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November 5 Related Problems, G. L. Weissler, University of Southern
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42. Point-to-Plane Corona Pulses, W. N. BEnglish, Chalk River,
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A3. Recent Developments in Corona and Gaseous Discharge Studies,
L. B. Loeb, University of California.
Ad. Photon Production in Externally Sustained Discharges,
Ronsld Geballe and James M. Templeman, University of Washington.
A5. Furtner Measurements of Formative Time Lags in Spark Breaidown,
L. H. Fisher and B. Bederson, New York University. '
46. Interpretation of Formative Time Lags of Spark Breakdown in Air
~at Low.Qvervolitages, B. Bederson and L. H. Fisher, New York
Unlverslty -

r_B-o HIGH FREQUENCY DISCHARGES
Chairman, L. H. Flsher, N.¥.U.
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Novemnber 3 General Electric Company.
9:.15 P.M. B2. Ultra High Frequency Oscillations in a Mercury Vapor Gas Dis- "
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BZ. Diffusion of Electrons in a SphBTICal Cavity, A. D. MacbDonald,
Dalhousie University, Canada.
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B4. Diffusion of Electroms in Magnetic Field, B. Lax, M.I.T.
B5. Spectra and Breakdown Voltage for Guses at High Frequency,
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B7. Gas Dlscharge Plasmzs in High Fregquency Electromagnetic Flelds,
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C. JOINT MEETING WITH PITTSBURGH PHYSICAL SOCIETY
' Chairman, R. C. Mason, Westinghouse Research Laboratories
President, Pittsburgh Physical Society

Thursday ¢l. Lecture and Demonstration
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D. EXCITATION AND DIFFUSION
Chsirman, L. B. Loeb, University of California

Persistehce of Band Fluorescence in Mercury Vapor, 4. 0. McCoubrey,
D. Ailpert and T. Holstein, Westinghouse Research Laboratories.
Transfer of Excitation in Atomic Collisions, T. Holstein,

_ Westinghouse Research Laboratories.

Microwave Zeemsn Spectrum of Nitric Oxide, H. Margenau and
A. F. Henry, Yale University.

Electron Density Decay and Spectroscopic Measurements in Mercury
ifterglows, R. B. Holt and P. Dandurand, Harvard University.

On the Kinetic Theory of Ion Mobilities, G. H. Wannier, Bell
Telephone Laboratories.

- Ambipolar Diffusion of Ions and Electrons Axially in a Cylinder,

J. Slepian and L. S. Frost, Westinghouse Research Laboratories.

E. +y-PROCESSES: PLASMA STUDEES
Chairman, J. D. Cobine, General Electric Company

_Studies Employing Pulses Townsend Discharges on a Microsecond

Time Scale, J. A. Hornbeck, Bell Telephone Laboratories.
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Time Scale, J. P. Molnar, Bell Telephone Laboratories.

Studies Employing Monoenergetic- Beams of Slow Ions, H. D. Hagstrum,
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Double Probe Method for Measurements in Steady and Time-Varying
Gas Discharges, E. 0. Jonhnson and L. Malter, RCh.

Equilibrium Potential Through a Plagma Maintained by Equal Ion
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A Continuous Solution of Langmuir's Plasma-Sheath Eguation,

0. G. Harrold, University of Tennessee, and Raymond Murray,
Carbide and Carbon Chemicazls Corporation, Oak Ridge, Tenn.
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Test of Child's Law for an Arc in a Magnetic Field, C. B. Mills,
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F. LOW PRESSURE DISCHARGES
Chairman, J. A. Hornbeck, Bell Telephone Labs.

Electron Emission in Caesium Vapor, A. W. Hull, General Electric
Company.

Characteristics of a Low-Pressure Discharge with Square-fave
Modulation, B. T. Barnes, General Electric Company.
Characteristics of Pulsed Discharges in Neon and Argon,

W. 8. Huxford and H. N. Olsen, Northwestern University.

4 New Form of Low Current Discharge in Gas Mixtures: The
Flgshing Discharge, C. Kenty, General Electric Company.
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. Neutral:=and Reduding. Atmosgheres, Weo e Brubnker, Westinghouse

Research Laboxatorles.

Some Aspects of Gelgef«Mueller Tube Dlschdrges, O Se Duffendack,
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Al. ABSOLUTE ABSORPTION IN N, IN THE VACUUM ULTRAVIOLET AND RELATED PROBLEMS.

G. L. Weissler, University of Southern California

In order to evaluate experimentally the contributidns of high energy
photons (8 to 25 e.v.) to the propagation of various\types 6flgaseous dis-
charges it seemed worthwhile to apply vacuum spectroséopic technigques in order
to obtain quantitative results for specific mechanisms. Tne most basic of these
is the absolute absorption coefficient measured as a function of wavelengths.
Preliminary results in N2 betwéen.550 and 1300 A will be presegted.l’ A normal

ineidence vecuum' spectrograph  has been bullt which can also be used as a mono-
chromator. Work is underway to study with this instrument the photoelectric

efficiencies of various metal surfaces as a function of wavelengths and to

determine photo-ionization cross sections in gases, again ags a function of wave-

lengthn- It is anticipated to use a."Kingdon cage" positive ilon space charge de-
‘tector. Results-on the‘calibraﬁion of such a detector will be presented. With-

oub a great deal of expprimental refinement we were able to detect an estimated

number of 40 positive ions of thermal energies. Work is in progress to increase

the sensitivity, possibly to the point of registering individual positive ions.

1. 4 report on this will also be made a% the APS meeting in November, 1949, in
Chicago. '

2. Blueprints and photographs of the normal incidence spectrograph (radius of
curvature of grating: 1 meter) and its component parts are available upon
request. R ' :




AZ. POINT-TO-PLANE CORONA PULSES
Ve N. English, Chalk River Laboratories, Onterio, Canada

Positivc pointato_plane corona in air 1s intermittent over two
voltage reglions. Just below steady corond onset_the nGeiger" region givos
rise to "ourst pulsesﬁ and "pre-onset streamerc"; the region for steady corona
reachés its upper limit in the odvent of "hreakdown streamers™, which culminate
in spark breakdown. Negative point-to~plane corond in air is intcrmittent over
the whole of its range, producing the so—called nPpichel pulses™. |

The shape and duration of these pulses, which is of some importance
in corona theory, has been studied with & Dumont Type 280 cathode ray unit
using very short direct connectlon to the deflector plates of the SRP1l tube.
Visual observations with various tlme_constants-of the collector (the plane)
indicate thats
(1) There is apparently no offect which would require 1nterpretation in terms
of the rate_of propagatlon of the corona process. This suggests that the propa—'
gation is very fast compared wlth the velocity of separatlon of the resultant
positive and negative charges and is in agreement with cloud chamber results of
Raether and others.
(ii) The'observed rise time is governed by the velocity of electrons and/or
p031t1ve jons in the high field region near the point. It is not very different

for the three types of pulses and is roughly 10 ad gec.

(111) The observed decay time is governed by the tlme constant of the collector,‘

or by the tran51t time through the high field region, whichever is longer. For

short tlme constants the decay appears to be of the order of half a microseconds

An attempt is being made to'correlate observed pulse shapes with shapes '

calculated from motion of charges in the divérgent field, to check whether any

. mechanism bnt separation of the charge is involved.

o IIJ




A5. RECENT DEVELOPMENTS IN CORONA AND GASEOUS DISCHARGE STUDIES
L. B. Loeb, University of California
- ' PART I
THE SIGNIFiCANCE OF THE CORONA GAP IN BREAKDOWN STUDIES,

THE CHOICE OF SUITABLE GAP FORM, AND THE
FIELD ALONG THE AXIS OF A HEMISPHERICALLY CAPPED POINT-TO-PLANE GAP

The work belng here xeported was a joint contxlbutlon of the speaker,
James H. Parker, E. E. Dodd, W No.Engllsh and H. W. Bandel.

Thé_various corona gap-forms suitable for the convenient investiga-
tion of co;ona phenomena of both signs in the iaboratory that are capable of
yielding quantitative data involving the Téwnsend integral for the thresholds
of the manifold phenomena are di§cugsed5 For laboratory study the most con-
venient form of gap is the heﬂisﬁhéricaily;capped cylinarical point—to—pléne
systemp- Anslysis of.the‘potentiai fall along the axis in such gaps by means

of electrolytic model studies indicates that the essential pareameter is L/r,

the ratio of gap length, L, from point surface to plane relative to the point‘
radius r. Thé model study potentials are,-hoﬁever, incapable of giving
accurate values of the field strengthn These fields must be obtained by com-
'putation; Laboratory studies of corona indicate the desirability of relatively
large valués_of L/r. Practical considerations based on‘studies at atmospheric
pressure indiéate point radii r of 0.0R5 and 0.05 cm with a ratio L/r = 1e0

to be those giving the greatest flexibility and most widely_separated thres-
holds at convenient potentials. The use of such point systems to standafdize )
data is recommended. On this basis the fieid along the axis for the hemis-
pherdcally capped cylindrical pointwto—plané gap as_computed by E. E. Dodd is

- given and here applied to the calculation of the pointéto~plane Townsend
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inﬁegral.for preénset burst pulse'thresholds in air as observed by H. W. Bandel..
The value is compared with the values obtained by W. V_N:.. English for confocal
paraboloids where the fieldé ére accurately knowﬁ. The results are satisfactorily
consiétent. Discrepancies in the fixing of burst pulse thresholds by various
observers are discussed.

