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SUMARY

This memorandum outlines the relation of atamic and ionic impact
paenomena to the propagation of electromegnetic vaves in the upper atmos-
phere. Several group efforts are described which are aimed at stimulating
research on impact phenomens and related fields in Gaseous Electronics,
Descriptions are given of current and projected research in principal 1laboe-
ratories in the United States. The status of the research i3z summarized

and suggestions for further research are presented.
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FOREWORD

This memorandum reports on certain unclassified activities of Project
QUICK KEY, carried on by the RAND Corporation for the Advanced Research
Projects Agency from August 1958 to January 1959. QUICK KEY was established
by ARPA Order 11-59, under Contract AF 49(638)-500 with the Air Force
Office of Scientific Research, to conduct an information center concerned
with various aspects of the physics of the upper atmosphere. Among the
subjects of interest were the reactions among electrons and other upper-
atmosphere constituents, particularly in regard to the effect of these
reactions on electromagnetic wave propagation. 1In pursuit of this interest
a survey of United States research activities in the field of Gaseous
Electronics was undertaken, the results of which are described in the
present memorandum, It is hoped the information presented here will be
useful to those who may have some role in planning future research and in
the allocation of research funds and time.

Another unclassified QUICK KEY memorandum deals with information about
the IGY programs pertaining to the upper atmosphere.

Inquiries concerning distribution of these memorandums, or other

QUICK KEY activities, should be addressed to ARPA.

R (IO

Paul Tamarkin
Project Leader
Project QUICK KEY
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I. INTRODUCTION

This memorandum presents & brief summary of the current status of re-
search in Gaseous Electronics in the United States. In addition, basic
areas &re indicated in vwhich additional data would be welcomed by research
vorkers.

The operation of electromagnetic systems in and above the ionosphers
has revealed a need for more detailed knowledge of fundamental processes
that take place among constituents of the upper atmosphere under unusual
conditions of excitation., All the areas in which knowledge and data will
be required camnot be predicted, but it is certain tiat future technological
developments, particularly some of military sigrnificance, will continue to
require basic knowledge of our atmospheric environment,

For example, it is important to understend all ionospheric factors
affecting electromagnetic systems during and af‘er high altitude nuclear
detonations. Electron collision frequencies and processes affecting elec-
tron density (processes for ionization of atmospheric species and for de-
pletion of the ionospheric electron concentration) determine the iomospheric
dielectric constant, and are thus of primary importance. However, infor-
mation about the atmosphere even under normal conditions is scarce.

The general problems outlined above require information about inter-
actions among atoms, molecules, ions, electrons, and photons in an energy
range extending from tenths of an elcctron volt to perhaps a million
electiron volts. Interactions of interest include elastic impact, exci-
tation, ionization, recaumbination, attachnient and others. Experimental
studies of such processes have been carried out by direct laboratory in-
vestigation of single encounters, end by attention to complex phenomena

such as electrical breekdown of gases and iocnospheric manifestations. The
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last of these, of course, requires many special techniques. Somewhat arbi-
trarily, the term "Gaseous Electronics" has come to designate laboratory
investigations and related theoretical work in the pertinent areas, and the
term 18 8o used in the present report.

Several months ago it became apparent to a number of government agen-
cles that a concerted attempt should be made to stimulate increased re-
search into the properties of atmospheric gases under various conditious
cf excitation. The initial moves have taken the form of surveys of the
existing state of such research in the United States. Among several in-
dependent epproaches, three may be mentioned here: 1) During the sunmer
of 1958 the Office of Ordnance Research of the U.S. Army sponsored visits
by two sclentists to a number of research establishments. Their list of
pertirent research areas is included in Section III of the present report.
2) A confercnce held at Convair, San Diego, in August 1958 explored the
status of relevant research fields, and gaps in exparimental and theoretical
knowled 2 were pointed out.* 3) The Advanced Rescarch Projects Agency
(ARPA), throush Project QUICK KEY, has also arranged to gather and collate
existing information on pertinent present and projected research in Geseous
Electronics.

Maiterial for the present report was obtained from visits to research
centers, from attendance at scientific meetings, from informal discussicas
and frou letters solicited for this special purpose. An attempt was made

to reach all possible workers now active in pertinent lines of reczearch.

‘This conference will be reported as the Proceedings of the Symposiuwm
on Molecular Interactions Induced by Nuclear Explosions in the Atmosphere,
[Secret-Restricted Data), to be published by Convair, San Diego.
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Without doubt important omissions occur; they are unintentional and the
apologies of the authors are extended to any worker who was not included.

The remainder of this report consists of two sections and an appendix.

Section II presents brief summaries of current activities in principal

laboratories. In Section III the status of the work is summarized and

suggestions for further research are presented. In the Appendix are pre-

sented more detailed descriptions of some of the current research activity,
with references to published articles and reports.
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II. SULMARIES OF CURRENT ACTIVITIES IN GASEOUS ELECTRONICS

This section consists of brief descriptions of work recently completed,
now in progress, and projJected for the future., More complete discussions

of some of these projects are given in the Appendix.
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AIR FORCZ CAMBRIDGE RESEARCHE CENTER - Dr. O, Oldenberg

In progress:

Fxperimental study of inelastic ccllisions of protons in la at energies
of 10's of ev,

Projected:

Experimental study of collisions of fast neutral H atoms with 32; also
other pairs of colliding heavy particles.

UNIVERSITY OF ARKANSAS - Professors C. Y. Fan and Raymond Hughes

Cuampleted:

(a) Experimenial studies of the emission spectra of air excited by the
impact of electrons, protons, and He' ions.

(b) Theoretical work related to charge exchange collisions.

Projected:

Spectroscopic studies of 02 and “2 bombarded by protons of energies

up to 40O kev,

AVCO RESEARCHE LABORATORY, Everstt, Massachusetts - Dr, 8, C, Lin

Caompleted or in progress:

Shock tube measurements of spectral emissivity and electromagnetic
properties of air at high temperatures, Rates of dissociation, ionization,
and photoexcitation behind strong shock fronts., Atom-atom and electron-ion

recombination rates in high temperature air and other gases,

BELL TELEPHONE LABORATORY, Murray Hill, New Jersey - Dr, B, T, McClure

In progress or coamplete:

Experimental study of the number of ions created by slectron collision

in a field-frees region in Neon and Neon + Argon at energies up to 200 ev.
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Projected:

Extension to NQ.

UNIVERSITY OF CALIFORNIA - Professor Leonard Loeb

Campleted:

His work on electrical discharges and negative ions is no longer activa.
@rrection: see page BIJ
CONVAIR, San Diego - Dr. Roy Neynaber

Projected:

Use of a molecular beam to measure electron scattering cross sections
with N, N2, 0, and 02 for energies up to 10 volts.
Survey of atmospheric molecular collision processes with particular

emphasis on those induced by a nuclear detonation or a hypersonic vehicle,

UNIVC2SITY OF FLORIDA, Geinesville, Florida - Professors E. E. Muschlitz, Jr.,

T. L. Bailey, and W, H, Cramer

In progress:

(a) Scattering of lov energy negative ions in gases, measurement of
elastic and electron attachment cross sections in the energy range 4 to 400 ev,

(b) Elestic and inelastic scattering of beams of low energy (from a

fev ev to a few hundred ev) positive ions in gases at low pressures.

Projected:
(a) Extension of the work indicated above.

(b) Studies of negative ion foruation by electron bombardment of gases.

GrLoiAL ATOMIC, San Diego

Grouvp urder Dr, VWade Fite
In progress:

Ex;erinental studies of elastic &nd inelastic collision largely in
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ACTIVITIES OF THE GASEOUS ELECTRONICS RESEARCH GROUP

Group under Professor L. B. Loebd
Department of Physics
University of California

Recent work accomplished in Professor lLoeb's laboratories has included
studies of the kinetic ejection of electrons from tungsten by cesium and by
lithium ions, of the photoelectric effect from borosilicate glass, the nature
and role of lonizing potential space waves in glow-to-arc transitions, and
streamer sparks in air. Publications covering these studies are:

P. M. Waters, 'Kinetic Ejection of Electrons from Tungsten by
Cesium Ions,' Phys. Rev., 109, lh466-1467 (1958).

P. M. Waters, 'Kinetic Ejection of Electrons from Tungsten by
Cesium and Lithium Ions,' Phys. Rev., 111, 1053-1061 (1958).

V. K. Rohatgl, 'Photoelectric Effect from Borosilicate Glass,'
Jour. Appl. Phys., 28, 951-959 (1957).

R. G. Westberg, 'Nature and Rolc of Ionizing Potentiel Space
Waves in Glow-to-Arc Transitions,' to appear in April 1, 1959

issue of Phys. Rev.

In addition, Professor Loeb has written the following papers:

'Mechanism of Cataphoretic Segregation in Inert Gas Glow Discharges,'
Jour. Appl. Phys., 29, 1369-1371 (1958).

'Significance of Formetive Time Lags in Gaseous Breakdown,'
Phys. Rev., 113, 7-12 (1953).

He has also read thre proofs of his book, Static Electrification, published
in English from the press of J. Springer and Company, West Berlin, Germany,
1958. He has prepared for distribution (May 1959) to an ONR distribution
list and to other agencies, a mimeographed appendix to the second printing
of Basic Processes of Gaseous Electronics. This appendix deals with advances
in gaseous electronics since 1955 and contains an extensive bibliography.

Currently in progress in Professor Loeb's laboratories are the following
subjects:

Initiation of the filamentary streamer spark in pure argon by an
anode streamer. Gas cataphoresis is being used to remove trace
gases of lower ionizing potential.

Fast oscilloscoplic time analysis of transient breakdown of argon 1in
an all-glass cell with external electrodes and with a steady or very
low frequency {60 cycle) alternating potential. The study will be
extended to photosensitive Penning gases.

Investigating the surface conductivity of electrone plastered onto a
borosilicate glass surface in high vacuum. The purpose of the investi-
gation is to attempt to ascertain whether electrons in such surface
states have an exceptionally high mobility.

Observations of the movement of the light pulse accompanying the
spread of a Geiger counter along the anode wire in an air counter.

A photomultipliier triggered by the rise of the ionizing pulse at one
end has becn used. A two-photomultiplier technique is being dev-
eloped.

The laboratory plans to investigate basic processes in halogen-filled
inert gas Geiger counter tubes with SnCl cathodes, using the Lauer-
Huber techniques.
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ground state hydrogen but some in oxygen, using beam techniques,

Projected:

Extension to electron collision with metastables, positive and negative
lons, ionization by lons and other inelastic processes in hydrogen end
oxygen.

Group under Dr., V. Van Lint

In progress:

Rates of electron recombination and attachment in atmospheric gases
following irradiation by high energy electrons,

Dr. Edward Gerjuoy

Completed work:

(a) Theoretical studies of low eneriy elastic end inelastic collisions

in molecular gases,

(b) Formal treatment of low energy scattering processes,

GENFRAL ELECTRIC COMPANY, MISSILES AND ORDIANCE SYSTEMS DEPARTMENT,

Philadelphia 24 - Dr. R. G. Breene, Jr.

