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A, SPARKS AND CORONA

Wednesday, October 27; 1:00 p.m.
Chairman, J. P. Molnar, 3Bell Telephone
Iaboratories, Murray Hill

Al. Characteristics and Fundsmentals of the #Back Coronst Discharge
He Je hite, Research Corporation, Bound Brook, N. Js

"Back corona" is the descriptive term for the local discharge
which occurs from the normally passive electrode in a corona discharge
system when the electrode is covered with & poorly conducting dust or ‘
fumej such discharges are deleterious in electrical precipitation, With
negative corona the observed effects ares substantisl reduction in
sparkover potential, greatly increased currents accompanied by visible
discharge craters, and production of positive ion space charges in the
corona gap. The effects with positive corona are similar but less pro=
nounced. = Onset of back corona is due to logal breakdown of the dust
layer, caused by Ohm's law build=-up of voltage, and usually occurs én
electrical precipitators when the bulk dust resistivity exceeds 10%

ohm-cm. The initial stage is characterized by lowered sparking potent-
ial, while the more advanced stage which occurs only with high dust re~
sistivity is characterized by the stable crater form of back corona,

Dust and fume resistivities are strong function of tem Rgra»~ ‘
ture and humidity, with values usually ranging between 10 and 102 0

om-cm, Slight traces of certein chemical contaminants, known as con=
ditioning agents and speeific for each type dust, have the property af
greatly lowering resistivity, even at high temperatureso

A2y The Basic Mechanisms of Negative Corona#
Ls Be Loeb, University of California, Berkeley

Investigations have shown that the character of processes
occurring in the concentrated high field regions leading to negative
corona are such as to be autocatalytic, once the Townsend threshold has
been reached. This selfw-accelerative ion multiplication will proceed
directly to a breakdown as a power arc unless limited either by external
c¢ireuit constants or internal resistance in the ges of the corona gap.

The internal resistance can consist of a space charge limitation of the
current in the low field regilons by formation of negative ions either on
impuritiés or otherwise, It may go furthoer, however, and in certain gases



lead to such heavy ion production near the point that the discharge is
choked off and one has the interrupted Trichel pulse type of discharge.
The conditions leading to, and characteristics of, sSuch discharges will
be presented. Once the point or wire is locally conditioned by clean

up through positive ion bombardment to the autocatalytic stage, the dis=-
charge will tend to concentrate at a single spot if the current density
can maintain the surface condition. 1In all cases the discharge structure
is that characteristic of a glow discharge, the very fine Crook's dark
space being hidden at atmospheric pressure,’but appearing at lower press-
ures. Analysis of the structure with concentrated discharge cnables one
to infer the potential distribution along the discharge axis with sone
preeision.,  From the consequent radial distortion of the equi-potential
surfaccs about the discharge axis,it is then possible to explain the
observed constrictions and flaring of the discharge, and thus the mech-
anism of concentration.

This principle may also be applied to the concentration of
the discharge at the cathode spot in arcs. The single discharge spot
either with constant or pulsed current can carry only a limited currcnt.
Then this is exceeded multiple spots appear which are sclf-repcllent
through spacc charge field action. The factors affecting conditioning
of the surfacc and the role of oxygen as it influcnces the starting
potentials is now becoming clarified.

#This work was donc under contract with the O0ffice of Haval Research.

A3. A Criterion for the Transition from the Townsend to thc Streamer
Iechanics of Breakdown in Gases
R. Geballe, University of Washimgtor.

1 gh% recently formulated condition for streamer breakdown
voltage “»“22 depends on photoclectric processes in the gas. Such
processes can be consistent with the observed filamentary character
of breakdown at high p% , wherc P is gas pressure in mm of mercury -
and 3 is electrode secparation in cm, only if photon absorption is large
in the neighborhood of the diffusion-bresdenedavalanche head and sub-
-sequent advancing strcamer head., A condition is thus implicd on the
lowest value of pd at which ionizing photons of absorption cocfficicnt
ko (at one mm of mercury) contribute to streamer advance. This con
dition can be written in the form p 831/K2u3 where K is a number noar
unity. The trensition from Townsend to streamer breakdown takes place
at a pd for which the number of photons satisfying this condition is
first sufficient to permit streamer growth. For example, in air the
transition occurs in the neighborhood of p&=s 200 mm x cm, leading to
. the conclusion that the number of photons produced with He 2 0,07



is insufficicnt for strecamer formation,

11,.3. Loeb, Physical Review 73, 778 (1948)
2L.3. Loeb, Lcview of l'odern Physics 20, 151 (19L3)
JL.3. Loub, Physical Revicw 7h, 210 (TI5L8)

- A5. On the lechenism of Discharges from Point Elcctrodes in Air
0. Yadoff, Columbia University

The physical phenomena of point discharges are yet consider-
ed s complex and not well-known. The author of this paper introduces
a new theory of the mechanice of discharge. This thcory is based upon
his hywothesis of eluctro-airy films being formed around all electro=
statically charged bodies. This thoory explains also the conditions
which permit the maintenance of free chargss in an insulated conductor.

If we accept the existence of the :lectro-airy films, the
point discharges becone casily understandable., The considerations de-
vcloped by the author can be adapted to all electrostati 211y charged
bodies, irrespective of the sign of the charge.

The theory is supported by many experimental observations
vhich are enunerated, Scveral physical factors, as electric field,
variations of gascous componeats and of the atmospherc, causc, under
some conditions, changes in the mechanics of dischorge. These factors
and their roles are also described. Tne author soncludes with a deoge
cription of a new application realized by him, concerning the use of
point discharges for the study of the turbulent movements in hydraulic
ducts and measurcment of speeds in the turbulent flows or lairinas,

AT. Point-to-Plane Impulsc Corona in Air#
D. B. Yoorc, University of California,'Berkuley, and W, N. English,
dational Rescarch Council, Chalk River, Canads
Positive and nugative impulse corones have been studiecd with
square nulscs of 1 and 2 microseconds duration ab potentials up to 12,000
volts, using 0.1 mn. disneter peints with 'l to 3 em gap in air at atmos—
pacric pressure. The positive point corona shows the burst pulsc glow
close to the peint, eni alco o strong develoment of the pre-onset
streamers, rsdially from the point, which may be attributed to the lack
of inhibiting space charge. '



The negative point coronsa exhibits a striking deveclopment as
the potential Ts incrceased. The Trichc1~pulbe fan-shaped luminosity
observed in D,C. corona first appcars, then in addition a concentrated
cenbral "strcamer® spike, and at higher pulse voltagos two side spikes,
At still higher voltages the spikes develop into long luminous purple
filaments which weave out into the gap and curve back parallel to the
shank of the point, in vivid ever-chunging patterns which suggest an
inverted roman candle.

These spikes and filements asre attributed to positive strcamer
discherges between the intense positive space charge near the point, left
by &n interrupted Trichcl pulse, and negative space charge further out
in the gap, At lower voltage the "streamers" are between thc space charges
left by individual Trichel pulses, giving the spikes. At higher potente
ials, where the long luminous filaments are obscrved, it seems likely that
the streamcr discherges take place between clouds of accumulated space
charge, thus producing, in the laboratory, winiature lightning discharges
of the tchoud-to-cloud" varisty. Probably the coursc and motion of these
filaments is considerably affected by the "cloctric wind" set up by move-
ment of ions.,

To test this hypovhesis the negative corona was run in purc
nitrogen whoere neg ﬂEqu ilons arc not formed, and in various nitrogen=-
oxyvgen mixtures. The "stresmer! dlocharbcs werc absent in pure nitrogen,
and gradually developed as the amound of oxygen was increased. A similar
effect was found in hydrogen and hydrogen-oxygen mixturcs. Thus, the
rolc of the nagative ion space charge scems to be cstablished.

#This work was donc Ln L.B. Loeb's laboratory ut Berkeley, and was support-
cd by the Office of Naval Research.



Ah¢ Time Lagn In Spark Brealkdown
- L. H. Fisher and B. Bederson
New York Uhivsrsity

Ixperimental work is now in progroas to determine tha
formative time lag of spark breakdown in alr as a function of

pressure and zap length. The region of investigatian is at
ana alightly above threehold.

It is expected that by th@ differences in time lags at
various pressures, one can discover at what region of pressure
~and gap length & transition occurs fram ‘the Townaend to th&

, streamer mechanism of breakdown., '

Prelimin&ry experimantal results will be preaemted.v



B. COUNTERS

Wednesday, October 27; 3:30 p.m.
Chairman, J. B. H. Kuper, Brookhaven
National Laboratory

Bl. Electron Contribution in Geiger Counter Discharge
G. G. Kelley, P. R. Bell and W. H. Jordan, Oak Kidge Natlondl
‘Laboratory

An analysis has becn made of the variations in series current
during and after a Geiger discharge, using such a value of series re~
sistance between the tube snd encrgy source that the voltage across the
tube does not charge appreciably with discharge. The pulses thus obtain-
ed are a measure of the rate of change of electrical energy in the
circuit.

It is found that the shape of these pulses cannot be accounted
for on the assumption that all ions are formed essentially at the anode,
The theoretical equation based on this assumption may be made to fit the
tails of these pulses quite well; but when it is so fitted the predicted
value is too low by a constant amount during discharge. This difierence
is attributed to elcctron collection, requiring that the initial ion
sheath be of appreclable thickness. The mean radius of this sheath is
calculated for various values of overvoltage from the electron current.

- Spread of the sheath as it moves outward and its effect on the theoret—
ical equation are discussed.

3

B2. The Problems of Using a Spark Discharge in Nuclear Detection
R. W, Pidd and L. liadansky, Johns Hopkins University

A parallel plate spark counter was constructedt to provide
a uniformly sensitive avalanche volume for detecting ionizing radiations .
Further work: has shown that the rise time and average delay error time
is compatible with time interval measurements of 1077 second. The
recovefy time of the counter is critically dependent on the cathode
material suggesting some sort of surface emlssion phenomena. However,
recovery times of 1 millisecond are obtained with lead and tin cathodes.
quantitative results on all the characteristics of the counter will be
- given.

1. 1tadansky, R.W. Pidd, Physical Review 73, 1215 (19L8)



B3} Some Tests of Parallel Plste- Counters
Mo E. Battat and R. N. Verney, Washington University

A parallel plate counter was constructed of circular stecl
plates L inches in dismeter. The plates werc ground and lapped and
heavily plated with chromium. They were mounted in a glass bulb or
tungsten supports with 3 mm spzce between plates. (Cleanliness in con=-
struction and operation were cmphasized. High vacuum techniques were
emploved in degassing the tubej and a completely mercury-free system
was used. Argon and ethylene mixtures at various pressures were tried
as fillers. -

wuenching of the dischargec was essentially accomplished by
means of resistance in . the circuit ranging from 20 to 35 megohms. An
acconpaiying vacuum tubc yuenching circuit mede only minor improvements,
The tube showed cexcellent characteristics of rise and recovery. Dctails
of performance are described.