PART IT

RECENT DEVELOPMENTS IN POINT-TO-PLANE CORONA STUDIES

H. W. Bandel has carfigd out a systematic stud& of the various current
and corona phenomensa for severai standard‘poiﬁt—to-plane gaps in filtered air
over s considerable pressure rénge,,pé?allgling Miller's messurements with
co-axizl cylinders. Measuremenié are now practically completed, and it is hoped
that 2 repor£ will shortly“be_ﬁublished giving.the sequence of évents for air
coronas. | | .

Aside from giving us for the first iime a econsistent over-all view of
bqth negative and positive coronas with this geoﬁetry, two rather interesting
observatioﬁs.merit mention. it_was observed.that the rather important and
interesting preonset siresmers occurring slightly above the burst pulse thres-
hold and terminating with the onset of steady burst pulse corona appeared with
.only_the larger points and atmospheric pressure in Béndei's chamber. Previous
studies by English énd others had rgvealed them to exist in room air over a wide
range of point sizes. The cause of the absence of these phencmena in Bandel's
studies was proven to arise from the absence of water vapor in the air, since the

other observations were made in room air with about sixty precent relative




humidity at arcund twenty degress centigrade. It appears that water vapor,
with‘its very strong absorption bands in the ultraviolét, is essential in the
more strongly divergent fields for. the brbpagation of pre—énset-coroné streamers.
Introduction of water vapor made the streamers appedr at atmogpheric pressure .
and extend éown to somewhat lower pressureé in.gandel's.chamber, Thig influ-
ence of water vgpor had not beenlﬁoted‘before, and it has a bearing on the
mechanism of streamer formation,

In studying the negative Trichel pulsé corona at relatively low pres-
sures with increasing currents-and potentiszls, it was observed that the inter—
mittent, or better, completely interrﬁpted regular Trichel pulses are changed
to a fluctuating discharge on a-continuoﬁs-negative-current as the voltage was
raised .beyond certain critical-values appropriate to each low pressure.  Event-
ually, even thése pulses.ceased-aha a steady coronsa current wiﬁh no fluctuations
was obse;vedo. The explanation for this is obviocusly that with decreasing pres-
sures, the,negativemidn‘space.charge which chokes off the corcna current, giving
the Trichel pulses, is'forﬁed furtherrand further out in the gap becsuse of the
relatively“décreased attachment of electrons at the lower pressures. lIncreasing
the potential applied'to the point at a given pressure insures the passage of the

 electrons as'such out of the critical volume for choking off the discharge at
'such a rate that they do not have time, or have too much énergy to_attach.‘ The
transition from a coﬁplete interruption of the discharge to a steady discharge
must obviously pass through a region where attachment is still sufficient to

diminish the current by increasing gap resistence. The most striking feature -

of this observation was that as the oscillations ceased the well-marked fan




corresponding to a positive column with Trichel pulse corona and its accompanying
'Faraday dark space nekt to the negative glow disappeared. Thie was replaced by
the negative glow with its Crookets dark space next the point and beyohd the
negative glow a continuous and very feint pcsitive column which filled the whole
chamber,. This seemed to confirm Loeb's conviction that the Faraday dark space |
might be eseociated with oscillations in the discharge. |

PART III

THE CLUSTERING OF IONS AND THE MOBILITIES IN GASEOUS MIXTURES

Finally, a further contrlbutlon to the field of gaseous dlscharge
comes from a theoretical study of the clustering of ions and mobilities in
gaseous mixtures by Albert W. Overhauser, which recently appeared in the
Physical Review.

It is shown by direct analysis that the deviations from Blanc's law
for mobilities of ilons in mixtures of gases observed when a strongly polar-
izable ges is mixed with one less polarizable cannot be ascribed to a statis-
tlcal clustering effect as proposed by Loeb. Analysis involving the assump—
tion that the ion undergces lablle clustering of the 51mplest type 1ndlcates
that the observee results can be completely sccounted for within the rea}ms
of simple theory. Thus assuming that the active gas can attech a single mole-
cule to the ion and_fhet this attachment molecule may be detaohed with different
probabilities by collisions with the two types of gas molecules leads to aﬁ
equation for the resultant mobilitiee which will cover praetically ell cases
observed., The forces assumed can be dielectric but may also be secondary valenoe
or ven der Waals' forces. It is indicated how, with appropriate experimental
procedures possible under modern techniques, most of the constants required for

the solution of the equaticn can be directly deternined or computed enabling

evaluations of the probabilities of attachment and detachment.’




M, PHOTON PRODUCTION IN EXTERNABLY\SUSTAINED DISCHARGES
Ronald Geballe and James M. Tempieman, Department of Physics,
University of Washington

'lThe rate of production of photons in an externally sustained Téwnsend
discﬁarge between paraliel‘disc electrodes hasg been measured in H2 as a
function of X/p in the region from'lé volts/cm/mm to 60 volts/cm/mm and in
more limited regions in ¥y aﬁd impure Argon. A Geiger-counter, operating
within the discharge chamber and exposed directly to the radistion passing
througﬁ a hole in its copper cathode, was used as a defector, The.observed
intensities were at times less than background, necessitating long counting

 periods. Measurements were made in H, at pressures between 8.7 mm Hg to

2
100 mm Hg, in N, at 15 mn Hg and 52 mm Hg, and in Argon at 15 mm Hg. After
cofrecﬁing in so far as'possible for geometry and counter efficiency, and
using publlshed values for of/p; a function, 8/p, analagous to o/p was com-
puted. The curves for Q/p as a function of X/p are markedly deperident on p.

In H., they rise to maxima at values of_X/b which shift from 21 volts/cm/mm

2
at 100 mm pressure to 42 volts/cm/mm at 10 mm pressure. The amplitudes

increase by a factor of about 8 for this change in preséure. In Nz, o/p
rises monotonically in the region studied and is of aboul the same magni-
tude as in H.% In Argon {contaminated with air) e/p rises very sharply

2

until breakdown and has a magnitude about ten times that in H2 and Nz.

These curves will be discussed with reference to absorption effects in the.

gaSES .




A5, FURTHER MEASUREMENTS OF FORMATIVE TIME LAGS IN SPARK BREAKDOWN
. L. H. Fisher and B. Bederson, New York University

Previouslyl reﬁorted measurements of the formative time iags of
spark breakdown in a plane parallel gap in air.have been extended ﬁith an
improved power supply. With the new circuit, the delays can be measufed
extremely close to the threshold voltage for breakdown. The new measurements
have been cérried out as a function of pressure, plate distance, and over-
voltage. The formative time lags very clbse to threshold have been found
to be of the order of 100 microseconds and longer. These lags are at |
least ten times as long as those we have previously reported. Varying the
approach voltage by as much as 4 kv does not affect the results appreciably.
The number of initiéting electrons at the cathode has been varied by =

factor of ten and this again does not materially alter the results,

1. L. H. Fisher and B. Bederson, Brookhaven Gas Dlscharge Conference 1948;
Phys. Reva, 75, 1615, 1949

Supported by the 0ffice of Haval Research and the Research Corporation
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A6. 'iNTERPRETATION OF FORMATTIVE TIME LAGS OF SPARK BREAKDOWN IN AIR AT LOW

OVERVOLTAGES
B. Bederson and L. H. Fisher, New York University

An attempt has been made to account for the 1ong formative time lags
observed in the passage of an electric spark in air in a plane parallel gap by
(1) secondary emission by positive ions at the cathode, and (2) by thé enhance—
ment of field intengified ionization due to fiéld distoftion.lr

| For mechanism (1) an equation for electron and positive ion charge
dengities as a function df position, time, and overvoltage is deveioped (no
field distorﬁion), and it is assumed that the time for a spark to form is the
time for the positive ion density to reach a critical value at the anode. It
is then assumed breakdown could proceed by the streamer mechanism. It is
shown that mechanism (1) is not in accordance with the eiggfimental data as
regards the variation of the time lags with pressure and plate distance.

For mechanism_(2), fhe positive ions éreated by the primé:y electron
avalanches produce a locally stfengthened field upon approaching the cathode,
thus magnifying Townsend's first coefficient in that regiqn. Thus an effective-
secondary_mechaniSm is produced. Themtransient equation for the growth of the
current by ﬁechanism (2) is more in accordance with the experimeﬁtal facté..