Continuing:

Calculation of matrix elements between wave functions of free electron
states and bound electron states in the presence of atoms,

Projected:

Culculation of wave functions of electroens in the flelds of diatomic

molecules,

GEORGIA TECH. - Professor Earl McDaniel

Conpleted:

Low field ion mobilities of negative ions In oxygen and other gases,
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In progress and proJjected:
Studying reactions between thermal ions and gas molecules in a drift

tube, using & mass spectrometer.

HARVARD UNIVERSITY - Dr, N, P. Carleton

In progress:

An experimental study of the spectra emitted by nitrogen after excita-
tion by protons of & few kilovolts energy.

Projected:

Extension to lower energieg and collisions of heavy atams and ions with

oxyren and nitrogen.

HUGHES AIRCRAFT COMPANY - Dr. Elsa Huber Solt

Canpleted and in progress:

(a) Studies of microwave propagation in ionized gases.

(») Studies of electrical breakdown et microwave frequencies in 02,
N2, He, Ne, A, and air,

Projected:

Extension of breakdown studies to halogen compounds,

UNIVERSITY OF ILLINOIS - Professor L. Goldstein

In progress:

Microwave transmission uethods for measuring electron collision crosas
sections and robbing reactions in nitrogen and oxygen at temperatures down
to 77°K.

Projected:

Mass analysis of 1ous prosent in the above experiment by measureuments

of cyclotron frequencies of the ions prescnt,
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JOHNS HOPKINS UNIVERSITY - Professor Donald E, Kerr

In progress:

Studies of recombinat..on between electrons and helium molecular ions.

LOCKHEED, MISSILE SYSTEM3 DIVISION, Palo Alto, California - Dr, R, E, Meyerott

in progress:

(a) Experimental studies of reactions involving molecular gases and
their ions, using crossed beam techniques at energies down to 10 ev,

(v) Calculations of interactions between electromagnetic radiations

and atmospheric gases, with reference to icnospheric processes.

Projected:
(a) Extension of the above work.

(b) Cross sections for excitation of oxygen and nitrogen by electron

collision.

(c) The number and velocity distribution of secondary electrons pro-

duced by electron collisions in nitrogen and oxygen,

(4) The velocity distribution of the primary electrons after exciting

and ionizing collisions in nitrogen and oxygen.

MASSACEUSETTS INSTITUTE OF TECHNOLOGY, Boston - 8. C. Brown

Completed:

His experimental work on the low energy collisions in atomic gases
using microwave techniques is no longer active, Current activity is

mainly in the study of highly ionized plasmas,

NATIONAL BUREAU OF STANDARDS - Group under Dr, L, M. Branscomb

Recently completed or in progress:

(a) Photodetachment of electrons from negative ions using beam techniques.
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(b) Crossed beam measurement of inalastic electron scattering by u2ga-

tive ions,
(¢) Experimental study of positive ion mabilities.
{d) Theoretical studies of low energy cross sections for phetedetach-

ment, collisional detachment by electrons, elastic scattering of electrons

and positive ion movilities.
Projected:
(a) Extensions of above.

(v) Electron excitation of several astrophysically pertinent spectral

lines,

NAVAL RESEARCH LABORATORY - Philip Shapiro

Projected:

Measurement of the absorption and reflection of microwaves from highly

ionized air and N2 at low pressures.

NEW YCRY UNIVERSITY, Washington Square Campus - Dr, Sidney Borowitz

In progress:

(a) Theoretical studies directed toward devising & simple technique
for handling elastic and inelastic scattering problems.

(b) Theoretical studies directed toward devising a simple method for

characterizing excited states (e.g. properties such as charge distributiun).

NEW YORK UNIVERSTTY, University Heights Campus

Professor L, H. Fisher
In progress:
Experimental studies of processes leading to breakdown in atomic and

molecular gases at high pressure.
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Projected:
Extension of this work.
Professor B, A. Bederson
In progress:
Experimental study of low energy elastic scattering of electrons from
atoms using beam techniques.

Joint
In progress:
Application of magnetic resonance technigues to the experimental study

of dissoclatior and ionization accompanying breakdown in gases.

OHIO STATE UNIVERSITY - Professor E. N. lassettre

vompleted:

(a) Differential scattering cross sections of electrons on atmospheric

gases.

(b) Determination of atomic oscillator strengths from electron impact
data.

Projected:

Refinement of the above experiments.

UNIVERSITY OF OKLAHOMA - Professors R. G. Fowler, P. Little, R. M, St. John,

and Otto Theimer

In progress:

(&) Experimental studies of excitation cross sections of atoms for
electron impact at energies from the excitation potential to a few hundred
volts by detection of light emission,

(v) Experimental studies of plasmas in a shock tube,
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(c) Theoretical work on the conductivity of a plasma and on the theory

of the microfield in a plasma.
Projected:

(a) Extension of the ebove.

ORGON STATE COLLECE - Professor D, S. Burch

Proposed:

Experimental study of photodissociation using EPR technique to measure

cross section and possibly recombination coefficient.

UNIVERSITY OF PITTSBURGH - Professor T. M. Donahue

In progress:

Measurements of charge exchange cross section for protons in hydrogen.

ProJjected:

Extension of the above to D', He', He™, Na*, and 0," 1n Hy, Dy, N,
and air,
PROVIDELCE COLLEGE - Professor Morton A. Fineman

In prozress:

Studies of negative ions formed by electron impact upon N, and CO in a

2
Lozler apparatus.

Proposced:

Extension of the above to 02 and NO,

OHIVERSTITY OF SOUTHT™N CALIFORNIA - Professor Gerhard L, Welssler

In progress:

(a) Zxperimental studies of photochemical reactions induced by radiation

in the vacuum ultraviolet,
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(v) Applications of mass spectrometry to experimental studies of photo-

ionization in gases,

(¢) Experimental studies of the feasibility of the vacuum ultraviolet

as a tool for plasma diagnostics.

(d) Volume photoelectric effect induced by radiation in the vacuum
ultraviolet,

Projected:

(a) Use of radiation from Townsend discharge as a source of photoioni-

zetion.

(o) Extension of energy range to soft x-ray region.

STAUFCRD RESEARCH INSTITUTE - Group under Dr., C. J. Cook

In progress:

Experimental studies of ionization of moleculaer gases and their atoms
by slow electrons using beam techniques.

Projectzd:

Extension to very low electron energies: new techniques for study of

two-body reactions,

SYLVANIA, MICROWJAVE PHYSICS LABORATORY, Mountain View, California - Group

undas Dr. R, M. Hill

In progress:

Experimental studies of elastic collision cross-sections for low energy
electrons in helium and water vepor by measuring the widths of cyclotron
resonance lines of free electrons in these gases,

ProJjected:

Extension to atmospheric and exhaust pases; measurement of fractional

energy loss per collision,
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UIIIVERSITY OF TEXAS ~ Professor A. W. Straiton

In progress:

Measurement of the effects of gamma radiation on the refrective index

of atwosphicric gases.

UNIVERSITY OF WASHINGTON, Seattle

Professor R. Geballe
I~ progress:
(&) Experimcntal studies of attachment in moleculer gases using mass

spectrometric techniques.

(b) Experimental studies of ion-atam exchange reactions in molecular

gases at low energy.

(¢) Study of dissociative recombination in hydrogen by beam techniques.

Projected:

Extension of (c) to other molecular gases.

Professor K. C. Clark
In progress:

Experimental study of basic mechanisms in nitrogen afterglows using

spectroscopic techniques.

WESTINGHOUSE RESEARCH LABORATORY, Pittsburgh, Pennsylvania - A group of

about six under M, A, Biondi

In progress:

(a) Experimental studies of elastic and inelastic collision processes
in molecular gases, with particular reference to electron attachment in
ctysen. Swarm and beam techniques are used.

(b) Experimental studies of electron drift velocities at low eneryy

in molecular gaces,
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(¢) Theoretical studies of electron energy distribution in molecular

gaees.

(d) Studies of electron densities as o function of time in the after-
glov of s microvave discharge in He,

Projected:

(a) Extension of studies in (a), above, to lower energies. Techniques
to include mass analysis,

(b) Purther development of 'trapped electron' method for measuring
inelastic scattering cross section on Ha.
(c¢) Mass analysis of ions present in a microwave afterglow in (4) above.

Also extension of the technique to 02.

YALE UNIVERSITY - Dr. H. Margenau

In progress:

Theoretical study of the conductivity of iomized air in the microwvave
bands based on experimental values for collision cross sections.

Projected:

Extension of these studies to regions of the atmosphere excited by

various radiaticus,
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FOREIGN WORKERS

1. Adelajde, University of; R, W. Crompton, D. J. Button, L. G. H. Huxley -
Experimental studiee of low energy electron swvarms.

2. Birmingham, University of; J. Sayers - Experimental studies of ionized
Zases,

5. British Columbia, University of, Vancouver, B, C.; C. A, McDowell -
Experimental studies of low energy electron impact phenomena.

L. Iaboratory for Mass Spectrometry, Amsterdam; J. Kistemaker - Experi-
mental studies of charge exchange processes at kilovolt energies.

5. leningrad State Uanivereity; G. F. Drukerev - Theoretical studies of

collision processes.

6. liverpool, University of; J. D. Craggs - Experimenial studies of negative
iou formation snd ionization in coumplex gases.

7. london, University of, Queen Mary College; B. A. Tozer

8. London, Univereity College; R. L. F. Boyd, J. B. Hasted, H. 5. W, Massey,
M. J. Seaton - Experimental and theoretical studies of collision processes.

9. Ecole Normale Superieux, Paris; J. E. Blamont - Charge exchange measure-
uents.

10. Physical Technical Institute, Leningrad; V. M. Dukeleky, N. V. Fedorenko,
¥. M. Fogel - Experimental studies of negative ion formation and charge
exchange,

11, Guuen's Uanlversity, Belfast; D. R. Bates, A. Dalgarno, V. L. Moiseiwitsch -
Theoretical studies of collision processes.

12, ‘Tokyo, Universlty of, Tokyo; T. Yamanouchi - Theoretical studies of
collislon processes.

L%, VWales; F. L. Jones - Electrical breakdown in gases.
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1k, Western Ontario, University of; P. A. Fraser - Theoretical studies of

collision processes.
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IIT. THE STATUS OF RESEARCH IN GASEOUS ELECTRONICS

The number of sclentists working in the field of Gaseous Electronics
has increased markedly in the past few years. One indication of this in-
crease is the fact that twice as many papers were presented at the Americen
Physical Society Gaseous Electronics Conference in 1958 as in 1951. Most
of the increased research, however, has been in magneto-hydrodynamics and
high energy plasmas. These fields are not particularly relevant to the
problem that concerns Project QUICK KEY.

A relatively few leboratories with relatively small budgets are carrye
ing on basic studies of low energy collision processes that are directly
relevant to the ionosphere., A larger number of labors.tories are carrying
on experimental and theoretical studies of collision processes in other
gases and at somewhat higher energies. Although many of these latter
studies may not be directly relevant, they contribute basic understanding
of processes and sometimes evolve important new techniques.

Even after fifty years of research there are still large gaps in our
knowledge of some of the most fundemental end important prucesses. For
exsmple, there is & notable lack of charge-exchange data.