‘

Bh. Ionic Mobilitics in Geiger-lucller Counter Tubes
P. B. lieisz, Socony-Vacuum, Paulsboro, N. J.

The technigque of H,G..Stever for the measurement of Gelger
counter recovery time has been extended to study the mobility of the
moving ions over & life of abouc 107~ sec. The mobility of a series
of orgunic molecules has been studied, The measurements allow cons
clusions to be drawn concerning the naturc of the ilons moving to the
cothode, and ionization transfer phenomena to be observed experiment-
ally.



C. Evening Session

Wednesday, October 273 8:00 p.n,
Chairman, L. H. Fisher, JNew York University

Cl. Fundemental Processes of Ionization and Dissociation in Gases. by
Electron Iupact . '
He D. Hagstruwa, 3ell Telephone Laboratories, Murray Hill

It is well know: that, in atomic gases, electron collisions
may lead to excitation and ionization. Similar processes may occur
in molecular gases., Since the molecule mey simultaneously dissociate,
however, a variety of other results of electron impact are nossible.

- Dissociation processes in which one or morc ions arce formed have been
studied more extensively b.icause they may bo detected electrically.
These may involve elecioron capture followed by dissociadion to form
negative ions, ionization followed by dissociation to form positive
ions, or splitting of the molecule invo a positive and negative ion,
in esch case one or more uncharged fragments of the molecule being
formed. Since they are products of molecular dissociation these ions
may possess appreciable amounts of initizl kinetic eneryr, In exper—
imental studies, stterpts have been made to identify the charged frag-
ments and to measure the minimum cleciron bombarding energy necessary
to cause the process to occur, the kinetic eneryy of the frigments,
and the probability of occurrence as a function of elcctron energy.
Various itypes oi mass spectrometric and retarding potential anparatus
have been euployed. This paper is a revisw of theoretical and exper-
imental work in this ficld.

C2, Outstanding Problems in the Fundamental Processes and Interpret-
ation of Flectric Discharge in Gases
L. B. Loeb, University of California

Invited poper.



D, DIFFUSION

Thursday, October 28; 9:00 a.m,
Chairman, H. Margenau, Yale University

Dl. Ambipolar Diffusion of Ions
Jo 8lepian, Westinghouse Research Laboratories, East Pittsburgh

Particles diffusing in ene direction axially down a cylinder,

should show a density var&ing as e-Z.BOé%, where 8 is distance along
the axis and r is radius of cylinder, provided that the particles
diffuse isotropically.

The Schottky ambipolar diffusion theory states that, for a
high enough density of diffusing ions and c¢lectrons, electric fields
will appear which will causec the lons and electrons to effectively
diffuse together with a common isotropic diffusion coefficient. In
the axial cylindrical case, therefore, the formula given above should
hold for the ion density,

Experimental verification was attempted in neon, argon, and
mercury. Apparent large deviations were obtained in all three gases.,

D2. Transition from Free to Ambipolar Diffusions
W. Pe Allis and D. J. Rose, Massachusetts Institute of Technology

The solution of the equations for the simultancous diffusion
of electrons and positive ions is sought when the densities are inter-
mediate between those for free diffusion and ambipolar diffusion., The
stationary state is considered in which the ionization rate is propor-
tional to the electron density. Simple expressions are found giving
upper and lower bounds for the ion density at the center of the con~
tainer, consistent with a given c¢lectron density. JApproximate explicit
formulas for the electron and ion density distributions and the effect-
ive diffusion cocfficient for the entir¢ range are jiven,

#This work has been supported in part by the Signal Corps, the Air
llateriel Command,and the 0ffice of Naval Resecarch,



D3. Measurements of Ambipolar Diffusion and Recombination in Noble Gases*
Me A. Biondi, Massachusctts Institute of Technology

A microwave method of observing the removal of electrons from
initially ionized gascs has bean devzlopeds* The change in the resonant
frequency of a cavity is proportional to the concentration of frec i
clectrons within the cavity. The rate of removal of elezctrons from a
gas is determined by measuring the chengc in resonant frequency as a
function of the time after the ionizing ficld is removed from the gas
in the cavity. This method has been applicd to studics of ambipolar
diffusion and electron~ion recombina*ion in h:lium, ncon, and argon
in the range 0,01 -~ 0.05 ev encrgy. Th.: observed variation of the
ambipolar diffusion coefficient Dy with positive ion energy and mean
free path agrees with the predictions of kinctic theory. For hi:liun,

= ean Cme .
Dyp = 580 Sée =~ ™ Hg at T = 300Kk, Tt is belicved that a new mechan-
ism for electron-ion recombinstion has been observed. Measured values
of the recombination,coefficient,<x,»ar@ in the renge 1070 to

-6 i -1
107 ($§§§ - sec)  for the noble gases. Studics of neon have shown
that ¢, does not depend on electron or ion energy over the measurcd
range and thata does not vary with pressure in the range 1 - 30 mm Hg.

*This work has been supported in part by the Signal Corps, thc Air
Hateriel Command, and the Officc of Navasl Resecarch,

lifassachusctts Institute of Technoloyy, Rescarch Laboratory of Electronics,
. Technical Report No. 66

D5. Imprisomment of Resonance Radiation in Gases
T. Holstein, VWestinghouse Research Laborztories, East Pittsburgh

It is known that rcsonance quanta arc highly absorbable by
normal atoms of 2 radieating gas; hence, under suitable conditions of
gas density, the eventual escape of thesc quanta from a gas-filled en-
closure may require a large number of repcated cbsorptions and emmissions.
In such cases the radiation is seid to be "imprisoncd.®

In & previous paper,l i% has becn shown that the ratc of
escape of imprisoned rcsonance radiation is a sensitive function of the
shape of the resonance line, Following the mcthod of that pancr, we
have calculated escape rates for a variety of line shapes and cnelosure



geometriess The results are compared with

a) Zemansky's measurements® of the decay of excitation
in &n infinitc slab, and

b) Ilohlert's measurenent s> on the emission of resonance
radiation from a cesium vapor discharge.

%T. Holstein, Physical Review ?2, 1212 (19L7)
bl 1M.il. Zemansky, Physical RevieWw . 29, 513 (1927)
F.L. MHohler, Burcau of Standards Journal of Research 9, 25, 493 (1932)

D6. Lifetimes of Rare Gas Motastable Atoms
Jo P. lfolnar, Bell Telephone Laboratories, Murray Hill

When a Townsend discharge is suddenly initiated in a rare
gas, the current exhibits a delayed component with a timc constant of
the order of one millisecond. This current component has its origin
in electrical effects originated by the destruction of the metastable
atoms either at the electrode or in special types of collisions with
other molecules in the gas. The shape of the current rise is nearly
exponential; and from its time constant the lifctime of an atom in a
metastable excited state can be obtained. From thc variation of this
lifetime with electrode spacing, the rate of the destruction of meta-
stables by diffusion to the electrodes can be separated from the rate
of loss by collisions with the atoms. The diffusion constant for meta-
stable atoms of neon, argon, and xcnon at onc_mm pressurc, and 2000
has been found to be 120, L0, and 13 cm? sec*t respectively, These
values are from 2.5 to 3 times smaller than those corrcsponding to the
self~-diffusion of the respective normal atoms,



HIGH FREQUREFCY

Thursday, October 28; 2:00 p.m.
Chairman, ".. P. illis, llassachusetts
Institute of Technology

El. The Correlation and Classification of High Frequency Gas Discharge
Phenomenas o :
S« C. Brown, l'assachusetts Institute of Technology

‘The purpose of this paper is to introduce the limits within
which diffusion phenomena control the breakdown of the discharge, to
correlate the experiments of other workers in this field, and to suggest
classifications of alternating current gas discharges. The discussion
is based on proper variables from dimensional analysis, using the pera-
meters pa, ph, and V, where p is the pressure, A is a characteristic
dirfusion length, \ the wavelength of the excitation, and V the break-
down voltage. The limits of applicability of the diffusion theory are
found to be a standing wave limit, a mean free path limit, and an
oscillation amplitude limit., Within these limits, a single function
for the ionization coefficient correactly predicts breakdown voltages
for all published duta tested, covering a frequency range from 3000 mc
to 1 mes A classification is suggested in which ultra high frequency
dischorges are those controlled by diffusion in which the electron makes
many oscillations per collision, and high frequency discharges are those
controlled by diffusion in which the electron makes many collisions per
oscillation. "Intermediate frequency discharges occur when the drift
distance of the eclectrons under the action of the field per half cycle
is greater than the diffusion lengtha, but the positive ion loss is
by diffusion. Low frequency discharges occur when both electrons and
positive ions collide with the walls every half cyvcle.

#This work has been supported in part by the Signal Corps, the Air
HMateriel Command, and the Oifice of Naval Research.

E2. Initiation of l'icrowave Discharges
D. Alpert, A. O. lMcCoubrey, S. Krasik, Vestinghouse Research
Laboratories, Fast Pittsburgh

, Breakdown potentials for argon at = wavelength of ten centim-
eters have been weasured for various pressures. lMicrowave energy of
continuously variable power level is incident on a resonant cavity.
From a measurement of the transmitted power at the point of breakdown,



and a knowledge of the cavity characteristics, the breakdown potentisl
is readily obta%ned. The neasurad values are in jood agreement with
those prodicted™ from ionization and electron tenperature rieasurements
in DC discharges,

lT. Holstein, Tnitiation of high frequency gas discharges, Phrsical
Review 69, 50 (19L6)

E3, lMaintenarnce Fields of liicrowave Discharges _
S. Krasik, A. 0. lNcCoubrey, D. Alpert, Vestinghouse Research
Lavoratories, Fast Pitbsburgh

A high frequency (3,000 umegacycles per second) gas discharge
is formed in the _ap reglon of a two window cylindrical reentrant
cavity filled with argon at pressures between 5 and 50 rm iig.  The
power transmitced by the cavity 1s neasured over a ran;e of incident
powers, The uaintenance voltage of the discharge is computed from the
transmitted power and the appropriate cavity parcmeters, i.e., shunt
resistonce and coupling coelficient, A value for the gas discharge
admittance may be obtained for each incidént power from the circuit
relations and the ratio of transmitted to incident power by making an
assumption concerning the phase of the admittance. The dischargo
aduittance and voltage give the current-~voltage characteristic of the
discharge,

El. The Aduittance of High-Frequency Gas Discharges
E. Gverhart, Dartmouth College

The adnittonce of a high-freguency gas discharge between
parallel plates has bheen meesurel at microwave frequencies. A non-linear
relationship between dischurge susceptance and conductance is ohserved,
The discharge susceptance, which is inductive at low pressures and low
electron coucsntrations, becones capacitative at high pressures and
high electron couceatrations,

This behavior is explained in terms of an electromagnetic
solution for the discharge adud biance which Incorporates the effect of
the non-unifom spatial distribution of electrons in  the field dir-
ection,