The role of photoionization in mechanism (2) will be discussed qualitatively.

1. Ses for example, Varney, White, Loeb, and Posin, Phys. Rev., 48, 818, 1935

Supported by the Office of Naval Research and the Research Corporation
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rBl. g0l MICKROWAVE PROPERTIES OF GASEQUS DLSCHARGES
' -J. D. Cobine, General Electric Compzny, Cleveland, Ohio

(A} The 1000 mc./sec, impedance of an atmospheric-pressure d-c arc was
measured with the arc burning as the terminating ﬁortion of the inner
conductor of coaxial line. The arc length was sufficiently short relative
to & wavelength of the mneasuring frequency that it could be congidered
essentially a lumped load. Alr, argbn and helium were studied at currentis
,frém 1-4 amperes. The resistance thus measured decreases with increasing .
current and is approximately the same &85 the d—é.resistance. The reactance

is capacitative and nearly independent of current.

(Bj A 1000 mc./sec. "electronic torch" has been developed and found to

have interesting‘Properties. Various pblyatomic géses, such as NE’ 002,
air, etc. give a very intense flame capable of me;tiﬂg quértz and tungsten.
Noble gases, when pure, produce little heating effect. Electron tempera-
tures from 6000° to 30,000°K were indicated. The heat developed at surfaces

asppears to be almost entirely due to recombination of dissociated atoms.

-t
IS




' B2, ULTRA HIGH FREQUENCY OSCILLATIONS IN A4 MERCURY VAPOR GAS DISCHARGE AT

LOW PRESSURE
Jo He Bryant, Federal Telecommunication Laboratories, Inc., Nutley, N. J.

Formerly, University of Illinois, Urbana, Illinois

A study was made of oscillations in the wavelength range of 10 to
25 cm in a low pressure (order of 1 micron) mercury vapor gas discharge.
The discharge is cylindrical in shape. It is formed by two cathodes placed
opposite each othér,'and an énode surrounding the diécharge°

The axial D~C potential distribution in the digcharge was deﬁer—
mined by use of a fine, high velocity beam of electrons shot tranéversely
through the discharge; There was found to be noldifference in D-C potential
distribution between.oscillating aﬁd hon—oscillating conditions. The axial
potential gradient was practically a linear function of distance in the
cathode dark spaces; being maximum at the cathodes, zero at-the plasma
boundaries; and was practiéallY'zero in the plasma. Small r—f probes inserted
into the discharge showed, when osciilations were present, that, 1} r-f energy

appears throughout the plasma, and 2) field compOneﬁts present are H Eé,'and

_ S
probably EE. Tests using variable spaéing between cathodes showed modes in
the axial direction. There is also a minimum diameter for which oscillati;ns
may be obtained. )
The plasma is considered a ¢ylindrical dielectfic‘resonator. R~

waves propagated in the plasma in the axial direction éxperience multiple re-
flections at the boundaries, and, for freguencies considered here, the plasma

is a dispersive medium. Waves having velocity of propagation near the velécity

o
of  the D-C beam of electrons from cathode No. 1 traversing the plasma at uniform

velocity corresponding to anode’potential can extract energy from the beém.
P _ ) erey

Thelr amplitude grows until limited by non-linear effects. Waves of other

frequencies will not extract energy; so that they die aﬁay rapidly becausé of

damping. 4An expression is derived relating frequency to electrode geometry and

anode potential.
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B3. ELECTRON DIFFUSION IN A SPHERICAL CAVITY
A, D. MacDonald, Dalhousie University, Canads

ihé diffusion equation for electrons in a non-uniform field is
solved and the breaskdown condition‘derived. The breskdown condition is
expfessed in such & manner that an effective characteristic diffusion
lgngth j&é is determined; the meaning of_gie expresses the eéuivalent
characteristic diffusion length for uniform electric fields. From the
éxperimental breakdown fields, in which the electric field is uniférm
'jie is determined and used to predict theoretical Breakdown curves for
the non-uniform caée. Theory and éxperiment are.compared, the agreement

verifying the correctness of.the aﬁproach.




B4.. DIFFUSION OF ELECTRONS IN MAGNETIC FIELD
Benjamin Lax, Air Force Cambridge Research Laboratories,
Cambrldge Massachusetts

The free diffusion of electrons in the presence of a magnetic

' fiéld is non—i_sot.‘ropiéo Under these conditions the usual diffusion co-
efficient is replaced by a tensor, which is thén used to derive z more

| general flow-equatibn. The resulting effect upon the high frequency
breakdown of helium is investigatéd when the electric and magnetic fields

are transverse and parallel to each other respectively. Experimental and .

theoretical curves are presented.




-:ﬁ5;- SPECTRA AND BREAKDOWN VOLTAGE FOR GASES AT HIGH FREQUENCY v

J« G. Winans, Clarence S. Clay and Keith Hgyes, University of Wisconsin
. : AV

Spectra of some gas mixtures with c.w. excitation frequencies

"10-3000 mc differ from the spectra at frequencies below 1 mo. Tubes con-

taining Ne with a small quantity -of A showed only Ne lines at low frequencies
but both A and Ne lines at high frequencies. Tubes containing A and a small

quantity of N, showed only Na second positive bands at low frequency but

both first and second positive bands at high frequency. Pure N2 showed no

difference between the spectra at high and low frequency. Spectra for

pulsed high frequency excitation were no different from spectra for low
frequency excitation. |

Voltage measurements of breakdown f{ield strength in He, Hg, and
He + Hg were made for frequency 550 mc at different pressures. The resulting
curves are in agreemenf with calculations made'from the equations deyived by

Herlin, Brown, and HacDonald.™> ©

1. Herlin and Brown, Phys. Rev. 74, 291 (1948)

2« MacDonald and Brown, Phys. Rev. 75, 441 (1949)




BB, - PLASMA ELECTRON OSCILLATIONS
= K. G Eweleus, Queen's EQCZ:rblﬁy, Belfast, Ireland

Q. ? g
Bt

Studies have been made of the conditions under which ﬁ.h.f.

oscillations can be generated in hot~cathode, low.pressure gaseous cdn—
.ductors. It has been confirmed that frequencies are of the order pre-
dicted from the theory of electrostatic plasmamelectron oscillations. The
variation with position on the i/V characteristic of h.f. current that can
be withdrawn by coupling to anode and cathode, and the internal oscillation
patterns found with probes, are semi—quantitativély consistent with Merrill
and Webb's suggestion that the primary electrons undergo velocity modulation
\
in thin sheets of oscillating plasma, and bunch subsequently. The energy
balance for an oscillating sheet is considered on the basis that energy is
supplied through transit-time oscillations of the primary eiectroné between
cathode and sheet, and lost by collisions between plasma~electrons and mole-

cules (Lorentz collisional friction). Whilst this picture of the discharge

may need extension to allow for travelling wave effects, it is thought it is

likely to form an integral part of ény more complete deseription. Irrespec-

tive of its detailed explanation, attention is drawn to the disturbed ‘con-
dition of the ionized gas indicated near the cathode, and to the possibility

that the oscillations may be necessary for maintenance of the discharge.

.,

AT
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B7.  GAS DISCHARGE PLASMAS IN HIGH FREQUENCY ELECTROMAGNETIC FIFLDS
L. Goldstein, Federal Telecommunication Laboratories, Inc., Nutley, N. J.

It has recently been‘shownl that the techmiques now generally
.available in the field of high frequency electromagnetic waves constitute
a valuable tool for the investigation 6f-some or most Qf‘the phenomena
occuring in gas discharges.

The conaltlons of vallalty and limitations of this method

.which is based upon the compley conductivity of these media in microwave

fields, are discussed.
Experimental results obtained with low power high frequency
guided waves in discharge-plasmas, are reported. Both steady and tran-

sient discharges have been studied. The plasmas are produced in various

gases, mono-atomic and/or molecular, at low pressure. The transient or
disintegrating plasmas are produced by pulsed discharges gf.microsecond
duration.