Because of the difficulty of interpreting experimental data, researches
in this general area frequently scem to produce contradictory results. The
discrepancy in various recently published values of the electron attachment
rate to oxygen is an example, Duplication of measurements is desirable to
resolve contredictions and establish confidence in data.

Theoretical studies of collision processes are limited by complexity
largely to those involving hydrogen. Even with this gas, accurate calcula-

tions are possible for only the simplest collisions. Thus the earliest and
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most important data can be expected from experimental studies, although

theoretical work should continue to be encouraged and supported.

Epecific phenomena important for the understanding o2 electromagnetic

wave propagution in the ionosphere after a nuclear explosion, and for wvhich

information is lacking, are listed below:

(a) Electron and ion differential and total scattering cross sections

(b)

(e)

(a)
(e)
(£)

(g)
(n)
(1)

with atmospheric gases for energies up to 1 mev, but with parti-
cular emphasis upon the thermal energy range. Included here are
the cross sections for excitation to various states including
ionization and the velocity distribution of secondary electrons
produced.

Electron attachment rates and cross sections in air, 02, 0;, NO,
and N02 at low pressures and especially at low energies.
Recombination cross sections of electrons with 0; ’ N; ’ x* ’ O+,
and NO'.

Radfdtive attachment to atomic oxygen.

Photodissociation and photodetachment cross sections,

Charge exchange cross sections (including ion exchange at low
energies).

Low-field electron mobilities in nitrogen and oxygen.
Thermalization rates of electrons produced by gammas and X-rays.

Electron collision frequencies.

Some of the items listed above are basic interactions involving two or

perhaps three colliding particles. From measurements of these it is pose

sible in principle to deduce values for others, involving averages over a

wide energy range. Measurements of the everaged quantities also can be made.
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Both kinds of measurenent, individual and averaged, are valuable, so that
computed averages can be compared with experimenc and used to test our
understanding of the complex of interaetions.

Because it i1s not possible to predict either future needs for informae
tion or the fruits of recearch it is our feeling that research in gaseous

electronies should be supported on a breoad front rather than just for

specific answers to current problems.
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IV. APPENDIX

This section contains more detailed descriptions of research work
than appeared in S8ection II.

Most of this information wvas obtained by visits to the laboratories
and talks with the investigators. A large portion of the text is from
letters and manuscripts solicited for this report from the researchers
themselves. The inconsistent style of this section is due to our desire

to make as fev as posseible editorial changes in the texts we received.
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AIR FORCE CAMBRIDGE RESEARCH CENTER

At the Air Force Cambridge Research Center work is proceeding under the
direction of Dr. O. Oldenberg on excitation of N2 by protons in the energy
range of 5-40 ev. This work extends in energy that done earlier by Dr. N.
P. Carleton at Harvard. Jonization of N, by protons is also being studied.
Further work will probably include study of collisions of fast neutral H
atoms with Nz. The sapparatus in use is capable of producing mass-resolved
beams of any particular ion, and hence can be used to study collisions

between many other pairs of particles beside protons and N2 molecules.
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UNIVERSITY OF ARKANSAS

Dr. Fan states that recently they received some support from AFCRC for
work on atomic excitation with the 40O-kv Cockcroft-Walton accelerator at the
University of Arkansas. He will bombard the gases with protons from the
accelerator and observe the optical spectra. He is interested in studying
the basic atomic impact processes in 05 and No.

Most recent experimental work published as "Emission Spectra Excited by

Electronic and Ionic Impact," Phys. Rev. 103, 1740 (Beptember 15, 1956).

More recent theoretical work relates to charge exchange collisions.

His collaborator, Dr. Raymond Hughes, is interested in studying the

polarization of atomic lines by electron impact.
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AVCO RESEARCH LABORATORY, EVERETT, MASSACHUSETTS

For the past three years. the AVCO Research Laberatory, which is undex
the direction of Dr. Arthur R. Kantrowitz and located at Everett, Mass.,
hes engaged in extensive studies of many chemical physics problems associ-
ated with the re-entry of ballistic missiles and Earth satellites. The
earlier phase of this work involved the determination of the spectral emis-
sivity and the electromegnetic properties of high temperature air under con-
ditions of quasi-thermal equilibrium, while more recent phases of this work
include the determination of the important chemical kinetic paths and releted
rate constant (inelastic rross sections) which govern the rates of dissoci-
ation, ionization and photo excitation behind strong shock waves, as well as
the atom-atom and electron-ion recombination rates in an expanding flow field
of high temperature air and other gases of interest.

In these studies, the high temperature shock tube has been the principal
experimental tool. The unique advantage with which the shock tube adapts
iteelf to this type of study 1s that it allows one to generate relatively
uniform and reproducible ges semples over a wide range of temperature and
density in a form wvhich is readily suitable for many types of quantitative
measurements. For example, the low energy electron scattering cross section
of atomic oxygen has been successfully measured through vbservation of the
microwave transmission and reflection characteristics of shock-dissociated
oxygen, and it is believed that the cross sections of atomic nitrogen and
many other chemically active species cen likewise be determined.

A representative liet of papers and reports already published (or to
appear in the open literature shortly) on related topics is shown on the

following page.
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LIST OF PUBLICATIONS

l.

10.

11.

12,

Keck, J. C., Kivel, B., and Wentink, T., "Emissivity of High Temperature
Air," AVCO Research Report No. 8, April 1957, JTFM Inst., Preprints of
Pepers, Stanford University Press, 1957, ASTIA AD 150 789.

Kivel, B., and Bailey, K., "Tables of Radiation from High Temperature
Air," AVCO Research Report 21, December 1957.

Kivel, B., Mayer, H., and Bethe, H., "Radiation from Hot Air, Part I--
Theory of Nitric Oxide Absorption," Annals of Physics, Vol. 2, July 1957.

Wentink, T., Jr., Planet, W., Hammerling, P,, and Kivel, B., "'Infrared
Continuum Radiation from High Temperature Air," J. Appl. Phys., Vol. 29,
April 1958.

Keck, J., Camm, J., and Kivel, B., "Absolute Emission Intensity of
Schumann-Runge Radiation from Shock Heated Oxygen," J. Chem. Phys.,
Vol. 28, April 1958.

Loub, L., and Lin, S. C., "Electrical Conductivity of Thermally Ionized
Air Produced in a Shock Tube," AVCO Research Report 5, February 13957,
J. Appl. Phys., Vol. 28, July 1957, ASTIA AD 150 5h9.

Hammerling, P., Shine, W. W., and Kivel, B., "Low Energy Elastic Scatter-
ing of Electrons by Oxygen and Nitrogen," AVCO Research Report 6, March
1657, J. Appl. Phys., Vol. 28, July 1957, ASTIA AD 150 621.

Camac, M., and Petty, C. C., "Oxygen Vibration and Dissociation Relax-
ation Rates in Argon and Oxygen Mixtures," AVCO Research Report 2%,
IAS Preprint 802.

Keck, J. C., "A Statistical Theory of Chemical Reaction Rates," AVCO
Research Report 20, May 1958, J. Chem. Phys., Vol. 29, August 1938.

Ventink, T., Jr., Sulliven, J. 0., and Wray, K., "Nitrogen Atomic Re-
combination at Room Temperature," J. Chem. Phys., Vol. 29, July 1998.

Lin, S. C., "Ionization Phenomena of Shock Waves in Oxygen-Nitro.on
Mi:itures, AVCO Research Report 33, June 1958, Presented at thc 1¥ih

Conference cn hysical Electronics, M.I.T., Proceedings of the Conturamace,
14458,

Feldran, 8., "Chemical Kinetics of Air at High Temperaturcs: A Prcblem
in Hypersonic Acrodynamics,” AVCO Research Report 4, 1957, February 19,7,
HIwl4 Inst. Preprint of papers, Stanford University Press, 1957, AGYIA

" AD 150 Sh3.

13.

buvidson, Norman, "Sclected Reactions Involving Nitrogen and Oxygen,
AVCO Rescarch Report 32, June 1958.
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14, Lin, S. C., and Teare, J. D., "Shock Wave Structure in the Hypersonic
Flight Regime," Presented at the A.P.S. Division of Fluid Dynamics
Meeting at San Diego, California, November 24, 1958.

15. Hemmerling, P., Teare, J. D., and Kivel, B., "Radiation from Nitrogen
Shock Front,” to be presented at the A.P.S. Annual Meeting at New York,
N.Y., January 28-31, 1959. ’

16.

1in, S. C., and Kivel, B., “"Slowv Electron 8cattering by Atamic Oxygen,"
to appear in Physical Review Letters.
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CONVAIR, SAN DIEGO

Molecular Beam Research

Research Planned. Convair has a molecular beam tube in which beams of

neutral particles having energles from a few hundredths to a few tenths of

an ev vill be employed. Thie tube will be used for measurements of the cross
sections for scattering of electrons by atmospheric specles, e.g., Na, N,

O, and 0. Initially interaction energies will be varied between about 1 and
10 ev. Later it is hoped to do scattering experiments at energies less than
1l ev.

The first experiments are being done with atomic and molecular oxygen.
While these experiments are being run, side experiments will be conducted
for obtaining a source of atomic nitrogen with sufficilent flux to permit a
scattering experiment to be made.

It is planned to fabricate a second molecular beam tube for use with
beams of neutral particles having energles in the range 1-15 ev. Thils energy
range includes these interaction energies which occur between a hypersonic
vehicle in the free molecule flow regime and atmospheric species in this
rezgime. Experimental investigations are planned to study recombination,
diffuse scattering and specular reflection, and accommodation and momentum
transfer coefficients for atoms and molecules striking solid surfaces.

Research Done. A Joint Convair-General Atomic experiment on the elastic

scattering of el=ctrons from hydrogen atoms and molecules was done by R. T.
Brackmznn, W. L. Fite, and R. H. Neynaber.* Satisfactory agreement with

theory vas found.

*\ paper covering this experiment entitled "Collisions of Electrons with
Hydrogen Atoms--Part III--Elustic Scattering" has been submitted to Phys.

Rev. for publiication.
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Work has also been done on developing atomic oxygen and nitrogen
sources. A sultable source has been found for atomic oxygen, but not for
atomic nitrogen.
Equipment. All equipment for the planned electron-atmospheric particle
scattering experiments is on hand. This includes a beam tube, vacuum system
and electronic and detection system.

The laboratory for the 1 kev molecular beam tube has not yet been set

up.
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UNIVERSITY OF FLORIDA, GAINESVILLE, FLORIDA

Scattering of Low Energy Negative Ions in Gases- T. L. Bailey and
E. E, Muschiitz, Jr. (supported by ONR--Physics Branch)

These experiments are of the ionic beam type, in Wwhich a mess analysed
beam of negative ions 1is sent through a collision region containing gas at
lov pressures (~lo"3 mm Hg). Currents of elastically scattered ions, of
slow negative particles produced slong the scattering path, and of unscat-
tered ions are measured separately. These measurements give cross-sections
for elastic scattering, and the sum of cross sections for all processes which
produce slow negative particles, as a function of ion energy. Thus far, the
only inelastic cross section measured quantitively has been that of collision-
8l electron detachment (e.g., H (fast) + He = H (fast) + e~ (slow) + He).

