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Twentieth Annual

GASEOUS ELECTRONICS CONFERENCE

Program and Index to Abstracts

Tuesday, October 17

7:00—

10:00 P. M.

Registration and informal reception,
Sheraton-Palace Holel, Ralston Room

Wednesday, Qctober 18

8:00 A. M.

9:00 A, M.

Registration

SESSION A: METASTABLES AND SURFACES
Chairman: L. M. Chanin, University of

Minnesota, Minneapolis
Location: Ralston Room

PHOTOEMISSION PROCESSES IN GOLD AND
ALUMINUM IN THE EXTREME
ULTRAVIOLET

A. L. Morse, University of Southern
California

PRODUCTION OF METASTABLE BEAMS
OF Hy AND Ng
Robert N. Varney, Lockheed Palo Alfo

INTERACTION OF METASTABLE ATOMS
OF MERCURY WITH METAL SURFACES
Walter L. Borst, University of California
at Berkeley

AUGER ELECTRON EMJSSION FROM Mo
BY O4(Xx%Ily) AND O}(a*Il)
BOMBARDMENT

Dennis W, Vance, Xerox



Wednesday, October 18 (Continued)

A-5*

A-G*

Coffee Break

A-T

A-10

A-11

WORK FUNCTION EFFECTS ON AUGER
ELECTRON EJECTION BY NOBLE GAS
METASTABLE ATOMS

D. A. MacLennan and T. A. Delchar,
General Electric, Schenectady

AUGER EJECTION OF ELECTRONS FROM
TUNGSTEN BY OXYGEN CHEMISORPTION
D. A. MacLennan, General Electric,
Schenectady

THE ENERGY DEPENDENCE OF THE
DEACTIVATION CROSS SECTION FOR
METASTABLE RARE GAS ATOMS

Manfred Hollstein, D. C. Lorents, and

d. R. Peterson, Stanford Research Institute

TEMPERATURE DEPENDENCE OF REAC-
TIONS OF THE HELIUM METASTABLE
ATOM

C. R. Jones and W, W. Robertson,
University of Texas

CALCULATION OF ION BOMBARDING
ENERGY AND ITS DISTRIBUTION IN RF
SPUTTERING

R. T. C. Tsui, IBM

LOW TEMPERATURE DIFFUSION OF
He(238) IN GASEOUS He?: THE
INTERACTION POTENTIAL AT LONG
RANGE

W. A, Fitzsimmons, N. F. Lane, and
G. K. Walters, Rice University

TIHE EFFECTS OF CASCADING AND META-
STABLE ATOMS ON THE DETERMINATION
OF ELECTRON TEMPERATURE FROM
RELATIVE LINE INTENSITIES IN A
TENUOUS HELIUM PLASMA

R. J. Sovie, NASA-Lewis

*Combined papers

vi

Wednesday, October 18 (Continued)

9:00 A, M,

Coffee Break

SESSION B: RECOMBINATION; VACUUM
BREAKDOWN

Chairman: R. C. Gunton, Lockheed
Palc Alio Research Laboratory,
Palo Alto

Location: English/California Rooms

TEMPERATURE AND DENSITY DEPEND-
ENCE OF THE RECOMBINATION
COEFFICIENT OF He}

Gunthard K. Born, Ft. Monmouth

CORRECTION OF NEON RECOMBINATION
DATA BY COMPUTER SOLUTION OF THE
RECOMBINATION AND DIFFUSION CON-
TROLLED CONTINUITY EQUATION

L. Frommhold, University of Texas

ELECTRON TEMPERATURE DEPENDENCE
OF RECOMBINATION OF Ars, Nej, AND N§
IONS AND ELECTRONS

¥. J. Mehr and Manfred A. Biondi,
University of Pittsburgh

TEMPERATURE DEPENDENCE OF
RECOMBINATION OF NO* IONS AND
ELECTRONS

C. 8. Weller and Manfred A. Biondi,
University of Pittsburgh

ELECTRON ENERGY RELAXATION AND
REMOVAL IN CO
M. H. Mentzoni and J. Donohoe, Sylvania

IONIC RECOMBINATION AND JION-
NEUTRAL COLLISION FREQUENCIES
IN ATMOSPHERIC GASES

M. N. Hirsh, G. M. Halpern, and

N, 8. Wolf, Dewey Corp.

vii



Wednesday, October 18 (Continued)

B-7

B-8*

B-9¥

B-10

B-11

1:45 P. M.

RECOMBINATION OF ALKALI IONS IN A
DENSE NEUTRAL GAS

Milton M, Klein and A. Dalgarno, GCA
and Queen's University, Belfast

ELECTRODE SIZE AND PRETREATMENT
EFFECTS ON VACUUM BREAKDOWN IN A
TRANSVERSE MAGNETIC FIELD

Alan Watson, Ion Physics Corp.

FIELD ENHANCEMENT IN VACUUM
BREAKDOWN
Alan Watson, Ion Physics Corp.

EFFECT OF ELECTRODE TEMPERATURE
ON VACUUM ELECTRICAL BREAKDOWN
BETWEEN PLANE-PARALLEL COPPER
ELECTRODES

D. Kenneth Davies and Manfred A. Biondi,
University of Pittsburgh

ELECTRICAL CONDUCTIVITY IN
PARTIALLY IONIZED PLASMAS
William L. Nighan, United Aircraft

SESSION C: BREAKDOWN AND ELEC-
TRON TRANSPORT
Chairman: J. M. Anderson, General
Eleciric Research & Develop-
ment Center, Schenectady
Location: Ralston Room
DIFFUSION EFFECTS IN TOWNSEND
DISCHARGES
D. 8. Burch and L. G, H, Huxley,
Oregon State and Australian National
University

*Combined papers

viii

Wednesday, October 18 (Continued)

C-2

C-4

Coffee Break

C-g*

C-7*

THEORY OF ANOMALOUS ELECTRON
DIFFUSION PARALLEL TO ELECTRIC
FIELDS

J. H. Parker dJr. and J. J. Lowke,
Westinghouse '

THERMAL ELECTRON DIFFUSION
COEFFICIENT DETERMINATION FROM
TIME-OF-FLIGHT SWARM STUDIES

D. R. Nelson and F, J. Davis, Oak Ridge

THE MINIMUM EXTERNAL FIELD
REQUIRED FOR CONTINUED STREAMER
PROPAGATION

E. Nasser and C. Manthiram, Iowa State
University

EXACT NONLINEAR WAVES IN A
COLLISIONLESS PLASMA
W. P. Allis, M.I. T.

HIGH FREQUENCY BREAKDOWN IN NON-
UNIFORM FIELDS
Melvin Epstein, Aerospace Corp.

KINETIC THEORY CALCULATIONS OF
DATA FOR HIGH FREQUENCY BREAK-
DOWN OF AIR

Carl J. Lenander and Melvin Epstein,
Aerospace Corp.

DEPENDENCE OF MICROWAVE BREAK-
DOWN ON PREIONIZATION.

H. W. Bandel and A. D. MacDonald,
Lockheed Palo Alto

THE TRANSITION FROM INERTIA~
LIMITED CURRENT TO MOBILITY-
LIMITED CURRENT _

Jd. H, Ingold, General Electric, Cleveland

*Combined papers




Wednesday, October 18 (Continued)

C-10

C-11

1:45 P. M,

THE THERMIONIC CATHODE IN A GAS-
FILLED DIODE
G. Ecker, University of Bonn

LASER-INDUCED BREAKDOWN IN SUPER
HIGH PRESSURE NEON

Guy Walter Haynes and Arwin A, Dougal,
University of Texas

SESSION D: HEAVY PARTICLE
EXCITATION

Chairman: N. G, Utterback, A. C.
Electronics, Santa Barbara

Location: English/California Rooms

EXCITATION OF VACUUM UV SPECTRA OF
N AND O BY keV PROTONS
William A. Brown, Lockheed Palo Alio

EXCITATION OF VACUUM UV SPECTRA
BY THE IMPACT OF 10- TO 120-keV
PROTONS AND H ATOMS ON THE MOLE-
CULES 03, NgO, NO, COg, CO, AND CHy
D. Kent Anderson and E. A, Teppo,
Montana State University