The dispersion propefties, normal and anomdlous, of a discharge
plasma which, under certain éon&itibns, has its proper frequencies in the"

microwave region, the plasma electron ogscillation frequencies, are discussed,

L, 8. C. Brown et al. MIT Research Labofatory of Electronics, Technicel
Report 66

L. Goldstein, N. L. Cohen, Phys. Rev. 7%, 83, 1948
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lél- TMPRISONMENT OF RESONANCE RADIATION IN MERCURY VAPOR

D. Alpert, A. 0. McCoubrey, and T. Holsteln, Westinghouse Research
Laboratories, East Plttsburgh Pa.

of fundamental importanee in_tpe fielq.of gaseous electronics is
an understanding of the phenomenon of "imprisonéent of resonance radiation".
This term describes the eituation wherein resonenee radiation.emitted in the
interior of a gas-filled enclosure.is sqrongiy‘ebsoreed by normal gas aboms
before it can get outy the eventuel escape of aEquen?um of radiation then
#akes place only after.a-numbef'of suceessive egomiciabsorptions and emissions.
Wood's original experiments showing the prqeer#ies ef resonance radiation will
be demonstrated. |

An experimentl will be described in which the persistence of res-

" onance radlatlon in optlcally exelted mercury Vapor. Was determlned Measure-

~ ments were made of the time of decay of resonance radlatlon after the exciting

beam of 25374 light was cut off. The emerglng diffuse 11ght was detected by
a photomultlpller and the reeultlng decay 81gnal dlsplayed on & properly
synchronized osc:.lloscope. Values of the deeay timeyTy were determa.r_xed-ovej:_'
a wide range of vapor'density, N. Agreement between experiment and theory2
is quite satlsfactory over the entire region in whlch the Spectral llne shape
is determlned by Doppler broadening. Zemansky's observatlon that-the time
constant.ls appreciably lowered for N greater thaﬁ 7.x 10:.L5 atoms/cc is not
confirmed.

Further_ekperiments in the study of excited atoms can be Cafried

out with the experimental techniques used in this research.

L. D Alpert, A. 0, McCoubrey, and T. Holsteln, Phys. Rev. ‘76, 1257 (1949)

2. T. Holsteln, Phys. Rev. 7&, lald (1947)
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bl PERSLSTENCE QF BAND FLUORESCENCE IN MERGCURY VAPOR €
' A. 0. McCoubrey, D. Alpert, and T. Holstein, Westlnghouse Research -
Laboratorles, East Plttsburgh Pa.

When mercury vepor -is excited with Z557A radiation.it emits not only
the resonance line itself, but also a continuous spectrum whose main constit-
uents are two bands in the visible and near ulﬁfa—violet regions. The visible
pand extends from 40004 to 5500A with maximum intensity at 4850A. The near
ultra—v1olet band extends from %000A to 3700A with maximum 1nten31ty at 3350A.

The per51stence of these bandas was 1nvest1gated with essentlally the
same apparatus as that used in the experiment on imprlsonment,of resonance
radiation’. It was found that, after cut-off of the exciting beam, both bends
decay with a common time constant 7' It was observed that, for constant
temperature, T decreases w1th 1ncred81ng pressures at constant pressure 7r

increases with increasing temperature. The intensity ratio of the visible to

the ultra-violet band, i(éggg) was also studied. For constant temperature

1(4850)

1(5550) ‘increases with pressure, while for constant pressure the ratio de-

creases with rising temperatures Neither the temperature variation of T nor
1(4850)

the pressure variation of T(3550) are in accord with Mrozowski's energy-level

diagram2 for ngn

_9k”T._queteiﬁ,‘p,_Alpert, and A. O. McCoubrey, Phys. Rev. Z§,11259 (1949)
1. D. Alpert, A. O. McCoubrey, and T. Holstein, Phys. Rev. 76, 1257 (1949)

R. 8. Mrozowski, (a)} Zeits. f. Physik 106, 458 (1937);
(b) Rev, Mod. Phys. 186, 6, 153 {1944) especially p.p. 160, 161.




TRANSFER OF EXCITATION IN ATOMIC COLLISIONS :
7, Holstein, Westlnghouse Research Laboratories, East Pitisburgh, Pa.

" pa.

The préblem-ponsidered here is the determiﬁa’tion of -the cross-gection,
Qs for the transfer of exc:.tatlon in a blnciry atomic collision. The general
method consists in treat:mg tne system of collidlng atoms a5 an unstable dldtomlc
molecule. In this formula‘tian, Qt is directly related to the transition proba-
bility between two electronic levels of the molecule.,

Specific calculations are carried out for the casé in which (1) the
interaction betweén the two colliding astoms is predominantly of the dipole;-

dipole type, % {R denotes internuclear distance), and (2) the difference,

AE, between the initial and final atomic energy levels is small compared to
kT. Under these conditions iv is feas:.ble to treat the motion of the nuclel

classically. One then obtains,'apart from unimportant numerical factors,

AE R

|- F v

Bls

where W is the rel_ai;i{re veloeity of the colliding- atoms,’fh is Planck's con-

' ' 1/3
stant d:wa.ded by 2::, and R g AE ) - The express:.on for Qt holds on]y when the
exponentla.l facter is small compared to unlty, as AE goes to zero, Qt actually

approaches a limiting “"resonance" value, 'ﬁ 5 < Numerical est.imates indicate

that, except. in the case of very light atoms, the resorance x'eglon :|.s qu:Lte

small: == ‘10. volis.

1. F. London, Zeits. F. Phys. 74, 145 (1952)




D4, MICROWAVE ZEEMAN SPECTRUM OF NITRIC CXIDE
Henry Margenau and Alan F. Henry, Yale University

Berlnger and Castle have measured the magnetic absorption SPectrum

5]

arising from tran31tlons between the Zeeman components of the éhg/g - state

of NO. Their unusual neasurements throw interesting llght on the structure

of this molecule.

According to simpie theory the spectrum should show three lines

with approxlmafbly equal 1ntervals between them. The observed spectrum,

however, con51stsof nine llnes, it contains two dlfferent intervals, not

one. . One of these 1ntervals is to be ascrlbed to the caupllng of the

nueclear spin of Nl4 with the magnetic field. We show in this paper that

the other is of moiecular origin and can be calculated with the use of a
“variational method which combines geveral molecular states in the usual

zero~order representation ("Case-b eigenfunctions"). The result ig in

very gratifying agreement with the measurements. . A
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D5. ELLCTRON DENSITY DECAY AND SPECTPOSCOPIC MEASUREMENTS IN BERCURY
AFTERGLOWS
R. B. Holt and P. Dandurand, Department of Physics, Harvard University

Measurements nave been made of the rate of electron density decay
following the removal of the excitation for pulsed microwave (35000 me/sec)
discharges through mercury vapor. Simultaneous observations of the emission
spectrum of the dlschaxge plesme were made. The apparatus for the high
speed electron density measurements wag similar to that developed by
éu C. Brown and co;workers at MIT; the shift of.the resonant frequency pf a
microwave cavity due to the preéence of the electrons was observed. Spectro-
scoplc meagurements were:made by means (1) of a high speed mechanical shutter
(resolving time 2 microseconds) pius & high intensity spectrograph and (2) of
2 pulsed photomultiplier equipred with various-optical filters.

The electron density measuréments at low pressures (below 0.2 mm Hg)
showed an exponentisl decay as a.fupction of time, with time consﬁants on

the order of 1000 microseconds. The aﬁbipdlar diffugion coefficienﬁs cal;'
culated on the basis of fhe observed decays were in reasonablé agreement with
previcusly available values based of D. C. discharge measurements aﬁd ée;
creased with increasing pressure, as might be expected., Electron tempera;
tures for the plasma calculated on the basis éf the observetions were reason-
able. At higher pressures (1-10 mm Hg) the decay was stlll exponentlﬁl but
time constants of the order of 100 mlcroseconds were observed. Attempis to
calculate ambipolar dlffusion coefficients from the dats gave abnormally
high vaiues with a very marked iﬁcrease_with increasing'pressure. Electron
temperatures cslculated from the dats were alSo‘abnormallj high for this_
Pressure range. This'data indicates that some process_other than ordinary

ambipolar diffusion may be operating.




The atomic line spectrum of mercury was observed from the plasmea,
with no molecular band spectrum apparent. Interpretation of the results
of the spectroscopic measurements is complicated, of course, by the impris-
onment of radiztion and by the existence of metastables in mercufy vapor,
but measurements of light.intensities as a function of time shoﬁed several

jnteresting features which will be discussed.




" p6. ON THE KINETIC THEORY OF ION MOBILITIES
G. H. Wannier, Bell Telephone Laboratories, Murray Hill, N. J.

The Boltzmann integral differentisl eqpation for the velocity
distribution function of gasecus ions is examined. Attention is focussed on
the special case of ilons moving in the parént gas under the influence-of a
gsteady uniform field.

- A complete solutlion is presented for the case in which charge ex~
change predo@inates over elastic collisions, and-the cross~séction varie$
inversely as the speed of encounter. As a more realistic situation, the
hard sphere collision model is examined with or without charge transfer.

' There exists for this case a scaling law of the form

- -kT £ _ e
= [ g G = /a # G2

Here w is the drift velocity, o the collision cross-section, p the (true)
pressure, N the number density; k,T and m have their obvious meanings. This
law alone determines the dependence of the drift velocity on the field for
high fields.
) : b
In the high field limit the distribution law f(c) obeys the

equation:

1 = = > a  af(e
“C_fff(c+wl)dw-cf() = %5 se
where the integration is %o be extended over all vectors Wﬂ. lying in a plane

- .
perpendicular to ¢. This equation is explicitely soluble in terms of Bessel

functions if the assumption

-
fle) = fo(c) + fl(c) cos 8 -




introduced where 6 is the angle between the velocity and the field. Un—
ortunately, it is found that this assumption is not even approximately'correct
‘here as it is for the case of electrons because £, is not the dominant term in
o spherical harmonic expansion. A more educated guess concerning the structure

. . - . . .
of f{c) will be given.