ES5. Effect of Coulomb Interactions on the'Velocity Distribution of
Electrons
H. l'argenau and J. H. Cahn, Yale University

The usual form of the Boltzmann transfer equation for the
electron distribution function is augmented by a term which accounts
for the energy transfer between charged particles, This is accom-
plished by adopting & suggestion of Landau's, who showed that, if
only small momentum exchanges between charged particles are consid-
ered, this term is the divergence of & certain flow vector in moment-
un space., The first step is to compute this vector and to obtain the
transfer equation. Employing the ordinary method of decomposing the
distribution function into an isotropic part and a part proportional
to the velocity in the field direction, the transfer equation reduces
to two differential equations, whose general solution cannot be obtain-
ed. However, under two conditions solutions are available: a) The
mean free time of electrons between impacts with molecules is constant;
b) the mean free path is constant. For high electron densities, the
solution is Maxwellian; and the approachh to that limiting form is dis-
cussed,



F. SHORT GAPS

Thursday, October 28; Li:30 p.m.
Chairman, W. P. Allis, Massachusetts
Institute of Technology

F2. A Low Voltage Discharge Between Close Electrodes
L. 4. Germer, Bell Telephone Laboratories, Murray Hill

The discharge of a condenser across a gap comparable in
length with the m.f.p. of electrons is initiated by field emission
frem the cathode, Althoush the current is carried almost entirely
by electrons, the process is catastrophic after its initiation, the
duration of the discharge being determined solely by the electrical
circuit with the potential across the gap fairly constant at about
15 volts. If the original potential is above about 50 volts the first
discharge may be followed by a second in the reverse direction. Suc-
cessive discharges may occur until the initial condenser energy is
dissipated; or at any stage the phenomenon may end in open circuit.,

F3. Flectrode Separations in Discharges at Very Small Distances
F. E. Haworth, 3ell Telenhone lLaborastories, l"urray Hill

Discharges described by Germer in a previous paper occur
at electrode separations which vary widely on repegted tests. at
calculated fields in the range from 0.2 to 15 x 10 volts/cm, the
variations being due to changes in surface roughness. Each discharge
melts metal on the anode, most of which is deposited in a ring sur-
rounding the pit from which the metal care, Sometimes this ring is
of sufficient height to short the electrodes. The height can be
calculated from the energy of the discharge; and it is found that
shorting occurs whenever the discharge takes place at a distance less
than the calculated height. : '

Fii. Steady State l'easurements on the Close Electrode Discharge
H. J, Juretschke, Harvard University

. The discharge described by Germer can be maintained for a
longer time under proper circuit conditions, and can be initiated by’
a high voltage pulse at fixed separation, or by drawing the electrodes



apart. The characteristic discharge voltages vary for different electe
rode materials, and are independent of the initial gap distance in the
range studied (0.« d< 103 cm). Thermionic emission as a starting mech=
anism may be ruled out from the discharge behavior of non~thermionic
metals,

F5. Low Pressure Arcs
Je 1T, Richardson, Bell Telephone Laboratories, Murray Hill

. The processes considered by Germer, Haworth, and Juretschke
fall into the category of "low pressure" arcs in which the pressure~
distance product is less than, say, 1072 mm cm. These phencmena are .
characterized by the fact that collisions in the volume are relatively
unimportant (at least in the initial phase). Here we consider from a
theoretical viewpoint the possible elementary processes which may be
important., Also, we attempt to understand the conditions giving rise

to 1) an extinction, snd 2) a catastrophic build-up of the over-all pro-
Cess, ' '



G. ARCS; GLOWS

Friday, October 29; 9:00 a.m,
Chairman, J. Slepian, lestinghouse Rescarch
Laboratorics, Rast Pittshurgh

Gl. The Hechenism of the High Current Carbon irc
W. Finkelnburg, Fngineer Rcsearoh and Development Leboratories,
Fort Belvoir

The high current carbon arc with maximum crater brightness
of 2000 candles per mmz, exiel intensity of more then 106 cendles,
power inputs up to 600 kw, light efficiencies exceeding 90 lumens per
watt, radiation efficicncy of 73 percent, crater temperatures up to
00009, ond arc stream temperaturcs of the order of 12,000% is the
most powerful znd onc of the most interesting radiation sources known.
The rising voltage characteristic, the anodic vapor stream which causcs
its excellent radiction properties, and the contracted are strcam dis-
tinquish the high current carbon arc from the well known low current
carbon arc. Tne propertices of the contracted arc stream are discuss—
ed end a generel. theory of arc streams is presented. Starting from the
anodic mechonism for thoe low current cearbon arc, the anodic mecchenism
of the hi_h current arc is developed., The rising voltoge chrracteris—
tic, the 1nodig vapor stream, and the high crcter brlﬂhtncss are ex-
plained as a consequonce of an gbnomel vnodo drop which increases
with incrcased current density and is ccused by a very repid evapora-
tlon of the anoclic material. The dmportant role vhich the megnetic
ficld of the arc current plcys in the stabilization of all high current
arcs is pointed out. The author believes that this unique high tem~
perature arc has bearing on other arc and spark dischergcs, and also
will play an importent role in future developments of hizh tompersture
physics and chemistry.

G2. 4sn Important Diffcrcnce Between Arcs at Small and at Heavy Currents
R. Holm, Stackpcle Carbon Compeny, St. lerys, Peo.

; It is shovm that the conbined heut and ficld effect of re-
lessing clectrons, but not the¢ tunnel e¢ffect, is responsible for the
production of primary electrons in arcs working on the basis of 2 con-
siderable current of primary electrons. Hcre the tempoerature in the
cnthode spot will be of the order of the boiling point of the metal,
A high currcent density is nccessary to generate the temperature in the
case of small current intensity. Nevertholess, only some few percent



of the heat transferred to the cathode is used for vaporizction of
metel, In heavy current arcs nuch more hest is transferred to the
cathode than can be conducted through the mctel, and the greater part
of this heat is uscd for venorization. Curves are cclculated giving
the volune of vanorized metcl, per coulomb passing the arc, plotted
ageinst the total currcnt.

G3. The Spcetrum of High I[ntensity Flash Discharges

We S. Huxford and . R. Sittner, Northwestern University

The spectra emitied by condensed flash discharges in rore
gases and mercury have been examined ot various intcrvels during the
period of the flash., For this work a synchronously driven disc is
employcd which carriss two slits, about .1 mm in width, necer its outer
edge. The disc is driven at a spczd of 3600 r.p.m, The flash tube
is inltiated by merns of a light pulec tronsmitted by one of these
slits, using a phototube multiplicr znd hydrogen thyrotron trigger-
ing circuit, Light from the flash tub2 itself is transmitted by the
second slit. The time in the cycle ot which this radiction is zllow-
ed to fall on the spcectrograph slit can he veiried by mneens ol a phase
changing arrangement. The spark spectrum of these gascs 1s strongly
developed upon iaitiation of the dischorge. During the high currsnt
arc phase & strong continuum usunlly appesrs, In the afterzlov wall
merked recombination snpectra are observed, and the spark lines are cn-
tirely absent., Lines due to transitions involving high spectral torms
show cvidence of strong perturbations of the atons due to local ficlds
in the dense plosma,

Gh. On the Formation, Stability, and .inchoring of Cathode Spots
J. Rothstecin, Signal Corps Enginecring Laboratorics

Experiments of Plesse and HBfert show that the discontinuous
glow=ere tronsition (D4)) is feeilitated by venor in ths cathoede region,l
thet normal evaporation is inadequete for supplyin; vapor wherce the cothe
ode is its soUrcc,l and that the probobility of 2 DGA on sup.rimposing
a larpe current pulse on a glow incrcoscs with increasing pulsc magnitude
sad rete of rise.? This agre.s with a recont suggested mechanism of
c..thode spot emission,” according to which ionic bombordment of the
cothode spot crestes a microvolunmc into which current flows by ordinary
conduction and from which it flows thermionicelly. sdded vapor near
the cethode merns more ions (created by clectron impact) to bombard the
cethode, resulting in more electrons and spubterced or "evaporated" ztoms



from the cethode; hence still more vapor, etc., culminating in are
microvolunce conditions. Added energy input, e.g., by current pulses,
acts similarly, but if insufricicnt in emount or supplied voo slowly

to overcome dissipating cffecte, ¢.g.,, heat conduction, » DGA is not
obteined. Jnomelies roeportcd ca:r*licr,h cold C and W ares,? and arc
instebility with purc clectrodes in pure rarc giscs® elso scom o be
explained by the theory;3 cathodec vapor, liberated by chumicel reaction
or by surface bombardment, facilitaves a DQL or stebilizes an arc
othorwisc extinguishing for lack of it,

Genoral features of the anchoring of the Hg cothode spot
deseribed by Tonks? receive a naturel intorpretation sccording to the
e thuory.B Y“hen anchored, the spot can be mainteined by virtue of
the vapor blasted off the surface of the wet metul anchor by ion bom-
berdnent. .nchoring, being preferred to mobility, would follow if the
critical rate of cnorgy input to maintein an arc spot is less for a
surface layer then for bulk liquid. This scoms likely as the encrgy
interchange between the spot microvolume and anchor would be governed
by 2 kinu of ezccommodation cocflficient, doubtliss smaliler. than thot
governing cnergy transfor from vhe snot to the rost of the liguid,
..nenor erosion, ckin to sputtering, would be expected to be less for
the more rcfractory metels. Anchoring would be poor if the surface
is not wet by Hge Heoting the anchor would tend to drive off the sur-
face leyer and froe the spot. A junction woll wet by a large currcnt
should permit a snot cerrying & comparatively small currcnt to wander
over the wet surface, The slight tenudeney to anchor before the metal
is wet mey bo expleined by reflcction of spot vepor by the projecting
enchor giving a slight incrcasc in locel vapor density. This tync of
anchoring would slse occur with insulitors.

24,J, HOfert, ‘nnalen der Physik 35, £L7 (1939) ,
3J. Rothstein, Physicel Revicw 73, 121L znd 7k, 228 (19L8)
L. Rothstein, Physicel Rcview T3, 12L5 (19LF)

1H. Plecsse, annclen der Physik 22, L73 (1935)

6O. Becken and K. Sommcrmcycr, Zzitschrift fv Physik 102, 551 (1936)
G.E. Doen et al, Physicul Rovicw U0, 36 (1932); L6,7LT7 (193h); L7, 983 (1935)

TL. Tonks, Physics 6, 29k (1935)
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G5. The Surface Excitation Theory of the "Coid arc' Cathode
C. G. Smith, Hervard University and Reytheon Hfg. Co.

