Smith- -
type apparatus. Careful attention has been paid to instrument calibration

as well as consistency checks guch as ion saturation., In general, the
agreement with previous work®s 2 is very good, although there is some
discrepancy in Hg.h Absolute cross sections for ion pair formation were also
measured by recording negative ion formation at higher electron energies.
Data were ftaken in Op, CO, €O, and Np0 up to gbout 60 eV. At higher energies,
energetic positive ions so vastly outnumbered the negative ions that negative
ion saturation could not be reached.

1. J. T. Tate and P. T. Smith, Phys. Rev. 39, 270 (1932).

2.  R. K, Asundi, J. D. Craggs and M. V. Kurepa, Proc. Phys. Soc 82,
967 (1963).

3. 'G. Schulz, Phys. Rev. 128, 178 (1962).

b, . Schulz, Phys. Rev. 113, 816 (1959).

C-3d DIAGNOSTIC STUDIES OF THE "RETARDING POTENTIAL
DIFFERENCE" METIHOD FOR IONIZATION STUDIES WITH
A REDUCED ELECTRON ENERGY SPREAD

D. D. Brigiia, and D. Rapp
Lockheed Missiles & Space Company, Palo Alto, Calif.

It has recently been suggestedl that the effecl of electron energy relaxation
in retarded electron beams may lead to uncertainties in the significance of
ionization efficlency curves taken by means of "RPD". A diagnostic study

of the energy distributicn of the EPD-selected electrons has been performed
in a Bleakney mass spectropgeter ion source™, using A.C. modulation and double
phase sensitive detection . Tt was found that as the nominal electron

energy was varied by V volis, the energy distributicn remained epsentially
unchanged, and merely translated 4o a new center V volts away. This was
found to be true only for weak electron currents with smsll A.C. modulating
voltages. The energy spread has been reduced to less than 0.05 eV half width
at half height as shown by retarding curves of the retarded electrons.
Applications to the threshold ionization of gases are made with particular

20

+ s
reference to the appearance potential of Hp . Results are ob?alnei i
indicating that the H2+ ionization efficiency near threihol§ iigﬁzls D veon
i 1cti de by means of simple overlap 1n
e & finas 1o b has been Tound in energy selector
initial and final vibrational states, as has fou !
:ﬁi;;ii;;ﬁé‘ This mey be related to the strong autoionization recently

found in photoionization of Hp.

1. P.Marmet, 12th Amm. Conf. Mass Spect., Montreal, Canada (June 1964).
©. W. Bleskney, Phys. Rev. 33, 1180 (1930).

3. V. Grob, J. Chem. Phys. 3%, 972 (1563}.

=

P. Marmet snd L. Kerwin, Can. J. Phys. 38, 972 (1960).

5. V. Dibeler, R. M. Reese, and M. Krauss, personal communication.
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C-4 EXCITATION OF THE METASTABLE STATES OF HELIUM BY
ELECTRON IMPACT*

J. L. G. Dugan, H. L. Richerds, and E. E. Muschlitz, Jr.
University of Florida, Gainesville, Fla.

Excitation of helium by electron impact has been studied near threshold

by observation of both the metastable atoms produced- end the energy losses
of the electrons.2 At higher electron energiesg studies of the light
emitted have been made.3 In the experiments reported here an atomic beam
of helium gboms excited by electron impact in the energy range 30-1L0 ev is
used. The ratio of 218 to 238 metastable atoms is determined by deflection
measurements in an inhomogeneous magnetic field. The excited atoms are de-
tected by secondary electron emiseion. Extrapelation to zero pressure is
used to eliminate the effects of scabbering of the ztoms by the backzround
pressure in the apparatus and imprisonment of the resonance radiation. The
contribution of photons to the signal is determined by increasing the helium
background pressure to the point where only the photons will reach th
detector. The results are compared with those of CGabriel and Heddle.

# Research supported by the National Science Foundation.
L. G. J. Behulz and R. E. Fox, Phys. Rev. 106, 1179 (1957).
2. G. J. 8chulz, Phys. Rev. 116, 11kl (1959).

3. A. H. Gabriel and D. W. 0. Heddle, Proc. Roy. Soc A58, 125 (1960).

ez

GC-5 ELECTRON EXCITATION FUNCTIONS OF MERCURY*

R. J: Anderson, Chun C. Lin® and R. M. St. John
University of Oklzhoma, Normesn, Oklahoma

Absolute excitation funetions for some twenty mgrc?ry lines ip the range

of 3700-6200 A have been measured for electr?n incident ene?gles from .

0 to 100 eV. TFine structures in these functlogs Forrespondlng to ca;ca e-n
from the upper sbtates were cbeserved for the majority of the lines. tydu51 g
the self-consistent field wave functions of mereury, we have calculg e

+he transition prcbabilities of all the transitlgns between the vgrloz;
components of the 612, 63p, 61p, 63D, 718, and g S states from Whl;h : z
apparent excitatlon funciions of the 7351 and 6 %2 stateﬁgwergtsgzsuzte .
The apparent excitation cross sections forgthe it Sl_and.Gng > of

15 eV are 1 x 10-17 cr® and 4.0 x 10-17 cm respectively. Comparliog °
the experimental excitation cross sections with the values calculated by
the Born Approximation will be discussed.

% Vork supported by Kirtland AFB, U. 5. Air Torce Systems Command

T Alfred P. Sloan Foundation Felliow.
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Tsy—Wei Nee and R. M. 8t. John
University of Oklahoma, Norman, Oklahoma

gi:eﬂgiglgie—state transfer process of helium has been clarified and
measurementzogghht?? comparison of its predictions with recent absolute
: elium excitation functionsg at several
ressuraes.
E;c;ﬁejtgzian niP.l?vel are converted to a mixed singlez—triplei B ézgﬁz
s Statgsczhizi;ogé ioz éying ginglet and triplet levels are fed by the
; pulated. Apparent excitati 1 i
" ion functions
¥ ma?hlne for the 33D, 42, 31D, _and 4D state o ComeuEed
experimental curves of 3 s at po e i
Sperinenta. cury bagedthe 3°D, 4°D, and 4D states at four pressures. The
on a variety of assumptions relating v
3 - O :
of ‘the transfer cross section with the principal guantum nuiber zheazgrigtign
s &

ml d. F s d. l Th 10
Xe ate aQel. e CcO ted
P e flJ.‘[lCthﬂS best matCh the experlmental

a) the transfer cross section f
: or the nth set of 1p-F i
proportional to the first power of n, and sates ie

b 3 3 t t. Ve t
) the F and F COmpOnen 8 of he mixed State are actl in e
ransfer-cascade proces W et E 2 L{.
Ses) hll he ¥ states are inactive.

The energy is primarily ¢ ] ‘ L
aels ¥ ransferred through n'P-nF sets of states with

Supported by the U. 8. Air Force Office of Scientific Research
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.7 EXCITATION IN DISCHARGES OF THE FORBIDDEN OXYGEN
LINES 6300-63644

N. P. Carleton
gSmithsonian Astrophysical Observatory and Harvard University,

Cambridge, Mass.

F. LeBlanc
Air Torce Cambridge Research Laboratories, Cambridge, Mass.

0. Oldenberg -
Air Force Cembridge Research Taborstories gnd Harvard University,

Cambridge, Mass.

(transition 3 . lD)can he generated in strong
in spite of the known ragid deactivation of
-0 epdsectl,

The red lines of oxygen
discharges through tank oxygen,
the 1D level by ccllisions with Op (rate coefficient, 10
determined Trom considerations of alrglow and aurcral spectra). From the
1ack of broadening or shifting of the lines and from their lack of sensi-
tivity to discharge conditions we infer that there is no appreclable
gtimitabion of emission in any collision process. Rather, we believe that

the intensities observed by us (in & capillary discharge with several milli-
meters pressure of oxygen and tens of millianperes current ) and by others

can all be readily explained by simple excltation of oxygen atoms by electron
impact. A Lypical intensity would require, for instance, a degree of
dissociation of 1%, a degree of ionization of 0.1%, with 4% of the elecirons
maintained above 2 ev. Under these conditions desctivation of O(lD by
electrons is slight compared to that by Op. The population of the *+8 level

of oxygen {which radiated the lines 5577&) is, however, controlled under these
conditions essentially by electron impact, all other processes belng

negligible.
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C-8 SIMULTANEOQOUS EXCITATION AND IONIZATION OF HELIUM
BY ELECTRON IMPACT* '

E. T. P. Lee and C. C., Lin*t
University of Cklahoma, Norman, Cklahoms

The cross sections for the production of Het ion in the 478 state by single-
electron collisions with ground-stste helium stoms have been caleulated by
the Born Approximation. For the wave function of the ionized eleckronsa

the hydrogenic continuum functions given by Scmmerfeldh were used. At ;n
incident electron energy of kos eV, the calculated cross sechion is

7.2 x 10~21 em2. This process is responsible for the major part of the
intensity of the 4686 R radiation {n=l - n=3 of He"} cbeerved in the helium
discharge experiment.Z2 Using the lonization-excitation cross sections of
the 4P and 42D states caleulated by Dalgarno and McDowell,3 we obtain the
theoretical cross section of the LE86 i line of He® as 3.4 x 10-2L cme gt
Los eV which agrees well with the experimental value of 3.0 x 10721 ep?,

*  Supported by the U. &. Alr Force OfTice of Scientific Research
Alfred P. Sloan Foundetion Fellow

L. A. Sommerfeld, Ann. Phys. 11, 257 (1931).

2. R. M. 8t. John and C. C. Lin, J. Chen. Phys. b1, 195 (196h),

3. A. Dalgarno and M. R. C. MeDowell, The Airglow and Aurcrae, edited

by E. B. Armstrong and A. Dalgarno (Pergamon Press Tnc. I
1956) p. 340. , New York
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C-9 CALCULATION OF ELECTRON EXCITATION CROSS SECTIONS
OF VIBRATION IN THE NO AND CO MOLECULES*

E. L. Breig and C. C. Lin*
University of Oklahoma, Norman, Oklahoma

The cross sections of vibraticnal excitation of the CO and NO molecules
have been calculated by the Born Approximation over a wide range of
incident electron energy. The interaction between the molecule and the
colliding electron is assumed to be of the monopole-dipole type with the
dipole moment of the molecule p expanded as power series of the normal
coordinate 4. The vibrational excitation cross sections depend on the
gquantity (3u/3Q) which can be obtained from the measured intensities of

the infrared spectra of these molecules. The cross sgection for the ground
vibrational state of CO at 5.2 eV is obtained as 0.45 x 10-17 em2 in
reasonable agreement with the experimental estimate of 1 x 10-17 cm=.