Returning from the high field case to the general case it iz shown

that a transformation of the form
) e 4 2 X
- C - " —
£(e) = [dw gBle-w) © 4 T

_ mn
B = o1

permits evaluation of all collision integrals. . The transformation is suggested
by the explicit solution given earlier for charge transfer, and it sets up the
solﬁtion.in the form of & "distribution of Maxwell distributions". The equation

left over is a pufe.integral equation of the form

e e o SRR N X
~I"K(c,w) g (w)dw = ©
with a known nucleus K. Such an equation should at least have great advantages

. s Lo g s . . ' -3
for numericzl work since it is an identity for every value of c.




AMBIPOLAR DIFFUSION OF IONS AND ELECTRONS AXIALLY IN 4 CYLINDER
J. Sleplan and L. S. Frost, Westinghouse Research Laboratories

At the last conference, the senior suthor presented the results of
'Eiperiments wiich seemed to indicate that the simultaneous diffusion of ions
-gnd electrons axially into and along a circular cylinder with insulating walls

did not follow the expected relationship,
(1) n/n = o ~RAD 2/t

Ine slope of the experimental curve obtained, when plotted on semi-
log paper,.did not have the theoretical constant value, "-2.40" of equation (1),
but was generaliy much less, being about half that value nesr the beginning of

the tube and dropping to less than 1/10 of the theoretical value at 6 radii

down the tube.

Since equation (1) above should be obtained for any particles,
diffusing entirely and only in virtue of thei: independent individual velocities,
the failufe to corroborate (1) experimentally would indicate that the state of a
system of diffusing electrons and ions is not sufficiently described by giving
particle density and temperature (or more generally, particle velocity distri-
bution), and that some ségnif%canﬁ form of energy and momentun density must

exist, other than that arising from the random velocities of the particles. The'

authors can only suggest plasmoidal oscillation for this other form of energy

and momentum density.
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It has been suggested that radiation capable of ionizing an impurity
might be passing down the tube with intensity not following(l), so that after
the normaily diffusing ions had decayed to a low density, it would be the decay

©of intensity of the ionizing radiation which would be observed, rather than the




neity of diffusing ions. For this reason, it seemed desirable to repeat the
berimentswin mercury vepor for which, in contrast to neon and argon, the
esonance pctential is so low, 4.9 volts, that the resonance radiation can
{hérdly be expected to lonize any likely impurity. Preliminary results were.
.reported for mercury atb the last conference, but now it can be definitely stated
that-entirely similar results sre obtained for mercury as for the other gases.

. The, probe characteristics obtained in the earlier reported experi-
ments did not show a good saturation, and left oﬁen the possibility that the
failure to corroborate (1) might be due to misinterpretation of the probe data.
Experiments have now been made in mercury vapor with a new type of floating
double probe, which gives a very much sharﬁer saturation characteristic. The
departure of the decay curve from (1) of the kind and smount described before
is still indicated.

With the earlier mercury tube, it has been found that the initiel
slope of the ion density decay curve can be increased from the more usually
obtained half ﬁheoretical value up to the theoretical value by increasing the
filament current of the arc producing the ionization. However, further dowﬁ
the tube the unexpected iow decay continued to be found. This seems to confirm
the authors' belief that more than the densities and random velocities of the

lons and electrons must be given to properly describe their properties when

_ diffusing axially into & cylinder.
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THE y-PROCESSES QF ELECTRON EMISSION FROM COLD CATHODES

STUDIES EMPLOYING PULSED TOWNSEND DISCHARGES ON A MICROSECOND TIME SCALE
John 4. Hornbeck, Bell Telephone Laboratories, Murray Hill, New Jersey

STUDIES FMPLOYING PULSED TOWNSEND DISCHARGES ON A MILLISECOND TIME SCALE
J. P. Molnar, Bell Telephone Laboratories, Murray Hill, New Jersey

STUDIES*EMPLOYING.MONOENERGETIC BEAMS OF SLOW IONS
H. D. Hagstrum, Bell Telephone Laboratories, Murray Hill, New Jersey

Electron emission from cathodes in glow and Townsend discharges has
"peen identified as arising from bombardment by positive ions, metastable atoms,
and photons. The following three papers report the progress of experiments at
the Bell Telephone Laboratories investigating these processes, commonly known
es the y-processes. , o -

El. STUDIES EMPLOYING PULSED TOWNSENDVDISGHARGES ON A MICROSECOND TIME SCALE
John A. Hornbeck, Bell Telephone haboratgries, Murray Hill, New Jersey
The transient current resulting from the liberation of a very short
(0.2 pu sec) pﬁlse of photoélectrons at the cathode of a gas-filled tube has
been observed experimentally.‘ The sharp discontinuity in current that is
resolved can be accounted for only by postulating the yi-mechanism, visz,
electfon emission from {the cathode by pdsitive'ion bombardment. Agfeement
between experiment and Newton'st theory, which predicted the discontinuity,
is sufficiently quanfitative that the experiment'can be utilized as a techni-~
que for meagurement of gas and surface parameters. Semi-quantitative measufe-
ments of Y3 indicate that ions contribute importently @o the totsl y. There

is evidence under some experimental conditions of an additional current com-

through the yr+mechanism. The experiment also provides a direct technique

4

for measuring positive ion mobilities in their own gases over a wide range of

E/p, but not .including low values of E/p.

ponent not of ionic origin, but.presumably resulting from resonance radiation_'_'

1. R. R. Newton, Phys. Rev. 78, 570 (1948)




2. STUDLES RMPLOYING PULSED TOWNSEND DISGHARGES ON 4 . MILLISECOND TTHE SCALE
'J. P. Molnar, Bell Telephone Laboratorles Murray Hill, New Jersey
Whé% Sﬁ;mulated by light puises of approximately five milliseconds:
uration, a Townsend discharge exhibits @ current form which can be analyzed
':flnto two components having time constants of approximately 10 =6 and f].O“5
ffseconds. The {irst component is associated with the current build-up and de-
:.cay caused by y-procegses involvinglphotons and ions, while the second.com-
‘.ponent is agstiated with y~processes involving metastables. When these current
datz are fitted to a Townsend equation; the fraction of the y-coefficient
attributable to metastables can be established.

A modlflcatlon of the experlment permits measurement of the relative
efficiency of electron emisgion by photons and metastables, This_is accompliShed
by converting metastables into radiating atoms by 1rradiatioh of the discharge
.space with light of appropriate waveiengths. In mosﬁ observations to date the
netastables are the more efficient.

An analysis ofrthe make-up of thé Y—coefficient based on these ex-
perimegts and others sgo& that the yield per ion, metastable and photon for
three cathodes in afgon is

Ta Mo BagQ

ion .020 .064 .21
meta. 021 - L0860 - &8
photén ~ .008 .005 .025

At E/p of ll? volts/cm x mm the ion contribution to y is approx1mately
754, with the metdstdbles contrlbutlng most of the remainder. At lower E/p0
‘ values, now under study, it is expécted that the photon contribution will be

more Importuant.




E - STUDIES EMPLOYING MONOENERGEEIG BEAMS OF SLOW IONS
g H. D. Hagstrum, Bell Telephone Laboratorles, Murray Hill, New Jersey

in ingtrument has been developed for the investigation of the ejectionof
glectrons from metals by ,sl;w ms It is:amodification of the type of mass spectrometer
commonly uéed in the studj of ionization processes in gases. The iong produced
bylelectfén impact in a gas sre maés analyied and focussed by suitable ion
1enseé oﬁto a turget. The ion besm is hombgeneous in energy to about 0.5 ev.
aﬁd nay bé varied in mgan Aneident energy at the target from several nundred
ev, to less than 10 eve The tdrget condists of a ribbon which can be flashed
at high temperature for cleanlngb Correlatlon w1th flash filament vacuum ex~‘
periments is thus possibile.

With this apparatus one measures the efficiency of electron emission
and the velocity distribution of.the ejgéted electrons ags a function of the
inpideht veldcity of the ions. A varie#y of ion-target combinations may be
investigated. The ultimate goal is to cﬁrrelate this work with the ﬁheoretical
pibtufé of ‘the electron ejéction process.

The capabilities Qf the experimehtal apparatus have now been studied
quite extensively and préliminary results on the ejection of electrons f:om a

Mo target by slow He+ ions have been obtained.




.E4. DOUBLE PROBE METHOD FOR MEASUREMENTS IN STEADY AND TIME-VARYING GAS
DISCHARGES
E. 0. Johnson and L. Malter, RCA, Princeton, N. J.