MEASUREMENT OF AN EMISSION CROSS
SECTION FOR THE COLLISION REACTION
HY + Np(X,v=0)~I(3P, 3D) + N4(B,v=0)
USING PIOTON COINCIDENCE
TECHNIQUES

J. Roger Sheridan, Stephen J. Young, and
John 8. Murray, University of Alaska

ELEVATED ROTATIONAL TEMPERA-
TURES IN N} EMISSIONS EXCITED BY
ION IMPACT ON Np

John P. Doering, Johns Hopkins University

EMISSION CROSS SECTIONS FOR LYMAN-
ALPHA RADIATION FROM H$-H
COLLISIONS

T. D. Gaily and R. Geballe, University

of Washington

Wednesday, October 18 (Continued)

Coffee Break

D-6

D-10

LYMAN-ALPHA PRODUCTION AND
POLARIZATION IN He* COLLISIONS
WITH H AND Hp

Robin A. Young, R. F, Stebbings, and
J. William McGowan, General Atomic

OBSERVATIONS OF CHARGE TRANSFER
EXCITATION IN COLLISIONS BETWEEN
ATLKALI ATOMS AND IONS

A, Salop, D. C. Lorents, and

J. R, Peterson, Stanford Research Institufe

COLLISION-INDUCED DISSOCIATION OF
LOW KINETIC ENERGY IONS
T. F. Moran and J. R, Roberts, Georgia
Tech. and Bellarmine College

THE ABUNDANCE OF EXCITED IONS IN

AN NO* ION BEAM
R. F. Mathis, J. A. Rutherford, and
B. R. Turner, General Atomic

IONIZATION CROSS SECTION IN
COLLISION OF LIGHT ATOMS
Ira L. Karp, Florida Institute of
Technology

Thursday, October 19

8:45 A. M.

SESSION E: DRIFT TUBE EXPERIMENTS
Chairman: D, 8. Burch; Oregon State

: University, Corvallis
Location: Ralston Room

TRANSPORT PHGNOMENA OF CONVERT-
ING IONS IN DRIFT TUBES

J. H. Whealton, J. B. Giancela, and

S. B. Woo, University of Delaware

Xi



Thursday, October 19 {Continued)

E-2

E-3%*

E-4*

8:45 A, M.

DRIFT MOBILITY TUBE/MASS SPEC-
TROMETER MEASUREMENTS OF THE
ENERGY DEPENDENCE OF ION-
MOLECULE REACTIONS

J. Heimerl, R. Johnsen, and

Manfred A. Biondi, University of
Pittsburgh

POSITIVE ION MOBILITIES IN DRY AIR
G. Sinnott, D. E. Golden, and
R. N. Varney, Lockheed Palo Alto

POSITIVE IGN-MOLECULE REACTIONS
IN DRY AJR

D. E. Golden, G. Sinnott, and

R. N. Varney, Lockheed Palo Alto

MOBILITY OF 0-5 AND COer IONS IN
COg GAS

M, Saporoschenko and W. W. Wisner;
Southern Illinois University

SESSION F: EXCITED ATOMS AND
MOLECULES

Chairman: J. W. Hooper, Georgia
Institute of Technology,
Atlanta

Location: Comstock Room

THE RADIATIVE LIFETIME OF THE sp® 28

STATE OF Ar 11

George M. Lawrence, Douglas Advanced

Research Laboratory

- AN EXPERIMENTAL DETERMINATION OF

THE RELATIVE CONTRIBUTIONS OF
RESONANT AND ELECTRON IMPACT
COLILISIONS TO THE EXCITATION OF Ne
ATOMS IN He-Ne LASER DISCHARGES

R. T, Young, Jr., C. 8. Willett, and

R. T. Maupin, Harry Diamond Laboratories

*Combined papers

xii

Thursday, October 19 (Continued)

F-3

Coffee Break

10:30 A, M,

11:30 A, M.

IONIZATION OF ARGON AND OF OXYGEN
ON IMPACT OF 238 AND 21§ HELIUM
ATOMS

J. A, Herce, K. D, Foster, and

E. E. Muschlitz Jr., University of Florida

COLLISIONAL RELAXATION OF rq AND vy
MODES OF COg BY H20, Xe, AND CO
P. K. Cheo, Bell Telephone Laboratories

AMBIPOLAR DIFFUSION FREQUENCY
SHIFTS IN THE HELIUM-NEON LASER
Frederick J. Mayer, Case Western Reserve
University

SESSION G: PLENARY SESSION

Chairman: L. H., Fisher, Lockheed
Palo Alto Research Lahoratory,
Palo Alto

Location: Ralston Room

The Executive Committee hag the privilege
of scheduling an invited paper by Professor
Leonard B. Loeb in honor of his extensive
gervices to the entire field of gaseous elec-
tronics, and in celebration of the 20th Gaseous
Electronics Conference.

Invited Paper: THE NEED FOR MORE
EXPERIMENTAL WORK IN GASEQOUS

ELECTRONICS
Leonard B. Loeb, University of California,

Berkeley

ANNUAL BUSINESS MEETING. Ralston
Room.

xiii




Thursday, October 19 (Continued)

1:45 P, M,

H-5%*

H-6%

SESSION H: ELECTRON SCATTERING
AND ATTACHMENT

Chairman: Q. H. Dunn, Joint Institute for
Laboratory Astrophysics,
Boulder

Location: Comstock Room

ON ANGULAR DISTRIBUTION STUDIES OF
LOW ENERGY ELECTRON BCATTERING
FROM Hg, N2, AND CO

H. Ehrhardt, H, Langhans, F. Linder,
and H. 8. Taylor, University of Freiburg
and University of Southern California

ANTIRESONANCE IN ELECTRON -HELIUM
SCATTERING CALCULATION
T. F. O'Malley, General Research Corp.

POLARIZATION DISTORTION EFFECTS N
LOW ENERGY ELECTRON-H5
SCATTERING

Neal F. Lane and R. J. W, Henry, Rice
University and Kitt Peak

ASYMPTOTIC EXPANSION OF FRANCK-
CONDON OVERLAP INTEGRALS FOR
DISSOCIATIVE IONIZATION OF DIATOMIC
MOLECULES

K. E. MeCulloh, N.B.S.

CALCULATION BY QUANTUM DEFECT
METHOD OF ELECTRON SCATTERING
BY MOLECULE-ION: H3

M. C. Weinberg and R. §, Berry,
University of Chicago

ELECTRON-ATOM ELECTRON -MOLECULE
SCATTERING FUNCTIONS FROM
PSEUDOPOTENTIALS

B. Schneider and M. C. Weinberg,
University of Chicago

*Combined papers

Thursday, October 19 {Continued)

Coffes Break

H-7

H-10

H-11

1:45 P M,

I-2

ELECTRON IMPACT IONIZATION CROSS
SECTION IN CESIUM

K. J. Nygaard, Sperry Rand Research
Center

LOW ENERGY ATTACHMENT IN OZONE
J. L. Moruzzi and A, V, Phelps,
Westinghouse

DISSOCIATIVE ATTACHMENT IN CO AND
NO
P. J. Chantry, Westinghouse

DISSOCIATIVE ELECTRON ATTACHMENT
TO MOLECULES

L. G. Christophorou and J, A, Stockdale,
Oak Ridge

PLASMA TRANSIENT RESPONSE AND THE
DETERMINATION OF COLLISION DATA

R. L. Bruce, F. W, Crawford, and

R. 8. Harp, Stanford University

SESSION I: POSITIVE COLUMNS AND
ARCS

Chairman: W, W, Robertson, University
of Texas, Austin

Loeation: Ralston Room

EFFECT OF WALL TEMPERATURE ON
PROPERTIES OF A POSITIVE COLUMN
Richard I.. Moore and Joseph E,
Butterworth, McDonnell Douglas Corp.

MICROWAVE RADIATION TEMPERATURES
IN He, Ne, A, Kr, AND Xe DC DISCHARGES
C. C. Leiby, Jr. and C. W, Rogers,
AFCRL




Thursday, October 19 (Continued)

-3

1-4

Coffee Break

-7

I-10

MICROWAVE-DC PROBE MEASURE-
MENTS OF THE PLASMA SHEATH
Maurice Weiner and Robert M. True,
Ft. Monmouth

Abhstract withdrawn.