To date, elastic and electron detachment cross sections have been
measured for the systems H™ - HE. H- - He, H - Ne, H - A, in the energy
range 400 - <4 e.v. Measurement of the elastic cross sections (over this
approximate range in energy) for H~ - 02, o~ - 02, 0,~ - 0,, and OH” - Op
have been started. In the near future they will extend their measurements
to the quantitative determination of electron exchange cross sections in
the presence of electron detachment; this will be accomplished by means of
a radio frequency electron filter incorporated in the collision chamber.

Elastic and Inelastic Scattering of Low Energy Positive Ions in Gases at
Low Pressures--W, H. Cramer (supported by N. S. F. Graat)

Potential energy force fields between ions and molecules are being
investigated by means of ion-scattering experiments. Both elastic and in-
elastic collision cross sections are determined in the energy range from a
few electron volts to a few hundred electron volts. A beam of ions produced

in a special mass spectrometer 1s introduced into a collisloa region
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contalning & scattering gas at low pressure. From analysis of the scatter-
ing measurements parameters for potential functions may be determined.
Collisions of Het, Net, and A* in the gases He, Ne, and A have been in-
vestigated. Charge exchange was cobserved pnly in the symmetrical cases.
The binding energy obtained for He2+ is in good agreem2nt with values ob-
tained by other means,
Present work involves study of hydrogen and deuterium ion scattering
in H, and D,. Elastic cross sections for deuterons in Dy have been found
1o be similar to eerlier measurements by Simons and co-workers for protons
in H,. Charge exchange was observed for deuterons in Dy above 80 volts ion
energy.
Among the problems under consideration for the future are formation and
collision of beams of neutral particles in this same energy range with mole-

culea and scattering of hydrogen ions and alkali ions in the inert gases.

Collisions of Metastable Atoms in Gases--E, 8. Muschlitz, Jr. (supported by
N. S. F. Grant)

Using molecular beam techniques, total collision cross sections have
been measured for the scattering of thermal beams of 235 and 2ls helium
atoms in He, Ne, end A. The ionization cross sections have also been measured
for these motuastable atoms in argon. At the present time the resolution of
the apparatus is being increased in order to detect the scattering at small
engles.

Futurs vork planned in this area includes modification of the apparatus
to 1ncrouce the precision of the results and the extencion of the meuwsurcaanty

to other metustable atoms, particularly Ne* and A%, Collisions of the Lype:

X* 4 Yo—X + X + X
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involving transfer of excitation energy will also be investigated. 1In ad-
dition, the apparatus is capable of measuring "free space" lifetimes of ex-
cited atoms and molecules in the range 102 to 10'6 second.

Negative Ion Formation; Ion-Molecule Reactions--E. E, Muschlitz, Jr.,
W. H, Cremer, T. L. Balley (supported by N. S. F. grant)

A first order direction focusing. homogeneous magnetic field, sixty-
degree radial magnetic deflection, twelve-inch radius of curvature mass spec-
trometer is now under construction in the Department nf Chemistry at the
University of Florida. Maximum resolution of the instrument will be about
1:1000, An electron multiplier will eventually be used to increase the sens-
itivity of the instrument. It is expected that construction will be completed
by the fell of 1959. With the exception of the ion source and differential
pumping system, the instrument is based on original designs of Professor
M. G. Inghram of the University of Chicago.

It is planned to use the instrument initially for studies of negative
ion formation by electron bombardment in gases at relatively high pressures,
particularly 02', OH~, and hydrocerbon negative ions. Versatility in the con-
struction of the instrument will enable several types of ion sources to be
employed interchangeably. Future work envisicned with the instrument in-

cludes definitive studies of ion-molecule reactions in gaeses.

Personnel

1. E. E. Muschlitz, Jr., Professor of Chemistry and Electrical Engineering,
Ph.D. (Physicel Chemistry) Pennsylvauia State University.

2., T, L. Bailey, Associate Professor of Electrical Engineering. Ph.D,
(Physical Chemistry) University of Chicego.

3. W. H. Cramer, Assistant Professor of Electrical Engineering. FPh.D.
(Physical Chemistry) Pennsylvania State University.

L. Consultant--J, H. Simons, Professor of Chemical Engineering and Chemistry.
Ph.D. (Chemistry-Physics) University of Californid.
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GENERAL ATOMIC

The Atomic Beam Lsboratory at General Atcuic in Sar Diego, under the
direction of Wade Fite, is at present an instrument-centered laboratory,
and the work there revolves about the use of modulated atomic beam tech-
niques. The major epplication has been made to properties of hydrogen and
oxygzn atoms, although some work has been done on molecules of hydrogen,
oxygen, and nitrogen. In the use of atomic beam fiechniques densities are
very low and events studied are single-collision 2vents. The intrinsic
cleanliness of the atomic beam approach allows rather simple interpreta-
tions of experiments; for multiple collision processes, wall effects, and
80 forth do not enter those experiments dealing with atomic collision
phenomena. The types of properties which have been measured include: ioni-
zation on electron impact of atoms and molecules, excitation to discrete
states, elastic scattering, and charge exchange between ions and neutral
species,

Plans for future call for experiments on collisions where metastable
atoms are involved, interactions between positive ions and negative icns or
electrons, ionization on ion impact, and charge exchange and stripping in
collisions between negetive ions and etoms.

Attempts, unsuccessful to dete, have been made to measure radiative
attachment cross sections for the formation of negative ions.

The cross section as a function of electron energy for the reaction
e + 00t + 2e”

was measured for electron energles up to 500 ev. The results of this ex-
periment along with comparisons made to a theoretical curve calculated by

M. J. Scaton will sppear in a forthcoming issue of Physical Review Letters.
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Details of the =xperimental techniques employed are given in two General
Atomic Reports, GA-339, "Collisions of Electrons with Hydrogen Atoms" by
Wede L. Fite, R, T. Brackmenn, and Roy H. Neynsber, and GA-4O7, "Charge Ex-
change in Proton-Hydrogen-Atom Collisions" by Wade L. Fite, R, T, Brackmann,

ana W. R. Snow. Both of these reports will appeer soon in the Physical Reviev,

Some specific experiments the group is interested in performing in the

future are listed below. The first group involves collisions of ions and

atoms.
* ha
l. 0 +0 =04+ 0 . These charge exchange cross sections are measur-

able with the method for GA-IO7, and absolute values can be obtained from
comparison with the p + O2 and e + O ionization cross sections.

2. p+0 S o+ + H. This process is important in the excitation of
aurora and penetration of protons from the sun into the earth's atmosphere.
It cen be measured as described in GA-LOT.

3. p+0—-~>p+ 0+ + €.

As explained in GA-407, the earliest attempts to measure the ionization
by protons on hydrogen were not successful because of high noise level.
Imprcvements in apparatus meke it appear possible now to do that experiment,
and the above cross section as well. Absolute values will come from com-
parison with churge-exchange cross sections,

I o’+o—>{°+°+e}-

0
ot e

Liberated electrons will be detected. Energy analysis of liberated
electrons wry identify neutral end products. The liberation of electrons
accorpunying the foruation of a molecule is believed to be responsible for

maintenance of electron layers at night in the ionosphere, and the crocss




RM-2310-ARPA
1-7-59
43

section is the most poorly known of the cross sections pertinent to ionos-
pheric theory.

The second group of proposed experiments would measure the elastic and
inelastic scattering from groundstate atoms of hydrogen and oxygen. In these
experinments, the electrons scattered by oxygen end hydrogen atoms will be
detected with the basic technique described in GA-339, Part III. The de-
tector, of finer angular resolution than used previocusly, will be moveble
80 that angular distributions can be obtained, and it will be preceded by a
velocity analyzer so that the energy distribution of the scattered electrons
will be measured. The result of this experiment with oxygen atoms 1s the

information required for the problem of electric drag on satellites.

The scattering of electrons by groundstate atomic hydrogen is the most
fundemental single problem in the theory of scattering and the results of
this experiment with hydrogen atoms would be of importance to every appli-
cation of scattering theory. Ratios of cross sections of the atom and the
molecule are directly measurable, and the molecular cross sections are suf-

ficiently well known to allow calibration of relative cross sections.

Also at Genersal Atomic an experiment has been set up by Dr. Victor
Van Lint and is in progress to measure electron recombination and attach-
ment rates. JTonization is produccd by a short burst of electrons from the
Genereal Atamic 32 Mev. electron linear accelerator. The instantaneous elec-
tron density in the ionized gas 1s observed using standard microwave tech-

niques.
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The electron linear accelerator is capable of preducing pulses of ioni-
zation from 0.2 microsecond to 5 microseconds in duration. The instantaneous
flux of electrons during this pulse is adJustable up to a meximum in excess
of 1017 electrons/mme-sec. In a gas at atmospheric pressure this radiation
will create electron ion pairs at a rate as high as 1019 pairs/cﬁ3-sec. The
rise and fall times on the accelerator pulse can be adjusted to be as short
as 0.1 microsecond.

The measurements in progress at present utilize 3 cm (X-band) microwaves
in a waveguide. The microwave circuit consiste of a reflex-klystron oscil-
lator feeding equally into two arms of a magic hybrid ring. A measured length
of one of the arms is then irradiated with the accelerator electron beam and
the transient imbalance in the transmitted amplitude and phase and the re-
flected amplitude are observed. The sensitivity of the system is such that
electron densities as low as 107 electrons/cm3 can be measured conveniently.
If it becomes necessary to perform experiments on lower electron densities
than this value, it will be a fairly straightforward matter to exchange the
magic hybrid ring for a cavity which can be irradiated.

It is expected that the major uncertainty in this experiment is the ef-
fect of the diffusion of electrons to the wall of the waveguide. Since the
entire experiment is finished in a matter of a microsecond or so, this dif-
fusion effect is certainly negligible at pressures near atmospheric pressures,
It is believed that the effect is also negligible down to pressures as low
as 1 um Hg as long es measurements are not performed over a long period of
time following the irrediation. There are plans for proving this point by
replacing one arm of the magic hybrid ring by a pair of microwave horns and

irradieting the gas in between the horns. In this experiment diffusion will

certainly be negligible,
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It is also believed that utilizing high-energy ionizing radietion is a
clean method of producing the ionization. A relativistic electron passing
through a gas 1s extremely efficient at removing electrons from atoms and
molecules but is very inefficient for exciting molecules in any other way.
The problems which have plagued experiments performed in the after-glow of
gas discharges and which can be attributed to molecular excitations should

not be present in these experiments.
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GENERAL ELECTRIC COMPANY, MISSILE AND ORDNANCE SYSTEMS DEPARTMENT

Dr. Breene states that his main interest is radiation, and his interest
in free electrons, atoms and molecules is from this point of view., This,
of course, implies matrix elements and this in turn implies wave functions,
vhich 1s the prime consideration, Scattering will enter since after all
we must find a phase shift in obtaining an asymptotic solution for our free
electrons; but scattering only enters into his considerations indirectly.