The Langmuir probe is not well suited for meusurements in time-vary—
ing and in particular not in decayiﬁg plasﬁas; In the latter case this is due
to thé fact that the plasma potential always sets itself positive with respect
to the probe.

These difficulties are overcome by the use‘of two floating probes
connected thru a resistor and variable potential source. Instantaneoué current
id is measured on a scdpe as a function of poteﬁtial difference Vd between the
probes. The resultant-;haracteristic is always S shaped with regioné of posi-
tive lon saturation currents Ipl and Ip2 to one or the other p:obe. On the
rising portion-of the characteristic the electron current to one of the probés,
say No. & isrgiveh By therdifference between the total current id and IpE' Then

the instantaneous tempersture is obtzined from a logarithmic plot of:

Ya
| IR -11,600 T B
|omk B2 1 = Ke ©
. Ie2 '
vc
A j +11,600 T
- 1 ol €
where: K = T
— 2 Joz

Ay and'Aé are probe areas.

jol énd_j02 are random current densities at the probes.

Vc is abscissa intercept of id“vd characteristic.




T, is electron temperature.

Iez is the electron current to probe No. Z.

Several more rapid means for determining Te which do not require a
logarithmic plot will be preséntgd. The corréctions to be applied when.the
positive ionrsaturatiﬁn regidns are nét ﬁarallel to the abscissa will be dis-
cussed. Means for estimaﬁing chérge density will also be given. |
Data will be presented showing the following phenomena:
1 - Rapid temperature fluctuatiohs during plasma ion oseillations
of a "steady discharge.” |

A Temperatufe decays‘following-interruption of a discharge in con-
tact with a hot gathode. fhe electroﬁ temperaturerlocks at a
value determined bj the degree of contact with the cathode
reservoir. |

5 - Temperatﬁre decays of decaying'plasma-in contact with room tempera-

turé electrodes. In thig case the "locking" temperature is close

to room temperature.




EQUILIBRIUM POTENTIAL THROUGH A PLASMA MAINTAINED BY EQUAL ION AND
ELECTRON PRODUCTION
Lioyd P. Smith, Cornell University

An approximate solution of Poissen's equation is given for the case

1 ﬁgf & plasma wherein equal numbers of electrons and ions are produced uniformly

“in a reglon bounded by fwo metal planes at the same potential and from which
“reglon the electrons and ions move at right angles to the metal planes. It
‘ig essumed that a Maxwell Distribution of veloecities is guickly established

for the .electrons snd that the ion mean free path is long enough so that they

move from the point of generation solely under the action of the space potential.

The potential problem is then solved subject to the condition that the potential
is symmetric with respect to the medizn plane and that the potential difference
between the median plane and tie bounding metal plsnes is just such that the
number of electrons and ions reaching the metal Planes per unit time is the
-same. The resulting potential distribution therefore represents the mean
equilibrium or steady state distribution.
For @ large variety of conditions it is found that the difference of

poteﬁtial from the median plane and the bounding metal plane ig given by

‘Z&\Il = 2¥l/534/5efl/5Ml/5g+2/5d2 where M is the mass of tie ion, g+ is the

number of ions generated per cm5 per second, and d is the distance from the

median plane to one of the bounding metal planes.




A CONTINUOUS SOLUTION OF LANGMUIR'S PLASMA~SHEATH EQUATION
0. G. Barrold, Jr., OUniversity of Tennessee, Knoxville, Tenn.
Raymond Murray, Carbide and Carbon Chemicals Corporation, Oak Ridge, Tenn.

A solution in series of Langmuir‘sl potential distribution problem
?fsA) for the steady-stale dxscnarge has been obtained. Poisson's space charge
 equation is solved in one dimension under the assumptlon that the ion genera-
tion is wniform, the spatial electron dlstrlbutlon ig Maxwellien, that a
mobility constant characterizes ion flow and that the electrodes are grounded.
‘Terms in the series are simple algebraic functions of =z parameter that includes
arc constants and the central potential. No approiimations with reference to
the neglect of the second derivative of the potentia; or of the electron density
are made, so that the solution joins the plasma and sheath regions in a natural
nanner. Oneconseqﬁence is that the sheath effect is not as‘pronounced as woulé
sppear from the approximate plasmé‘formula. This 1s bésed on work performed

under contract with the Atomiec Energy Commission.

1. A General Theory of the Arc Plasma, 1. Langmuir, L. Tonks, Phys. Rev. 34,
876 (1928) '




MASS SPECTROGRAPHIC MEASUREMENT OF POSITIVE ION ENERGIES IN AN ARC DISCHARGE
Raymond Murray, Carbide and Carbon Chemicals Corporatlon, Oalk Rldge Tenn.

An experimental method of determlnlng the energy cistribution of ions
rglng from an arc plasma is described. 4 thin slit is cut in the grounded

1 surrounding a low_pressure arc. Emerging ions are bent in characteristic
rcles by_the same uniform magnetic field that supports the arec, and currents
¢ measured on thne 180° plane of this resulting mass spectrograph. As the
gnetic field strength is changed, the peak of the current disfributipn shifts
in accor& with the basic spectrograph relation, demonstrating that the currents
re real. Most probazble energies lie close to one electron volt. It is hoped
_@that the dependence of thisg energy on fleld strength may be ascertained. It
Jan be inferred that the distribution curve is the superposition of the arc
ﬁpotential drops and the energy of random motion. This ig based on work per-

formed under contract with the Atomic Energy Commission.




E8. TEST OF CHILD'S LAW FOR AN ARC IN A MAGNETIC FIELD
- C. B. Mills, Carbide and Carbon Chemicals Corporation, Oak Ridge, Tenn.

An experiment was conducted which had the objectivé of‘correlating
" ion current, applied potentizl, and dark space thickness for ion emission
.*:from an-arc.in a magnetic field.. The experimental set-up consisted of.an
;'arc, a defining slot, a collecting electrode witn its guard ring, and a
cathetometer. . The separation of the arec and the coliector (the dark space)
was measured.as & functlon of applled voltage for constant arc condltlons, in -
a ulréctlon parallel with the megnetic field. The central part only of the
ion stresm was collected and metered. The“remainderlwas collected on a co-
planar guard ring. The relatlon of ion current, potential, and dark sﬁace
thlckness obtalned in this way very closely approximates results expected
from the planar form of Child's Law. One can conclude from this that the

effects of sheath forces are small. This is based on work performed under

contract w1th the Atomic Energy Commission.
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FLECTRON EMISSION. IN CAESIUM VAPOR : S
« W. Hull, General Electric Company, Schenectady, New York

The electron emission froﬁ a mﬁnatomic fiim of Cs on a metal
face is unique in thét the coating is maintained by the process of
densation and'evaporation,‘as an equilibrium condition. Langmuir
d othersl, working at low Cs preSSures, shoﬁed that the electron
mission from tungeten was a maximum when the coating was 0.67 of a mon;
tomic layer, and wés congistent with a work-function of 1.7 volts.
lwe.have studied the emission from a number of meﬁals at vapor
Tessures up to .08 mm. {correqunding to a Cs temperature.of 20000).
Wie find, in agreement with Langmuir and Taylor, that the emission at a
given Cs pressure rises to a sharp maximum as the cathode temperature
increases, and falls rapidly above this téﬁperéture. A Richardson plot

of these maxima for Ni leads to the equation, for zero field emission:

2 1l.68e

i = 460 T exp, |- T amps/cmz.dégaKz.

This corresponds to 1 amp./cm.2 at a Cs temperature of 185°C. Values
4 to 5 times higher than this, which are observed with hollow cathodes,

are believed to be due in part to strong ion fields.

1. Langmuir and Taylor, Phys. Rev. 44, 423-57, 1933,




2. CHARACTERISTICS OF A LOW-PRESSURE DISCHARGE WITH SQUARE-WAVE MODULATION
B. P. Barnes, General Electric Company , Cleveland Dhio

:
Square-wave variations in éﬁrrent with a repetition freguency of
167m400 C.p.8. were imposed on a d.c. dlscharge with an average current of
0.6~0.7 amp, The discharge tube was 36 mm. in diameter, contained Hg (6 1)
plus argon (3°5 Mi.). A cathode-ray oscilloscope, plus & 35 mm, camersa,
- recorded probe data and k2557°7 |

| The mobility equation shows that each sudden change in current
is accompanled by a still larger sudden change in voltage° The electron
temperature T also must change quickly to keep the energy expenditure
equal to the input° #ith the ratio of the higher to the lower current 3. 9
Te rose abruptly to nearly 20, 000°K. when the current 1ncreased?_dropped
“below ll,OQO within 0.4 milliseconds, fell to about 5000° when the current
changed to the lower value, and rose above lO,OOOO in about two milliéeconds..
With léss modulation, Te varies iess during a cycle and approaches equilib-
rium faster; Ion den51tles approach equilibrium much faster when the current
is raised than when it is reduced. In the latter case, excess ions must
flOW'to the walls,

Ion production ranged from 1.5 to 6 times that computed for single~

'stage ionization and a Maxwellian dlstrlbutlon, using Nottingham's crogs-
sectlons. ‘Since probe data indicate that 10.4-volt electrons may be com-
pletely absent, two-stage jonization must predominate. Ton production per

electron at a given ‘I‘e increased with arc current, This indicates Increased

metastable-atom concentrations at higher currents,

The number of electrons per cgc, computéd from the mobility eﬁuation,
using collision probabilities listed bﬁ Brode, agrees'roughly with the measureq
value. Computed elastic losses are much too low to account for the 1nput at
low T 's, but seem reasonable at T 's above 10, 000° » When one assumes reasornable

values for the power radiated in spectral lines.