‘CAUSE OF THE DARK-SHEATH IN RF
PLASMOIDAL DISCHARGES

M. D. Kregel and A, Miller, New Mexico
State University

A THEQRY OF ARC STARVATION
J. E. Faulkner and A, A, Ware,
Aerojet-General

DEPLETION EFFECTS IN CESIUM-ARGON
DISCHARGES

J. H. Waszink, R. Bleekrode, and

J. Polman, Philips-FEindhoven

MEASUREMENTS OF THE LONGITUDINAL
PRESSURE GRADIENT IN DC DISCHARGES
R. Bergman and L. M. Chanin, University
of Minnesota

PHASE SHIFT BETWEEN THE VARIATIONS
OF PLASMA PARAMETERS IN SLOW
MOVING STRIATIONS

M, Sicha, M. G. Drouet, and

G. G. Cloutier, University of Montreal

RELAXATION METHOD OF CALCULATING
ARC TEMPERATURE PROFILES
J. J. Lowke, Westinghouse

Thursday, October 19 (Continued)

1-11

8:30 P. M.

7:30 P. M.

IMPURITIES, GRADIENTS, RADIATION
TRAPPING, ANOMAILOQUS HEAT CON~
DUCTIVITY, AND METASTABLES IN A
LABORATORY PLASMA

Ray Hefferlin, University of Chattanooga

SOCIAL HOUR, GOLD BALLROOM
Lockheed Palo Alto Research
Laboratory, Hosts

BANQUET, GOLD BALL ROOM

Speaker: Willis M, Hawkins, Vice
President/Science and Engineering,
Lockheed Aireraft Corporation, formerly
Agsistant Secretary for Research and
Development, U.S. Department of the Army
Subject: CHANGING RELATIONSHIPS
BETWEEN INDUSTRY AND GOVERNMENT
IN RESEARCH AND DEVELOPMENT

Friday, October 20

8:45 A, M.

J-2

SESSION J: ION-MOLECULE REACTIONS
Chairman: R. H. Neynaber, General

Dynamics/Convair, San Diego
Location: Gold Ballroom

METAL ION REACTION RATE MEASURE-
MENTS IN A FLOWING AFTERGLOW
SYSTEM

F. C. Fehsenfeld, A, L, Schmeltekopf,
and E. E. Ferguson, ESSA

ION-MOLECULE REACTION RATE CON-
STANT MEASUREMENTS IN THE NEAR
THERMAL RANGE

E. E. Ferguson, D. B, Dunkin,

F. C. Fehsenfeld, and A. L. Schmeltekopf,
ESSA



Friday, October 20 (Continued)

J-3

J-~4

Coffee Break

J-6

J-10

SPECTROSCOPIC INVESTIGATICON OF
THE ION-MOLECULE REACTION OF
He™ AND Ny

D. L. Albritton, A. L. Schmeltekopf, and
E. E. Ferguson, ESSA

ASBOCIATIVE IONIZATION IN A NITROG
AFTERGLOW HOGEN

Walter L. Starr, NASA-Ames

ION-MOLECULE REACTIONS IN COLLI-
SIONS OF O~ AND Oz WITH Hy AND Dy

J. D, Martin and T. L. Bailey, Uni .
of Florida v, University

LOW ENERGY COLLISIONS BETWEEN
0% (%8) AND H(1s)

B. R. Turner, R. F. Stebbings, and
J. A, Rutherford, General Atomic

REACTIONS OF Nj WITH Ny
William B. Maier II, Los Alamos

ON THE REACTION Hj + Hy—HY -+ I,
EVIDENCE OF RESONANCE FORCES
F. A, Wolf, San Diego State College

ANALYSIS OF ION MOLECULE REAC-
TION EXPERIMENTS WITH PRIMARY
ION BEAM DEPLETION

George Gioumousis, Lockheed Palo Alto

CALCULATIONS OF CAPTURE CROSS
SECTIONS FOR ION-POLAR MOLECULE
CAPTURE COLLISIONS INVOLVING
CH3CN

John V., Dugan, Jr., James H. Rice,

and John L. Magee, NASA-Lewis and
Notre Dame University

xviii

Friday, October 20 (Continued)

J-11

8:45 A, M.

K-4

DYNAMICS OF THE N’§—CH4 REACTION
E. A. Gislason, Bruce H. Mahan, and
Chi-wing Tsao, University of California,
Berkeley '

SESSION K: ELECTRON IMPACT
IONIZATION

Chairman: R. H., McFarland, Lawrence
Radiation Laboratory,
Livermeore

Location: Ralston Room

CROSS SECTION AND POLARIZATION

OF THE H-¢ LINE BY ELECTRON

IMPACT EXCITATION

H. Kleinpoppen and ¥. Kraiss,

University of Tiibingen

THRESHOLD BEHAVIOR OF ELECTRON
EXCITATION FUNCTIONS IN ATOMIC
HYDROGEN

J. F. Williams, E. K, Curley, and

J. William McGowan, General Atomic

CLOSE-COUPLING CALCULATIONS OF
ELECTRON EXCITATION CROSS SEC-
TIONS OF HELIUM

S. Chung and Chun C. Lin, University of
Oklahoma

STUDY OF 100-eV ELECTRON IMPACT
EXCITATION OF THE 31:3D LEVELS
OF HELIUM USING TIME-RESOLVED
SPECTROSCOPY

Richard J. Anderson and R. H. Hughes,
TUniversity of Arkansas

THE ANGULAR DEPENDENCE OF THE
ELECTRON IMPACT EXCITATION CROSS
SECTION OF THE X!z} —~b%Z} TRANSI-
TION IN Ho

8. Trajmar, D. C, Cartwright, J. K. Rice,
and A. Kuppermann, J.P.L. and California
Institute of Technology

Xix




Friday, October 20 (Continued)

Coffee Break

K-6 ELECTRON IMPACT EXCITATION OF
THE ¢8I, STATES OF Hgy AND Dy BY
A TRAPPED ELECTRON METHOD
J. T. Dowell and T. E. Sharp,
Lockheed Palo Alto

K-7 ISOTOPE EFFECT IN THE DISSOCIATIVE
EXCITATION OF Hy (Do)
Keith M. Burrows and Gordon H. Dunn,
J.1. L. A,

K-8 ELECTRON EXCITATION CROSS SEC-
TIONS OF THE FIRST POSITIVE SYSTEM
OF No
Paul N. Stanton and Robert M. St. John,
University of Oklahoma

K-9 EXCITATION OF N’é' IONS BY ELECTRONS
AT NEAR-THRESHOLD ENERGIES
A, R. Lee and N. P. Carleton, Harvard
University and Smithsonian Observatory

K-10 COMPLEX POTENTIAIL ENERGY
CURVES FOR THE 2%t AND 25+
STATES OF Hj 4 &
Joseph C. Y. Chen and Jerry L. Peacher,
University of California, San Diego

1:45 P. M. SESSION L: CHARGE AND EXCITATION
TRANSFER
Chairman: D. C. Lorents, Stanford
Research Institute,
Menlo Park
Location: Gold Ballroom

L-1 SINGLE CHARGE TRANSFER BETWEEN
Artt AND Ar
R. L. Champion and L. D. Doverspike
College of William and Mary

Friday, October 20 (Continued)

L-2

1.-8*

CROSS SECTIONS FOR PRODUCTION
AND LOSS OF Hp0"

J. A. Rutherford and B. R. Turner,
General Atomic

ENERGY DEPENDENCE OF CHARGE-
TRANSFER REACTIONS IN THE THERMAL
AND LOW eV REGION

F. A, Wolf and B. R. Turner, San Diego
State College and General Atomic

RELATIVE CHARGE TRANSFER
EFFICIENCIES OF 2Pg/9 AND 2P} /o
XENON IONS IN Xe AND IN Og

Robert C. Amme and Paul O. Haugsjaa,
University of Denver

CHARGE_ TRANSFER_CROSS SECTIONS
OF THE 2P3 /5 AND 2Py /3 STATE ARGON
AND KRYPTON IONS

J. F. Williams, General Atomic

IONIZATION AND ELECTRON TRANSFER
IN COLLISIONS OF TWO H ATOMS:
1,25—117 keV

G. W. McClure, Sandia

MEASUREMENT OF DIFFERENTIAL
SCATTERING CROSS SECTIONS USING
AN AXTALLY SYMMETRIC MAGNETIC
FIELD

T. O, .Bush, O. Heinz, and C. J. Cook,
‘Naval Postgraduate School and Stanford
Research Institute

DEPOLARIZATION OF LIGHT SCATTERED
BY ALIGNED 238 AND 2P HELIUM
ATOMS AT RESONANCE

L. D, Schearer, Texas Instruments

*#1,-8 and 1L-9 are combined papers.