Experincntal cvidence is cited against the ficld theory of
liberction of cleuctrons from the cathode of the mercury ore find other
so cslled "cold srcs." The surface cxcitotion theory of thesc arcs,
previously advenced, assumes that the cathode is intensely bombardsd
by electrons from the adjacent negative glow, and that the cathode



matcrial is cumulatively excited locally to emit the current carrying
clcetrons and also a continuous spectrum., The latter theory reedily
fits in with the obs.orvations that a "cold are® cannot be mointained
or even c¢stoblished botween clecn electrodes of iron, tantolum, or
tungsten if these ero in o purc inert gasj whorcas by the field theory
such ares arc confidently expected. Furthermore, the surface cxeita-
tion theory accounts rather directly for the rctregrade (wrong way
motion) of the cold arc in a transverse mognotic fivld, long with cx-
plonotions for the change to proper motion above certain eriticul values
of magnetic field. Argument is advanced along with experimental evide
ence agalnst any known interprctation of these motions in terms of the
field theory. '

G6. The Clern=Up of ¢ Noble Ges in an ,rc Discharge
M. Jo Rudden, National Burcau of Stonderds

It is generally recognized thet most of the gas which dis-
cppears during the operation of a gas-fillcd tuby is driven into the
metal parts of the tube under ion bombardment. To study this port-
itular process, ¢ simple set-up has beon devised consisting of a
probe of the test mctal cxposed to o low pressure arc plasma in the
ges. By placing 2 high negative voltage upon the probe, positive
ions of the gas are driven into the metcl. n investization of the
clean-up of helium ions striking & tentclun terget has been made,
Results obtained indicate thats

1) The frection of ions cleencd up is a function of the
ion velocity

2) . large portion of the ges cleuned up in this way may
be recovercd by hecting the torget and, ‘

3) The relstionship between sputtering and clecn-up men-
tioned by som: carlicr workcrs has not beoen confirmed.:



H, OSCILLATION AND EXCITATION

Friday, October 293 2:00 p.m.
Chairman, J. P. lMolnar, Bell Televhono Laboratories,
Murray Hill

Hl, Oscillatory Phenomena in Gas Discharges
G. H. Dieke, Johns Hopkins University

The simplest case of a glow discharge is one under stationary
conditions., However, under exnerimental conditions where a stationary
discharge should be expected, osclllations are usually observed with
frequencies in the audio range. These oscillaiions are largely inde=~
pendent of the external circult but depend strongly on the type of gas,
its pressure, the current density, and the shape of the tube. The
oscillations menifest thenselves in modulations of a few percent on the
tube voltage and current and modulation of the light intensity (often
100%) at a given snot,

The comparison of the intensity pattern in different parts
of the tube shows intensity waves traveling usually from anode to cathode,
but often also simultaneously from cethode to anode with a much higher
velocity, ‘there the two types meat, the waves neuse womentarily and there
is spectrosconic evidence of a high rate of ion recombination, There
are usuelly several sharply distinct modes, often capable of existing un-~
der the seme conditions, These intensity waves are identical with the
moving striations sporadically mentioned in the literature, The state .
ionary striations appecr closely related to them, It should be empha~
sized that these oscillations esre a very genecral »henomenon in all glow
discharges with a positive column, within a very wide range of current
and pressure, and should be considered as essential phenomene for the
mech: nism of the discherge. ‘ell-studied examples are given in the
folloing two napers,

M2, Striations in Argon ischarges
T. M. Donahue and G. H., Dieke, Johns HOpkinq University

A detailed study has been nade of the oscillatory phenomena
discussed in the nreceding pever for the "direct current" glow discharge
in argon at pressures ranging from 0.5 mm to 100 mm. For tubes of 8 mn
radius with plane zirconium electrodes about LO cm apart, oscillations
in voltage current and light intensity (moving striations) were found
a2t 3ll pressures and for all currents in che normal and ebnormel :low



regions, except for pressures above 30 mm, vhere the oscillations some=
times cease at high current. The frequency of oscillations ranges be-
tween 1,000 cycles/sec and 7,000 cvcles/sec and depends on the current
and the pressure in wuch the sime way as the discharge voltage. For

all currents, ic decreases with increasing pressure to a minimum at
about 7 mm, and then rises steadil;r for high pressures. For increasing
current it decreases rapidly at first and then breaks sharply to essenw
tially a constant value along the normal gzlow characteristic. When the
disch: rge becomes abnormal, the frequency, unlike the voltage, docs not
rise. The senaration of the moving striations has a maximum at about

6 mm pressurc. (Kor example at 15 ma it rises from 3,9 cm at 1.8L mm to
5.6 cm at 5.4 mm,and then decreases to 1.2 em &t 26 mm.) it low press-
ure the separation increases with increasing current; at pressures be-
tween 2 mm and 10 mm it passes through a maximum, while for higher.preéseuses
it decreases unifornly.

The speed of the chief moving strietions behaves in the scme
way as the frequency,and ranges from 200 m/sec at 8 ma and 2 mm pressure
to L0 m/sec at LO ma and 9 mm pressurae.

A detailed analysis hes been made of the motions of the
striations at several pressures. Striations moving in both directions
are alwarys found, those travelling toward the anode rather faint and re-
latively fast (lOécm/sec), those toward the cathode bright and slow
(10%em/sec). Stationary striations result from the meeting of these
two types of moving waves. The current maxima coincide in time with the
presence of striations of either type at the electrodes. The behavior
of the striations near the anode and in the negative glow and cathode
glow will be discussed in detail.

H3 . sudio Frequency Resonance Phenomena in Glow Discharges
se B. Stewart, antioch College and G. H. Dieke, Johns Hopkins University

4 mumber of gas discharge tubes containing argon and other
rare gases at pressures from L to 30 mm Hg cexhibit standing patterns of
light when cxcited by applying an audio frequency altern:ting potentizl
difference across the clectrodes., These patterns occur when the frequen=
cy of the alternating notential is ol the same order of magnitude as the
d.c. oscillations observed by Donahuel in these sanc tubes; and the
patterns are particularly steble when a steady applied potential is mod-
ulated by an a.c., generator,

In all cases where the discharge is stable enouzh for detailed
measurements, striations moving from the anode to the cathode can be
traced with the intensity of the accompanying light varying periodically
along the tube. It is this periodic variation of light intensity of the



moving striations that produces the standing pattern. At certein
positions striations running from the cavhode to the anode arc also
observed. Jhure these two types of striations pmect, they are nearly
stopped for & tume interval of the order of 10™% sec, There is spect~
roscopic evidence that in the plasma at chese places there is an ine
creased rate of recombination of electrons anu ions.

The distance between successive striations in the modulated
discharge is found to be directly proportional to the frequency of the
discharge. Other regularitics are also noted.

11,1, Donahus, Jonns Hopkins University Dissertation, 19L7

1, Fxcitation of Hg Vapor by Li%, Na¥, and K+ Collisions
%. Clark, L. Baker, and R. N. Varney, uashington Uuiversity

Results by one of the writers (BNV) in 1$39-LO, using the
electron space charge method, showed that Na "ions’had seemed to ion-
ize mercury vapor by collision whan the Na? ions had encrgics exceed=
ing 89 ev, whercas K* ions failed to produce ionization in mercury '
vapor even at seversl hundred ev. The surprising selectivity of these
processes led to the present investigetion by an indevnendent method,

5 tube was designecd, constructed, end tested, with the object
of permitting the indicated collisions to occur in a region readily
observabl. with & quartz prism spectroscope. The design was further
plamed to give an absolutely minimum number of free seccondary clectrons
which might excite the mercury vapor end lead to false conclusions.

Curves showing the excitation of the mercury 2537 radiations
by the verious clkalis have been obtainzd., . additicnal result, how-
ever, is that Li? end Na r excited numbers of other lines in the mercury
spectrun including mercury ien lines yhereas no radiation beside the
2537 resonancc line was found with the k¥ ions. The last result is be-
licved to confirm the observations described in the first paragraph,
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A, Time Tage In Spark Breakdowm
L. J. Fisher aud B. Dederson, New York University

Ixperimental work is now in progress to deternine the formatlive time
laz of soark breakdown in air as a function of pressure and gap length. The
rerion of investigation is at and slightly above threshold.

' It is expected that,uy the diffevences in tine lags at varions pres-
surcs, ‘one can discover at vhat region or pressure ‘and gep length a traasition
sccurs from the Towvnsend to the streamer mechanism of breakdown.

Preliminary experimental results will be presented.

AS. Corone Studies in Nitrogen, Oxygen, and Mintures®
C. G. Miller, University of California, Berkeley : .

D.c. corons studies have been carried out ia concentric cylindrical
systeme covering the pressure range T15 nmm to 27 um in pure nitrogen, pure
oxysen, . and in mixtures.

Self-sustaining corona discharges in pure nitrogen depend exclusively
on &«at the cathode. In positive corone this leads to a discharge visible as
anode spots; in negative corona this leads to discuptive currents 1f the altrogen

is quite pure.

Self-sustaining nositive corone in pure oxygen gives streamers at high
pressures, burst pulses at low pressures, indicating high photon absorption and .
high photoionization in the gas; self-sustaining negative corona in oxyren depends
on Trichel pulses. '

Tt is shown that the Trichel pulse onsets in oxvgen end mixtures ave
not real thresholds set by a second Towasend coefficient. These nesative thresh-
olds depend on a preliminery Townsend discharge cleaning up the cathode, giving
wey to Twichel pulses as a secoud mode. '

T4 is shown that Trichel nulses in oxygen depend on Op , while Trichel
pulses in mixtures depend also on nezative ioas of nitrogen oxides.

. Comparisons of the onset notentials, positive and negative, at various
percentaces of oxyren are made at various preasures, and throw some light on the
relative importance of factors affecting corona thresholds.

An application of the wegative corona in pure nitrogen is deascribed,
in which a voltage-regulator tube action is reclized, regulating in the reglon
of LOO to 700 volts depending on pressure, with good voltage-regulating char-
acteristics.

* MThis work was supported in part by the Research Corporation. .
*¥% Kow at University of California, Santa Barbara.
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B5. Design And Operation of BF; Filled ﬁulae Chambers for Neutron Detection
H. ¥, Schulz and F. G. LaViolette, General HElectric Co., Schenectady

Three models of boron triflucride filled lonization chambers were con-
stiucted for use in neutron counting. These were made of steel parts with
insuvlation assemblies of tyne A0 zlass and feruico.

Model F 1 2 ' 3
Tensth of Chamber spece (cm) 20 20 20
nadius of outer electrode (cm) 2.1k 1.18 2.1k

" dinner " (cm) 235 127 127
Prgssure of BF3 ges (emHg) | . 70 70 70
B enrichment”of BF'3 (%) ‘ 20 20 96

Collection voltage saturation occured at an outer electrode field
scrength of 250 to 300 volts/cm at one atmosphere of BF3. Collection voltages . -
of 1500 to 1750 volts were used. Very repioducible bias plateaus were optained
having slopes of less than 1 ¢ change in counting rate per volt chenge in bias.
Signal to noilse ratios of from 5 to 7 were obtained. Electron collection times
of 0.4 to 0.5 microseconds were measured with a calibrated variable delay line
clipner indicating on electron mobility of 2 to 3x10° (cm/sec)/(volt/em)/(cm)/
(cm Hy). lielative efficienciles of 1.5, O.h4% and 4.6x107° (counts/source neutron)
were obtained for models 1, 2, and 3 reespectively with a neutron source 100 cm
from the chember moderator. One ion chamber was operated for 4 to 5x1010 counts
with no measurable decreasg in the slope of the bias pleteau. The couating loss
was Tound to be y=2.0x107 ¢ where y is the percent loss in counting rate and c
is the counting rate in counts/min. This represents a 2% loss at 106 counts/min.