The corresponding caleulated value for NO is 0.15 x 10-17 em2. The effects
of the interaction of the incident electrons with the quadrupole moments of
the molecules on the vibrational excitation cross sections have been

examined.

*Supported by the Air Force Cambridge Resgearch Laboratories

*Alfred P. Sloan Foundation Fellow
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C-10 A COMPARISON OF GRYZINSKI'S CLASSICAL THEORY AND THE
BORN APPROXIMATION FOR EXCITATION CROSS SECTIONS OF
HYDROGEN

C. F. Monnin
NASA-Lewis Research Center, Cleveland, Ohic

Using the exact wave method of Massey and Mohr! the Born approximation -

wag performed to determine excitation cross sectionsg of hydrogen from the
ground state to the n = 4 level. The incoming electrons were in the energy
range of threshold to 360 ev. Similar calculations were performed using the
clas;ical theory of‘Gryzinski;E in addition, the exchange cross sectionsg of
Gryzinski~” were calculated for all transitiomsg to 8 states. A comparison of
the theories is given as well as a comparison with experiment for the 15-28
and 18-2P traunsitions. In comparing the theories, it iz found that the
Cryzinski theory yilelds values that are roughly half those obtained using
tbe Born approximation. The experimental cross sectlon for the 1S5-2P transi-
tion lies between the two theoretical predictions. For the 18-28 transition

the classical exchange theory agrees well for energles 1
ess than b0
falis off rapldly after that. ® = °v, bt

1. Massey, H. 5. W. and Mohr, C. B. 0., Proc. Roy. Soc. Al32, 605 (1931).
2. Gryzinski, M., Phys. Rev. 115, 37k (1959).

3. Gryzinski, M., Institute of Nuclear Research - Warsaw Report
No. LLu8/XVITI (June 1963) p. L3.
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Wednesday, Qctober 14, 2:00 P. M.

SESSION D: GLOWS, ARCS, STRIATIONS

Chairman; €. J. Gallagher, General Electric Research Laboratory,
Schenectady, N. Y.

D-la THERMAL INSTABILITY OF THE GLOW COLUMN

+ P .
¢. Fcker , W. Kroll and C. Zoller
Tpstitut Fir Theoretische Physik der Universitdt Bochum, Germany

. Tpstabilities of the positive column of a glow discharge have been observed

in the absence of a magnetic field. We calculate such an instability which
is due to thermal effects and influenced by an exbernal ohmie registance.
Normal mode analysis and trial funcbion methods are applied to derive a
criterion for the ingtability onset, caused by the local coupling between
temperature and charged particle density. Tor given discharge parameters
instability occurs beyond a critical current depending on the outer resis-
tance.

+t present address: dJoint Institute of Laboratory Astrophysies,

Boulder, Colorado

D-1b CATHODIC INSTABILITY OF THE GLOW DISCHARGE

G. Ecker+, W. Krdll" and 0. Zdller
Tnetitut Fur Theoretische Physik der Universitat Bochum, Germany

The stability of the cathodic parts of a glow discharge with respect to
local current density disturbances is investigated. The cathodic region
is described by the particle and momentum balances of the charge carriers
and the boundary conditions at the cathode surface and the negative glow.
The latter are formalated with the help of the coefficients vy and &. From
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a first order perturbation theory of the stationary mode we derive a

dispersion relation.

The evaluation of this equation using Nyquist's

theorem provides a criterion for the onset of the v - § instability.

*t  Present sddress:

Joint Tnstitute of Laboratory Astrophysics
Boulder, Colorado ’
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D-2 THE FORMATION OF THE ABNORMAL GLOW DISCHARGE IN
HYDROGEN*

M. Nahemow and N. Wainlan
Polytechnic Institute of Brocklym, Brocklyn, N. Y.

The dynamics of the formation of an abnormal glow discharge in hydrogen
will be described in terms of the electric field at the face of the ecathode,
the starting delay, and the light intensity in the discharge. _The data
will be compared to calculations which were made by A. L. Ward., The
slectric Ffield at the cathode was determined by measuring the Stark
gplitting of the Hp line as a function of time. The temporal resolution
was better than 5 nsec. Measurements of the current as a function of
time and the electric field data will be compared to define a starting
delay and a formative period. The relation of the apparent propagating
luminous fronts to bthe other dsta and ecalculations will be discussed. The
agreement between the calculations, based on a one-dimensional avalanche
theory, and the experimental results supports the essential features of

s Towngend type avalenche theory of breakdown at large overvoltages.

Supported by the Office of Aerospace Research, Army Research Office -
Durham, and the Office of Naval Research.

1. A. L. Ward, Proc. Fifth Int. Conf. of Toniz. Phenom. in Gases,
(Munich 1951} p. 1596.
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D-3 DEPARTURES FROM THERMODYNAMIC EQUILIBRIUM IN A
HELIUM DISCHARGE*

B. B. Chakraborty and L. Oster
Yale University Observatory, New Haven, Conn.

anntitative measurements of the line spectrum of a low pressure rf
dlscha?ge in helium available in the literaturel have heen used to
determine relative populations of exclted states. The population departs
drgst%cally from thermodynamic equilibrium in the sense that states with
principal gquantum number n + 1 are underpopulated with respect to states
of numb§r n. No welation with the electron "temperature"” is Found for the
population of the available states. The measurements are reasonably well
represented theoretieally by assuming collisional excitation and radiative

deactivation, tazking the different behavior of th i
C e crossg=-gect
various transitions into account. Foas fom the

" .
Work supported by the Office of Aerospace Research

1. H. M. Crosgwhite and ¢. H. Dieke, Am. Tnst
. Ha . . of Phys. .
MeGraw-Hill (1957) ’ ve: dandbock
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D-4 - ARTIFICIALLY EXCITED MOVING STRIATIONS IN A GLOW
DISCHARGE PLASMA

R. 8, Cooper
Massachusetts Institute of Technology, Cembridge, Mass.

A& new understanding of the phenomenon of moving striations is promised
through the use of technigues to produce them artificeally which have heen
developed in this research. Simple cold cathode, glow discharge tubes,
filled with rare gases, were placed in series with a 1- 100 microsecond
pulser. 1In certain regions of DC operation, it wasg found that a quasi-
gtable range of small signal AC operation existed in which linear,
dispersive propagation cf ionization waves resulted. The wave motion was
detected using Langmuir probes, and an sccompanying excitation wave was
cbserved with photomultiplier tubes. Each wave packet 1sg initiated at the
cathode by a single pulse from the pulser and moves at subsonlc veloclity
toward the anode. A structure develops in the packet within a few centi-
meters bravel and moves through it in = direction opposite to that of the
wave group itself. These waves have been produced in hydrogen and in all
rare gases (except radon). Close analogies can be drawn between their
behavior snd that of spontaneous moving striations. A one-dimensional
conbinuum theory has been developed which shows that the ionization wave
must result from & non-eguilibrium or delayed ionization in the gas.
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' D-5 ACOUSTIC WAVES RESULTING FROM ELECTRICAI DISCHARGES

IN GASES*

J. A. Dayton, Jr., and J. A. Berlande
University of Illinois, Champaign, T1Ll.

When energy is deposited zdisbatically and locally in a gaseous medium,
pressure gradients are established. This is the process which takes place
during an intense localized pulsed RF or DC breakdown of a gas, and the
resultin% pressure gradients are large enough to produce an accustic

wave. s This wave is detected with plezoelectric Lransducers or with
mobility limited theymionic diodes. In g partially ionized gas the
pressure wave causes perturbations in the e¢lectron and ion concentrations
affecting all processes depending on these concentrations. Therefore, ’
thege perturbations are observed as modulation of the plasma luminesity
and the transmission of a microwave signal. The nature of the wave i1s
discussed, and its effects on any study of the afterglow of a decaying
plasma, proeduced by a pulsed electrical discharge, are emphasized. The
veloeity of propagation of acoustic waves is used to calculate the neutral
gas temperature or the percentage composition of a mixture of ftwo known
gases.

*

Work supported in part by U. 8. Army Electronics Laboratories and
U. 8. Adr Force Systems Command, Bedford.

1. L. Goldstein, M. Roux, J. A. Dayton, Jr., Proceedings, Sixth
Iinternational Conference con Ionization Phenomena in Gasee, 3,

115 (1963)

o

J. Berlande, P. D. Goldan, L. Goldstein, Appl. Thys. Letbers, 5
51, (1964). B
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D-6 ELECTRKMHJCONDUCTHHTYCH"XENON o

B. T. McClure
Honeywell Research Center, Hopkins, Minn.

As an initisl sttempt to understend the propertiles of discharges in xenou,
the conductivity is caleulated as 3 function of temperature assuming
thermal eguilibrium. Temperatures up toc 4 ev are considered. The
densities of ion species up to Xe + are evaluated by solving Ssha's
equaticns.  The effect of collisicns between electrons and neutral atoms

is evaluated by treating the system ag a Lorentz gas. Numerical results
are obtained by integrating the appropriate functicn of the momentumn
transfer cross sechtion recently obtained by Frost and4Phelpsl over a
Maxwellizn distribution of electron velocities. The resistivity assoclated
with collisions between electrons and various ion species is evalusted from
Spitzer‘52 formula. Collisions bebween electrons and atoms or iong in
excited stabes are not explicitly considered. The combined infiuence of
ions and neutrals is obtained by adding the separate collision rates. For
a gas density G = 1027 meter-3 the conductivity increasses rapidly with
temperature to about 107 amps/(vo;t meter) at 1 ev and reaches aboub

b 10% amps/(volt meter) at I ev. o

1. L. 8. Frost and A. V. Phelps, cubmitted For publicatlicn in Phys. Rev.
{196k). '

5. L. Spitzer, Jr., Physics of Fully Tonized Gases, Interscience
Publishers, Tnc., New York (1956) p. Sh.
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D-7 ATTEMPTS TO CALCULATE MOVING STRIATIONS

A, L. Ward
Harry Diamond Laboratories, Washington, D. C.