xxi



Friday, October 20 {Continued)

L-9% COLLISION-INDUGCED MIXING IN THE
23P LEVELS OF HELIUM
L. D. Shearer, Texas Instruments

1.45 p. M, SESSION M: AFTERGLOWS
Chairman: R, M. Hill, Lockheed
Palo Alto Research Labora-
tory, Palo Alto
Location: Ralston Room

M-1 FREE-FALL DIFFUSION IN THE
MERCURY DISCHARGE AFTERGLOW
B. C. Gregory, Trent University

M-2 MICROWAVE INVESTIGATION OF THE
TRANSITION FROM AMBIPOLAR TC
FREE DIFFUSION IN HELIUM
AFTERGLOWS
R. J. Freiberg and L. A, Weaver,
Hughes Research Laboratories and
Westinghouse

M-3 OBSERVATION AND COMPUTATION OF
OXYGEN AFTERGLOWS
R. C. Gunton, Lockheed Palo Alio

M-4 REACTIONS IN 4:1 MIXTURES OF N
AND Os DURING AND AFTER INTENSE
IONIZATION
F. E. Niles, U.8.A. Ballistics
Research Laboratories

M-5 POST-BREAKDOWN ELECTRON DENSITY
DECAY IN AIR
W. Dobrov and A, D. MacDonald,
Lockheed Palo Alto

M-6 ELECTRON REMOVAY, IN ARGON
WAKES
Wade M. Kornegay, Lincoln Laboratory

*L-8 and L-9 are combined papers,

xxii

Friday, October 20 (Continued)

M-7

OF N}
THE PRODUCTION AND LOSS 2
IONS IN THE NITROGEN AFTERG.rLOVV_
R. E. Lund and H. J. Oskam, University

of Minnesota

ANOMALOUS EXCITATION OF THE
SECOND POSITIVE SYSTEM OF

NITROGEN ]
E, C. Zipf, University of Pitisburgh

E
TIME-DEPENDENT STUDY OF TH
EMITTED LIGHT AND ELECTRON
DENSITY IN A LOW-PRESSURE

HELIUM AFTERGLOW

C. B. Collins and W. B. Hurt, Southwest

Center for Advanced Studies

xxiii



Session A

METASTABLES AND SURFACES

Chairman:

L. M, Chanin
University of Minnesota
Minneapolis

Wednesday, October 18
3:00 A. M.
Ralston Room




PHOTOEMISSION PROCESSES IN GOLD AND ALUMINUM IN
THE EXTREME ULTRAVIOLET*

) A. L. Morse
University of Southern California

Measurements of the photoelectric yield of gold and aluminum ver- .

sus angle of incidence, together with electron energy distributions,
have been made between 150 and 1000 A. Below 700 A, the peak

yields will be shown to occur at large angles of incidence and to be |

relatively independent of the degree of polarization. This is ex-
plained in terms of the yield decreasing with the depth of absorption
of the photons, due to the electrons being inelastically scattered to
energies less than the work function, thus making it impossible for
them to escape. The mean depth of absorption, in turn, depends
on the optical properties, such that the photon free path is deter-
mined by the extinction coefficient k and the angle of refraction
primarily by the index n, with both n and k calculated from
reflectance data. The yield per absorbed photon was found to in-
crease with angles of incidence until the eritical angle was reached
and to remain relatively constant for still greater angles. Although
there was some dependence on the degree of polarization, this de-
pendence was found to vanish if a small retarding potential was ap-

plied to reject the lowest energy photoelectrons.,

*Work supported by NASA Grant NeG-178-61,

PRODUCTION OF METASTABLE BEAMS OF_I—I2 AND Nz *

Robert N. Varney
Lockheed Palo Alto Research Laboratory

A simple ion source has heen usedl’ 2 differing only from a typical
one for a mass spectrometer in being operated af higher pressure
{(about 0.05 Torr). It has been reported previously that a beam of
fast, excited particles emerged from this source in addition to the
ions. The ions have been deflected away to permit study of the
neutral beam. Critical identification of the beam particles has
been made by causing them to strike a tungsten ribbon target and
searching with a quadrupole mass spectrometer for surface-ionized
products, and in addition by changing the surface work function be-
tween that of freshly flashed tungsten and lightly oxidized tungsten.
The respective work functions are believed to be ~4.5 eV and
~6.3 eV, H2 particles showed no surface ionization on impact
with the clean tungsten surface but showed strong surface ioniza-
tion on the oxidized surface. The ions leaving the surface were
H+. For N2 particles, there was a small amount of N; from the
clean surface and relatively less from the oxidized surface, but a
great deal of NO™ emerged from the latter. No N ions were pro-
duced with either surface, The results narrow the allowable en-
ergy, M, of the metastable state of H2 to the range, 11.7 < N <
13.5 eV. For N, the bookkeeping is more complicated, but the
appearance of N; on clean tungsten suggests that the metastable

level is above 11 eV.

*Supported by the Lockheed Independent Research Program.

1R. N. Varney, 19th GEC, Atlanta, Ga., 12—14 Oct 1966; Bull.
Am. Phys. Soc., 11, 12, 224 (1967).

2R, N. Varney, Phys. Rev., 157, 113 (1967).



INTERACTION OF METASTABLE ATOMS OF MERCURY WITH
METAL SURFACES*

) Walter L. Borst
University of California at Berkeley

Secondary electron emission and surface ionization due to thermal
metastable Hg atoms on an air-contaminated tungsten surface were
studied. An approximate metastable excitation function for the ex-
citation by electron impact was obtained by monitoring secondary
electronsg liberated from the target as a function of exciting elec-
tron energy. It appears that atoms in the 3D3 metastable state
{9. 05 eV) of Hg were most active in liberating secondary electrons
and undergoing surface ionization. The cylindrical tungsten tar-
get, which surrounds the excitation chamber, was probably heavily
contaminated by air since due to its large size it could not be out-
gassed at a high temperature. The experimental tube was baked at
300°C for 20 hr which resulted in a bage pressure of about 1 x 10_9

4 -
to 10 3 Torr. Second-

ary electrons (~ 1071% A) and surface ions (~ 10712 A) could be re-
moved from the target by a properly biased highly transparent grid
in front of the target. The eleciron beam of 1 x 10_7 Aand 0.3 eV
energy spread (FWHM) through the excitation chamber was colli-
mated by an axial magnetic field of 100 G,

Torr. Hg gas pressures ranged from 10~

*This research was supported by the Office of Naval Research.

A-4

AUGER ELECTRON EMISSION FROM Mo BY o; (Xzﬂg) AND
ot (a Hu) BOMBARDMENT !

2
Dennis W. Vance
Research Laboratories, Xerox Corporation

Measurements have been made of the yield, UL of secondary elec-
trons emitted upon bombardment of an “atomically clean" poly-
crystalline molybdenum ribbon by 30 to 400 eV O—; ions at normal
incidence. The vield is sensitive to the energy of the bombarding
electrons used to produce 0';. For elsctron energies less than
16.0 eV, the value of Y; is constant (for a given 10121 energf) and
presumably is the electron yield for ground state ( X Hg) 02 . As
the electron energy is increased above 16.0 eV, the value of the
yield increases monotonically, attaining a constant value for elec-
tron energies above 50 eV. The increase in yield is due to the
presence of O; in the metastable aéﬂu state (energy, 16.0 eV).
Measurements of the dependence of the electron yield on ion en-
ergy at two ionizing electron energies (15.7 and 60.0 eV) permit
independent determination of the absolute electron yield for the
XZH ions and the relative yield for the a41'1u ions. For ground
state ions, the electron yield is a strong, nearly linear function of
the ion kinetic energy, increasing from 8.0 X 10_3 electrons/ion at
50 eV to 4.0 X 1072 electrons/ion at 400 eV. The yield for excited
state ions, however, is nearly constant over the entire ion energy
rangé. If the population of excited states in the ion beam is esti-
mated from photoionization data, then the absolute value of the
excited state yield can be computed giving the value 5.95 X 1072

electrons/ion at 400 V.