The BF, gas for filling the counters was obtained by thermal decom-
position o the double salt CaF3:EF3. Further purification of the gas was carried
outoin the {illing system. It was necegsary to bake the counter tubes at 1400 to
1507 C under vacuum for 4 to 8 hours before filling.

The pulse emplifiers were carefully constructed to avoid microphonics
and the 6AK5 input tubes were selected to obtain low noise level.
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Cl. SCME OF THE OULISTANDING FROBLEMS IN GASEOUS ELECTRONICS

Leonard B. Loeb
University of California, Berkeley

In ettempting to speak on this subject, it is obvious that a great deel
of material will have to be covered in a limited time. This requires thet a gen-
eral background in discharge thcory be assumed and that sketchy discussions of
some subjects end omigsious of others must be made. Such superficial treatment
and omission must not be considered as reflecting on the subjects involved, but
rather represents a consideration of the relative importance of the topics at this
time. In presenting the material it will be subdivided for discussion under the
headings of filelds of investigation rather than on the basis of technical or method-
ological approach, While the development of certain new techniques and their ‘
recent application to the problems on hand might be a better basis of presentation,
it is my desire to stress the acquisition of basic knowledge in certain fields
relative to the general background rather then certain concrete experiments or

proposed applications.

1. Ionic Mobillities

This field of study was fairly well terminated before the war with the
excellent studies of the group working in Bristol, England, under the guidance of
AM. Tyndall and C.F. Powell.l fThe high degree of perfection of their four gauze®
electrical shutter method, which enabled normel ions of all origins to be studied
over a large range of pressures, field strengths, purity of gases, and ion age in
absolute magnitude, set a standard for past eand future studies. The development
of pulse technigues and oscilloscopic or other detecting devices during the war
will permit of even greater accuracy and refinement of this method and could leed
to improved methods. The work achieved by Tyndall, Powell et al, and that of

AV, Hersh.ey2 at very low pressures, hes settled most of the controversial ques=-
tions of the past concerning ions, and has brought theory and experiment into
agreement insofar as fundamental theory and date concerning atomic and ionic force -
fields permits. Further experimental work is desirable to clarify the complex ion
and ion cluster formation at lower temperatures about which too little is known.
Very recently A,VW, Overhauser3 in the speaker's laboratory analyzed the mobility
laws in gaseous mixtures, furnishing a nice method of study for this problem. Fur-
ther measurements over greater renges of pressures and jlon energies, together with
theory, might lead to a better krowledge of the force fields, especlally at close
encounter where high divergent fields no longer permit the use of the ordinary
dielectric constent, There 1s enother study that has never been undertaken by
this method and that is of the mobility and behaviour of negative ions about which
today all too little is known. These problems are, however, of more interest to
atomic theory than to application.

2. The Recombination of Ions

Basically the complex character of the meny recoumbination processes occur-
ring under different conditions of observation have been clarified and classified
by L.B. Loeb.™ A further more rigorous methematicel physicel analysis of some_of
these processes in relation to the conditions causing them is due to G. Jaffe.

As mey not be generally realized, all recombination measurements evaluate a coeffi-
clent ©%. defined by a general relation 2-X N2 The n term cannot be directly
measured, but the quantity ¢ involved is. Since this must be divided by an ap-
propriate volume V to yield n, which volume effectively changes independently with
time by diffusion, the need for such analysis as indicated can be understood. In
general, it can be said that further knowledge of the value and character ofe< in
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. ion-ion recombination is not of great impoitance, since loss of cerriers by this
process where high lon densities are not iuvolved is smell. At high densities the
negative carriers are usually electrons. Of theoretical and basic interest is the
fact that in the only pure gas wiaerc negative ions of & known character can foru,
the appropriate theory and experiment are in satisfactory agreement. In all other
gases, either there are not many negetive lons, or the gases are so complex under
ionization that unique coefficients which do not alter coantinuously and differently
with time, depending on the relative gaseous purity, are not observable, so that
further study is not justified. .

On the contrary, however, the problem of electron-ion recombination, be-
cause of its serious discrepancy with theory end its importance in some discharge
tube and ionospheric research, requires further investigetion. The earlier studies
of C. Kenty and. F,L. Mohler had established values of the order of 2x10~10 for x .
at ele trog energies of the order of 1000° K and more and ion densities of the order
of 10 —10 b per cm3 in Hg and the inert gases. Some indications of pressure de-
pendence vere observed. Recently, the studies of these coefficients in spark
-channels as & function of time by J.D. Craggs and J.M. Meekb end Craggs and Hopwood';r
with temperstures from 30,000°K and concentrations in excess of 1017 per cm3, gave
values of o¢ in H, and inert gases of the order of 10~12 decreasing to 10-10 at -
1000 or go degreés as the columns cooled. Afterglows extending long after re-
combination were observed and remein ynexpleined. More recently, studies by the.
group under S.C. Brown and W.P. Alliss at M.I.T. gave indications of values of

& ~10"0 in neon at egsentlally thermal energies in the pulsed ultra high frequency
electrodeless discharge. When it 1s considered that theory for the sgimple atom
types indicates anex of 10712 for thermal velocity electrons, it is obvious that
further study, especially in regard to the interaction of force fields of neighbor-
ing atoms in these processes, is urgent. O0. Oldenburg and his group at Harvard

are currently engaged in a study of this problen.

3. Electron Energies end Energy Distributions in Electrical Fields in Gases, and
the Evaluation of Electron Velocities.

Despite a great deal of work before the war on this subject, it is still
in an unsatisfactory stace. The urgency today can be recognized when it is real-
ized thet, especially in the region where electrons undergo inelastic impacts with
atoms, there is no way for the experimentor, measuring processes in terms of the
ratio X/p of field strength X to pressure p, to correlate this with the average
energy of the electrons. The use of Townsend's experimentally meesures ratio of
the average electron energy to its thermal energy is only crudely satisfactory, as
the energy distributions are far from the Maxwellian distribution assumed, end many’
geses studied by his group were of questionable purity. The speaker and others are
unable to conceive of any experimental method by which the energy distribution in
a given field can be determined, in whieh the distribution will not be changed by
the measurement, in view of the high collision frequency of electrons. This state-
ment excludes the studies which can be accomplished by means of probes in ionized
plasma at higher energies and X/p values and at ion densitles in excess of 10
ions/cm3. Probes thus cover only a portion of the range of X/b values needed.

J.A. Smit? has shown how to calculate the energy distributions for cases
where the variation of free path with energy and the excitation and ionization
probabilities are known. He carried out the intricate analysis for four values
of X/p in helium. The range covered was not adequate in the higher electron energy
range for the application to the calculation of the first Townsend coefficient in
He. Dunlop,lo in en as yet unpublished thesis under K.G. Emmeleus at Belfast, has
checked Smit's calculations and extended them to higher electron energies.

T.R. Holsteinll proceeding more along the method initially laid down by P.M. Morse,
W.P. Allis, and E.L. Lemarl? has worked out an elegant method for calculating these
distributions. So far no one has taken the trouble to carry over these calculations
to actual geses. Thia laborious procedure cen yield these very vital data for '



‘gases'such as the inert gases, and for Hg, where the various excitation and ion-
ization Functions as well as Ramsauer cross sections are known.

'fo be able %o carry over to molecular geses, more experimental work such
as that of H. Ramienl with Hp will -have to be done to take account of the energy
losses due to inelastic impecte going to moleculer levels. In fact, the studies of
energy losses of electron impacts in gases like Hp, Op, &nd Mo have never been made
over a sufficlent energy range as to render them useful where they have even been at-
tempted. This also represents en urgent field of research which, with modern tech-
niques, should now be easier. In any case, it is urged thet both the theoretical
evaluetion end the experimental studies, tedious though they are, be cerried out
for the commonly used gases, The theoretical calculation 1s today the only pos-
sible method of getting these indispensable data.

As regards electyon velocities in gases, one can cite the work of N.E.
Bradbury end R.A. NielsenlL as being of a satisfactory quality as regards purity
and precision up to values of X/p of 20, These studies should be extended to high-
er ranges in some gases where sparking lies above this value. Much greater accuracy
ig now possible in such studies as a result of wartime techniques. In Holstein's
laboratory, D. Parbiereld recently celculated electron velocities in Ne and A, using
Holstein's method, with some interesting results. ,

4, Probe Studies

, The development of probe methods for studying the space potentials, wall
potentials, and 2lectron energy distributions showed great promise initially. Be-
fore the war, however, the field was largely neglected in this coumntry, though vork
wae cerried on in Germany, Holland, end at Belfaest. The greatest progress ceme from
the suggestions of M.d. Druyvesteynl for the determinetion of energy distributions
by this means. This method was developed through the use of a guperposed a,c. of .
small Emplitude, to yield distributions directly, by R.H. Sloane and E.I.R. Mc
Gregor T o Belfast., Further unpuolished applications of this method at Belfast en-
countered difficulties owing to peculiar effects produced by plasme oscillations;
so the a.c. procedure requires caution. While the probe method is applicable, in
general, only where ion densities are sufficiently greet, i.e., in excess of 109
ions/cm , and where only electrons end positive ions are present and the probe does
not become a strong electron emittor, it is extremely useful. It is believed that
the method should be investigated further in order to see how far it can go in eval-
uveting energy distributions, and in extending it down to lower ion densities as a
means of measuring potential gradients in space charge accumulations. It is the one
method capable of glving information about these important conditions in many cases
where the charge is not confined to minute volumes,

5. The Formation of Negative Ions

The study of the attachment of electrons to molecules in a gas to form neg-
ative ions was satigfactorily clarified by the experimental researches of N.E.
Bradbury and Tate1ld by 1934%. Much information as to the general nature of the
processes of the reactions of different atomic and molecular species in relation to
their spectral types and dissociation energies was obtained and correlated with the
work of theoretical atomic physicists. The most important problem of the lot, the
peculiar formation of O, lons from electrons and O, molecules vas believed to have
been solved through the experimental estimate of the energy of attachment to O, by
L.B. Loebl? and the theoretical work of W.E. Bradbury and F. Bloch.“O This work and
the theory have been questioned in detail by D.R. Bates and H.S.W. Massey,El the
chief difficulty lying in tihe value of the attachment energy. This had been teken
as lying below 0.2 volt, but Massey and Bates believe it to be materially higher.
The problem is more than academic, as higher energies would affect the detachment
of electrons in high fields essentlal to electrical breakdown thresholds in coronaes
and sparks.
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e The general problem of ion formetion with Op is also of great import

in the analysis of the reflecting layers of the upper atmosphere for electromag-
netic waves. This problem requires further investigetion experimentally, although
it is not clear hov to measure the energy of negetive ion formation other than by,
the method used by the speaker, The pulsed nature of the negative point or wire
discharge in the presence of O2 in Np ges also requires further study. The pulses
can only occur by a choking off of the discherge by the formation of relatively
immobile negative ions in the plasma of the discharge. This aspect is under study
by ¥.H. Coensgen in the speaker's laboratory, since 1t is suspected that the ion
formation responsible for choking is much greater than that to be expected from
Bradbury's study of Op. It is possible that reaction products of the discharge -
may furnish the ions in air or Np-Op mixtures as indicated by the work of C.G.
Miller22in the speaker's laboratory on mixtures of Op in Na.