Mlmd%h@cm@MErpmymnMsb%nu%dinanaﬂamttomﬂwﬁmﬂ
moving striations. The large dlsparity between electron and ion mobilities
and the steep field-gradient in the cathode-fall region, coften leading to
negative Tields, have prevented a full test of the model. However, compu-
tations indicate that the guasi-static voltage of a low-pressure, sbnormal
glow-discharge is a strong functicn of the ion distribubion in the cathode-
fall region. This effect is equivalent to a negative resistance and thereby
initiates low frequency oscillations. A higher Trequency oscillation due
to electron lonization cycles may correspond to negative striations and
observed anode glow oscillations. Artificial striations intrcduced as
initial ceonditions show that the striations move toward the cathode with a
veloclty of several times the ion velocity in the average field. This
results from the higher ionization on the leading (cathode) edge of the
striation. These artificial striations decay due to diffusion. Ancther
type of caleulation has been made by neglecting electron transport
properties and using a sinusoidal increment in the applied voltage. These
calculations confirm that the velocity of the ion maxims is much greater
than the Tield mobility value. Further results are antieipated.
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CURRENT DISTRIBUTION IN THE POSITIVE COLUMN OF A

D-8
HOLLOW CATHODE DISCHARGE
J. 8. Cory and J. L. McNichols -
Douglas Aircraft Company, Santa Monica, Calif.
Measurement of the effeect of pressure, total current and transverse magnetic

field on the distribution of brightness in a positive column has provided
new information on two aspects of positive column behavior. F}rst, t@e
locatbion of the transiticn between a diffuse glow and a_constrzfted fl%ament
is presented and compared with the results of Fowler ana Jonﬁs: Elimi-
nation of wall boundary conditions and introduction of total discharge
current as an independent parameter indicate that & correlation based on
current density governs the diffuse glow to filament transition. A §ecgnd
series of measursments of the diffuse mode have shown asymmetric s@rlgtlon
patterns. The electric field distribution inferred from these striation .
patterns is closely related to eguipotential lines derived in the theoretical
model based cn the Hall effect of Hurwitz.2 The gquantitative agreement
obtained indicates that this model satisfactorily represents the two-
dimensional distribution of current density and tensor conductivity in

thig discharge régime.

1. R. (. Fowler and L. W. Jones, J. Appl. Phys. 34 1401 (1963)

2. H. Hurwitz, R. W. Kilb, and G. W. Subtton, J. Appl. Phys. 32, 205 (1961)
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PLASMA OSCILLATIONS IN THE SELF SUSTAINING DIPOLE
DISCHARGE (5.5.D.D.) AT ONE ATMOSPHERE

W. T. Dzoanh
I1lincis Institute of Technology, Chicago, TlL.

The d?scharge between two parallel plates gan be established and self
eustalned even at relatively high pressurej< ifT an artificiai mechanism

is used to provide to the system  the neceesery'second lonization coefficient
Y.of Townsend. By covering two electrode surfaces with a porous insulatin :
f}lm and initiating the discharge with a polonium source, the coefficient :
Vlll be supplied by the permanent microbreskdown between}the charged porouz
ingulating Film and the metal. At one atmosphere, registered current wave
pelses,which are proportional to the discharge current, are superimposed with
hlgp Trequency damped oscillations. The latter imply that the medium contain
e h%gh current densgity plasma and Justify the presence of very luminous ;
ionized gas at the surface of the electrodes. Information sbout the nattre
and density of the plasma can be obtained. Similar oscillations have been
chserved in exploding wire experiments.

1. N. T. Dzoanh, $8.8.D.D. in Oxygen (to be published).

2. T, Kornefl’, et. al., Exploding Wires, edited by W. (. Chace and
K. H. Moore (Plenium Press, Tnec., N. Y., 1653) p. 116.
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Thursday, October 15, 9:00 A. M.

SESSION E: COMPOUND STATES IN ATOMS

R. Novick
Columbia Radiation Laboratory, New York, N.Y.

Chairman:

THE ROLE OF RESONANCES IN THE ELASTIC CROSS SECTION*

G, J. Schulz
Westinghouse Research Laboratories

The resonance in the elastic cross section in helium (occurring at 19.30 eV),
first observed in a scatiering experimentl was observed by Fleming and
Higginson2 in a modified Maier-Teibnitz® experiment. It will be shown that
the resonance can be enhanced by a considerable factor in a transmission
experiment in which the exit aperture is limited sc that only the unscatbered
electron current is measured. If the total transmitted current is measured
(as in the Maier-Lelbnitg experiment), no enhancement results. JIn the present
experiment, an electron beam with a half-width about 0.1 eV is tramsmitted
through helium at a pressure around 0.3 torr. The exit conditions Tor the
electron beam can be changed by application of sulteble potentials and the
enhancenent of the resonance has bzen confirmed. This method has also been
used to Find a resonance in the elastic scattering by atomic hydrogen in the

9 - 10 eV range.

¥ Thisz research was supported in part by the Advanced Research Projects
Agency through the Office of Naval Research.

1. G. J. Schulz, Phys. Rev. Letters 10, 104 {1963).

2 R. J. Fleming and G. 8., Higginson, Proc. Phys. Soc (London) 81,
97k (1963).

3. . Maier-Teibnitz, 2. Physik 95, 499 (1935). In the original
experiment, the resonance has not been ohserved.
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E-2 HIGH RESOLUTION STUDRIES OF LOW ENERGY ELECTRON
SCATTERING FROM HELIUM

C. E. Kuygtt and J. A. Simpson
National Bureasu of Standards, Washington, D. C.

Improvements in resoluticn and signal In electron beam transmission measure-
ments have made posgible the detection of 9 discrete resonances in the
scattering of electrons from He. Most lie in the region between 13.3 eV and
o5 V. The first and largest of thege is thet discovered by Schuls at 19.3
eV which is associated with the 1s28% 251/2 state of He~. Other distinct
resonances occur at l9.h3, 21.5, 22.39 and 22.55 eV which are tentatively
assigned to 1s2s2p 2P3/2,1/p and/or 1s2p2 28, 2P, “D. In addition, the thresh-
olds of 239 and 2ls states of He are clearly seen and hence Tix the energy
scale to within = 0.03 eV. Home of the remaining uncertainty is due to
theoretical questions concerning the threshold shapes. OCther resonances in
the 50 eV regicn are chserved which are associated with doubly excited states
of He-. :

e}

"19.5 £ 0.1 and 20.3 £ 0.1 volt.

E];3 LOW ENERGY ELECTRONS IN HELIUM*

R. H. McFarland,
Lawrence Radiation Laboratory, Livermore, Calif.

An electren beam of gbout 0.25 electron volts energy spread has been
scattered in a helium gas held at a few microns pressure. The abgolute energy
range of frem 18 to 28 electron volts has been of particular interest as it
includes regions of elagtic resonance scabbering as well as the inelastic
states of the neutrzl helium atom. Both scattered and transmitted electron
currents have been measured. Elastic resonances have been observed at
Calibration of these energies has been in
terms of the threshold of selected optically observed helium lines of helium
ions of the production of helium metastebles, and of neon lines in a helium-
neon mixture.

*  Supported by the U, S. Atomic Energy Commission
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.4 METASTABLE AUTOQIONIZING ATOMIC ENERGY LEVELS IN
CESIUMX

P. Teldmen, R. Novick®, and G. Sprott
Columbia Radiation Leboratory, Columbila University, New York, N. Y.

Two mehbastable aubtoionizing stomic energy levels have been observed in a
beam of cesium atoms excited by electron bombardment. The excitation
energies are 8.5 (+1.5) eV and 12 (= 1.5) eV, the labter corresponding
to the {p sd))“'F9 » state previously observed in K and Fb.l The cross-
section and lifetime for this state are alsc in agreement with our previous
dsta on these alkali elements. On the other hand, a second long-lived
auboionizing state {albeit with a production crogsg-section a factor of ten
smaller) had not been cbserved in either K or Rb and its excitation energy
does not it inte the 1P level scheme of Beubler and Guggenheimer.2 A
possible configuration for this gtate may arise from the excitation of a
5p electron from the (5];)665)281 ground sbate to a low lying f level.

=

% Work supported by the National Aercnautics & Space Administration
and by the Joint Sexrvices {(U. 8. Army, Air Force Office of Scientific
Research, and Office of Naval Research).

+  Alfred P. Sloan Fellow

1. P. Feldmen and R. Novick, Phys. Rev. Letters 11, o78 (1953).

5. H. Beubler and K. Guggenheimer, Z. Physik 88, 25 (1934).
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Thursday, October 15, 10:40 A, M,

SESSION F: SESSION OF INVITED PAPERS

Chairman: M. A, Biondi
University of Pittsburgh, Pittsburgh, Pa.

RADIATION TRANSFPORT AND GASEOUS ELECTRONICS PROCESSES
IN THE UPPER ATMOSPHERK

T. M. Denahue
University of Pittsburgh, Pittsburgh, Pa.
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F-2 CONTRIBUTION OF THE PROGRAM OF AURORAL MEASUREMENTS Thursday, October 15, 2:00 P, M,

TO THE PHYSICS OF THE UPPER ATMOSPHERE
SESSION G: ELECTRON SCATTERING

R. B. Meyerott _ Chairman: E. Gerjuoy, University of Pittsburgh,
Lockheed Missiles & Space Co., Palo Alto, Calif. Pittsburgh, Pennsylvania

G-1 MOMENTUM TRANSEFER CROSS SECTIONS FCOR SLOW ELECTRONS
IN He, Ar, Xr, AND Xe FROM TRANSPORT COEFFICIENTS*

: L. 8. Frogt and A. V. Phelps
. Westinghouse Research Laboratories, Pilttsburgh, Pennsylvania

Momentum transfer crosg sections for electrons in He, Ar, Kr, and Xe are
obbained from & compariscn of theoretical and experimental values of the
drift velocities and of the ratio of the diffusion coefficient to the
mobility ccefficient for electrons in these gases. The theoretical trans-
port coefficlents are obtained by calculating accurate electron energy
digbribution functions for energles below excitation using an assumed

energy dependent momentum trausfer cross section. The resulting theoretical
values are compared with the available experimental data and adjustments
made in the assumed cross sections until good agreement is obtained. The
final momentum cross section for helium is 5.04+0.1 x 10-16 cm? for an
electron energy of 5 x 103 &V and rices to 6.6 £0.3 x 10-16 em@ for
energies near 1 &V. The cross sections obtained for Ar, Kr, and Xe decrease
from & x 10'16, 2.6 x 10-15 and 10-14 cm?, respectively, at 0.0L eV to
mipimum values of 1.5 x 10=1T7 en? at 0.3 &V for Ar, 5 x 10-17 cm? at 0.65 eV
for Kr, and 1.2 x 10-16 at 0.6 eV for Xe. The agreement of the very low
energy results with the effective range theory of electron scattering is
good.

¥ This work was supported in part by the Advanced Research Projects Agency
through the Office of U. 8. Naval Research.
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G-2 ABSOLUTE TOTAL ELECTRON-HELIUM ATOM SCATTERING

CROSS SECTIONS FOR LOW ELECTRON ENERGIES

D. E. Golden and H. W. Bandel
Tockheed Missiles and Space Company, Palo Altc, Calif.

The Ramsauer techniqu_el hags been used to measure the absolute total electron~
helium stom scattering eross section as a functicn of electron energy from
sbout .35 to asbout 24.5 eV. The electron energy spread during these
megsurements was about 6% of the electron energy or 0.1 eV, whichever was
least. Ho "fine structure" has heen chserved at the lower electron energles
ctudied. The variation of the cross sectlon with energy for energles less
than 3 &V is in reasonzble agreement with the modified effective range
formula of O’Malley.2 The present results are zbout 10% nigher than those
of Hormandd for energies less than 3 eV, provided his "fine structure” is
neglected. As the energy is increased the present results approach those

of Normand teo within 3% for energies greater Cthan 6 ev.