‘F5. CHARACTERLSTICS OF PULSED DISCHARGES IN NEON AND ARGON :
W. 8. Huxford and H. N. Olsen, Department of Physics, Northwestern University

A study hés been made of the radiation emitted by intense flash dig-
charges in rare gases., Condenser discharges were set up in quartz tubes filled
with argon and neon at a ﬁressure of 76 mm of Hg. Discharge potentials were
varigd from 1000 to 4000 volts, and various pulsing rates were employed in the
range from 1 to 60 per second. The discharge was initiated by a steep poten-
tial wave having a rise time of & 10~ sec. applied to an external trigger
electrode. Syncroscbpe measurements of current and potentlal were recorded
zmntographically,.aﬁd the power and total energy supplied to each flash dis-
charge were calculated. Using three types of photomultipliers observations
were made of thé variation with time of radiation in the ultraviolet, visible
end infrared regions. The radiation is chiefly a continuum and its maximum
Intensity occurs several microseconds after the peak input power; the iag of
this maximum behind peak power is greater the longer the wavelength of the
spectral region observed. The radiation output iﬁcreases approximately as

the square of energy input in the ultraviolet, nearly as the three-halves

power of the energj in the visible, and linearly with energy per flash in
the infrared. A4n interpretation of the results is proposed on the basis

of recent theories of gmiséion of radiation from highly ionized plasmas.




Fi. A NEW FORM OF LOW |CURRENT DISCHARGE IN GAS MIXTURES: THE FLASHING DISCHARGE
C. Kenty, General/Electriec Company, Cleveland, Ohio

Thevoltage of a 1 ma hot cathode registance ballasted discharge in
& 3.6 mm tube containing ~1 mm rare gas plus Hg at’\'20—4000 is markedly
raised by adding traces ofvmolecular ilmpurities, e;g.,-ﬂll b NE’ Absorption
experiments reveal high populations of metastable,Hg atoms, and ﬁhat the
GSPE atoms, which furnish a large fraction of the.ions, by two~stage collisiong,
are strongly destroyed by the impurity (three times as strongly by CO as by N2)°
Strong irradiation by the visible Hg lines produces similar effects. In pure
rare gas plus Hg the discharge has ordinary running striations énd & positive
characteristic. As N2 (e.g.) is added, the striations are gradually suppressed.
Beyond about.4 i NE’ the (now) steady discharge changes_abruptly to a form
- which is both striated and highly current modulated (flashing discharge). The
current jumps abrﬁptiy to a high value from a low one and then decreuses slowly
aggiﬁ.r The voltage across the tube varies in inverse fashion. Frequency
_(25-2000 per second) increases with NZ’ with current, and with ballast reaistanée
(50K - 000K ohm)." Flashing occurs easily with A, more difficultly with Kr, and
ordinarily not at all with Xe. The following explanation ig indicaﬁéd: At high
voltage, the gradient suddenly goes over to a sharply stepped forms A (e.g.) is
étrongLy excited at steps; wings of A resonance lines diffuse quickly; A atoms
in s states ionize Hg strongl£ producing ovérabundanée of iang everywhere;.
stepped gradient collapses, while current Jjumps; valtagé.thereafter rises siowly
till point of instability and stepping is again reached. Xe plus Hg will flash

if a little NO is added (ionizing potential 9.5 V’,Ss’ 52 states of Xe: 9.40

and 9.55 V).




F5. GSOME RESULTS .OF HINDERED GLOW—DISGHARGE STUDIES
" Heinz Fischer, Cambridge, Massachusetts

.

uThe paper is a short extract of earlier studies of the author wﬁich
only.partly have been published. The plasma constants (electron temperature,
plasma potential,.ion density) of the negative glow (n. g.) of glow dlscharges
in Hz,He, Ne, A with extremely varied electrode drrdngements have been
studied. The 1onlzat10n fraction W1tn1n dark space (catnode drop) and n.g.
were estimzted. The electron temperatures (0.5 and 8 e.v. group) seem not
to change.substantially within a wide range of cathode drop and gas pressure,
It is found that the ionization shifts almdét entirely into the n.g. with
increaging cathode drop. Howéver, only a relatively small fraction of the
total amount of positive ions which are produced within the n.g. appear at

the cathode. The overwhelming part of the ions may'recomblne within the n.g.

itself as well as in the surrounding walls, anode included.

F6. ON THE RADIATION TIME - FUNCTION OF SHORT SPARK-DISCHARGES
Heinz Fischer and Martin Reger, Cambridge, Massachusetts

Time functions of spark ﬁurrent and spark radiation indicate that
“the maximum of the spark radiation méy occur 0.2 microseconds after the time
of the maximum energy density of the spark éhannel The effect is explalned
by the large amount of short-wave ultraviolet radiation which is absorbed in
the bounddny layer of the spark channel. This effect of "radiation diffusion"

determines the channel expansion immediately after the breakdown‘of high.

pressure sparks.




F7. FAST AND-SLOW MOVING STRIATIONS IN A MIXTURE OF MERCURX AND INERT GASES
Howerd Steele, Westinghouse Lamp Division, Bloomfleld New Jersey

The discharge to be discussed is in mixtures of mereury vapor, from
1l to 50 microns pressure,'with argon or krypton at 4 or 2 Il pressure respec—
tively. It is confined by 3.8 cm diameter glass tﬁbing with 110 cm between
oxide-coated, coiled-coil electrodes, The discharge which appears homogenpus
often is composed of bright reglons located Dberiodically along the 0031t1ve
column. These regions are mOV1ng from anode toward cathode at about 1000 Cm/sec
so that thay are not V151ble ta the eye,

The striations are photographed with a shutterless moving fllm camersa -
the fllm moving continuously through the camers at right angles to the axis of
the discharge. As the strxatlons move through the discharge they trace out
lines on the film whose slope is a measure of their velocities. The product of
mercury vapor pressure and Lamp curreht above which these[ﬁoving striations do
not exist is found to be canstant., At g given mercury vapor pressure with a

discharge current a few milliamperes below the critical value, the moving

~ striations disappear from the cathode end of the positive column. As the current

is increased toward the eritical value the region without striations lengthens

i“ur;ic,:i.]. at and above the critical current no striations of this type exist,

Since they travel away from the &ﬁode, it would appear that the anode
were the source, However, using single pulse ﬁechnique the moving film picture
shows that the anode to cathode striations first appear only in the region in
front of the cathode, Wlth each succeeding striation startlng on the anode side
of the striated region until the whole discharge is striated, In the region
above the critical éurrent for slow striations another type is found whieh -
moves at least 1000 times faster. These can be eliminated by high series
resistance in the cireuit. When fast striations appear with the slow ones they

synchronlze at the same frequency.




F8, VOLTAGE HYSTERESIS OF VOLTAGE REGULATOR TUBES FILLED WITH NOBLE GASES
Fo Ca Todd Battelle Memorial Institute, Columbus, Ohio

' The voltage-current characteristic of the usual VR tube shows peaks
and hysteresis with a relatively slow increase and decrease of the current.

This hysteresis is believed to result from the adsorption on the cathode of

gaseous impurities or of the heavier noble gases. These are released by
heating of the cathode and ﬁy the bombardment of the cathode as the discharge
current is increased, and they are slowly readsorbed as the current is
decreased and the cathode cools. The evidence to support this conclusion will
be presented, Unless the hysteresis is very bad under the above test con-—
dltlons, it w1ll be decreased or ellmlnated by a current cycle of a few seconds.

The amount of hysteresis is different for different metals under the same

- conditioning technique and can be reduced or eliminated by heating of the
cathode. The hysteresis is practically ellmlnated without heating when the

VR tube is filled with hellum because of its very low heat of sorption.




' . b A

F9. ELECTRODE DETERIORATION IN T-R TYPE TUBES ™ o
J. C. French, National Bureau of Standards, Washington, D. C, ‘ S

[

An ‘investigation of the failure of a modified 1B24 T-R type tube
revealed ﬁhe cause to be the short circuiting of the pulsed keep alive w

cathode to its anode. This was due to the formation of an unusual deposit

on the cathode insulation and concentric anode. : E
Analysis of the deposit showed that it originated at the cathode.