WORK FUNCTION EFFECTS ON AUGER ELECTRON EJECTION
BY NOBLE GAS METASTABLE ATOMS

D, A, MacLennan and T. A, Delchar
General Electric Research and Development Center

A tungsten single crystal cut to expose the {111) and (110) planes
was employed to examine the influence of work function on electron
ejection by incident helium or argonmetastable atomic beams. The
(111) and (110) surfaces have work functions of approximately
4.4 and 5.9 eV, respectively.l With incident helium metastable
atoms the electron yield of the (111) surface was about 1. 5% higher
than that of the (110) surface. With argon, this difference was
about 4%. The ejected electron energy distributions were essen—
tially the same for both crystal faces with helium and argon, tre-
spectively. Theoryg’ 3 and experimental work comparing tungsten
and molybdenmn3 indicate that the electron yields are greatly af-
fected by changes in work function. A model has been constructed
which resolves this discrepancy. The basic feature is that the
Auger process takes place with those electrons on the vacuum side
of the surface electron cloud. Ultrahigh vacuum conditions and

atomically clean surfaces were used throughout.

1

T. A, Delchar and G. Ehrlich, J

2 . > 4. Chem, Phys., 42, 2

2IL D. Hagstrum, Phys. Rev., 96, 336 esdy, = 556 (1989).
H. D. Hagstrum, Phys. Rev., 104, 672 (19586),

AUGER EJECTION OF ELECTRONS FROM TUNGSTEN BY
OXYGEN CHEMISORPTION

D. A, Maclennan
General Electric Research and Development Center

A measurement has been made of the energy distribution and ap-
proximate yield of electrons ejected from apolycrystalline tungsten
ribbon during oxygen chemisorption. The distribution function,
large near zero energy, falls off rapidly reaching zero near 3 eV.
The total yield is 10_9 electrons per oxygen molecule adsorbed. A
modeal for the chemisorption process has been constructed in terms
of Franck-Condon potential energy curves for O, molecule-surface
and O-O atom-surface interactions. An incoming molecule fol-
lows the 02 curve which is initially below the O-O curve. If after
passing the crossover point the now upper O2 curve is followed,
there exists a high probability for an Auger transitionto the lower
0-0 curve. The energy of transition will be given to a conduction
band electron which can be ejected when the separation between the
potential energy curves is greater than the metal work function.
The yield and energy distribution of the ejected electrons can be

explained in terms of the high Auger transition probability.




THE ENERGY DEPENDENCE OF THE DEACTIVATION CROSS
SECTION FOR METASTABLE RARE GAS ATOMS*

Manfred Hollstein, D. C, Lorents, and J. R. Peterson
Stanford Research Institute

Metastable rare gas atom beams with energies between 50 eV and
500 eV have been produced by charge transfer of ions passing
through alkali vapor. The Interaction of these beams with the gases
Nys CoHy, Ar, and He has been studied by measuring the attenua-
tion of the beam by ionization and excitation transfer reactions.
The beam travels down the axis of g cylindrical cavity which is di-
vided into three separate chambers. Ions produced from a beam
segment of known length by the interaction of the primary beam
with target gas, are trapped and collected inside each chamber.
The deactivation cross section is determined from the three ioni-
Zation currents, the pressure, and the length of each chamber.
The collision partners were chosen so that deactivation is predom-
inanily due either to Penning ionization or symmetric excitation
transfer. For interaction energies > 100 eV, the Penning joniza-
tion cross sections are in the 10_15 cm2 range and are nearly in-
dependent of the energy. At energies < 100 eV, the cross sections
increase slowly with decreasing energy. The symmetric excita-
tion transfer cross sections for He* + He and Ar* + Ar decrease

linearly with (fn E)2 » as do symmetric charge exchange reactions.

*Supported by ARPA (Project DEFENDER), monitored by U. 8.
Army Research Office,

TEMPERATURE DEPENDENCE OF REACTIONS OF THE
HELIUM METASTABLE ATOM

C. R. Jones and W. W, Robertson
University of Texas

The temperature dependence of the cross sections of several re-
actions of metastable helium has been meagured in a pulsed static
afterglow. The three-body conversionof Igeif.stable atoms to meta-
stable molecules [He(23S) + 2He — Hez( Eu) + He] shows an ex—o
ponentiai increase in rate constantover the terfl%erature .ran%re 193

to 400°K, indicating, as previously reported, ,. an actl?\’ratmn en-
ergy of ~0.06 eV. The near-resonance reaction He(278) + Ne‘—*
He + Ne(2s), responsible in part for the population inversion in
the He-Ne laser, also shows an exponential increase in cross sec-
tion with gas temperature which can be interpreted in terms of a
potential barrier of 0.04 eV. The cross section for the_f}aéming
reaction He(23S) +Ar—He + Ar +e shougld have the T de-
pendence predicted for orbiting collisions.” The measured cross
section, from 193° to 500°K, decreases with increasing cross sec-

tion, but at a rate that seems tobe somewhat slower than expected.

1A. V. Pheips and J. P. Molnar, Phys. Rev., 89; 1202 (1953).
2K. H. Ludlum, L. P. Larson, and James M. Caffrey, Jr., J.
Chem. Phys., 46, 127 (1967).

3E, E. Ferguson, Phys. Rev., 128, 210 (1962).
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CALCULATION OF ION BOMBARDING ENERGY AND ITS
DISTRIBUTION IN RF SPUFTERING

R, T. C. Tsui
IBM T. J. Watson Research Center

The energy distribution of bombarding ions in typical rf sputtering
conditions has been calculated from first principle. The Mathieu-~
type equations of motion of ions and electrons in the cathode fall
region are numerically integrated by computer with various initial
and boundary conditions. The self-biased dc component, V, , is
found to be 0.999928 of one-half the peak-~to-peak rf potent?;l ap-
plied across the cathode darkspace, which is in agreement with the
value from mobility considerations. The ion energy disiribution is
found to depend on rf voltage and frequency, darkspace distance
and e/mags ratio of the ion. Physical explanations are provided
for the fact that large percentages of the ions possess energies
greater than V do The effect of high electron temperature in the
plasma on ion energy distribution has been studied and found to be

very small. Trajectories of both ion and electron in the cathode

fall region have also been calculated,

10

A-10

LOW TEMPERATURE DIFFUSION OF HB(Z S ) IN GASEOUS
He?; THE INTERACTION POTENTIAL AT LONG RANGE#*

W. A. Fitzsimmons,} N. F. Lane, and G. K, Walters
Rice University

Discharge afterglow techniques were used to measure the diffusion
cocfficient of He 238 ) in gaseous He4 over the femperature
range fi'om 1° to 4.2°K. “The results indicate that D is a mono-
tonically increasing function of temperature, varying only slightly
from the curve that can be extrapolated from the previously avail-
able high temperature data. At 1° and 4.2°K, respectively, D is
10.5 and 24.0 em?/sec at a dengity corresponding to l-mm Hg
pressure at 300_°K. Qualitatively, this behavior of the diffusion co-~
efficient at low temperatures is to be expected because of the long
range repulsive interaction between the 23S1 state and 1180
ground state in He.l’ 2

action potentials, partial wave analysis of the low energy scattering

However, using available theoretical inter-

process predicts diffusion coefficients much smaller thanthe meas-.
ured values. This suggests that the long-range repulsive interac-
tion is being overestimated. The experimental resulis are used to

make a better estimate of the interaction potential at long range.

*Work supported in part by U. 8. Atomic Energy Commission.
‘jiNASA Predoctoral Fellow in Physics.

R. A. Buckingham and A. Dalgarno, Proc. Roy. Soc. (London),
A213, 327 (1952). -

2F, D. Colegrove, L. D. Schearer, and G. K. Walters, Phys. Rev.,
135, 2A (1964).
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THE EFFECTS OF CASCADING AND METASTABLE ATOMS ON
THE DETERMINATION OF ELECTRON TEMPERATURE FROM
RELATIVE LINE INTENSITIES IN A TENUOUS HELIUM PLASMA

R. J. Sovie
NASA-Lewis Research Center

The methodl’ 2 for determining electron temperature from the rel-
ative intensities of helium singlet and triplet series spectral lines
has been frequently discussed in the recent literature.3_8 How-
ever, the effects of cascading and electron-metastable atom inter-
actions on the observed line intengities have not been heretofore
treated. These processes are considered and the resulis show
that the presence of metastable atoms will have z small effect if
cascading effects are accounted for experimentally. In addition,
limitations on the applicability of the technique and experimentally

measurable criteria for determining its validity are discussed.