1. C. Ramsauer, Annalen Der Physik 66, 545 {1921).
o, T. F. 0'Malley, Phys. Rev. 130, 1020 {1963).

3. C. E. Normand, Phys. Rev 35, 12i7 (1930).

Le

LOW ENERGY ELECTRON SCATTERING FROM ATOMS AND
MOLECULES: A MODEL

¢. J. Lenander
serospace Corperation, Los Angeles, Califl

A simple model is proposed for the caleniation of free electron wavefunctions
Por low energy electrons incident upon neutral atoms. The region of inter-
actbion of the electron with the atom may he separated into three regilons

of importance of potential: covlomb plus exchange; coulomb; and far-field
induced polavization. The divigion of regilons is based on mathematical and
physical reasong for the characteristic behavior of wavefunctions in the
seattering problem. Examples are given for the elastic scattering of
electrons from Nitrogen, Oxygen and Argon. The sgreement with experiment

and effective range theory is good. The application of the method to
predicting low energy electron scattering from homonuclear diatomic molecules
is discussed.
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G-4 ELECTRON MOMENTUM TRANSFER COLLISIONS IN OXYGEN

M. H. Mentzoni
Sylvania Blectronlc Systems, Waltham, Mass.

The electron collision frequency for momentun transfer, vy, has bheen
determined by microwave methods in an oxygen plasma for temperatures between
300 and QOOOK. Tt was Found that the measured average electron-neutral
coliision frequency was consistent with Vem being proportional to the square
of the electreon velocity when a Maxwellian velocity distribution is assumed for
the electrons; i.e., < Vep » = 3.0 XD ¥ T x 10 (sec‘l) with p the pressure
in torr .asreferred to 273K and T is electron temperature in degrees Kelvin.
The results also indicated that electron-ion collisions are inportant at the
lower bemperatures with the values of Vej in agreement with the ones recently
reported by Chen.l Some measurements on the electron energy relaxation times
indicated that the G-Tactor was much larger (by approximately an order of
magnitude) than reported for nitrogen under simliar conditions.

1. C. L. Chen, Phys. Rev., 135, A627 {196L).

L8

G-5 MICROWAVE MEASUREMENT OF THE PROBABILITY OF

COLLISION OF LOW ENERGY ELECTRONS IN NITROGEN=*

J. H. Noon, E. H. Holt, and J. P. Quine
Rensselaer Polytechnic Institute, Troy, Hew York

The probability of collision for momentum transfer (Pc) of low energy
electrons (< 1 eV} in nitrogen has been experimentally determined using
microwave transmission techniques. These results show agreement with those
of Phelps et all but disagree with those of Anderson and Goldstein.g A
pskesble cell constructed of X-band wavegulde contained the plasma. A
nitrogen discherge was produced by e pulsed DC supply and the phase ghift
and abtenuaticn of the microwave signal measured as a function of the time
in the afterglow plasma. The change in electron temperafure with time was
mopitored using a gated mlcrowave radiomster. Assuming a Maxwellian
velocity distribuition for the electrons, T, was calculated as a function

of electron energy from the measured values of microwave conductivity and
electron temperature. The radiometer measurements indicate that the
electron energy distribution iz nob Maxwellian in the early afterglow.

The relevance of this in explaining the disagreement bebween values of

P calculated by earlier workers and the heating effect of nitrogen
metastebles in the afterglow will be discussed. |

* Work supported by the National Aeronautics and Space Administration

1. A. V. Phelps, 0. T. Fundingsland, and S. C. Brown, Phys. Rev. 8k,
559 (1951).

5. J. M. Anderson, and L. Goldstein, Phys. Rev. 102, 388 (1956).
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G-6 LOW ENERGY POSITRON-HYDRCOGEN SCATTERING

P. M. Stone
Sperry Rand Research Center Sudbury, Mass.

The contribution of polarization and virtual positronium formation in
positron-hydrogen scattering is still uncertain. The only conclusive re-
sult of prior calculationg is that polarization of the hydrogen atom by

the positron is important at low energies (=1 eV), generally changing

the phase shifts from negative values assceisted with the repulsive mean
statiec field to positive values asscciated with an over-all attraction.
Calculations are reported here where the polarization potential is considered
in a new  and general way. The potential iz obtained by minimizing the
target atom energy at each position of the pogitron for a class of disw
turbed atomic wave functions. This is justified at the low Impact energies
considered. The form of the disturbed wave functions is a linear combination
of the unperturbed functions. Results are presented where the perturbing
state is a 2p state, combinations of 2p and 2= states, and combinations of 2p
and higher p states. The advantages of this methed over the “"coupled
equations” method, and the relaticnship to the varistional methods are
discuseed. The numerical results indicate & stronger effect of polarization
than previous calculations.

1. P. M. Stone and J. R. Reitz, Phys. Rev. 131, 2101 (19563).
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G-7 THE CONCEPT OF COLLISION FREQUENGY IN WAVE-PLASMA
INTERACTIONS '

R. T. Whitmer and G. F. Herrmsnn
Tockheed Missiles and Space Company, Palo Alto, Calif,

An electromagnetic wave propagating through s weakly lonized gas is
characterized by two parameters of the plasma, the electron density and
the electrom-neutral particle collision frequency. When the collision
frequency is independent of the electron veloeity the propagation constant
of the wave can be derived in a straightforward manner. Molmidl has shown
that in the case of a velocity dependent collision frequency an effTective
collision frequency can be defined and used to describe the wave
characteristics. However, this concept is inconvenient to use because this
effective frequency is a complex quantity. In this paper it will be shown
how two real parameters, an effective collision freguency and an effective
plasma frequency, can be defined which will completely describe the
effects of the velocity dependence of the collision frequency on wave
propagabion. These two quantities involve integrals of the velocity
dependent collisicn fregquency ard the electron distribution function. These
integrals have been evaluated mmerically for the gases He, Ne, A and No.
A%t high frequencies the effective collision frequency differs from the
actual collision freguency by approximately'zo% in He and a factor of two
in A. Such differences produce an appreciable change in the calculated
attenuation coefficient. At low frequencles or near a rescnance the
effect can be as much as an order of maghitude. Consequently, the line
shape ab ecyclobron resonance, particularly for Ne and A, should vary
drastically from the form predicted on the basis of a velocity independent
collision frequency.

1. Molmud, P., Phys, Rev., 1lh, 29 (1959)
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Thursday, Cctober 15, 2:00 P. M.

SESSION H: ION-MOLECULE REACTIONS

Chairman: E. C. Beaty
Joint Institute For Laboratory Astrophysics,
Boulder, Colorado

H-1 SHOCK TUBE STUDY OF THE TEMPERATURE DEPENDENCE
OF NITROGEN ATOMIC RECOMBINATION™

G. R. Carruthers
University of Illinois, Champaign, I1l.

The Lemperature dependence of the three-body recombination rate constant
for atomic nltrogen, as studied in shock tubes in the temperature range
500 - 2, 000° K, is reported. Both pure nitrogen and dilute mixtures of
nitrogen 1n argon cor helium were used. A small amount of dissociation was
produced 1n The test gas prior to initiation of the shock wave, elither by
a rf’ discharge 1n conjunction with a flowing system or by a capacitor
discharge along the length of the shock tube test section. The relative
recombination rates ahead of and behind the shock were determined by moni-
toring the intensity of the Rayleigh afterglow across the shock. A l/T
dependence of the afterglow recombination rate constant was found, with the
upper limit of 2, 000°K being set by the appearance of impurity radistion.
Evidence is presented for consildering this temperature dependence to apply
also to the total recombination rate constant. The change in speetral
distribution of the Rayleigh afterglow across the shock was also studied.

* Work supported in part by U. 8. Air Force Systems Command, Bedford.
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H-2 ISOTOPIC ABUNDANCE STUDIES CF HOMONUCLEAR AND N
HETERONUCLEAR MOLECULAR IONS IN RARE-GAS PLASMAS

M. A. Mosharrafa and H. J. Oskam
University of Minnesota, Minneapolis, Minnesota

A highly sensitive guadrupocle mass-spectrometer, bakeable at ESOOC, has

been constructed for studying plasma properties. The considerations which
led To the choice of this particular type of spectrometer will be discussed.
Isotope technigues applied to active plasmas produced in neon-argon and
neon-krypton mixtures revealed the presence of the heteronuclear ions

(Near)® and (NWekr)¥. The isotopic abundances of certsin molecular ions

were found to differ from the natural abundances in the gases. A thecoretical

explanation based on the molecular-ion production processes will be presented.

The extremely small relative number densities of the heteronuclear iocns
explain why they have not been observed in plasmas by previcus investigators-

Work supported by the National Secience Foundation and the Advanced
Research Projects Agency through the Office of Naval Research.
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H-3 MEASUREMENT OF THE TEMPERATURE DEFPENDENCE OF
THE RATE OF CONVERSION OF He' INTO He'é' IN THE HELIUM
AFTERGLOW*

F. E. Niles, C. B. Collins® and W. W. Robertson
University of Texas, Austin, Texas

Previous workt yielded the rate of conversion at room temperature of

Het into He2+ by the reaction Het + oHe - He2+ + He from the observeddecay
of the atomic and molecular emissicn in the early helium afferglow and the
known rate of diffusion of HeT. Similar messurements have been carried out
over the temperature range TTCK +to 4430K. These measurements show that the
temperature dependence of the rate of conversion, Bpg, goes as T+ and,
consequertly, that the temperature dependence of 8 goes as T-3. These
results seem Lo be consistent with the theoretical predictions of the
temperature dependence of Lermolecular resctions.