He has general IBM TO4 programs for the determination of emissivities from
gaseous or plasmae layers. Into these programs as input he needs for the
various continuum radiation, matrix elements for free-free and free-bound
continua. Other types are also needed but these shouid be of no interest
to the scattering problem,

In the past, varicus very approximate solutions for the Schroedinger
equations for free electrons in the presence of various atoms have been
utilized. The one exception is the simple hydrogen case which was developed
by Chandrasekhar. The Born approximation is admittedly good for the higher
order waves and for the high velocities, but at velocities of interest in
continuum radiation this is anything but the case for the S-wave. Therefore,
he has developed potentials from atomic wave functions for these electrons
in the presence of atoms. He has developed a treatment for exchange which
is now working on the IBM 704. The polarization treatment is underway,
but is much more complex and will be some time in completion. For free r
electron wave functions without either exchange or polarization the IBM 704

progroms are written and have been described.(l) In order to obtain the

potential with or without exchange one needs atomic wave functions, He

has written two programs for the IBM 704 for the determination of wave
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functions for utoms having clectrons through jp.(a’j) The large variation

calculation for atomic wave functions is duc to eppear in the very near

future in the Physical Review, but it has already becn put out as a research

(3)

nemorandun,

The situation is as outlined in his C~ paper; he determines the wave
function for the atom under whose aegis the free electrons exist. From this
wave function he determines a Coulomb potential for the free electron. This
potential is utilized on an IBM 704 program to determine the free electron
wave function. A self-consistent field treatment presently programmed on
the IBM 7Ok can then be utilized to determine the free electron wave function
with exchange. This, in turn, can be subjected to the rather extensive
perturbation treatment needed to obtain the free electron wave function with
polarization of the atomic cherge cloud. For the bound-free or de-ionization
continua he then utilizes these wave functions in existent IBM 704 programs
in order to compute the matrix elements. He is in the process of writing
an IBM 704 program for the computation of the matrix elements for free-free
transitiones,

Spzculatively, he hopes to extend his treatments to wave functions for
electrons in the ticlds of distomic molecules. Along this line he currently
hes an IR (04 computation for molzculor orbiteals. The realization of this

procraen 1s somewhut in the future,

Rererences

L. R. G. Breene, Jr., and Maria C. l..rdone, 'Wave Functions for the Free
Blectron In Lhe Field of the Ory, n ALitom,!
R. G. Breens, Jr., 'The Freo-iound Continuum for c .

R. G. Breene, Jr., 'The Free-Bound Continuum for 0 .'

2. R. G. Breene, Jdr., 'Analytic Uave Punctions I. Atoms with ls, 2s, and
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2p Electronms,' Physical Review, 111, August 15, 1958, p. 1lll.

5. R. G. Brezne, Jr., 'Analytic Wave Functions,' Aerophysics Operation
Reseurch Memorandum No. 18, Missile and Ordnance Systems Department,
Genersl Electric Company, 3750 D Street, Philadelphia, Pa.
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GEORGIA INSTITUTE OF TECHNOLOGY

At Georgia Institute of Terhnology gaseous electronics research is being
done under Professor Earl McDaniel. Work in the field of ion mobilities has
consisted of measuring the low field mcobilities of negetive ions in oxygen
and mixtures of oxygen with non-electronegetive gases and pure SF6, HC1 and
802. A lengthy report on this work exists and a paper has been submitted to

the Physical Review which also gives some theoretical results obtained by

scme English researchers.

Current work is directed toward studying reactions that occur between
thermal ions and gas molecules. Ions are produced at the end of a 10-ft
long drift tube and allowed to drift the length of the tube in an electric
field of about 1 volt/cm at pressure of about 1 mm of mercury. The ions are
extracted from a stream of gas issuing from & pinhole at the ead of the tube
and analysed in a mass spectrometer.

+
Positive ions will be used initially (He', Ne*, A%, B', and o

2). Later

negative ions will be used.

References

E, W. MeDaniel, "The Low Field Mobilities of the Negative Ions in Oy and O
Mixtures, SFg, SOp end HC1l," Technical Report No. 1, Engincering Experimen%

Station, Georgia Institute of Technolosy Contract No, AF 18(600)-1524, January
10, 1958.

B. W. McDaniel, and E. R. Crone, "Measurements of the Mobilities of the
Negative Ions in Oxygen, and in Mixtures of Oxygen with the Noble Gases,
Hydrogen, Nitrogen, and Carbon Dioxide," Rev. Sci. Inst. 28, 684, September
1957.

E. W. McDaniel, and M. R, C. McDowell, ''Low Field Mobilities of the Negative
Ions in Oxygen, Sulfur Hexafluoride, Sulfur Dioxide, and Hydrogen Chloride, "
Submitted to the Physical Review.
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HARVARD UNIVERSITY

At Harvard the excitation of nitrogen by protons of a few kev energy
has been investigated by Dr. N. P. Carleton, to aid in interpreting auroral
spectra. The dependence of the intensity of the varlious spectral features
on the proton current and gas pressure gives evidence about the excitation

mechanism. (see N. P. Carleton, Phys. Rev., 107, 110, July 1, 1957). Cross

sections for excitation by proton impact have been measured. Interference
filters select various spectral features and & photomultiplier detects the
light emitted. Also included are measurements of the total charge-exchange
cross section for protons in nitrogen and an estimate of the ionization
cross section (see N. P. Carleton and T. R. Lewrence, Phys. Rev., 109, 1159,
February 15, 1958).

Experiments may be continued at Harvard in the low energy range, 0.1-5
kev, on excitation resulting from collisions of heavy atoms and ions, such

as are eveporatced from meteors, with oxygen and nitrogen.
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HUGHES ALRCRARL COMPLITY

A group wder DJr., Eisa Huber Solt bus been active in the {ield of
high frequency (10 mc to 9000 mc) electrical breakdown in gases. Measure-
ments of breakdown flelds as a function of pressure, geomeiry, and
frequency are oeing made on 02, N2’ He, Ne, A, and air. Measurements of
the rate of electron density decay have been made which give information
cn the electron attachment rates for attaching gases.

They have also done work on the propagation of microwaves through
iopnized gases. Thelr current interest in this field is in measuring the
Faraday effect and attenuation and reflection caused by densities above
the density of total reflection for an infinite medium. They are adopt-

ing their experiuental technigues for plasma dlagnostics.,
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UNIVERSITY OF ILLINOIS

Professor L, Goldstein gives the following account of his work at the
University of Illinois.

Past work wes on interaction processes that take place in plasmas in
the noble gases and in nitrogen and oxygen,

They are making measurements on the electron collision cross section
of nitrogen molecules from room temperature down to 77°K, in which the
electrons are in thermal equilibrium with the gas. Also, they are measuring
the electron collision cross section with oxygen.

They have done and will repeat measurements of electron attachment
cross section in oxygen and possibly ozone. The electrons will be essen-
tially at thermal equilibrium with the ges, and the temperature will be
lowered to 77°K.

These prccessces are studied by microwave probing plasmas in two types
of experiments, Microwaves are propagated in the plasmas at low levels,
and the electron density and collision frequency as a function of time are
computed from attenuation and phase shift measurements.

Two frequencles are propagated through the plasma, muking it possible
to deduce characteristic quantities recparding the plasma processes with
electrons from the interaction of th: microwaves with the plasma, That is,
the cffect of one frequency on the plasma 1s measured by a probing frequency.
All of the measurencnts are correlated with optical meuasurcmznts,

They have plans for making & mass analysis of the ions present by
obtaining cyclotron resonance on the ions, This will be dirficult because
it will have to ba done at temperatures and pressures where the collision
frequency of the ions is not too high compured to cyelotron frcecquency of

the lons.
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Arong the plasma interuction processes that they have been investi-
gating 1s the electron-electron interaction.

Professor Goldstein 1s also considering the effects that might be
produced by heating the electron gas in the ionosphere. Because of the
power requirements it will probably be easier to do this from a flying
vehicle than from the ground. He would heat up the electron gas by pump-
ing in power at the cyclotron frequency. The heating will vary the charge
density because the rate of disappearance of electrons by attachment or
recombination will be changed. This should be a rather sizable effect for
a reasonable power expenditure in the E layer if the heating power is intro-
duced at the cyclotron frequency in the earth's field, about 1.3 me.

His work is supported by the Air Force Cambridge Research Center.

The ilonospheric work is supported by the Geophysics Research Directorate
under contract AF3481, and the Gaseouz Electronics work 1s supported by

the Electronic Dircctorate under contract AF 19(604)-2152.
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LOCKEE!D MISSILE SYSTEMS DIVISION

Atomic and Molecular Rcaction Studies at Lockheed

A general program investigating cherge exchange and ion-atom interchange
reactions is presently underway in the Space Physics Department. Emphasils is
being placed on those reactions whose cross sections would be large at the
lovest kinetic energies achieveble in the apparatus. It 1s felt that these
reacticns would be particularly significent in determining the composition
balence of both neutral and ionized species in the lonosphere.

A crossed beam reaction system is being used to study the reuction

(1) o + N, — NO* + N, AE = 1.1 ev.

An N2 beam is being crossed with a low energy OY beam, which has previously
been mass selected in & conventional low resolution magnetic analyser. The
charyed reaction product oY is to be detected with a strong-focusing mass
filter of the kind developed by W. Paul. Use of 018’ and an 02 bean will
allow the reaction

(2) 0" +0,-> 02+ + 0, AE = 1.k ev,
to be studicd. Use of 018 will discriminate between ion-atom interchange
and th2 charge exchange, the former giving 018 016+ as the product, the
tha roverse of tho rou Tl

5
- —

+
38 U ., In additicon
latter 016 \16 9

(3) (J')+ + N ~> NO + ()+, AE = C.0 ev,
way be luvestiruted, using NU in the neutral beam. From a kunowledge of the
« milibrium censtant the forvard rote may be irferred. Present plans call
for 1h- 1..aoureacnt of these crous scctions and thelr encryy dependence down
1o lhe lowest cnergies obtainable (lcss than 10 volts).

Future plans ere being moade for the study of two reactions vwhich are of

particular practical, as wcll as theoretical, intercst.
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%) ® + 0o — o 4, AE = .02 ev,

and  (9) H2+ + H o Hy o+ HY (ion-atom interchange), AE = 1.8 ev.
A strong focusing mass filter in the range 1 to 4 AMU, which has been dev-
eloped in their laboratory, may be used in generating the low energy protons.
It would also be used as a detector for (5), The atomic oxygen required

for (4) would be obtained in a radic-frequency ges discharge. Reaction (4)
should exhibit a very strong resonance effect since its energy defect 1is

nearly zero., As a result, 1t should have a very large cross section at low

energies, Reaction (5) is the simplest conceivable ion-atom interchange

reaction.

Electromasnetic Propagation Studies

The fundamental quantities affecting electromagnetic propagation are

being studied.
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NATIONAL BUREAU OF STANDARDS

Following is & summary of that part of the program of the Atomic
Physics Sectien of the National Bureau of Standerds which relates to
determination of atomic cross sections at low energies.

1. The group working on measurement of interaetions in ien beams has
consisted of Drs. L. M. Branscomb, D. S. Burch, and S. J. Smith, Burch
has recently left for an academic job. This group is supported by an
instrument maker and two laboratery aessistants plus the large shop and
other facilities of NBS.