The original work of F.L. Arnot®3 on the formation of negative Hg ions
on impact with metal surfaces has been questioned both by K.G. Emmeleus 4, and
by W.H. Bennet’o.al'r R.H. Sloaned in Emmeleus' laboratory has, however, studied the
formation of other negative atomic ions by this process, including Li”, and, in
conjunction with C.S. Watt,25 ions from oxide coated catliodes. It would seem that
a greet deal more work could be done in this area to discover the basic atomic or
molecular character of both processes. W.H. Bennett2© at the Bureau of Standards
is initiating some work along these lines.

6. The First Townsend Coefficient for Ionization by Collision.

In the present state of investigations on discharges, a proper set of
data on the ionization coefficiento(of Townsend, or its equivalent in the ter-
minology initiated by the Eindhoven group, for all pure standard gases as &
function of X/p, over the whole range of values, is urgently needed. The need
for such data is probably even more imperative than that of the electron energy
distributions, as it lies at the besis of the calculations for breakdown thresholds
and is of importence in evaluating the secondary processes active in discharge.

At the present writing, deta are at hend for a limited range of X/p
values in pure, mercury free, H,, NQ’ A, and Ne. Even in H, and Np, the range of
values in X/p at both ends of t%e scale is inadequate for breakdown studies. It is
not even known with certainty whether the velue ofoc hegins to decrease at higher
values of X/p, say in excess of 1000. What data there are may have suffered by the
gap lengths being inadequate to insure that the electron cloud had reached its
terminal energy, or as a result of instrumental effects. Data especially is need-
ed at the lower end of the range to cover sparking potential data at atmospheric
pressure. There is urgent need for deta on pure, mercury free, He, Op, air, Kr,
Xe, and for Hg vapor. The techniques have been developed to a point where they
are nearly standard. Date should be expressed both in the representation used by
the Eindhoven group and in the standard form of Townsend's .

With this urgent need of both industry and pure physics and since the
chief techniques have been fairly well standardized, it would sesm fitting that
the problem be exploited by the N-tional Bureau of Stendards. Towards this end, the
speaker proposes that this Brookhaven Conference, together with the sucport of the °
industrial leboratories interested, call this urgent need to the attenion of the
Director of ths Bureau of Standards with a reguest that the work be uniertaken there
with the advice and help from memhers of this conference. The theorsiical evalua-
tions of these functions are poesible if electron veliccities and epergy distribu-
tions are known, as shown by K.G. Emmeleus,R.W. Lunt and J.M. Meek®! aad by Dunlop.l0
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7. The Second Townsend Coefficient

It is apparent that gaseous discharge physicists have become second co-
efficient conscious since the war, judging from the interest and activity dis-
played along this line in various research leboratories. A study of various .
types of discharges under different conditions of gas filling, pressures, and
electrode materials has shown the very complicated nature of such processes and
how, with relatively small changes in impurities or state of electrodes, the whole
discharge or breakdown mechanism can be altered by these processes. No one can
be more impressed with this then the speaker. The processes active are as
follows:

a. Secondary Emission by Positive Ion Bombardment. This appears to de-
pend on the nature of the metal, its past history, the condition of gas coating,
especially by Hg, or Op, etc. It also depends on the nature of the positive gas
ions, their ilonization potential, and their energy of impact.

b. Secondary Emission by Photoelectric Processes at the Cathode Surfaces.
This depends on the nature and number of photons present, which is determined by
the energy distribution of the electrons in the gas producing them, as well as on
the gas. It further depends on the nature and condition of the cathode surface
and the absorption coefficients of the gas for various photons. It also depends
on ‘geometrical conditions in the gap, since these affect loss. Finally it depends
on the gaseous pressure as this influences back diffusion and loss of electrons.

c. The Action of Metastable Atoms on the Cathode. This action depends
on the energy of the excited state of these atoms, the condition of the surface,
the rate of diffusion of these atoms, the metastable atom destroying impurities,
and on geometry, as well as on pressure. It is not an insignificant agency in
inert gases and Hg. ' '

d. The Photoelectric Ionization in Gases by Photons from the Electron
Avalanches., This action is particularly prominent at higher pressures and is re-
sponsible for higher pressure breakdown. It depends on the gases present and on
the energy of the electrons. It occurs in a small measure even in pure Hp and Np
at higher pressures. It is very effective in metastable atom forming geses and
even in pure Op. It is also most effective in all mixed geses of different ion-
izing potentials. It is strongly dependent on the higher states of excitation
and on ionizing potentials and ebsorption coefficients. It is, therefore, estrongly
pressure dependent.

e. The Ionization of Gases by Admixture with Metastable Atoms of Higher
Ionizing Potentials. The effectiveness of this action has been demonstrated by
F.M. Penning®! and associates, especially with small quantities of more easily
ionizable gases, in gases with petastable atoms of high energy. It is for this
reagon that traces of Hg are particularly bad in the evaluation of¢x end in chang-
ing breakdown thresholds.

f. The Secondary Action of Space Charge. Space charge accumulation re-
sulting from differences in moblllty in certain ranges of variation of the first
Townsend coefficient with X/p can cause a breakdown, possibly without the action
of other se gndary mechanisms, though in practice they will also contribute.

R.N. Varney5 and others have shown that ifpe/p increases faster than linearly with
X/p, the formation of space charges near the cathode can act autocatalytically to
cauge a breakdowvn. This field has been little studied except to show that it can
lead to a breakdown simulating a ¥ if there are enough avalanches of sufficient
magnitude. The methods of studying these coefficients are many:
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‘ 1) Pirst one may list the classical approach by Townsend. The studies -
of D.H. Hale? and W.E., Bowles3Q indicate that, by a careful analysis of the sec-
ond Townsend coefficient as a function of X/p, where the first Townsend coef-
ficient is known, much can be learned of the nature of this action. The method
has not been developed to its logical conclusion as yet. It is not as valuable

as some methods for interpreting whet happens in actual individual cases of
breakdown, especially where bombardment of the cathode by positive ions alters
conditions.

2) Another aphroach lies in the directions probably initially used by

W.8. Huxford and R.W, Engstrom,31 and followed up independently and more recently
by AJL.V. Guagleberg32 and by R.R. Newton,B using the time scale of the phenonema. -
Guggleberg utilizes a technigue by which, with en apyroximate solution of the
equation for the growth of current in the Townsend discharge, the particular factor.
and percentage contribution of each among the secondary factors, metastable atoms,
positive ion bombardment, and photoelectric action at the cathode can be evaluated
by characteristic breskdown time studies with different gap lengths at constant
field. J.P. Molnar3% and his associates at the Bell Laboratories have developed
techniques using pulsed potentials and an analysis of the time characteristics of
the discharge by measns of an oscilloscope, with striking success. Analogous
analysis by Louis Malter3d uging pulse techniques on actuval thyratrons leads to
similar results. The microvave breakdown studies of jhe Massachusetts Institute .
of Technology group under 5.C. Brown and W,H. Allis,3 using pulse techniques,
allow following some of the factors leading to secondary action, such as the dis-
appearance of metastable atoms or of electrons and ions by recombination, in time.
These data are useful in the intervretation of measurements such as those noted
above. T.R, Holstein37 has pointed out the influence of the capture of resonance
radiations as a factor that cannot always be neglected in some geometries and
gases since it can materially prolong the lifetime of radiant atoms without
metastable states. This alters the time constants of some of the secondary proc-
esses considerably.

3) Another approach lies in a study of the actual fundemental actions
occurring in the isolated processes above. In this direction H.D,. Hagstrum38 at
Bell Laboratories and P. Lee and J.L. Parker in the speaker's laboratory are at-
tempting to study directly the liberation of electrons by slow positive ion bom-
bardment on various surfaces, extending the originel work of M,L.E. Oliphant
and P.B. Moon.32 The findings of W.N. English and C.G. Miller in the speakers
laboratory point to an eamazingly strong effect of Oa vhich appears to form as an
absorbed gaseous layer -~ not an oxide film -- and tends to equalize the
thresholds for all metals. Alonz this line the influence of gaﬂes on changing the
work function of surfaces is being studied, using C.W. Oetley 8" method, by
G.L, Weissler. k1

There are numerous studies on the hotoionization of gases by photons
now in progress. J.D, Craggs and G. Hﬁgwood at Liverpool are investigating this
spectroscopically as is G.L. Weissler. Weissler's progrem caells, hovever, for
direct measurement of photoionization with balanced space charge detector for
individual spectral lines, as well as evaluation of absorptiion coefficients. In
_.the speaker's laboratory, C.D. Maunsell will attack the problem by a modification
of the Franck end Hertz method of excitation of spectral lines, using the space
charge detectoi to measure ionization and absorption coefficients following work
by F.L. Mohler* in 1926,

It 1shglgent that further work along the lines attempted by R. Geballe“5
and L.H. Fisher' be continued. In thet work the actual photon yields giving
ionization in the gas end at auxiliary electrodes, produced by the light emitted
near the anode of a Townsend gap as used in studies of:¢ was attempted.
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1 The photoelectric ionization by single corona streamers is being investi-
gated by D.B. Moore at Berkeley, using pulsed corona streamers and high fields
to multiply the electrons created laterally, collecting them on rings concentric
with the axis of the point.

In general, these and other problems are being investigated in the course
of discharges, using pulsed discharges end observing the changes in light in-
tensity for different spectral lines by means of photo multipliers and oscillo-
gcopes, or Kerr cell shutters. Among curreﬁ% studies along Rgese lines should be
mentioned the work of G.H. Dieke, H.Y. Loh,”! and T. Donshue™~ on various dis-
charges, and of J.M. Meek, and of R.F. Saxe,h9 on leader strokes and impulse corona
in long gaps. The remarkable results of the latter, which are in report stage
only, merit some mention. With these very long and intense discharges the striking
revelation is the intéensely luminous photon excitation in the visible and near=-
ultraeviolet along the axis and radially about the actual leader strokes. The
luminosity and its range as detectied photo-electrically is most remarkeble. Sim-
ilar techniques have been employed by J.R. Haynes5° on mercwry arc jets, and with
Kerr cell shutter by K.D. Froome?l on such arcs, the latter with important, as yet
unpublished, results which will be deteiled later.