1s. P. Cunningham, USAEC Rep WASH-289 (1955).

ZR. J. Sovie, Phys. Fluids, 7, 13 (1964).

3I. M. Podgornyi and G. V. Sholin, Soviet Phys. DOKLADY, 10,
48 (1965).

4y, M. Strumnikov, Optics and Spectr., 20, 1 (1966).

S5R. F. DeVries and R. Mewe, Phys. Fluds, 9, 414 (1966).

6V. L. Vdovin et al., Atumnaya Energiya, 20, No. 2, 148 (1966).
‘R. Mewe, Brit. J. Appl. Phys., 17, 1239 (1966).

8R. W. P. McWhirier, in Plasmga Diagnostic Technigues, R. H.
Huddlestone and S. L. Leonard, eds. (Academic Press, New York,
1965).
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TEMPERATURE AND DENSITY DEPENDENCE OF THE
RECOMBINATION COEFFICIENT OF He}

Gunthard K. Born
Institute for Exploratory Research, Ft. Monmouth

The recombination coefficient cu(N T ) of Heg was measured in
helium afterglow plasmas (12 Torr =p =< 20 Torr;t = 1 msec) as
a function of electron density and gas temperature under conditions
where the temperature of the electrons equals that of the neutral
gas (2.5x 102 em ™S = N, =2x 10" em™; 900°K = T = 2200°K).
The electron density was measured with a free-space microwave
interferometer (70 GHz); the gas temperature was determined from
the velocity of sound waves detected with microwaves (9 GHz).1
The decay of several lines and bands was also monitored. For the
whole range of densities and temperatures, the measured « of
He2 was found equal to the theoretical collisional-radiative recom-
bination rate of He - In spite of the high vibrational excitation of
the recombining Heg corresponding to the high gas temperatures
in this experiment, no evidence for dissociative processes was de-
tected. In particular, the light decay could not be reconciled with
collisional-dissociative recombination, contrary to Robertson's in-
terpretation of his experiments, 2

1G K. Born and R. G. Buser, J. Appl, Phys., 37, 4918 (1966).
2w. w. Robertson, J. Chem. Phys., 42, 2064 (1965).
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OMPUTER

ECTION OF NEON RECOMBINATION DATA BY C

CORRSOLUTION OF THE RECOMBINATION AND DIFFUSION
CONTROLLED CONTINUITY EQUATION

L. Frommhoeld
University of Texas

The continuity equation for the electrons in a decaying plasma is
solved in three dimensions, including ambipolar diffusion and a
loss term quadratic in the electron density (i.e., recombination).
The geomeiries investigated are the finite cylinder and rectangu-
lar paralielepiped. Some quantitative general rules are given for
correctionof recombination data from microwave afterglow studies
following the pattern set by Gray and Kerr in their one-dimensional
study.l For three-dimensional geometries we find two tofour times
gmaller linear reciprocal electron density ranges (f-values) and
about twofold larger corrections to the apparent recombination co-
efficient than given by Gray and Kerr's one-dimensional (infinite
cylinder) a.nalysis.l We also confirmed Gray and Kerr's predic-
tiong when we treated one-dimensionzal cases. We have therefore
re-evaluated several existing studies of recombination in necn, ap-
i)lying our solution tothe actual geometries and modes used in each
case. We find that all of the experiments yield corrected recom;
bmatmn coefficients within the range a(Ne ) = (L.75 £ 0.1) x 10

cm /sec at 300°K, indicating that this is the most accurately de-

termined recombination coefficient today.

1y, P. Gray and D. E. Kerr, Ann. Phys., 17, 276 (1959).
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ELECTRON TEMPERATURE DEPENDENCE OF
RECOMBINATION OF Ar}, Ne}, AND N} IONS
AND ELECTRONS*

F. J. Mehr and Manfred A, Biondi
University of Pittsburgh

A three-mode ﬁnicrowave afterglow apparatus has been used to
study the dependence of the recombination coefficient, « , on elec-
tron temperature over the range 300°K = Te =11,000°K. The «
values are determined by comparison of the observed afterglow
electron density decays with computer solutions of the electron
continuity equation including recombination and ambipolar diffusion
losses. The room temperature (Te =T,=T as = 300°K) values

gas
forAr;, Ne;, and N; are 8.3, 1.6, and 3.6 x 10 7

cmg/s, re-
spectively. The observed variations with electron temperature
may be represented as T(;n, where n=10.7, 0.43, and 0,32 for
Ar;, Nez , and N; ions, respectively. The dependence for argon,
n = 0.7, is weaker than that recently obtainedl from shock tube
studies (n et 1,5), over the range of 1000° to 4000°K, where Te =
T, = Tgas - This discrepancy can arise from the changing vibra-
tional state population of the molecular ions in the shock tube ex-
periment. The n = 0.43 dependence for Ne_; is in good agreement
with results of Kasner,2 who varied the gas temperature from 295°

to BO3°K.

*This research was supported in part by the Defense Atomic Sup-
port Agency through the Army Research Office {Durham).

J. N. Fox and R. M. Hobson, Paper 1.1.5, 8th Intern. Conf. on
Phenom. in Jonized Gases, Vienna, 1967,

2w, H. Kasner, submitted to Phys. Rev.

I

TEMPERATURE DEPENDENCE OF RECOMBINATION OF
NOT TONS AND ELECTRONS#*

C. 8. Weller and Manfred A. Biondi
University of Pittsburgh

Photoionized plasma afterglows of NO have been studied by com-
bined microwave and mass spectrometric fechniques. Nitric ox-
ide neon mixtures (5—65 mTorr NO, 2—7 Torr Ne) are contained
in a 10-cm resonant cavity where they are ionized by a "single-
pulse” of Lyman-alpha radiation. A temporal spectrum of jons
diffusing to the wall is obtained by a differentially pumped mass
spectrometer and multichannel analyzer. Analysis of the electron
density decay curves to obtain an electron-ion recombination coef-
ficient for NO' is complicated by the conversion of NO' to the di-
mer ion (NO);. At sufficiently low densities of nitric oxide the
(NO); concentration becomes negligible, and the NO® wall current
follows the electron density decay., From comparisons of experi-
mental electron density deeay curves with computer solutions of

the electron continuity eguation, the values
-7 3
@(NO) = (7.8 = 1}, (4.1 + g'g), (3.1 2 0.3) x 107’ em"/sec

at T = 200°, 300°, and 450°K, respectively, are obtained. The
electron-ion recombination coefficient exhibits an approximate T
dependence. Thege results are in reasonable agreement with those

of Gunton and Shaw.1

*This research was supported in part by the Defense Atomic Sup-
port Agency through the Army Research Office (Durham).
IR, C. Gunton and T. M. Shaw, Phys. Rev., 140, A756 (1965).
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E_LECTRON ENERGY RELAXATION AND REMOVAL IN CO*

M. H. Mentzoni and J. Donchoe
Sylvania Electronic Systems

Microwave interferometry, cross modulation, and radiometer tech-
hique were used to investigate the de discharge afterglow in car-
bon monoxide. The pressures ranged generally from 1 to 5 Torr.

Two-body electron-ion recombination was in evidence around 1

Torr with o, =6.821.2x 1077 cm3 sec™t Cross modulation

was only achieved with TWT-amplified disturbing signals (P ak =
3 2 V pe
15'W) with fall times of 165 nsec. This, it was found, can be re-

garded as an upper limit for the electron energy relaxation. The
Maxwellian average of the electron energy loss rate per unit num-
ber density was computed based on the published cross sectionl’ 2
yielding a moderate decrease from the value 2. 28 x 10 2> to 1,77 x
.T.O_23 erg cm3/sec in the interval Tel = 300° to 2000°K, with
Tgas = 300°K. This should result in relaxation iimes within the
experimentally determined upper limit.

*Work parily supported by the Alr Forco System Command, U. 8.
Air Force.