The major effort has been expended on photodetachment of electrons
from negative ions. Cross sections have been measured for photodetachment
from O, 02', OH , and H in the spectral range from L0OOO A to 2.4 «.
Thresholds have been determined with great accuracy for detachment from
0" and OH™, and with less accuracy for S°. The photodetachment program
on the present epparatus is essentially completed. They feel that their
program could be extended in several very interesting directions with a
large aperture monochromator of special design. Measurements could be
extended into the ultraviolet region of the spectrum, and, also, the
continuous scanning and optimum resolution available in such an instrument
would allow them to study structure in photodetachment cross sections,
particularly for molecular negative ions. At present there are no funds
for such an instrument. F

A reasurement of the cross section for inelastic scattering of

electrons by negative lons, in a crossed beam arrangement, is also under-

way in an effort to follow up a calculation of this cross section by

Geltman (sce below).
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In addition to this work in progress several measurecments of interest
to astrophysics and fusion research have been designed, including measure-
ments of electronic excitation of several astrophysically important
spectral lines.

2. Dr. Sydney Geltman has been engaged in a program of calculation of
low-cnergy collision cross sections using the TO4 computer at NBS. He has
essentially campleted a calculation of the elctrcn-H detachment cross
section, yielding unexpectedly larse values at low electron energies. He
has in progress a calculation of elastic scattering of electrons from
hydrogen atoms., In addition he has recently developed a theory of shapes
of' photodetachment cross sections near threshold, and is working on
mobilities of positive ions at low temperatures.

3. Dr. Larl Beaty is in the process of refining un apparatus for measure-

ment of mobilities of positive ions in gases using recent high vacuum and

electronic techniques.
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NAVAS, REZOARCH TABCRATORY

Equipment to make mzasurements of the ebsorption and reflection of
nicrowaves from highly ionized air at low pressures is under construction.
These measurements will lead to a better understanding of attachment and
recombination procesges in highly ionized air.

The measurements will be carried out in & tank, 54 inches in diameter
and eight feet long, maintained at pressures of 10 mm or lower. Alr along
the axis of the tank will be ionized by a 10 amp, 1 microsecond pulse of
100 Kev electrons entering the tank through a differential pumping systecm,
A palr of microwave horns with dielectric lenses mounted on opposite sides
of the tank will be used in the absorption and transmission measurements,

An electron gun will produce & 10 amp, shect-shaped beam of 100 Kev
electrons with 1 em x 10 cm cross section as the beam enters the tank.
This electron beam with current density of 1 amp/cm2 for 1 miecrosecond will
produce the order of lO15 ion pairs per cm3 in air at 1 mm pressure,

The initial mcasurements will be performed with X-band radiation.
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NEW YORK UNIVERSITY, INSTITUTE OF MATHIMATICAL SCIENCES

The kind of work that Professor Borowitz 1s dolng relates to finding
some approximate theoretical methods for dealing with electron scattering
processes, both elastic and inelastlc, which are of some importance in the
fleld of gaseous discharge, He has been applying his results to the hydro-
gen atom as a sort of laboratory to test them. In this connection he has
examined the elastic and inelastic scattering of electrons by hydrogen
atoms using variational methods, perturbation methods and the impulse
approximation.

Another type of activity which 1s related to the one descrived 1is
finding approximate wave functions to characterize systems of many particles
in an atom. As examples of this type of activity, he is working on a
method for finding the charge distribution for excited states of atoms in
& Thomas Fermi approximation and is looking for product wave functions
involving the interelectronic coordinates for heavier atomic systems.

A third type of activity is the investigation of scattering processes
by novel methods. As un example of this, he hus developed a pertur-
bution procedure which can be used to calculeate the scattering of two
molecules by each other asswning that the potential between them is
represcented by a hard sphere et small distonces and a weuk aitractive
potential et larger distances.

Univercity Heighes Campus

Professor Benjamin Bederson and his groduate students have an extensive
program underway to measure differential elastic scattering cross sectiona
of the =lectrons from atoms, At present they apply this technique only to
alkall atoms. Thelr technique for measuring differential elaatic scatter-

ing cross sections of electrons from atoms has some interesting churucteristics
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worthy of descripticn. Direct measurcements of toe angular deflection caused

by low energy electrons in collisious with atoms are difficult to obtain

because very small stray electric fields can give rise to sdditional

deflections, making angular resolution difficult to obtain. Bederson's

rethod of measuring the angular deflection of the electrens 1s to measure

instead the deflection of the deflecting atom, which is much less, but can

be measured much more precisely. A collimated beam of atoms from a furnace

is passed first through an inhomogeneous magnstic field, splitting the beam

of atoms

monentum,

into beams of atoms having different states of electron angular

The scattering is then done off one of these beams. The measured

deflections of the beams are then converted back to the electron frameof

reference to determine the differential scattering cross section for the

electron.

magnetic

Further plans call for an additional region of inhomogeneous

field after the collision region to determine any change of

angular momentum taking plece during the ccllision.

Professor Bederson is considering doing the following particular

problems,
1.

2.

which are of importance to work on the 1ionesphere,
Elastic scattering of atomic oxygen by slow electrons.
Inelastic scattering of atomic and molecular oxygen and
molecular nitrogen by electrons.

Ionization cross sections for atomic ox;gen.

Tne production of atomic nitrcgen in beams.

*
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PROVIDENCE COLLEGE

Professor Fineman states that the overall purpose of his work is to
learn more about the nature of negative ions which are formed by electron
bombardment of varlous molecules. Important quantities such as electron
affinities of atoms, radicals and molecules may be determined as well as
cross sections for electron attachment (with and without dissociation).

In addition to these propert;es of negative lons or negative ion formation,
one can also measure bond dissoclation energles of molecules and radicals
and lonization potentials of molecules, radicals and atoms.

He has constructed a Lozler apparatus to make such studies. A Fox gun
is used in this Instrument in order to use an essentlally monoenergetic
electron beam for bombardment. One of the main advantages of this ilnstru-
ment, not considering its inexpensiveness, is that the kinetic energy with
which fregment lons are formed can be measured,

He has reluvestigated N2 and CO, In the case of CO, he has determined
the electron affinity of carbon as being 1.33 ev, which is In good agree-
ment with the only other experimental determination of this quantity.

His immedlate plans are to clear up several disturbing problems with
recpect to some of the very important diatomic molecules N,, CO, O

2 2’
and to determine the electron affinity of carbon using some other molecules

and NO,

than CO, Once these lnvestigations have been completed, he intends to
investigate systematically homologous sets of compounds such as alcohols,

ethers, amines, etc.
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OHIO STATE UNIVERSITY

The results of the researcl. it Ohio State under Professor Lassettre

may be summarizeda as follows:

1. Collision cross seetions for N 02, 002, H20 have been determined

21
throughout the excitation spectrum from O to 80 volts excitation energy as
functions of angle. Less extensive studies of other substances have been
conducted as indicatec ir the list of reports below.

2. Total collision cross cections for oxygen have been calculated from
the data by integrating over angle, and it has been found that approxi-
mately 10 per cent of the inelastic ecollisions between 500 ev electrons
and oxygen molecules lead to excitation to the dissociation continuum of
the Schumann-Runge band system and, hence, to dissociation into atoems.
Similar calculations have been made for one transition in HQO.

3. Oscillator strengths have been caleculated by extrapolation from the
measured electronic collision cross sectlons of atmospherie gaces. These
can be compared with determinations, by other investigators, using methods
based on radletion absorption. Such comparisons have been moade in several
instances, and the oscillator strengths determined by electron impact
methods usually agree somevhat better with optical determinations which
cuploy photcgraphic detection methods than with those which employ photo-
clectric methods in the meagsurement of radiation intensities. Since the
electron impact method is new and the theory which relates osclllator
strength to collision cross scetion is approximate (the Born approxination ),
even the worst digserepancies eneountered are probably not excceocsive. “hisg
is especially true since the nmethods ure ruadically different. The final

position on this matter is summarized in Scientifie Report llo. 12.
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4, The technique for the determincticn of ceilision cross sections has

been tested by measurements en heliun. The theoretieal collisien croess section
for the 1'C 2'P transition in heliun agrees.very well with that determined
experimentaliy, at least as far as curve shape is concerned. Moreover,
cscillator strengths determined experimentally from the lonization limit
(24.6 ev) to excitation emergies of 48 ev asgree quite well with theory

{see Report No. 9). At higher excitation energies, the double excitations,
which involve the simultaneous excitation of two electrons, are encountered.
In this reglan, no accurate theory exists with which the experimental results
can be compared. Morecver, when the continuum at one side of a peak is
extrapolated it does nct join smoothly to the continuum on the other side

but instead is 20 per cent higher, Further and more elaborate theoretical
work 1is required to accouit for these results.

Completed investigations of electronic collision cross sections,
sponsored in part by the Geophysics Recearch Directorate of the Air Force
Cambridge Research Center, Air Research and Development Command under
Contract No. AF 19(122)-642, have becn deseribed in the following

scientific reports:

Scientific Report No. 1, The Determination and Interpretation of
Electronic Collision Cross Sections, by Edwin N, Lassettre.

Scientific Report Ho. 2. An Elcctron Spectrometér for the Study
of Inclastic Collision Crosc Leetions, by E. N, Lassettire,
A. O, Berman, S. Silverman dnd M. E, Krasnow.

Scientific Report No. 3. The Inelastic Scattering of Flectrons
by liclium, by E. N, Lussettre, M. E. Krasnow und S. Silverusan,

sclentific Report We. 4, Inclastic Collision Cross Sections of

Carbon Monoxide, by . N. Iassettre and 5. Silvermun,

Scientiflc Report No. 5. An btectron Impact Study of Nitrogen in
the Kinetie Energy Range KOO to C00 ev, by E. N, Lasscttire aad
M. E. Krasnow.




RM-2310-ARPA
1-7-59
13

Scientific Report No. 6. Electronic Collision Cross Sections and
Oscillator Strengths for Oxygen in the Schumann-Runge Pegion, by
E., N. Iasset vre; S. Silverman end M. E. Krasnov.

Scientific Report No. 7. Electronic Collision Cross Sections for
Cxygen at Excitatien Energies above 10 Volts, by 5. Silverman and
E. N. Lassettre.

Scientific Report No. 8. Electronic Collision Cross Sections for
Nitrogen at Excitation Energies from 10 to 80 Electron Volts, by
5. Silverman and E. N. Lassettre.

Scientific Feport No. 9. Additional Collision Cross Sectlons fer

Helium, Especially in the Ionized Continuum, by S. Silverman and
E, N, lLassettre.

Scientific Report No. 10. A Collision Cross Section Study of 002,
by Jercme Shiloff and E. N. Lassettre.

Scientific Repart No. 1ll. Further Developments in the Theory and
Use of the Electron Spectrometer, by E. N. Lassettre, S. Silverman,
and M. E. Kracnow.

Scientific Report No. 12. Electronle Collislon Cross Sections of
Weter Vapor, by E. N. Lassettre and E. R. White.
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UNIVERSITY OF OKLAHOMA

The experimental work under Dr. Fowler falls into two classes. The
Cirst class is studies of atomic properties. They are studying the life-
times of exeited states directly by electronic methods. They are also study-
ing cross-sections of atoms for electron impact at energies ranging from the
excitation potential up to about 100 times the excitation potential. They
are getting interesting results but have no publications yet. Thelr tech-
nique is to count the photons emmitted from the excited atoms. They work
at pressures of less than a micron. ‘

Thelr second class of experiments, supported by ONR, is a study of th.
plasma in a shock generated by a low pressure spark discharge. They study
the shock during its expansion stage. Their work is aimed in the direction
of determining as much as they can about the equation of state of the plasma.