. Yet to be studied are the photoelectric effects at surfaces and the role
of imprisoned resonance radiation as well as the eifects of space charge accumula-
tions. These offer inviting fields for study. -

8. Spark and Corona Discharczes

These phenomena are being investigated from many different angles and
still require a great deal of study, much of which cannot be presented in this
survey. The most recent studies of the lower pressure Townsend discharges have
been made by Guggleberg32 and his predecessors who studied the growth of the dis-
charge in time oscillographically. Some of this work has in the past been neglect-
ed because of its publication in the relatively obscure Helvetia Physice Acta.

The studies involve two aspects. The first, as elsewhere stated, involves enalysis
of the various Townsend factors under different conditions of the length of ava-
lanches, i.e., ion densities. The second involves studies of the actual rate of
breakdown and the factors influencing it. This study is of considerable interest
to those in the epplied fields where gas tubes are used for various purposes such
as triggers, valves, etc. Further studies of this character are a suitable subject
for industrial electronics research laboratories. '

In the field of higher pressure sparks, the streemer mechanism is be-
coming daily more generally accepted end established. Especially notable are the,
as yet unpublished, results of J.M. Meek's group in Liverpool.u9 Here with re-
volving mirror and photocell-oscilloscopic technigues, the progress of the break-
down of longer point-to-plane spark gaps, with and without resistance, and of
corona streamers is being studied. The mechenism is complex and, as in lightning,
the leader and return stroke can be clearly observed and the velocities of advance
measured. Especially notable is the intense luminosity about the leader and ‘its
increase in velocity as it nears the cathode. There is as well evidence of ean
anologue of the negative glow and Faraday dark space just behind the streamer tip.
The pilot leader, or better, the initial streamer cennot as yet be observed being
masked by the luminosity about the leeder tip. Such studies are doing much to
advance knowledge. :

Particularly lacking at present in our knowledge of spark breakdown are
two items. PFirst is the determination of the region of transition from the Town-
send discharge at lower pressures: to the. streamexr breakdown at higher pressures.
In fact, we know only that at low pressures there is a Townsend breakdown and at
higher pressures streamers cause the spark. At what minimum pressures streamers
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¢an no longer propagate is as yet undetermined, It is possible that corona studies
mey help to solve this problem. It is certain that, contrary to Raether52 and the
speaker's expectations, corona breakdown streamers occur in air down to 10 cm of .
air pressure according to C.G. Miller.22 The spark breakdown transition may not
e sharp, and will be a separate function of pressure and gap length, but not of

) é e L. H. Fisher is iaitiating an investigetion of this problem using time lag
studies. The general problem is outlined in e pager by the speaker in the Pro-
ceedings of the Physical Society of London, 1948, The question of statistical
and Toxmative {time lags in this regard needs further study.

A real contribution to the statistical character of time lags as af-
fected by the combination of ¥ e 6.c<1n Townsend discharge has been completed by
R, lesman,54 and has been subnitted to the Phy81cal Review for publicatlon.

In it he finds that the probability of a spark is Py = (1 - };). This indicates
that in terms of the threshold value of «=1, the sparking probability increeses
very slowly with « , although this menifests itself over a much narrower range in
potentiel values. The theory does not apply where space cherge distortion or
streamer mechanisms occur. In the light of this work, some more critical studies
of formative and statistical time lags which are amenable to interpretation would
probably be in place. Such studies will benefit by being guided by the discussions
of the speaker and Wijsman, for earlier studies were mede with no complete theory
to guide them.,

The second urgent problem in the study of sparking is a study of the _
brealkdown potential in Ii, or air over an extended range of pressure and gep length.
The streamer theory inev%tably leads to the conclusion that the sparking potential-
gap length curve at any gilven presgurc should undergo a change in shape to a linear”
relation after a given gap lenﬂtngfis exceeded. This critical lengths should vary
with pressure and may e 10-20 cm at atmospheric pressure. A study using a plene
parallel gap and a pressurized Van de Graaf generator, such as the 4 Mev machine
on the linear accelerator at Berkeley, should be mede from 1/4 atmosphere to the
limit of high pressures available with gep lenpths from 1 cua up to 20 cm. If atom
smashing can be discontinued long enough for the relatively simple installation of
such electrodes end for the time required to meke the runs over a fixed schedule,

a great deal can be learned about the failure of Paschen's law and of the Meek
streamer criterion. Such informetion will be invaluable to engineers on all high
voltage projects. The work of J.G. Trump, F.J. Stafford, end R.W. Cloud®d along
this line at high pressures and shorter gape has been most significant in 1ndicating
the failure of Paschcn s law, but xequirea exten31on ag indicated.

In the field of corona studies, considerable progress has beén maede in
interpreting the many phenocmena ovserved., Much remains yet to be done, The most
recent advance is the paralleling of studies using concentric cylinders with point
to plane geometry. In the point to plane gap, it is very desirable that the field
along the axis of the henispherically capped cylindrical point to plane be calculat-
ed. This knowledge is urgently needed in threshold studies with this very convenient
geometry. The correlation and interpretation of the comparstive data on these two
gaps over an extended pressure range with geses ranging in composition from pure
No to pure Op, with intervening mixtures, by C.G. Miller? is most revealing. It
bears especially interestingly on the relative role of the second Townsend coef-
ficients in such discherges under differing conditions. It should, with proper
extension to other geses and elecirodes, be invaluable to Geiger counter design.

One of the outstanding problems in corona studies has to do with the en-
ergy of the incoming positive lons in negetive point corona. This may be investigat-
ed by G.L. Weissler using the heating of the point by the ions. The problem is im-
portant as there are indications that the high fields at the point lead to much
sputtering and possibly very efficient secondary emission by high energy ion bom-
bardment; however, nothing is lnown about positive ion energies under such
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conditions. The fields in such negative corone breskdown owing to positive ion
space charge may even lead to field emission of electrons, & subject which merits -
study in relation to triggering, if not to secondary processes.

Further study of positive and negative corona discharge with admixture
- of halogens, such as Clp, should throw light on the effect of these gases as

breakdown deterrents, particularly in regard to the most efficient concentrations
and the charactexr of the actilon.

In regard to Gelger counters, the speaker is reminded of a remark made
by & distinguished colleague, who uses such counters, to the effect that perhaps
one of the speaker's students nizht be assigned to a "really useful task of work-
ing on the counters." The speaker replied that this expressed viewpoint was at
the bottom of all the confusion, controversy, and lack of success with counters.
Lntirely too many workers, with no adequate background and interested primarily
in instrumentation, have developed counters on the basis of semi-empirical trial
and error methods. What is really lacking in this whole field is basic knowledge
of the mechanisms operative in positive coronas, in general, end in the concentric
cylindrical corona tube, in particular, over a wide range of gaeses, electrode
meterials, gaseous mixtures, end pressures. Such studies involve primarily a
knowledge of the first Townsend coefficients in the geses studied and probably
more vitally the nature and velative intensity of the various secondary processes
earlier mentioned under the very widely differing conditions. With such know-
ledgze, together with, perhaps, some data on ionic mobilltlea, which are not
critically important, the behaviours of such coronas vnder any given set of con-
ditions can be Hretby well predicted in advance.

The studies of C.G, Miller, as well as such basic studies as those of
F.M. Penning and A.A, Kruithoff, on Townsend coefficients and on corona thresholds,
as well as the countless earlier basic studies of Sven Werner et al on counters,
and later work of the spealer's group on coronas, all point to  the very critical
effects of small quantivies of certain geseous admixtures, end the relatively '
critical change in importence of the secondary processes under such conditions.
Doubtless much of the controversial and epparently contradictory neture of ex-
perimental findings by differeut workers can be ascribed, rather to correct
interpretations of the ohservations by the different observers resulting from the
relative predominance of certain mechanisms under their operating conditions,
then to incorrect or sloppy teclmigues. Thus, the speaker urges that the problem
be attacked from the basis of a fundamentel analysis of the various secondary
factors and their relative importance under different conditions rather than by
analyzing the action of this or that empirically-developed counter within nar-
rovly defined oneraving conditions. Specifically , it is urged that Miller's
study of the concentric cylindrical corona using all methods of analysis be
carried out with various sases, mixtures of gases, and electrodes fromlmm to 760mm.
Armed with this knowledge, vroperly interpreted, it should then not be difficult
to design a proper counter for a glven purpose, leaving only the finer adjustment
of optimum working conditious to empirical study.

In making this statement there are certain limitations which must clearly
be stated. First, there is end will be no universal general-purpose Geiger counter.
Each counter must be developed to satisfy certain specific requirements, Again,
gaseous discharges are subject to fluctuations and variations which make them an
imperfect and limited tool, at best. All counters, like other engineering devel-
opuents, are subject to mutually exclusive design features that require compromise.
Background counts can never be entirely eliminated. Nice flat counting plateaus
of any considerable scope can only be gained at the cost of time resolution end
8lower recovery times. Greater stability and longer life can be achieved by the
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use of proper halogen-inert gas mixtures, and proper electrodes, rather then by
ueing the organic gas admixtures. What amazes the speaker is that, with all the
data on hand in 1939, it took witil 1946 for the value of the halogens to be
discovered. It is probable that the counting rate of the present type tubes can
hardly be exceeded., The breakdown rate of lower pressure discharges is generally
limited to the microsecond range and the recovery time depends on clearing times
of space charges which depend on ionic mobilities in low fields. Probably spark
counters in more uniform higher fields will solve this aspect of the problem.

In sny case, no great improvement of Geiger counters can be expected without more
fundamental investigations. . ‘

There i1s onc more feature in the studies with atmospheric pressure corones,
These are the role and magnitude of the electrical wind effects. The effects
should be less with negative points in air than with positive. A.L. de Graffen-
reid is studying some of the effects with an eye to practical application. How-
ever, basic studies are much desired as to magnitudes and effects produced.

9. Glow Dischareges

This field has in the wnast had much attention paid to it, but, except
for many routine studies of a non-revealing character and good quantitative data -
on the positive column, there ls much left to be done. One of the most crying
needs 1s a knowledge of the potential gradients in the Crookes dark space, i.e.,.
in the cathode fall. Aston has shown that, by the deflection of a fine cathode
ray beem, this condition can be explored to advantage. With modern techmiques
the method should yield most important results. 4 study along this line is being
carried out in the speaker's laboratory. It should be paralleled in other labors-
tories and also applied to the anode fall. There is all too little known about
the latteg region which, as will be seen, is most important. According to K.G.
Emmeleus, 6 it is the seat of plasma oscillations leading to the moving striations.
In fact, the whole question of striations and the related plasma oscillations, 1if
they are related, is most unclear,

Fortunately, in the last weeks the speaker received a full report of the
work undertaken by G.H. Dieke and T. Donahueltd using their admirable technique of
photocell and oscllloscope in a study of the columns of a number of discharges.
Contrary to common belief as indicated by visual observations, a large number of
the so-called stationary direct current glow discharge columns with no visible
striations are actually being traversed by groups of moving striations belonging
apparently to two systems. The frequencies of these vary from values of the order

of 103 to much higher values. These systems consist of striations moving from the
anode to the cathode, as indicated by Emmeleus, and of other striations moving

from the cathode to the anode at different velocities. Where the two meet they
interfere and progress is sloved up. These may or may not lead to striations
visible to the eye and those visible may be moving or stationary. The oscillations
are correlated with potentiel fluctuations of some percent across the tube, and
especially at the cathode, It is most desirable that these be correlated with
cathode ray oscillographs of probes at various pointe in the plasma. While some
discharge conditions of pressure and current density show no striations, it is
Diekes' belief that the so-called stationary discharge is never really stationary.