»Td facilitate the investigation, diodes were constructed in which such

parameters as distributed capacity, cathode material, current density,
water vapor in the gas fill, pulsing of current, and anode shape could be
varied more readily while still maintaining the construction features of

the modified 1B24 which were relevant to the problem. From a study of these

parameters it was learned that the glow discharge normally present breaks

into a momentary arc which by local heating of the cathode frees the metsl
which forms the deposit.
Factors in the process Wthh were critical were determined, and by

~.\ L .

their groper control the deposit could be reduced to & negligible quantity, -

or under some circumstances, eliminatedu

%% This paper is based on work performed at the National Bureau of Standards
under sponsorship of the U.S. Navy Bureau of Ordnancee
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Gl. PROBE MEASUREMENTS AND ANODIC MECHANISM OF CARBON ARCS
Wolfgang Finkelnburg, Engineer Research and Development Laboratories,
Fort Belvoir, Virginia

Measurements of the potentizl distribution in the positive crater.
of a variety of low- and high~current'carbon arcs under & number of operating - ' l
conditions have been made by means of a new probe method which will be des-

cribed in detail, For the first time,.the potential drop immediately in

front of the crater bottom has been measured directly. Values of this

anode dfop proper, of the maximum extension of the anode drop region, and

of the potential gradient in the vapor volume of the crater are presented,
end the bearing of these new results on the theory of the anodic mechanism,

as developed previously by the author, are discussed.




Ge. RETROGRADE MOTION OF THE ARC CATHODE SPOT
C. J. Gallagher, General Electric Compeny, Schenectady, New York
The motion 5f'the.cathode spot in a direction oppﬁsite to that
predicted by Ampere's Law depends on the arc current, gas pressure, kind
of gas, and magnetié field strength. S@udieé 6f the effects of these
.variables have béen made, including measurements‘of,velocity and the
eritical pfessure at which reversal of motion occurs. The ﬁhenomena
observed have not been clearly explaiﬁed by any of the pictures presented
to date. The existence of the retrograde motion indicates very strongly

that the positive-lon space charge outside the cathode is all importuant

~in determining the mechanism of current transfer.




STABILITY OF ARCS DRAWN BY SEPARATING CONTAGTS IN OXIDIZING NEUTRAL
AND REDUCING ATMOSPHERES
W. M. Brubaker, Westinghouse Besearch Laboratories, East Pittsburgh, Pa,

An arc drawn between separating contacts is known to be very
unstable, in the absence of oxygen, in the usual power circuit. To study
this instability expériments have been made in which a four ampere src¢ in a
186 volt d-c resistive circuit was repeatedly restruck betwaen.separating :
contacte., Various metals were used as cathodes, with spectroscopic carbons
as anodes; in various gases.

Data has been obtained Showing the dependence of arc duration on
the cathode material and on the pressure and kind of sufroﬁnding atmosphere
‘for a number of metals in oxygen, hydrogen,‘helium, and natural gas. Oxygen
exhibits an extraordinary stabilizing influence for most metals, whereas in

hydrogen the mean life of the arc is generally less than ten milliseconds

even at atmospheric pressure.




SOME ASPECTS OF GEIGER-MUELLER TUBE DISCHARGES :
0..8. buffendack, Philips Laboratories, Inc,, IrVLngton-on—HudSOn, N Y.

- G4
This report is based on some unreported wofk by Francis E. Throw,
a graduate student in the Department of Physics, University of Michigan,
Ann Arbor, Micﬁigan, in 19240-.

One objective of the investigation was 1o deteruine whether there
is any essential difference in the mechanisi of the discharge in & self;
_quenching type counter tube and in a non—quenching type counter tube.
ﬁhe reqﬁirement of Werner that within a zZone exﬁénding out n free paths
from the wire an electron must fall thrbugh a certain potentiél difference,
{ﬁ; was found to give an adequate explanation of ‘the sfarting voltage and
the current—volﬁage characberistic of gas-filled tubes; and the requirement
of & certain minimum field intensity'within such a zéne (pfOposed by Trost)
led to a satisfactory expression for the starting voltage of vapor-filled
counters. Troét's electrostatic theory of the quenching of the discharge
was shown to be essentially correct although z number of modifications in
detail were necessary. Some calculations and experiments by Mr;'Throw
-Showed, however, that the essential difference between the two types of
couriters was that the lower mobility of the positive ions in the vapor-
filled type led to a very muph higher "resistance" (gzg;voltage/purrent)
so that there waséévloﬁg interval~o£-uﬁs§able corona discharge between VS
and Vﬁin although Imin wag almost unchanged, The characteristic properties
of vapor-filled counters is dué to.their operation in this regioﬁ of unstable

corona discharge rather than to a complete difference in character as had

generally been supposed.




G5. TOWARD A PHYSICS OF THE ARC SPOT MICROVOLUME
' Jerome Raothstein, Signal Corps Engineering Laboratories,
Fort Monmouth, New Jersey

The arc 5po£'is considered as a micrbvolume'of"dense matter with
exceediﬁgly high average particle energy. Ionid bombardment, aided to some
eitent by photons and perhaps metaétables, transports energy to the spot
which is dissipsted predominantly by electron emiSsion, to a lesser extent
by jet formation, and least by'cpnventional processes of heat transfer
{conduction, convection, radiation, evaporation). Spot excitation {energy
density) is sé high that solid or liguid binding pfesumably'plays a secondary
role and the gpot can be-viewed as a dense plasms with an excited degenerate
ﬂéiectrbn gas. Reasons are advanced for believing that the spot has a‘surface,
“i.e. a boundary between high density of spot and low density in the gas so that
the spot is properly considered part of the cathode. Disqussion of conventional
-electron liberating mechanisms (thermionic, photoelectric, and field emission,

} thermal ionization,‘émiésion due to bombardment by positive ions or metastables)
indicates that 211 of them necessarily require an execited microvolume t6 :
agcount for observed current densities whereby all mechanisms coalesce into )
what may be called & quasi-thermionic mechanism. Many properties éf arcs
(striking, extinction, anchoring, retrograde motion, high temperatire Ag; Cu,
Fe, Ni arcs, discontinuous glow-arc transition in general and for hot W in
particular) are easily explained on this theory; while Mierdel's and Smith's
‘experiments on spot extinction whicb are difficulties for a thermionic theory

sre consequences of the present theory.




G&. HOLES AND RETROGRADE ARC SPOT MOTION IN A MAGNETIC FIELD
Jerome Rothstein, Signal Corps Englneerlng Laboratories,
Fort Monmouth, New Jersey '

If cethode spot current dens;ty is 105 amp/cmé with a sixth ionic,

10251ons arrive per cma per sec. With spot surface atomic denelty 1016/cm2,
the area occupied by a surface atom emits five electrons and collects one

ion every ié-? seconds on the average. Lons tranqurﬁ-both vacant energy
levels to the electronic configurstion and energy te maintain spot‘excitation
(high electron "iemperature“). A'fraction of the current in the spot must
thus consist of holes which increases with hqle iifetime.r It is proposed

that as in the anamalous Hall effect the holes are deflected_in the "wrong"
(retreograde) direction, nascent electron emission following the effectively
positive holes, whence ions later formed by ecolliglon outside thé spot return
bringing holes and excitgtion to a region shifted in the retrograde &irection.
At high pressure photons could contribute substantially to spotﬂexcitationl
-without hole generation, whence reversal of motion as observed. Increased
magnetic field gives larger hole-deflection and so greater retrograde velocity
and higher reversing pressure as observed. Very large increases slow down

-and then reverse the motion pogsibly because the pre-annihilation trajectory

. doubles back on itsell; hole effects thereby progressively cancelling out.




G7. STUDLES OF AN ANCHORED MERCURY ARG
Charles G. Smith, Raytheon Mfg. Co. and Harvard University

The apparent line along which & mercury arc anchors at a wetable

metal prqjecting up through the liquid is in reaiity a rapidly varying
serrated structurel. .A continuous line free from these spurs is much to
bé'désiredlfor optical and electricel studies Qf_the arc sppt; We have made
ihe line smooih by disposing a magnetic field with a .componént tending to
drive the arc qut furthur onto ithe solid @etal. In one arraﬁgement there
was & polished cone of molybdenum with vertex in the mercury and base pro-
jecting above the‘liquid. The arc anchored under the circular ledge of the
7molybdénum cone. A ﬁransverse magnetic field of 200 gauss drove the arc line
over to one side (the~r§trogyade way) and fended to force it'furﬁher along
on the overhanging mqubdenum.: The arc line was free fromVSPurs. ‘Upon
.cooling the tube under various reproducible conditions there was observed

a well defined maximum cathode drop above which the arc is self extinguished.

The meximum was about three volts above the ten volt minimum. Further studies  

of the continuous specitrum regafding its 6rigin, color distribution énd state

of polarization are being made.

‘1. Lewil Tonks Physics 6 294, 1935
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