#* This work was supported by the U. 3. Air Force Office of Secientific
Research

t Present address: Southwest Cenber For Advanced Studies, Dallas, Texas

1. T. E. Niles and W. W. Robertson, J. Chem. Phys. 40, 3568 (1964 }.
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H-4 SPECTROSCOPIC INVESTIGATION OF THE HELIUM-NEON
MOLECULE (TON)*

W. R. Henderson, F. A. Matsen and W. W. Robertson
The University of Texas, Austin, Texas

When a discharge is excited in a helium-necon mixture a band spectrum
appears that is absent in the spectra of the sepsrate gases. This spectrum
has been attributed to the He-Ne molecule {ion)-25 Investigated here
under high resolution, the spectrum could not be completely analyzed.
However, substitution of He3 for Het resulted in isotopic shifts in agree-
ment with those calculated for the rotational structure of a diatomlc He-Ne
molecule. Investigation of the spatial distribution of intensity of the
atomic and wolecular radiation in the cathode region of a dc discharge
through a helium-neon mixture and its behavior under a problng microwave
field yielded a clear indication of the origin of the molecular spectrum.
The He-Ne molecular lon 1s evidently formed in an excited state of the lon
having as its dissociation limit Het + We and decays to a lower state of
dissocigtion limit He + Ne™. The reaction is found to be et + Ne + X —
(HeNe+}* + X. The approximate depths of the potential wells can be inferred
from the appearance potential of HelNet if the reacticn is assuumed to be of
the Hornbeck-Molnar Lype.

*¥ mhig work was supported by the U. 3., Alr Force 0ffice of Scientific

Research.
1. N. J. Druyvesteyn, Nature {London) 128, 1076 {1931).

5. H. J. Oskem znd H. M. Jongerius, Physica 24, 1092 (1958).
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ENERGY ANALYSIS OF IONS PRODUCED BY COLLISIONS OF
Nz* WITH MOLECULAR OXYGEN®

R. C. Anme
University of Denver, Denver, Coloradeo

N. G. Utterback
University of Denver, Denver, Coloradec and General Motors
Defense Research Laboratories, Santa Barbara, Calif.

Efforts to measure the non-resonant charge transfer crosg section for

o' ilons incident on molecular oxygen have shown that the associated
scattering is of great importance. TUsing the grid arrangement described

by Utterback and Millerl, an energy analysis of the ions produced in a
charge transfer gas cell was performed. TInclident ion energies studied
ranged from 20 eV to 1000 eV. Grid current representing those collected
ions with energies less than a Tew eV was found to be unaffected by
increasing the ion source electron energy from 17 to 24 eV. It is concluded
that the long-lived excited states thus generated in the nitrogen ion beam
are not important for this process. An interpretation of the measured ion
currents in terms of the charge transfer cross section will be discussed.

Supported by NASA.

1. N. G. Utterback and G. H. Miller, Rev. Sci. Instr. 32, 1101 (1961).
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H-6 CHARGE TRANSFER CROSS SECTIONS FOR N, IN ARGON
AND ArTIN NITROGEN™

H. C. Hayden and R. C. Anmme
University of Denver, Denver, Coloradoc

Charge transfer cross sections for N2+ in argon and Ar' in molecular
nitrogen have been measured as functions of ion energy and of ion scurce
electron energy. Ion energies studied were in the range of 50 eV to

1000 eV and the ion source electron energy was varied between 16 and 24 ev.
For the art + No case, the cross section appeared to be non-rescnant and
was insensitive to ionizing electron energy. The slightly endothermic
charge transfer for the N2+ + Ar case also appeared Lo be non-resonant, but
was measurably influenced by ion source electron energy. This result

is attributed to the presence of long-lived excited states of Ng+, reported
“earlier.l Evidence will be presented to show that the (N2+)* ions may
exhipit resonant behavior in charge transfer with argon atoms. This
suggests that the effeet might be due to the excitation of vibrational
states by lonizing electrons.

*  Supported by NASA.

L. R, C. Amrme and N. G. Utterback, Proc. Third Intern. Conf. on Phys. of
FElectronic and Atomic Collisions, London (North Holland Publ. Co., 1964).
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H-7 CONVERSION OF N,* TO N;* IONS AS A FUNCTION OF E/p,* |
b : _ |

. I

8. B. Woot and R. N. Varney' ™
Washington University, St. Louis, Missouri

The existence of the four ions in nitrogen, N* , Mot | N3+ , and Nh+ R

now commonly cbserved, introduces peculiar problems in drift velocity measure-
ments of ions in nitrogen. We had used a single-shutter drift velocity tube
having as ion source an electron emitter with controlled accelerating arrange-
ment so that consgiderable limitation could be imposed cn the type of ion
produced and its possible degree of excitation. With this arrangement

coupled with careful and extensive analysis of data we have been able to+
observe and identify the following: NT in a range of 8£E/pO£lOO, and No' in
a range of 55<E/p,=200, and N3* in a renge of 9<E/p,<h0. Alsc cbserved

were the following: NT and Ng* similtaneously with no interchange from one
jon type to ancther in a range 55£E/p0£100; N+ end N3™ simultaneously with

no interchange from one ion type to another in a range lOsE/poého. In
addition, N2+ was observed undergoing a transition to N3+ for which the
attachment freguency was measured as a function of E/po and pg. It was

found that the sttachment frequency o wes proportional to pe” and to

exp{ -AB/Po) Where A = 5.75 x 10~2(cm x nm Hg)/volt. Valuss of o ranged from
0.8 to 8 x 107% sec~l. Tinally, N3* was observed changing to Not in flight,
but only semiquantitative data were obtained.

¥ Work supported by ARO-D

t Present address: Joint Institute for Laboratory Astrophysics,
University of Colorado, Boulder, Colorado

T+ Present address: Lockheed Missiles and Space Company, Palo Alto, Calif.
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-8 MOBILITY AND MASS ANALYSIS OF IONS IN HYDROGEN*

¢. SinnottT R. W, Varney’ and M. Saporoschenko
Waghington University, St. Louls, Missouri

The mobility of iong in hydrogen has been measured over a range O.6£E/pO
<110 Volts/(cm mm Hg) with a double shutter device capable of considerable
precision and using a glow discharge of minimim power {gbout 1 watt) as ion
source. Presgures were varied from 0.5 to 5 mmn Hg. The temperature was alsc
varied covering TTK<T<L70%K. The results differ considerably from those of
Chanint but our agreement with his results in helium suggests that the
difference is not instrumental but involves a different icn in hydrogen.
Evidence will be presented supporting the hypotheslis that our basic ion is
H5+, presumably formed from Hg' + Hp which seem to coalesce but with fairly
wesk binding, probably under 0.5 V. Using a separate mass spectrographic
apparatug, the ion of mass 5 has indeed been found in hydrogen. Ag a check,
the ion of mass 10 in pure deuterium was alsc sought and found and its
behavior as a function of pressure studied.

#* Vork supported by ARO-Durham, AEC, and Research Corporation.
t+  Present address: Lockheed Missileg and Space Company, Palo Alto, Calif.

1. L. M. Chenin, Phys. Rev. 123, 526 (1961)
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SCME ATOMIC-HELIUM ION REACTIONS STUDIED AT
THERMAL ENERGIES

H-9

¥, C. Fehsenfeld, D, B, Dunkin, H. I. Schiff, and E. E. Ferguson
National Bureau of Standards, Boulder, Colorado

A mumber of helium ion reactions have been studied in a steady state after-
glow system. These include

Het + Wy » He + W + NF (1)
1 +
Het + 0p »He + 0 + O . (2)

The ratio of these reaction rates is measured to be 1.2 + 0.2. This has
the impovrtant geophysicael conseguence that atmospheric helium ions will be
108t by reaction (1) rather than by reaction (2), as currently assumed.

The absolute rates are k3 = 1.3+ 0.3 x 1079 cc sec‘l, and kp = 1.1 + 0.4 x
10-2 cc sec-l. These rates have been determined by two independent experi-
ments, one involving measurement of lon currents as a funetion of Ng(or 0p)
concentration with a quadrugole mass spectrometer, the other involving an
optical measurement of Te{ 238) wetastable concentrations as a function of
Np{or Op) concentration. The measured Penning rates will alsc be reported.
A number of other resction rates {or upper limits) for thermal helium lons
have been measured, including charge-transfer to the other rare gases and
non-dissociating states of Np, and will be reported.

61



H-10 SOME PROPERTIES OF MOLECULAR HELIUM IONS

E. E. Ferguson, F. (. Fehsenfeld, and A, L. Schmeltekopf
National Bureau of Standards, Boulder, Colorado

Significent advances in the understanding of the properties of the molecular
helium ion have occured since the last Gaseous FElectronics Conference.
Mulliken has revised the picture of molecular helium potential curves,
Pakayanagi has estimated the vibrational relaxation time of He2+, and the
collisional-radiative recombination calculations of Bates and Kingston have
been extended and compared to afterglow experiments. These results will
be briefly reviewed and their significance with respect to interpretation
of experiments in this and other laboratories discussed. In psrticular,
dissoclsbive recombinstion appears not to be important in laboratory
conditicns which have been investigated and it is doubtful whether any con-
vincing evidence for ils occurrence has been reported 1n the literature.

We have measured the rate for the ion-atom interchange reaction {1) to be
10'1Ocm3sec‘ .

+ *
He, (v =0) + Ne = (HeNeT)™ + He. 1)
(HeNet)* - He + We . (2)
+
Only the disappearance of He, and the appearance of Ne+ are observed.
However, the alternative mechanism for this overall reactlon, which would

involve charge-transfer to the unsteble Hep ground state, is endothermic
by at least 2 eV.
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Friday, October 16, 9:00 A, M.

SESSION I: BREAKDOWN; CORONA

Chaivyman: J. E. Creedon
U, 8. Army Electronics Laboratories, Ft. Monmouth, N.J.

I-1 PRESSURE DEPENDENT BREAKDOWN POTENTIALS IN
PENNING MIXTURES

L. M. Chanin and G. D. Rork
Honeywell Research Center, Hopking, Minnesota

Measurements have been made of the primary and secondary electron ionization
coefficients in neon-hydrogen, helium-hydrogen, and necn-argon mixtures
using the Townsend techniques. In these mixtures measurements have been
econducted over z considerable rangs of pressures at the E/po value corres-
ponding to the maximm of the Penning effect and for the optimm concen-
tretions. Examination of the pre-breakdown current growth clearly indicates
a pressure dependent breakdown potential. Measurements of the primary
coefficient as a function of pressure show no significant pressure variation.
Measurements of the secondary lonization coefficient, however, indicate

that v decreases with increasing pressures congistent with the observed

" preskdown potential variation. Limitations of the Townsend technique for

studying secondary coefficlents will be discussed.
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I-2 ELECTRICAL BREAKDOWN PROCESSES IN SHOCK HEATED AIR

D. R. Vhite, &. N. Greenwood, and T. H. Lee
General Electric Co., Philadelphla, Pa.

Tests, designed to study the electrical breakdown processes in air in

the temperature range 1800° - 3200%, are described. The method used

was that of applying an electric field across a shock-heated gas. In

tests with nitrogen previocusly reported, what appeared to be "thermal break-
downg" were cbserved st high tempersture. In these tests an appreciable
current was cobserved to Tlow although the voltage remsined gquite high.