Dr. Theimer is doing theoretical worﬁ on the conductivity of a plasma
and on the theory of the microfield in a plasma. He got into this field in
an attempt to explain ancmelies they found in Stark broadening in gas dis-
charges. He found that this work carried over very nicely to corrections
to Spitzer's conductivity theory. He plans to publish a paper describing
his theory of conductivity. Recent measurements by Turner at Ramo-Wooldridge
confirm his theory quite well.

Thcy intend to pursue this line of development of determining electron
crcss sections for quite a vhile. Their technique is quite good and can
still be improved a good deal. They have a very sensitive low background
photon cocunter--a 14-stage photomultiplier. They wish to go out into the

ultraviolet for greater sensitivity but this will require more funds than

ar- available,
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UNIVERSITY OF PITTSBURCH

At the Unlversity of Pittsburgh a program of charge exchange cross
section measurements has been under way for more than & year. One series
of measurements which has already produced results aims to prnvide much
more precise values for charge transfer cross sections then are now
available. With the apparatus used, particles up to 70 kev are avallable.
The scattering chamber consists of a beam preparation chamber in which the
ion beam may be converted to & neutral beam if necessary, a series of nine
identical condensers and a detector composed of a foll thermocouple inside
a Faraday cup. In measurements of %5 the gas ions produced by charge
transfer are collected by the condensers operated at low voltage, and the
currents to successively longer sequences of condensers are measured.

99 for protons on H2 by this method turns out to agree closely with the
measurements of Stler and Barnett. The points obtained lie on a smooth
curve with little scatter. The same apparatus may also be used to yield
%1’ %-1 and 919 * %yt For %1 * %-1, high voltage is placed on the
condensers and a8ll lons are removed from the beam as soon as they are
formed. The thermal detector, which can be calibrated with the help of
the Faraday cup when the beam is purely lonic, responds to the total

particle current. This current is given by

H X 3
I, exp |- (00l + 00-1) nmx)+ const.

%1 and 00 1 are obtalned separately from a measurement of the total

current collected by each condenser. (00l + 010) is measured by applylng

high voltage to individuual condensers rather than a bank of theu.
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%1 and %-1 for hydrogen atoms measured in this way agrees fairly
well with the Russian measurements and not at all with Stier amd Barnett.

Plans are to use lone other than protons in this apparatus and gases

other than H,, p*, net, mett, vt

V+, 0. in HQ’ D2, N, and air.

e’ 2 2

A beam apparatus of novel design is now being constructed primarily
for the purpose of measuring %0 for protons in atamic hydrogen. It will
be possible to use it alsc for other charge transfer cross sections--~in
particular, as a check, for protons on molecular hydrogen. The experiment
involves the formation of a beam of hydrogen atoms by charge exchange
from a beam of 8 kev protons. With the help of a focusing magnet a beam
of protons from & Cockcroft-Walten will be sent along with or counter to
this beam. The protons formed in the 8 kev beam by charge transfer will
be collected with the help of a magnet and a charged particle detector.
Since protons of 8 kev would also be formed through electron loss in
collisions between beam atoms and gas in the chamber, high vacuua are
necessary. A differential pumping system of many stages employing ion
pumps to obtain sufficiently high speed at low pressure will be used. This
apparatus will soon be finished.

In the future it i1s hoped that charge exchange measurements may be
carried out in collaboration with J. E. Blamont in Paris, using an atomic

oxygen bean apparatus which he has devised.
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UNIVERSITY OF SOUTHERN CALIFORNIA

Recent work at U.S.C. under Professor Weissler is sumarized in the
following teehnical reports and papers:
1. 'Photoionization Analysis by Mass Spectroscopy,' G. L. Welssler,

G. R. Cook, M. Ogawa, and J. A. R, Samson, Bull, Amer. Phys. Soe., Ber. II,

Vol. 3, June 1958, A, p., 259,

2. Technicel Report No. 21 on the subject o (1) above, lated
August 1, 1958, has been distributed.

3. A paper on subject (1) above was presented at the 1lth Annual
Conference on Gaseous Electronics, October 22, 1958 in New York.

4., Manuscript on subject (1) above has been accepted for publication

by the Journal of the Optical Society of America, February 1959 1ssue,

5. ‘Mass Analysis of Photcionization Products in Nitrogen and Nitrou.
Oxide,' J. A. R. Samson and G. R. Cook, contributed paper for APS-meetings,
December 29-31, 1958, at UCLA.

6. 'Photoionizatior Induced Ion-Molecule Reactions in a Mass
Spectroneter,' by G. R. Cook and J. A, R. Samson, contributed paper for
APS-meetings, December 29-31, 1958, at UCLA.

7. 'Photon Absorption techanisms and Eleetrical Discharges Through
Gases,' G. L, Weissler, invited paper for APS-meetings, December 29-31,
1958, at UCLA.

Particular attention is called to their work in which they combine
& vacuum monochromator with a mess spectrogreph (see (2) and (7) above).

In addition, a new and very versatile grezing incidence (2.5 A/mm at 800 A)
vacuum monochromator-cpectrograph combination instrument is due for completion

by ebout the end of 1958.
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STANFORD RESEARCH INSTITUTE

At the Stanford Research Institute the Molecular Physics Section,
which inciudes Drs. C. J. Cook. J. Peterson, 0. Heinz, and Felix Emith, 1is
concerned with electronic and atomic impact phenomena for impacting
energies in the range from & fraction of an electron volt through meny
kilovolts.

Active projects with application to lonospheric problems are:

1. Research on Collision Proccsses of Electrons and Atoms, Office

of Naval Research Contract Nonr-2588(00).

Apparatus 1s under construction to be used in detcrmining the ioniza-
tion cross section for O, N, O2 and N2 by slow electrons. A crossed beam
experiment will be performed. Neutral beams of various specles will be
produced from intensc ion bcams by a charge exchange process., The icn
beams will be produced by an accelerator recently developed at Stanford
Research Institute by the Molecular Physics Section.

2. Impact of Tons and Electrons on Gases, Alr Force Cambridge

Rescarch Center, Contract No. AF 19{604 )-3475.

The experimental investigations briefly discusscd above have led to
novel apparatus and techniques, which in turn have led to the conccption
of new experiments that might now be possible by properly utilizing our
availeble equipment. Feasibility studies are underway on two of these.

It 1s hoped that one study will show that the differential scattering cross
section for slow electrons by atoms and molzcules can be detcrmined for
impecting cnecrgles ranging from a fraction of an e& to severul hundred ev.
A novel twin beem expcriment is being considercd that will, it 1s hoped,

furnish sufficient data to accurately detcrmine the rate coefficients or
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rcaction cross cectione for large classes of two-body reactions--ion-ion
recouwbination would be & particular cese. Calculations are undervway to

determine the feasibility of this expzriment.
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SYLVANIA ELECYR1C PRODUCTSS CORPURATION

Fresent work at the Sylvania Microwave Physics Laboratory at Mountain
View, California irn upper atmosphere physice is being sponsored primarily
by the Air Force Cambridge Research Center under Contract No. AF 19(604 )-
3883. This contract covers two distinct studies. The f£irst of these is
probably of less interest to ionospheric research. It is a study of the
buildup of electron density in air under the influernce of high level
microvave signals. This study is being performed in cavities., It is
planned to measure the electron density bulldup as & function of power and
gas pressure, and to determine the effects of H20, NO and other possible
electron robbers on the density buildup.

The second phase is an investigation of the elastic collision cross
sections for atmospheric and exhaust gases with low energy electrons.

This program has been supported first by Western Development Division of
the Air Force under Contract No. AF 19(€604 )-113, and now under the contract
isted above. To date, measurements have been made on heliun (to cali-
brote the measuring technique ) end watcr vapor. The water vapor meusure-

ments cover the range from room temperature to approximately 0.8 of an
electrca volt., Our data on helium are in close agreement with those
obtained by Gould and Brown of MIT (Pc = 18.9 cn”L (1um Hg)"l as opposed

to 18.3 by MIT results). Our data on water vepor give a valuc of

Pc = 2500 cm'l mm'l at room temperature end indicated, as predicted by
Altschuler, that Qv2 = constant. Altshuler predicted that this should be
equal to 6.0 cmh sec™®. Our results give the value of 8.4 % 1.0 (:m,+ sec™,
These data are being obtained by measuring the line width in guuss betwcen

the inflection points of the electron-cyclotron resonance absorption line

for eclectrons diffused into a waveguide ccll containing the gases to be studled.
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The electrons are produced in a discharge in helium. They diffuse
down a drift tube and enter the waveguide measurement cell through a tiny
hole. The helium discharge and the waveguide cell each has its own
vacuum system and are essentlally separated. The gas to be studied flows
into the measurement cell and remains undisturbed, since only thermal
charged particles are present. This avoids excitation, dissociation, or
creation of metastables. A solenoid provides the steady magnetic field.
A small 1000-cycle magnetic field is superimposed on this to modulate the
resonance line slightly about its equilibrium value. This amplitude
modulates the microwave measuring field and the modulation is detected by
a narrow band 'lock-in' detector. The steady magnetic field is slowly
swept through the line and the cutput of the 1000-cycle detector is plotted
against magnetic field strength. This glves a representation of the first
derivative of the cyclotron rescnance absorption line, and the muxima are
the inflection points. The microwave measuring field is kept very small
to avoid disturbing the clectron energy distribution. The waveguide cell
can be heated in an oven if changes in gas temperature ure desired.

The technique will now be applicd to nitrogen, oxygen und NO and it
is hopcd to measure other polyatomic gases of interest. The present
contract with AFCRC terminates in June by which time the meusuremcnt; on
02, N2 and NO should be complected.