I;Kazuo Takayanagi, J. Phys. Soc. Japan, 21, 507 (1966).
R. D. Hake and A. V. Phelps, Phys. Rev., 158, No. 1, 70 (1967).
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IONIC RECOMBINATION AND ION-NEUTRAL COLLISION
FREQUENCIES IN ATMOSPHERIC GASES*

M. N. Hirsh, G, M. Halpern, and N, 8, Wolf
G. C. Dewey Corporation

Impedance probe and mass spectrometer measurements have been
used to determine ion-neutral collision freguencies and ionic re-
combination coefficients for species of interest in the lower iono-
sphere. Following the removal of the ionizing electron beam from
the gas at sufficiently high pressures in the experimental system
described i:reviously,l thermal secondary electrons rapidly attach
to 02 molecules, leaving a slowly decaying positive ion-negative
ion plasma. The impedance of a large capacitor containing this
plasma was measured as a function of time in the afierglow for
COz—contaminated O2 and airlike N2:O2 mixtures over the pres-
sure range of 1 to 20 Torr. Ion species occurring in the plasma
are sampled by diffusion and studied with a monopole mass filter.
The dominant ions are 00; and COy in oxygen, and NO', NO,, and
NO3 in the airlike mixture. From the impedance measurements
the dominant ionremoval mechanism is two-body ionic recombina-
tion, with the coefficients (O5) = (5.9 % 1.2) X 1078 cm®/sec,
@;(Ny:0,) = (4.4 + 1.0) X 10 ° em“/sec. Ion-neutral collision

freguencies in these gases are vi(O )={4.0+£2.0)x 106 p sec"1 s

Vi(NZ:Oz) = (7.7+4.0) x 106 P sec ~, where p is gas pressure
in Torr. Implications of these results to the ionosphere will be

discussed.

*Work supported by Defense Atomic Support Agency.
1M. N. Hirsh et al., Bull. Am. Phys. Soc., 11, 495 (1966).
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RECOMBINATION OF ALKALI IONS IN A DENSE NEUTRAL GAgS*

Milton M. Klein
GCA Corporation
and
A. Dalgarno
Queen's University, Belfast

Calculations have been made by the method of Bates and Khare1 of
the recombination coefficient o of the alkali ions Li+, Na+, K+,
and Rb' in several rare gases (He, Ne, and A} and atomic oxygen.
The method of calculation has been extended to take into account
the variation of the momentum transfer cross section for collisions
between the incident electrons and the atom. The results show the
anticipated increase of « with the density.of the neutral gas and
its decrease with temperature. The wealk effect of density upon «
at the higher temperatures ig noted and discussed. Increasing the
atomic weight of the ionic species vields a slow decrease in o
which becomes virtually constant for the heavier species. The
weak dependence of ¢ on the ionic species is in qualitative agree-
ment with the results of Bates, Kingston, and McWhirter.z The
effects of parameters such as atomic weight and cross section and
the strong minimum in the argen cross section upon the relative
values of the recombination coefficients is discussed.

’{Work supporte_d by Defense Atomic Support Agency.

28. IR{ ga:es aer 8. P, Khare, Proc. Phys. Soc., 85, 231 (1965).
- k. Bates, A, E. Kingston, and R. W. P. McWhirie P

Roy. Soc., A, 267, 297 (1962), o

w3
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ELECTRODE SIZE AND PRETREATMENT EFFECTS
ON VACUUM BREAKDOWN IN A TRANSVERSE
MAGNETIC FIELD*

Alan Watson
Ion Physics Corporation

Large and small uniform field copper electrodes were initially fired
at 900°C in either vacuum or hydrogen bhefore transferring to a
large vacuum test chamber for further bakeout at 400°C. A sta-

8 Torr in which voltage was

tistically designed experiment at 10~
raised 10 kV every 2 minutes showed that from 0.75 to 3.0 cm,
but not below this, the breakdown voltage and prebreakdown cur-
rents were both dramatically reduced by a 2560-G transverse mag-
netic field. Hydrogen firing and small electrodes, individually and
in combination, enhanced the breakdown voltage with or without
magnetic field present. An auxiliary experiment revealed that,
for the same gap separation, the threshold for gas surges appear-
ing was raised by the magnetic field. The corresponding current
threshold was unaltered, but the ultimate prebreakdown current
was reduced by the magnetic field. The evidence supports the the-
ory that gas released from the anode at a critical current level ac-
cumulates according tothe pumping conductance and the subsequent
breakdown is facilitated by a weak transverse magnetic field.

*Work sponsored by the Advanced Research Projects Agency, U. 8.
Department of Defense.
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FIELD ENHANCEMENT IN VACUUM BREAKDOWN*

Alan Watson
Ton Physics Corporation

A theoretical analysis of the surface migration of atoms at a cath—
ode protrusion in an electric fieldl shows that the enhancement
factor g will vary with voltage V and gap separation d such that:

2 .
Kd_ = comnstant

B

If the breakd
own voltage VB corresponds to a critical B, then it

will increase almost as the Square root of gap separation, a rela-

tion which is observed experimentally. Development of the Fowler-
Nordheim expression for the total current I to account for the

corresponding agea change of the emission site shows that thevalue
of 1/¥y tn (1/v2)

. B should be constant at aji gap separations. Ex-
perimental data are presented to confirm that this is so after some
spark conditioning.

*Work sponsored by the
1Depfvx,rtm ent of Defense,

F. M. Charbonnier, et si Pro i '
! T, .3 ceedings of the i
bosium on Insulation of High Voltage 11{:31r Vacuuml?izlf‘ilz;tmnal Sym-

Advanced Research Projebts Agency, U. 5.
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EFFECT OF ELECTRODE TEMPERATURE ON VACUUM
ELECTRICAL BREAKDOWN BETWEEN PLANE-PARALLEL
COPPER ELECTRODES

D. Kenneth Davies and Manfred A. Biondi*
Westinghouse Research Laboratories

Combined measurements of current-voltage, prebreakdown char-
acteristica, and breakdown voltage have been made for plane-
parallel copper eiectrodes in ultrahigh vacuum as a function of
both cathode initial temperature and anode initial temperature, re-
spectively, These measurements have been carried out for an
electrode separation of 0.1 cm over the temperature range from

313°to 913°K. From the experimental data the temperatures of the

~ hottest point of the cathode surface, (T C)s . and of the anode sur-

face, (T A)s ., at breakdown have been determined as a function of
electrode initial temperature, Over the whole range of the investi-
gation it is found that (T A)s is greater than (TC)S. Moreover,
the values of (T A)s at breakdown are egsentially independent of
anode initial temperature and have a mean value of {1100  150)°K.
In contrast, the values of (TC)S at breakdown increase with in-
creasing values of cathode initial temperature. The resulis sug-
gest that a thermal ingtability of a point on the ancde surface leads
to breakdown. A model will be presented of the steps leading fo

ionization by electron collisions with copper vapor in the gap.

*Physics Department, University of Pittsburgh.
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ELECTRICAL CONDUCTIVITY IN PARTIALLY IONIZED
PLASMAS

William L. Nighan
United Aircraft Research Laboratorieg

The variational description of the plasma transport phenomena of
Robinson and Bernste]'.n1 has been applied to the caleulation of
plasma electrical conductivity. The plasmas under investigation
are in the partially ionized regime where consideration must be
given to the effect of electron-electron as well as electron-atom
and electron-ion collisions. The extremal nature of Plasma trans-
port phenomena permits a novel approach to this problem result-
ing in considerable simplification of numerical procedures while
maintaining a high degree of accuracy. As a demonstration of the
method, the electrical conductivity of an argon plasma has been
calculated using the electron-argon atom momentum transfer crogs
section as determined by Frost and Phelps.2 The conductivity hag
been caleulated for eleectron temperatures in the 300° te 30, 000°K
range and for degrees of ionization ranging from the weakly to the
fully ionized limit. Because of the accuracy of the electron-atom
Cross section used inthe calculation and the exactness of the meth-
od, the resultant values of electrical conductivity for any electron
temperature and degree of ionization are correct to within + 259,

1B, B. Robinson and I. B, Bernstein, Ann. Phys. (N.Y.), 18, 110
(1962).