This was again seen with air. Oscillograms ghow tens of asmperes flowing
For up to 100 psecs., before an arc was developed, with a voltage of

5-10 kV across an & em gap. The density was approximately 1/8 amagat.

A theory was proposed in an earlier publication which suggests that the
form of the breakdowns, whether an abrupt spark breakdewn or a thermal
breakdown, might well depend upon the electron concentration. In an

effort to test the theory the electron concentration was measured, in the
tests described, by microwave attenuation and also indirectly with low
voltage probes. The two methods gave betier than order of magnitude
correlation. Typical oscillograms are reproduced. The values observed

are higher than the Saha eguilibrium value, which almost certainly indicates
the presence of NO.

6l

RECENT THEORETICAL AND EXPERIMENTAL ADVANCES
IN THE KNOWLEDGE OF CORONA STREAMER BREAKDOWN*

L. B. Logb, G. A. Dawson, and W. P. Wina
University of California, Berkeley, Calif.

gtudies have been made of the growbth of streamer sparks in short po%nt-?o-
plane g8ps in atmospheric air using measurements of ?urrent and lumlno§1ty
employing one or two photomulitipliers, Lichtenberg figures, photographic
recordings, and an image converter. BStreamers were produced by’both‘
jmpulse potentials of nanosecond rise and fall times and by suppression off
preakdovn streamers with current-limiting resistors. The_stu@les have
indicated the presence of fast primary streamers propagating into the l?w
field, secondary more conducting streamers which near b?eakdown ?ar?y high
$ip potentials across the gap, lonizing waves of_po?entlal, and indirectly
tne presence of rebturn strokes as ohserved by Krltzl?ger for long gaps,
bringing into sensible agreement studies of all previous o@servers. The
work has led to development of the zero-field theory of.prlmary stra?amer
propagation, which is not only in excellent agreement vlth chservation but
recently has received impressive confirmation. According to the theory,
the streamer tip, considered to be electrically isclated from ?he anode,.
gains energy in the high field region proportional to the ap@lledAp?tegtla%
and propagates in the low field until this energy is dissipated by ionization,
excitation, and branching.

% Work supported in part by U. 8. 0ffice of Naval Regearch.
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I-4 FORMATION OF LOW IMPEDANCE NANOSECOND ARC
CHANNELS

H. Fischer
Alr Force Cambridge Research Leboratories, Bedford, Mass.

The transition from a low current streamer into a high density arc channel
of low lmpedance has been discussed in the past without complete sgreement
in regard to the mechanism of the breskdown and the priorities of partic-
ipating processes.l:2;3;h On the other hand, 1t was recognized that the
time scale and possibly the mechanism of the breakdown will depend upon the
impedances of the current feeding circuit.? Formation of an extremely
narrow,<0.1 mm, and appareptly magnetic pinched arc channel, =210 A/cme,in
1 atmosphere air within 10" second after "zero" time recently has been
demongtrated by means of a plated coaxial, ~0.5 ohm, capacitor transmission
line. For such a case the present model of arc channel formation needs
modification as it may appear. A model is suggested in which the dif-
Terential ionization by the electrons is increased within the forming channel
which appears to narrow with increasing current. Short wave radiation may
account for the expansion of arc channels after such breskdown has been
completed. Photographs of low impedance nanosecond arc channels are shown
and discussed.

1. L. B. Loeb, Basic Processes of (aseous Electroniecs, University of
California Press {195%).

2. J. M. Meek and J, D. Craggs, Electrical Breakdown of Gases, Oxford
University Press (1953).

3. T. Llewellyn-Jones, Tonization and Breakdown in Gases, Wiley
Publishers {1957)

4. H. Raether, Ergebniese exakt. Naturw. 33, 175 (1961).
5. R. F. Saxe, Brit. Journ. Appl. Phys. 7, 336 (1956).

6. H. Fischer, Journ. Opt. Scc. Am. 51, 543 {1961).
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“.IONIZING RADIATIONS EXCITED IN A POSITIVE BURST PULSE
CORONA IN NITROGEN, OXYGEN AND AIR ’

7. Tamura
Shizuoka University, Hamamatsu, Japan

The onset of a positive burst pulse corona was measured at different
pressures in nitrogen, oxygen and air. From the extrapolated vglue of
reduced field strengbh to indefinitely high pressure t@e effectlve'a?sorp—
tion coefficient of the radiation active in the formgt}on of a positive
turst pulse corona was deduced using the Loeb's condltlon.for the ?nget

of a burst pulse corona. The estimated values of absorption cogfflclent
ror each of these gases differ according to the values of the fl?ld gtrength
at the tip of the positive electrode. Tt seems that there are six or seven
components for each of these gases. They are 4900, LLoO, 2375, 99, 2.227,
and 1.02 x 10-5 em~1 for nitrogen and 3200, 3080, 2700, 1565, 440, 34.3

and 0.00522 em~l for oxygen and 5650, 5340, 3620, ;15, 2,75, 0.0L and

7.5 % 102 cm~l for air. Ratios of numbers of ionizing photons to lons

in & burst forming avalanche and excitation cocefficient were calculated
for these components and were Found to depend on the field strength at the

- tip of the pogitive electrode.
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I-6 VALIDITY OF TOWNSEND'S IONIZATION FUNCTION IN NON-
UNIFORM ELECTRIC FIELDS

L. H. Figher, and D. E. Golden
Lockheed Migsiles and Space Company, Palo Altc, Calif.

A number of authorst:2,3 have concluded that experimental values of pre-
breakdown lonization gas current multiplications in non-uniform electric
fields are not correctly vredicted by generalizing Townsends ionizetion
function for uniform fields to non-uniform fields. Re-analysis of the
available non-uniform field data in hydrogen has been made using newer
values of the first Townsend ionization coefficient. It 18 concluded
that in a number of cases where such a failure has been reported there is
in fact no such failure. The reported faillures in these cages are due Lo
the use of incorrect values of the first Townsend ionization coefficient.

1. P. L. Morton, Phys. Rev. 70, 273 (19k6).
2. L. H. Fisher and G. L. Welssler, Phys. Rev 66, 95 (1g9hk).
3. G. W. Jchnson, Phys. Rev. 73, 284 {1948)}.

%. D. J. Rose, Phys. Rev. 1ok, 273 (1956).
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PLASMA GENERATION BY THE LASER ILLUMINATION OF A
TUNGSTEN SURFACE

A. 8. Gillmour, Jr. and I'. A. Giori
Cornell Aerconautical Laboratory, Inc., Buffalo, NWew York

The generation of a denhse twmgsten plasma.by the illumination ?f ? tungsten
surface with a pulsed ruby laserqis described. Ion—currept ?MlSSiDn-L.
densities greaber than 2000 a/cmF and electron-current emission den?iﬁles
greater than 200,000 a/cm2 have been achleved. Meagurgmen?s_ma@e wit

a quadrupole mass spectrometer have shown that the lOﬂlZ&t;Oﬂ ol the .
tungsten material leaving the emitiing gurface was over 99% complgt? an
that singly-charged, single-atom ions only were gegerated. Tée aye;agg
energy of the ilons was found ©o be 15 ev under a wide range of COﬂdlthFS
and the energy required per ionization was asg low as 4000 ev. Un?er some
circumstances, large electron and iom currents Fontlnued to be emitted )
rrom the tungsten surface for as long as 2 milliseconds alter the cessation
of the laser light. It ig thought that This phenomenon ?esult?d from

ohmic heating of the emitting surlface of the tungsten. Mechgnlsms that may
sccount Tor the exbremely efficient lonlzatlon process are discussed.
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I-8 GAS BREAKDOWN BY OPTICAL FREQUENCY RADIATION

A. F. Haught and R. ¢G. Meyerand, Jr.
United Aircraft Research Laboratories, Fast Hartford, Conn.

Tlectrical breakdown of gases by optical freguency radiation has been
studied over a wide range of pressures in a number of gases. TField

strengths of the order of 107 wvolbs per cm frem & 25 nancosecond ruby

laser pulse were reguired for the breskdown and resulted in eleciron
densities up Lo 1019 elasctrons per e within the breakdown volume.
Diagnostics involving charge collection, spectroscopy, and framing camera
photographs of the breakdown luminosity have been usged to study the phenomena.
Mesgurements of the attenuation of the irrsdiating laser beam show that the
breakdown developed within 5-9 nanoseconds of the start of the cptical pulse.
Tt has Leen established that the energy removed from the irradiating beam is
abzorbed by the breakdown plasma. The rapid development of the breakdown
cannot be adequately explained on the basis of existing theoriés of break-
down in gases. This production of & plagma by ophbical freguency radiation
provides a unigue method for the study of high density plasmas without
requiring the use of electrodes or otherwise intreducing possible con-
taminsnts to the plasma. - :
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NANCSECOND PULSE MICROWAVE BREAKDOWN OF AIR AND
HELIUM*

¢. Buntschuh and M. Gilden
Microwave Associates, Inc., Burlingtcn, Mass.

Microwave breakdown of alr and helium was studied at a fregquency of 9 Ge
uging pulses 11 nsec. long. The pulses were generated by discharging the
energy stored in & resonant cavity. Normalized breakdown field strengths,
Eeff/PJ ranged from TC to 1900 v/em-torr in airg snd 20 to 160 in helium. é
Correspogding values of prT were 5x10-T to 3x10~Y torr-sec in air and 5x10~

to 5x107% in helium. The regults agree with the video pulse brezskdown
measurenents of Felsenthall at pressures high enough for the RF effective
field correction to be negligible. The effective field correction factors
required to obtain agreenent between microwave and video pulse datal at

low pressures ylelded the following approximate electron collision frequencies
for high Eerp/p: for air ve = (K +.012 Eerr/p)x 109p secl; for helium ve =
1.5%109p seo-L . The results indicate that ths effective field concept is
valid for large values of Eeff/p and that the pulse breakdown theory of Gould
and Roberts2 may be applied to breakdown times as short as a nanosecond.

* Supported by Rome Alr Development Center.
1. P. Felsenthal, Bull. Am. Phys. Soc. II-9, W68 (196h).

5. L. Gould and L. W. Roberts, J. Appl. Phys. 27, 1162 {(1956).
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SESSION J: MOSTLY RECOMBINATION AND AFTERGLOWS

Chairman: W. H. Kasner
Westinghouse Research and Development Center
Pittsburgh, Pa.