Sone consideraticn has been glven to mcasurements of the elastic
collision (G-factor fracticnal cnergy loss br collision by uan electron)
using much the cane apparetus now being used. Cross sccetions would be
neasured as o function of externally controlled gas tewperaturce and os a

function of the microwave fileld strengcth. It is expected that this would
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give values of the G-faetor of btetter than 50 per cent accuracy. It would
appear that this would be of interest in studies of the thermalization
process. It also appears that microwave techniques may be applied to
measurenents of electron attachment. Two possible techniques have been
exsmined in a preliminary way. The first of these involves a measurement
of the electron density of a magnetically confined plasma beam diffused
down a long tube. Since transverse diffusion and recombination could be
markedly reduced as loss mechanisms by proper cholce of gas pressure and
charge density, a measurement of the electron density as a function of
distance along the drift tube will allow computation of the attachment
rate. This measurement could be performed with a movable probe or
movable microwave cavity which would slide down a long drift tube An
alternative method would be to measure absorption at the ion cyclotron
frequency associated with the ion formed by attachment. This could be
done at a low enough pressure to see the resonance lines at relatively
low ion density. The use of a pulsed electron source should eliwminate
ions produced by a discharge or other production mechanisms,

The experiments outlined are tentative ones.
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UNIVERSITY OF TEXAS

At the University of Texas, Electrical Engineering Research Laboratory,
Dr. A. W. Straiton is making direct measurements of the radiation effects on
the refractive index of various gases, including air, using, at present, a
400-mc refractometer and a CObalt'Go source. The technique employed is

similar to that described by Crain in Journal of Applied Physics, November

1958, except that greater sensitivity (of the order of 102 to 103 electrons

per cc at pressures of less than 0.0) atmosphere) is possible.
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UNIVERSITY OF WASHINGTON

Recent and Projected Studies in Gaseous Electronics under Professor Geballe,
1. JIonization and Attachment Coefficients {1,2)

Measurements of pre-breakdown ionization currents in a number of
gases have permitted the determination of ionization and attachment
coefficients under circumstances when both are occurring. The measure-
mente have been made under steady-~state conditions and also, in the case
of oxygen, under transient conditious, in uniform electric fields at
pressures in the range of tens of millimeters of mercury. For oxygen,
the attachment, coefficient is now known over a considerable range of
mean electron energy from about one to seven electron volts, In air,
SF6, CC12F2 and a few others, 1t 1s known over a somewhat more restricted
range. The process of dissociative attachment has been demonstrated to
account reasonably for the magnitude of the attachment coefficient in
oxygen and air, and 1s also held responsible for the observed attachment
coefficient in other gages,

2. Energetics of Negative Ion-Forming Reactions in Oxygen (3)

The kinetic energies of ion fragments formed by electron boambardment
of oxygen have been studied with an electron beam with & well-defined
energy and a mass spectrometer with a speclally constructed ion source.
Tne shape and location of the cross section for dissociative attachment
have been verified. Analysis of the kinetic energies of ilons formed by
this process and those formed through the process of ion palr production
lead to values for the electron affinity of atomic oxygen In substantial
agreement with the results of photo-detachment studies. Dctnils of the

distribution of ion kinetic energies found with electron enerpy in excess
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of 17 electron volts provide evidence for the existence of repulsive
potentials of 02 naving a comron limit for dissociation into 0 and 0 .
Other molecules will be studied with this apparatus.

3. Reactions of Negative Ions in Oxygen(u)

The afore-mentioned transient ion currents in oxygen(e) have shapes
vhich can be explained successfully by postulating that the initially
formed O  is converted into 02- and another species, perhaps 03- by
collision with arbient O2 at energles of a few tenths of an electron volt.
Drift velocities of these species, and &lso of 02+ have been measured and
reaction coefficlents have been computed. The mass spectrometric vork(s)
also provides evidence for the conversion of O to 02', possibly through
an ion-atom exchange reaction. This reaction will be studied further.

L. Beam Studies of Dissociative Recombination

Apparatus is beilng constructed to study the dissociative recombination
of electrons with various molecular ions, including H2+, 02+, N2+ and No‘.
A bean of electrons with well-defined energy will collide with a mass-
anulysed ion beam from a discharge source. The electron beem will be

wodulated to create a favorable signal-to-noise ratio. Products will be

detected with devices suitable to their particular nature.
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WESTINGHOUSE RESHARCH LABOLATCRY

At the Westinghouse Research Labourutory, Dr. M, A. Blondli and his
group :ir¢ engeged in an extensive research program to study the impact
phencucna of electruns and atmospheric gases at both high and low pressures,
Emplinsic is being placed on studies of collision processes effective in
electron depletion in the upper atmosphere. These studies include inves-
tigations of electron attachment to oxygen molecules, and elastic and
inclastic collisions of electrons in nitrogen and in oxygen. As part of
their longer-range effort, they are building equipment for mass analysis
of neutral and ionized molecules present in a microwave afterglow to per-
mit quantitative mcasurcments of electron-ion recombination and of complex
ion formation in atmcspheric gascs. In addition, they are also studying
the effect of anomalous collision frequencies on the refractive indices of
gases. They are also trying to recconcile the results obtained from beam
expcriments and swari experiments.

Recent drift tube measurcements of the attachment of low-energy
electrons to oxyren is reported in Research Report LO3FDS17-Rl, 'The
Attuchument of Clow Electrons in Oxygen' by L. M. Chanin, A, V., Phelps, and
M. A. Biondi, dated November 6, 1958. Results published in the report
indicure that the attachuent consists of two separate processes--a pressure-
indep:ndent two-body process, for %-) 2, and a pregsure-dependent threec-
Lody orocess for % < 2. Results tor 2 L % < 10 give an attaclunenti crogs
section increasing with average electron energy with a value of
g X2X ]_O_19 cm2 b an estimated elcetron energy of 3 electron volts.
howvever, at low % thelr data show o three-body pressure dependosze piving

an attechiaent, rate more thuan 100 times the thermal value deduced Trow theirs
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carlier microwave measurcments.( ) Thece measurements extended down to

b = 0.07, and glve the three-body coclficlent for the rcaction for electrons

P
ol energy 0.09 eleciron volt to be 5 x 10"30 cmé/sec; however, more recent
unpublished data for lower electron energies indicate that the attacliment
coefficient for the three-body process decreases at lower electron energiles,
perhaps to a value of 3.0"30 cm6/sec, which would be consistent with micro-
wave data. They plan to conduct further experiments at lower energies with
& nev, shorter drift tube. and with gas cooled to ligquid nitrogen tempera-
tures. They state that any residual disagreement with microwave measure-
ments probably can be attributed to the fact that in microwave experiments
goue of the molecules may be in exclted states that may cause detachment,
and therefore make the cross section look lower. Microwave measurements
are presently being conducted at VWestinghouse in an atteﬁft to clarify this
point. T[uture plans call for installing a mass spectrometer to detect the
ions formed in & microwave cavity when a breakdown has been induced by
microwave energy from a high-powered magnetron. A report, 'Afterglow Study
of the Dissociative Recombination of Molecular Ions and Electrons' bty
W. A. Rogers, tells of some of the work they have done in this field.(e)
Further measurements of the attachment cross section in O2 by electrons
ere bteing made by G. J. Schulz., An electron gun using the retarding poten-
tial difference method for production of electrons in an effective encrgy
ran’e of G.1 to 0.2 ev ejects electirons into a collision chamber.(3) The
cross section for production of O  as a function of electron eneryy by
dissociative attachment to 02 has becn measured and is In agreement in
toth chape and value with the results published by Cragps, Thorbwrn und
(4)

Tozer up to electron cnergies of aboul 9 electron volts. Scveral
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possibilities for experimental error need to be investigated before the
data will be published. Modification of the experiment is underway to
permit studies at high pressures (approximately 1 mm) and lewer energies
(down to approximately 0.1 ev). With these changes they plan to use
electron beam techniques to study the three-body attachment process pre-
viously investigated with swarm experiments.,

Dr. Schulz has also been studying the inelastic collisions of
electrons and molecular gases using the trapped electron method.(S) He
has studied the energy loss processes of electrons in N2, HE’ and 02.
Electrons of known energy are ejected into the collision chamber. Those
electrons, which have undergone en inelastic eollision, and therefore lost
a portion of their initial energy, are trapped in a potential well which
prevents their escape to the electron beam collector. At present, the
potential well can be varied from zero to 3 volts., Future plans call for
remaking the experiment so that larger trap depths may be achieved. He
also plans to make a longer tube which will give him better trap resolutinn.
A paper describing this experiment has been published in the Physical

(6)

Review,

J. L., Pack and A, V, Phelps are making measurements of electroan drift
velocity in atmospheric gases. The techniques and apparatus used to measure
drift velocity of electrons in helium and hydrogen have been applied to

electrons in N2 and 02.(7) The object of these studles is to extend the

2
'

ncasurements of electron drift velocity to low % so that electrons are
essentially in thermal equilibrium with & gas. Such 1nformatié£ i5 essential
for the calculation of attachment frequencies and cross seetions from mea-

sured attachment coefficients. Modiflcation of the apparatus is currently




- $10-ARPA
Y
Gl

tadeswsy Lo substitute a pulied UV light source for ona of the grids
norsmally used to conbrel thie flow ol cleetrons in the drift tuve. ‘'fhis

I:'l
should increase the scnsitivity of the apparatus at low = Mcasuremznts
in voypen are made difficult becouse of its large attachvoent c¢ross section.
The propose modil'leaticn, which elininates vome of the drift region, is
expected Lo Luprove the accuricy of the method for electronegative cases.

Dz, Lee Froct is doing theoretical work calculating electron energy

distribution functions in molecular pgases.
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YALE UNIVERSITY

At Yale University, Dr. Margenau has made theoretical calculations of
the real and imaginary parts of the conductivity of ionized air in the micro-
wave bands. This is a continuation of work which he has already published

(Phys. Rev. 109, 6-9,Jan. 1, 1958; and 108, 1367-1371, Dec. 15, 1957). The

work is sumarized in a paper (Margenau, Desloge, end Stillinger, "Microwave
Conductivity of Slightly Ionized Air"), presented in Moscow this year. Part
of this paper will be published in English (Phys. Rev., probebly Dec. 1958},
and it is all to be published in Russian.

This work is an attempt to calculate microwave conductivities of air
at sea level, 50,000 ft, and 100,000 ft from experimentally defermined col-
lision cross sections of oxygen and nitrogen.

T™o problems have been considered:

1. The conditions of validity of a formula for the microwave conduc-

tivity of a plasma (H. Margenau, Phys. Rev. 109, 6, 1958) have been examined.

The reason why theory can lead to negative real parts of the conductivity
is traced to the neglect of higher terms in the expansion customary in this
analysis. Also a simpler derivation of the formula and an alternate result

have been given.

~

2. The conductivity of air has been couputed with the vse of experimental-
1y established collision cross sections of electrons in axygen and nitrogen.

The calculation is not yet sufficiently realistic to be applicable to high
temparature conditions where ionization of the constituents of the atmos-

phere occurs. However, it indicates the departures to be expected fram pre-
dictions that have been made on the basis of the usual simplifyying assuuptions;
(a) that the time betveen collisions is constant; (b) that the mean free

path of the electrons is constant. In case (a) the Lorentz formula is valid.
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While usually reliable for estimates of conductivity, the errors it entails
are much greater than present errors of messurement. The frequeacy of ﬁnxi-
mun absorption is determined as a function of the electron temperature and is
found to differ considerably from the values estimated by either of the ap-
proximate methods at the higher temperatures. The next phase of this work
is a classified application dealing with conductivity.

Professor Margenau is also interested in work on cyclotron resonance
and line broadening (see Margenau and Landwehr, "‘the Structure of Spectral
Lines Emitted from Plesmas," prepared under Air Feorce Contract AF-18(603)-15).
More work in this fleld is being planned for the future.

Also at Yale, Dr. Oster is Just starting theoretical work on cyclotron
resonance. Dr. Desloge is continulng work on the conductivities of rarefied
plasmas by trying to include electron-electron and electron-ion collisions
in addition to the electron-atom collisions that have alresdy been studied.,
Dr. Mintzer is making similar calculations for more dense plasmas, using
magneto-hydrodynamic theory instead of a particle theory. All of this work

is Just beginning.
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