Correlated with Dieke's tentative explanation, the speaker proposes the
following explenation. Conditioned cathodes, when bombarded with positive ions,
can autocatalytically increase the rate of secondary electron emission and, unless
inhibited by space charges or too low a gas density, will strive towards arc over.
Such a burst of ionization playing into the negative glow can build up an excess
of electrons in the mnode end of the glow to the end that a very high potential
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gradient across the Faradsy dark space suddenly, builds up. This can reach such

a value that e negative striationary pulse of electron ionization sweeps up the
conducting column towards the anode. At the anode the burst of ionization will
build up an excess wave of positive ions which will propagate as an anode striation
back towards the cathode. ~s the negative space charge in the glow from the first
burst of ionization builds up, the potential falls inhibiting the autocatelytic
growth of current from the cathode and reducing the current, The potential at the -
cathode then recovers. With the release of the electrcme %0 the negative striational
wave the autocatalytic discharze at the cathode will again have built up. wnus,

a chain of successive pulses from the cathode keeps the negetive striations going
and the succession of positive and negative striations observed by Dieke continues.
Naturally, the positive striations arriving in the negative glow region cen either
aid in building up and sustaining the system of -oscillations, or they can interfere’
with them, producing the occasional unstable conditions observed by Dieke. Non-
striationary stable discharges should also be possible.

It is clear that the whole fleld of glow discharge study has been
revolutionized by these observations, and it takes very little further mention
to indicate to those present a multitude of possible investigations along this
line. Whether these strlations have any bearing on plasma oscillations it is.
impossible to say. Even the slover positive ion plasma oscillations in theory
and practice have much higher frequencies than most of those observed by Dieke.
The very much higher frequency electronic plasma oscillations occur only at the
low pressures where cathode ray beams appear. Much work has been done on these
by drmstrong under Emmeleus?T and these results are, I believe, ready for publica-.
tion. In this case, instabilities, perhaps of the same sort that cause Dieke's
low frequency oscillations, start the plasme oscillations lying in the centimeter
wave length region, These In turn velocity modulate the cathode rays which,
regeneratively under appropriate circu%g conditions, sugtain the oscillatilons.

With modifications, both W.0. Schumann and G. Wehner, 9in Germany during the war
and, later, in this country, investigated these osc1llations in an attempt to

utillze them as sources of ultra high frequency waves. To this end, the glow dis-
charge was used in tubes designed to accentuete regenerative action. It is not
impossible that the oscillations of Dieke correspond to similar conditions of
instability not with, however, local ion or electron cloud oscillations, but of
the discharge plasma as a whole. The whole question of observed plasma oscilla-
tions needs experimental study to indicate the regenerative conditions sustaining
them, for these are noi clearly defined by theoreticiens so far.

In connection with the glow discharge, three other studies come to mind.
P.L. Morton60 pointed out that in the Crookes dark space the field gradients are
so high and pressures are so low that electrons cannot remain in equilibrium with
the field. Experiment in concentric cylindrical electrode fields showed that this
surmise was correct. The electrons gain energy repidly in the high field regions
and dissipate the energy in wore efficient ionization when the low field regions
are encountered. Thus, all previous quantitative theory of the glow discharge
based on the use of Townsend coefficlents 1s valueless, as it is, in greater
measure anyway in consequence of Dieke's work. Morton's studies were carried
further by G.W. Johnson,®l who succeeded, in the speaker's laboratory, in
evaluating the ion multiplication in such fields for Hp and air. Much more work
is required on other gases, and especially with other geometry, where the field
variation with distance is different. With knowledge gained from measurements of
the fields in the Crookes dark space, the future studies of this problem will be
clearly delineated.
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A second subject, which has, except for one instance only, been studied
conventionally in glow discherges where conditions are complicated, is cathode
sputtering. Sputtering was only once investigated under a set of circumstances
where controlled study of yield with unique ion energies was possible, by G..
Timoshenko.62 He used a positive ion source and beam of positive ions of known
energy to study sputtering. It should be possible to cerry this method over, to &
number of different ions of a larpge renge of energies. Using a hot filament
ionization detector it could be made to give valuable data on the angular
distribution of scattered sputtered atoms, It could also be used in connection
with pulse techniques to yield velocity distributionq.

The third problem of scme importance to industry is the ges clean up in
discherge tubes. Recently J.E. Whiteb3 at the Bureau of Standards, in an, as yet
unpublished, investigation, has shown that most of the absorption of gases is not
by the sputtered material plastered on the walls, as usually assumed. It is lost
largely through absorption of fast positive ions by the cathode on impact. Appar-
ently one in 10% of the incoming positive ions in the discharge is thus absorbed
and quantitatively can be recovered by outgassing. This interesting development
needs further study for itself, and because of its possible influence on the
secondary processes at the cathode and conditioning thereof,

There is one {ield of investigetion which does not properly belong in any -
general classification, but which is of great importence to the gaseous electronic
investigator. It belongs perhaps in the regime of secondary processes at a cathode
but is not properly in this cless. This is the question of field emission and
vacuun breakdown, Subgequent to the worix in the late nineteen twenties on field

emission, W.H. Bennett added to the rechanism of high field vecuum sparking the
concept of self-focusing beams, Since then J.G. Trump and R.J. Van de Graaff6>

have shown that at very high enerzies, lying in the order of 102 volts, electron
impact on metal surfaces can liberate positive ilons, and that, through the
progressive increase of field emission of electrons together with-ions released

by these and secondary electron liberation by positive ion impact, a spark could
materialize. This very important discovery opens up a whole field of investigation
into vacuum breakdown, which at present limits so much of our equipment in the high
voltage region. In general the vacuum spark and the conditions of the surface as
regards polish and gaseous coating merit much further study.

One more phenomenon which hes been observed time and egain and goes by
many nemes, such as the Malter or Paetowdb effect, needs further study. This is
the effect of fine particles of supposed insulators, such as MgO, Al203, etc.,
which once subjected to the action of a gas discharge, continue to serve as a
source of triggering electrons for some time. It 1s useful where triggering is
required, It is fatal in discharge tubes or Gelger counters where it furnishes a
very undesirable background. Is this phenomenon e field emission process, a
photoelectric delayed emission process, or what? How can it be prevented? Much
regearch of a most veluable neture can be done here. '

10. Arc Discharge

/

The outstanding problen in this field of study todey is the mechanism of
the cathode spot in the low boiling point metal vapor arc. It is clear that there
is a complication in arc studies when, as in the refractory arcs, it is not known
vhat fraction of the current is carried by the thermionicelly emitted electrons
from the cathode, and what by the ionsg created by collision in the gas. If, in
the low boiling point metel vaepor arcs, the ions are all created in the gas, this
problem does not present itself, for the electrons and the ions must be present
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and carry the current in equal numbers. Recent studies are throwing some light
on the character of the hot spot and its beheviour which may help to answer this

guestion.

- Work of K.D;‘Froome,51 gome of it as yet unpublished, using a pulsed
Kerr cell shutter and photosraphic observation, indicates to the speaker that,

much as in the negative corona discharge at high pressures when current densities
are high at a conditioned spot, there is a marked axial constriction of the

Crookes dark space and negative glow by the curving of the equi-potential lines
resulting from space charges of positive and negative lons relative to adjoining
regions free from discharge. The heavier the emission,the higher is this -
distortion, and it results in the Hg arc in constrictiong of the spot, giving
current densities of the order of-maggitude of 1 to 5x10° amperes per cm~, as
indicated by Froome and also Gallager T of General Llectric. This enormous
concentration of energy in a confined area leads to actions causing the necessary
jonization. These, however, are neither equilibrium processes nor processes which
can glibly be explained by such conventional terms as "field emission”, "temperature
ionization”, or liberation by “"conventional positive ion bombardment.” A suggestion

of R.R. Newton®8 in connection with short sparks observed by L.H. Germer and by
Rothstein may furnish one clue to the mechanism. In any case, the possible violent

and concentrated actions make the spot unstable and it wanders over the surface of
the metal at high speed. Above a given current load one spot cannot carry the
current and other spots staert at conditioned points on the surface. As the arc
develops, what is seen visually as the "hot spot" starts, as shown by Froome,

‘a8 one of these minute hot spots, which rapidly becomes overloaded end leads to
others in time. The spots, as indicated by fleld studies, repel each other and
continually advance along the surlace, spreading epart and growing in number,
within limits set by the current supply. The sye sees the total moving group.
Froome has sent the speaker recent pictures of the gradual development and spread
of these spots as revealed by his shutter., With this general picture to guide one
and a realization of the energy conditicns, problems for further study end possible
modes of attack should make thenselves clear. :

Where urgent information is needed is in a study of the mercury and pre~
sumably other metal vapor jets, initially observed in Hp by F.G. Dunnington69 and
others, but lately reportied by J.R. Haynes in the development of the arc. Are
such jets usual? They are more general than supposed, according to Finkalnburge.
What is their mechanism? How are they related to the wandering of the hot spot
and to metal transport? . This whole field is just beginning to open up, and new
data is needed before any proper theory of the mechanism cen be formulated. The
tools are at hand; workers are nov needed.

In comnection with the racing of the cathode spots in strong magnetic
fields, the mechanism has been clarified by other then thermodynemic conslderations
in recent work by G.I. Cohn and G.Jd. HimlerTO of Illinois Institute of Technology.
Their explanation has to do with the alteration by the field of electron paths
emerging from the hot spot in such a way as to further ionization and advence in
one direction and retard it in the other., A further enalysis of this mechanism
with Kerr cell shutters mey assist in explaining what happens at the spot.

Yet another study of arc behaviour is that of G.F. Hull, Jr.7t, at
Dargmouths Whose interesting investigations on the drawing out of arcs between
meltal points is yielding further data of interest to workers in the field.

With this full but incomplete summary of I{ields of study, I will close.

I wish in closing, however, to pay tribute to one agency that in these post-war
years has done more to further and stimulate reseerch in gaseous electronics
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than any other agency. Were it not for the assistance given by the Office. of
Naval Research, many of the current advances would not heve been possible be-
cause of the 1nabxlity of university laboratories to compete. in the student
market with the more remunerative and alluring inducements of certain populer
fields of research.
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