J-1 DISSOCIATION OBSERVED IN A HELIUM AFTERGLOW™

C. B. Collins, Jr. and W. W. Robertson
University of Texas, Austin, Texas

Spectroscopic observations conducted on_a Flgwing helium afterglow at an
electron density of the order of 2 x 1012/0m and a temperature of 1800°K
revealed the emission of the 10,830 A (23P - 233) helium line at a higher
intensity than could be expected as the result of cascading from the
higher levels populated by the ccllisional-radiative recombination of He™.
The emigsion was found to be quenched upon application of a weak microwave
field go the afterglow. An examination of the pressure dependence of the
10,8304 intensity and ion concentrations established that the anomalously

" high 23P population was the result of the ion electron recombination of

He,' . The axial variation of the intensity revealed & dependence which was
first order on He, concentration and first order on electron density-
Mechanisms are discussed.

*  gupported by the Propulgion Division, Air Force Office of Scientific
Research.

+ Present address: Southwest Center for Advanced Studies, Dallas, Texas-
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J-2 IONIZATION AND RECOMEBINATICN IN CESIUM-SEEDED
PLASMAS NEAR THERMAL EQUILIBRIUM

L. P. Harris
General Electric Research Laboratory, Schenectady, N. Y.

Measurements have been completed of electron-density relaxation in cesium-
seeded plasmas perturbed from thermal equilibrium at temperatures in the
15000 to 2000°K range. The gases consisted of 0.1 to 20 Torr Cs vapor

in abmospheric pressure argon or helium. Flectron densities ranged over
1.9 x 101 to 3.8 x 1013 cm -3 and relaxation times over 30 x 10-© to

50 x 10-3 second. The results indicate that charge production and loss
are dominated by the atocmic-ion process Cs + e + 2.80 ev = gst + 2e at the
higher temperatures, and by the molecular-ion process Cs + Cs + 2.82

ev & 052+ + e at the lower temperatures and higher cesium pressures.

At the lower bemperatures and lower cesium pressures the dominant process
is ambipolar diffusion. The results obtalned when the atomic-ion process
dominates agree well with calculations based on the equilibrium properties
of the gas and recent theory for two-electrcn, Three-body recombination.
The rate of the molecular-ion procesg corresponds to a two-body recombination
coafficient of approximately 1 = 107 cmS/sec at temperatures of 1250°

to 1400°C, a value small relative to that derived from earlier experiments.
A11 evidence indicates that, desplte their numerical preponderance, the
argon and helium atoms play no significant roles beyond those of thermal
bath and diffusion barrier.

Th

'J._?, a IONIZATION EXPERIMENTS IN ELECTRON-IRRADIATED Ny - Op

MIXTURES* 1. ELECTRON DENSITY MEASUREMENTS

P. N. Eisner, M, N. Hirsh, and J. A. Slevin
The G. C. Dewey Corporation, New York, New York

Steady-state and afterglow measurements of electron densities have been
pade in O - N, mixtures weakly ionized by a spatially uniform flux of

1.5 Mev electrons from a Van de Graaff accelerator. The plaswa is

contained in a large uhf resonant cavity to which mass and optical spectrom-
eters are appended; electron densities are deduced from measured shifts

in the rescnant frequency of the cavity. The large cavity size minimizes
wall effects, and ultra-high vacuum techniques salfeguard gas purity.
Measurements made over the range 0.8 to 10 Torr indicate that the predomi-
nant linear electron loss process_is three-body attachment to Op, with the
coefficient B = (2.1 £ 0.4) x 10730 ¢n® sec~l. The efficiency of Np relative
to Op in stabilizing the attachment is found to be & = 0.06 + 0.03.

*  gupported by the Defense Atomic Support Agency through the U. S.
Army Eiectronics Laboratories, Fort Monmouth, N. J.

7-3b IONIZATION EXPERIMENTS IN ELECTRON-IRRADIATED Np - Op
MIXTURES" II. MASS AND OPTICAL SPECTROSCOPY

M. N, Hirsh, P. N. Eisner, and J. A. Slevin
The G. C. Dewey Corporation, New York, New York

Mass and optical spectroscopic measurements have been performed on the
plasmas generated by the equipment described in the preceeding abstract.

The principal positive icn found in Np - Op mixtures in the pressure range

1 te 10 Torr is 0,7 for mixtures at least /3 Os; greater concentrations

of Np shift the predcominant ion to Np' in this pressure range. The general
festures of the positive ionm spectra for various experimental conditions
will be presented. Optical measurements show the First Negative System of
N2+ to be directly excited by fast electrons from ground sbate neutral
molecules. Cross-sections for the radiationless gquenching of, the B3 T u
state by collisions with N, and 0o are found to be 1.2 x lO'lL and L x i0-lh
cm?, respectively. Evidence Tor the origin of the Second Positive Bystem in
positive ion-electron recombination will be presented-

Supported by the Defense Atomic Suppori Agency through the U. S. Army
Flectronics Laboratories, Fort Mommouth, N. J.
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CYCLOTRON RESONANCE ABSORPTION OF SOME NEGATIVE
IONS*

D. Wobschall and J. R. Graham, Jr.
Cornell Aeronautical Leborstory, Iuc., Buffalo, N. Y.

Ions were produced by passing a low energy (<78ev) beam of electrons
through oxygen and other gases in a fixed magnetic field. Negative lons
can be distinguished from positive ions by applying a transverse clircularly
polarized RF electric field of the proper sense at the cyclotron frequency.
Tecimigueg will be described. Also given will be observaticns of line.
inversion; that is, the detection of power emission at one set of RF

" electrodes caused by ions which have abscrbed power from a perpendicular

set. The pressure dependence of the line widths of 02' and 0T were
measured in order to determine their collision cress sections in oxygen.
These cross sections were slightly (10-30%) smaller than the cross section
of 02+ in 0p (P00A<) and agree with Tangevin's theory within experimental
error.

7



J-5 NEW EVIDENCE FOR THE IMPORTANCE OF N2(3Au) IN
DISCHARGES AND AFTERGLOWS IN No PLUS RARE GAS

C. Kenty
General Electric Company, Cleveland, Ohio

In low current discharges and afterglows in 200 mm A +'.1% Ng, the 10,500 I
{0,0 first positive) Np band is found to be enhanced 30-fold as camared

to bands originating in v'=l, v'=2, ete. of B3n . Thie highly selective
excitation of v'=0 of B3n, at 7.35 eV is ascribed to collision induced,
radiaticnless transitions between Np 3Au and normal No or A or both; and
is teken as Turther evidence of a high populationl of 3Au, at ~ T7.35 ev.
Bayes and Kistiakowsky2 using A + Npo pressures up to 30 mm found the lowest
levels of B3n, (their group 3b) to be selectively exeited; this could be
agsociated with the pronounced effect found here. In Xe + Ny, bands from
B3ﬂg are absent; yet there is evidence of a large population of some carrier
(not A3Eu+) which greatly lowers the voltage and excites Hg, BaIl, ete.
Conceivably -A, Torms a complex with Xe having considerable life, but not
enough energy to transfer collisionally to B(2mg). A new band at ~ 12,500 &
may represent transitions from such a complex Lo A Zu+.

L. C. Kenty, Proc. 3rd Int. Conf.on Phys. of Electronic and Atomic
Collisions {1963) p. 1133.

2. X. D. Bayes and G. B. Kistidkowsky, J. Chem. Phys. 32, 992 (1960).
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OPTICAL DEACTIVATION OF Ne METASTABLES IN AN
AFTERGLOW?*®

B. Pariser and T. Marshall
Plasma Laboratory, Columbia University, New York, N. Y.

A neon afterglow plasma was optically pumped with broad band radiation
produced by & xenon flash lamp. The necn metastable concentration {1sc)

was observed by the absorption of rescnance radiation transmitted through
the plasma. When the plasma was exposed to a 12.5 joule xenon flash the 155
level was guenched by greater than 50%. The Einstein Radiation Taws were
applied to a simplified atomic model consisting of the ground state, four 18
levels and ten 2P levels. This predicted the level populations (1S and 2P)
in neon as a function of {ime which were in good agreement with the experi-
mental data. A series of similar pumping experiments were conducted on a
He - Ne laser. A cross modulation was observed on the laser ocutput by
optically pumping the neon metastable with selected wide band Tilters.

Laser lines (63284 and 1.15 p) were guenched as a result of 185 = 2P
pumping. Amplification of the 1.15 p laser line was cbserved Using a

gecond set of Tilters. 1In this case the metastables were pumped to the 3P
levels.

* Supported by Advance Research Projects Agency through the Office of
Waval Research.

T9



J-7 MEASUREMENT OF THE CONCENTRATION OF METASTABLE
ATOMS IN PULSED LOW PRESSURE He DISCHARGES

R. Buser and J. Kaing ‘
U. 5. Army Electronics Laboratorles, Fort Mommouth, N. J.

Preliminary space and time resolved emission and absorpbticn measurements
in the early and late alfterglow of a He discharge are presented
{pressure below 1 mm, fundamental diffusion length 2.9 cm, power input
approximgtely 100 Joule in 100 usec.). In particular, the concentration
of the 515 metastable state of the He stom has been determined. The
experimental time constants thus cbtained for the He metastable decay
and the line intensity decay are compared with different mcdels for the
low pressure afterglow in He. '
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THE DISSOCIATION OF THE HYDROGEN MOLECULAR ION BY
PROTONS AND HYDROGEN ATOMS™

J. M. Peck
sandia Laboratory, Albuquerque, New Mexico

The first Born approximation for the reactions
.I_
at + Hy (lsog) = B + 1S (2poy) (1)
B(1s) + H (lsog) = H(nt) + HS (2poy,) (2)

ig developed for a given internuclear separation, R, of HE where the
electronic states of H§ are approximated by LCAQ wave functions. The

total cross section Q(R) for (1) is found to diverge for large R as R-.
o(R) for rezction {2) is a rapidly increasing function of R for R near the
equilibrium internuclear separation but the asymptotic behavior for large

R is A - B/R2 + O(l/R”) where A,B are finite positive constants for a given
incident velocity. This is true for all nt. Using an approximate theoryl
to treat the internal degrees of freedom of HE, the total cross section Gy
for H§ initially being in a vibrational state v iz calculated for both
reactions and all bound v. Assuming a population of vibrational states
which is probably typlcal of a laboratory source of Hf, the higher
vibrational states, v > 5, make up the greater contribution to the cross
section for (1), even though theée states are individually weakly populated.
Becauge of the different behavicr of @(R) at large R for (2) these higher
states are much. less important and the majority of the contributions o
gissociaticn comes from the lower vibrational states.

*  Gupported by the U. 8. Atomic Energy Commission.

1. J. M. Peek, Phys. Rev. 134, ABTT (196L).

5. J. Wm. McGowan and L. Kerwin, Can. J. Phys. 42, 972 (196h)}.
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J-9 THE THEQORY OF CCOLLISIONS BETWEEN IONS AND POLAR
MOLECULES

J. V. Dugan, Jr,
NASA-Lewis Research Cenber, Cleveland, Chic

J. L. Magee
University of Notre Dame, Southk Bend, Tndiana

The collisicn between an ion and a rotating molecule with s permanent
dipole moment 1s treated theoretically as a function of ion velocity and
molecular rotational energy. Buch encounters are of inkterest in the
transport theory of ionized polar gases. A quantum mechanical approach is
formulated for compubing the ccllision cross section for low iom veloeity
where the scattering can be treated adisbatically as an "ion-induced Stark
effect”. A detailed treatment of the symmetric top target molecule
demonstrates the critical effect of molecular geometry upon the coliision .
cross secblon. The predictions of the theory are confirmed for high
rotational and translational quantum numbers by a TO9h computer sclution
for a diatomic target molecule. The cross section Tor this classical
description is calculated from a stabistical acssortment of csses by solu-
tion of the Lagranglan equations of motion and is discussed in terms of
dimensionless time and distance parameters. The predictions of the theory
are in good agreement with large experimental cross sections reported by
Hamill et a1l;2 for certain ion-polar molecule systems. )

1. Theard, L. P. and Hemill, W. H., J.A.C.5., 84, 1134 (1962).

2. Moran, T. F. and Hamill, W. H., J. Chem. Phys. 39, 1413 (1963).

8o

MEASUREMENTS OF COLLISIONAL ENERGY TRANSFER
BETWEEN ROTATIONAL ENERGY LEVELS IN CN

K. M. Evenson
Netional Bureau of Standards, Boulder, Colorado

Although Tew direct measurements of the rates of collisicnal energy transfer

“petween rotational energy levels have been made, they are of importance for

understanding the detailed behavior of plasmas and discharges. Measure-
ments of such rates in CN will be reported., A novel microwave-optical
technique which selectively populated a single rotation level of CN and
permitted the observatlon of the redistribution of this population was
utilized. CN wag formed in the AZN state when CHpClo  was added to the

‘afterglow of a nitrogen discharge. The near coincidence of the K' = U,

v = 10 level of the AZI stabe with the K = L, v = 0 level of the BZ% state
permitted microwave transitions near 10 GHz from the more populated 1 level
tc the £ level. The increased population in the rotational levels naigh-
boring the K' = L level of the B state were detected by measuring the
increased optical emission due to the B2E - X% transitions near 38754,
Collisicnal energy transfer was measured over a pressure range from 0.1 to
5 Torr. Rates of energy transfer were measured for rotational separations
as great as eight. It was shown that robational transitions having changes
in the rotation quantum number greater than unity take place with high
probability, contrary to the optical selection rule. These results are in
agreement with those found in NO by Broida and Carrington.l

1. H.P. Broige and T. Carrington, J. Chem, Phys. 38, 136 (1963).
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Friday, October 16, 1:45 P. M.

SESSION K: BRUSH DISCHARGES; RADIATION

Chairman: O. Oldenberg
Harvard University, Cambridge, Mass.

THE BRUSH CATHODE (Invited Paper)

K.-B. Persson
U, 8. National Bureau of Standards, Boulder, Colorado

Results of probe, spectroscopic and microwave studies are used to describe
preperties of a novel cold cathode discharge. The use of a brush cathode
greatly exaggerates some of the usual cold cathode mechanisms, thus
determining the interesting features of the plasma produced. The cathode
Tall ig about an order of magnitude larger than for the corresponding
normal cold cathode. The brush cathode generates a uniform electron beam
in the energy range 1 to 10 kilovolts and a corresponding negative glow
with a longitudinal dimension (reaching distance of the beam) one Ho two
orders of magnitude larger than for the normal cathode. The large
dimensions of the negative glow and the fact that it is extremely well
behaved (no instabilities and no striations) make it ideal for a whole
geries of investigabions in plasma physics and spectroscopy. The electron
density in the helium plasma is in the range 100 o 1oL cm“3, the
electron temperature in the range 0.05 to 0.10 eV. The negative glow

ig beam generated (essentially field free) and recombination dominated
making it a practically uniform plasma ideal for the study of rate and
transport coefficients. Preliminary measurements of the garticle balance
gives a recombination rate of 5 x 10-10 cm3 see~Ll at 1100°K and an electron
density of 3 x 1012 em~3 in excellent agreement with the coliisional-
radiative recombination theory developed by Bates, Kingston and Mewhirter.
The recombingtion light emitted by the plasma is sufficiently strong to
magke spectroscopic methods very useful for measurements of the slectron
dengity and the eléctron tempersture. ILdines in the series 283S-np3PO

are observed up tc the guantum level n=30.

v

1. D. R. Bates, A. E. Kingston, and R. W. McWhirter, Proc. Roy.
Soc. A2ET, 297 (1962).
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K-2 SPECTROSCOPIC DIAGNOSIS CF A BRUSH CATHODE HELIUM
PLASMA

A. L. Schmeltekopf, R. L. Barger, K. B. Persson, and E. B. Ferguson
Naticnal Bureau of Standards, Boulder, Colorado

The results of detailed spectroscopic studies of the novel plasma described
elsewhere in these proceedings will be reported. As many as twenty-seven
mexbers of the n3P - 232 series plus tThe continmuum were observed. Electron
temperatures were determined from the frequency dependence of the continuum
intensity as well ag from the relative intensities of lines emitted from
levels in Saha equilibrium with the electron gas. ZIElectron densities were
measured by use of the Inglis-Teller relation and by absolute intensity
measurements. Extensive molecular Rydberg series have been cbserved, and
some of the asbove analyses carried out on them. These measurements have
been carried out at various currents and neutral helium pressures in g fleld
free plasma region, and yield electron densities from 5 x 1011 4o 1013 and
electron temperatures ranging from 10009K to 15009K. Between a sharp
visible boundary near the brush cathode and the cathode the electric field
has bien messured by the Stark splitting of the 03D - 23P lavels where

n is to 7.
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ULTRAVIOLET LIGHT EMISSION FROM TOWNSEND DISCHARGES
IN HYDROGEN

K. J. Nygasrd
Princeton University, Princeton, N. J.

The tobal uv radiation from Townsend discharges in hydrogen has been
meastred by means of a sodium salicylate wavelength shifter in front of a
Photomultiplier tube. Self-sustained discharges with currents from

1-10 p amps were studied, covering a range of E/p values from 80-250 v/Torr
% cm. Let the excitation coefficient 6O/p be defined as the number of uv
photons produced when one electron is drifting 1 cm against the applied
electric Field E in a gas with pressure p = 1 Torr. Tt was found that

5O/p versus E/p passes through a maximum at 150 V/Torr x cm. This is
probably e consequence of the fact that the excitation eross section I'or

the El]Iu level as a function of electron energy passes through a maximum.
The pressure dependence of the radiation can be ascribed to quenching with

z quenching pressure equal tc 20 Torr. An atbempt has Deen made to evaluate
separately the excitation coefficient for the oly y radiation by subtracting
other uv contributions from the total light intensities observed.
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TRANSITION PROBABILITIES OF TWO STRONG OXYGEN
MULTIPLETS IN THE NEAR INFRARED .

J. E. Solarski and W. L. Wiese
National Bureau of Standards, Washingbon, D. C.

The two strong oxygen multiplets at 7773 and 84ké } were studied in a well
stabilized arc which burned in nitrogen with a2 small admixture of oxygen
{5%). The oxygen content of the plasma was kept small to avoid self-
absorption of the lines. The arc was cperated at atmospheric pressure at

a current of 50 amperes. The radiation was observed side-on with a photo-
electric spectrometer and reduced to radial intensities by an Abel inversion
procedure. Temperstures were determined for several radial distances from
absolute intensity measurements of a nitrogen multiplet of known transition
probability and by applying the arc equilibrium and conservation egquabions.
The trensition probabilities were then obtained from intensity measurements
relative to the 7157 A multiplet whose transition probability had been
measured earlier. The results agree within a few percent with those of a
recent shock tube experiment by Doherty2 and are shout 20% smaller than some
calculated values. <>

1. J. E. Solarski and W. L. Wiese, J. Opt. Soc. Am. 52, 592 (1962).
2. L. R. Doherty, Thesis Michigan University (1963).

3. D. R. Bates and A. Damgaanrd, Phil. Trans. Roy. Soc. London AZL2,
101 {1949).

4, P. 8. Kelly, private commmnication.
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ATOMIC AND MOLECULAR EMISSION IN THE NEGATIVE GLOW
OF A HELIUM DISCHARGE* :

W. B. Hurt® and W W. Robertson
Universiby of Texas, Austin, Texas

The spatial distribution of helium atomic and molecular radiation has been
investigated in the negative glow of a de¢ discharge. The atomic radiation
peaks sharply at the cathode edge of the negative glow, the molecular radi-
ation less sharply at s greater distance from the cathode. Microwave
quenching indicates that most of the atomic and all of the molecular radi-
gtion results from electron-ion recombinaticon processes. The decrease in
stomic radiation reflects the decrease in atomic ion concentration which is
controlled primarily by diffusion away from the cathode and by three-body
conversion to molecular ions. The molecular lons are lost by diffusion and
by collisional-radiative recombination to the neutral molecule, with
collisional processes predominating. The negative glow can thus be character-

~4zed as a plasma steady in time but with a one-dimensional spatial decay
away from the cathode.

¥ This work was supported by the Propulsion Divisicn, U. 5. Alr Force
Office of Scientific Research

* Present address: Graduate Research Center of the Southwest, Dallaé,
Texas
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K-6 INTENSITY AND INTENSITY RATIOS OF THE PRINCIPAL
SINGLET AND TRIPLET LINES OF MOLECULAR HYDROGEN

G. M. Prok
NASA-Lewis Research Center, Cleveland, Ohio

The only studies available for the excitation of the singlet and triplet
lines of molecular hydrogen as a function of electron energy are those by
Brasefieldl and by Kruithof and Ornstein®. Brasefield studied the prineipal
singlet and triplet lines in the energy range of 19 to 220 ev. However,
he did not calibrate his photographic emulsion. Kruithof and Ornstein
studied the 4634 Angstrom singlet line and the LOL1T Angstrom triplet line
and reported their results in intensity units. With the aid of these
results, a calibration curve for the photographic emuilsion used by Brase-
field was defermined. This calibration curve was used to replot Brase-
field's results in intensity units and intensity ratics. Although im-
precise, the resulting excitation functions are the only ones presently
available for these spectral lines, and so must serve until more precise
measurements are reported. Electron energies obtained by using intensity
ratios reported in this paper are consistent with data from experiments by
the present author.

1. Brasefield, C. J., Phys. Rev. 34, 431 {1929).

2. Xruithof, A. A., and Ornstein, L. S., Physica, 2, 611 (1935).
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