2L. 8. Frost and A. V. Phelps, Phys, Rev., 136, A1538 (1964).
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DIFFUSION EFFECTS IN TOWNSEND DISCHARGES

D. S. Burch* and L. G, H. Huxl
. 3 = ‘ N . e
Ion Diffusion Unit, Australian National Urﬂversity

Although experiments on the growth of current in a uniform elec-
tric field have gencrally given results in good agreement with
Townsend's theory,
contribution to the current density is known to be nonnegligible in
S0me circumstances. This contradiction is resolved in the analysis

to be presented and it is concluded that the experiments ma be
expected toverify Townsend' .
theless,

slaw in all but extreme cases. Never-
the role of diffusion ig oot irivial; consideration of its
consequences forces a reinferpretation of the Primary ionization
coefficient o which appears in Townsend's law,

*On leave from Oregon State University.

in which diffusion wag ignored, the diffugive.

THEORY OF ANOMAILOUS ELECTRON DIFFUSION PARALLEL
TO ELECTRIC FIELDS

James H. Parker, Jr., and John J. Lowke
Westinghouse Research Laboratories

Recent experimental resultsl’ 2 demonstrate that the apparent rate
of electron diffusion parallel to an electric field can differ signifi-
cantly from that in the perpendicular direction. In the case of
argon, for example, the parallel diffusion at high E/p was found
to be about one-seventh of the transverse diffusion. We have ex-
plained this anomalous behavior by taking account of the eifect of
electron density gradients on the solution of the Bolizmann equa-
tion representing a pulse of electrons under the influence of a uni-
form electric field. The theory, which gives an energy distribution
that is a function of position within the pulse, predicts that while
the drift velocity of the puise is given by conventional mobility for-
mulas, the half width in the field direction is characterized by a
new effective diffusion coefficient. In the limit high pressure, this
new longitudinal diffusion coefficient can be expressed as integrals
involv.ing the momentum transfer cross section and the unperturbed
energy distribution. Results for helium and argon are found to be

within 20% of the experimental values.

1g. B, Wagner, F. J. Davis, and G. S. Hurst, to be published ir

the J. Chem. Phys.
2M. T. Elford and R, W. Crompton, private communication.
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: THERMAL EIECTRON DIFFUSION COEFFICIENT
DETERMINATION FROM TIME-OF-FLIGHT SWARM STUDIES*

D. R. Nelson and F. J. Davis
Oak Ridge National Laboratory

A dwell-drift. technique for measurement of thermal electron dif-
fusion coefficients, Dt’ has been deviged,

from the photocathode is pulsed to the centero
ber where it is left to diffuse in a zero field fi
ured periods of dwell lime,

The electron swarm
f the reaction cham-
Or accurately meas-

T, before being pulsed to the electron

multiplier detector at the anode. From the distribution in the time-~

of-arrival of electron swarms at the anode, the full width at 1/e,

6x, is obtained ag g function of T, The thermal diffusion coeffi-

cient is then determined from the slope of the
In the case of argon,

2 i
6X  versus T line.

a most interesting discontinuity occurs show-

ing a sharp initia] increase of 6x2 in the (5x2 versus T plot.
This discontinuity is interpreted ag being a cong
trons bassing through the wel]

during the equilibration of the

equence of elec-
~known Ram saver-Townsend window
SWarm to a thermal energy distribu-~
tion. A measure of the time of equilibration can b
a study of the

e obtained from
shape of the discontinuity in the 6x2 versus T curve,
DtP values for methane and ethylene are 0. 25 ¢

m? Torr/usec and
0.28 em? Torr/usec, respectively, Co,, co, Ny, H,, He, and

Ne are presently under investigation.

*Research sponsored by the U. 8. Atomic Energy Commission un-
der contract with Union Carbide Corporation.
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[ TELD REQUIRED FOR
INIMUM EXTERNAL F >
HHE gIONTINUED STREAMER PROPAGATION

E. Nasser and C. Mani:.hiram
Towa State University

POSIter StIeaIﬁerS m a.tIIHOSPhEIlC air were ObSeIVed Capable Of
adva“cl a}(la].]y B.'[ld l erally lIltO ow fle d I‘eglons apprOaC]lmg
ng
or reac “ e Ialle Cﬂtl ()de al: Volta (=] ].OW T th.an. Spa
Old. The Zero- f]-e]-d t}leon EXplalnS h.OW SllCh 10111Zat1011 waves
s . f- ]d d h uld
sSurvive b COI’ItlIlllOllS adv an
p p Bly » s0 W‘illch. was Ilot ObSeIVBd
tlleIefOIe ropa ate In.defln.lt II]ethIng
g
4] Il € A sma. l eleCtIIC fle d wa therefor pI edl te t -
1 S
t app Tt, 1 (3] (4] d 8] eXlSt
EXpe e a]. a!ld COII]pU.t&thnal Studles were COIldllcted tO deteI—
T nt
.
gat].on. USlng th.e LlChteIIbeIg teCththlE, Hle dlStB.Ilce tlf?lif eled

bv the streamers was plotted as a function of the applied voltage
y the s

ic field be-
with the electrode spacing as a parameter. The electric

tween the electrodes was computed using a digital computer 3.1:)(;
applying the pririciple of charge simulation: From tl;es;ria:; o
29, accuracy, the field intensity at the point wh;are R
stops advancing was determined to be 430 to 530 V/cm

streamers and is independent of location and voltage.

i -1096.
*Supported by National Science Foundation Gralgf1 Gg(sié) So63).
1y, p% Loeb and E. Nasser, J. Appl. Phys., 34,
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C-5

EXAC
T NONLINEAR WAVES IN A COLLISIONLESS PLASMA*

W. P, Allj
Los Al ientifi . -
amog Scientific Lahoratory and Regearch Lab
of Electronics, M.I.T. shoratory

A potential w
bution functioav‘e of the form ¢x - ut) is assumed and the digtri-
0 1s required to be Maxwellian in the laboratory fra:
me

Wh.erev er the pOtelltlal V a.nlSIIE.S . he 100V le eq uation th.e de_
Tl

termines the distributi
ution fF of free electrong everywhere, If thig

distributi i i

ution were linearized the conventional theory would
covered, but this is not done. Selected ags o
cerning the distribution fT

umptions are made con-
o e 1 it of trapped electrons. All integrals
i, © uated and Poisgson's equation solved exact] I
- 1permdw but generally not sinusoidal waves., With thy. t
-ntial wells properly filled, the dispersion equatio o
e n ma -
panded in absolutely convergent serieg i s
S In powers of ¢ and u2

These & p . m Y

It: glve an asymptotic expansion in powers of l/u2 ith ini
wmn error of the order of e—muz/ 2kT . This expanzliz -
n agrees
au damping. It repre-
rturbation theory waves
rons. With the potential
ed by Bernstein, Green,
Inear theory.

exactly with linear theory but without Land
sents the undamped waves to which the pe
lead after bhasemixing of the trapped elect
wells empty, terms in V¢ enter as predict
and Kruskal. These waves disagree with 1

*This work was g
upported by the U. 8 i
under Contracts 18(30-1)-1842 and W—?;%?—lghf:glﬁlﬁ‘gy Comumission
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C-6

HIGH FREQUENCY BREAKDOWN IN NONUNIFORM FIELDS

Melvin Epstein
Aerospace Corporation

Exact analytical solutions have been obtained for the brealkdown
condition in both planar and cylindrical geometries for a number
of physically realistic electric field distributions. These solutions
indicate that in many practical situations the field nonuniformities
can significantly affect the field strength at which breakdown oc-
curs. Since exact analytical solutions could be ohtained only for a
special set of field distributions, an approximate analytical method
was developed to treat arbitrary field distributions. This method,
which includes consideration of a field strength dependent diffusion
coefficient, is based on a variational formulation of the breakdown
problem. A Ritz method is used to solve the variational problem.
Comparisons between the exact and approximate solutions showed
that a one-term representation of the electron density distribution
results in good agreement between the two solutions. The use of
two terms to represent the electron density distribution resulted in
an error of a fraction of a percent in the field strength required to

produce breakdown.
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KINETIC THEORY CAL
CULATIONS OF DATA
FREQUENCY BREAKDOWN OF AIRFOR e

Carl J. Lenander and Melvin Epstein
Aerospace Corporation

calculati
ton of the electron energy distribution function was modi

fied to include the newest, mogt reliah]
effects of fields well above breakdown 1
rates caleulated using this Program are in

© Cross sections in air and
Tonization and attachment

: excellent agreement wi
values derived from breakdown eXpeJc'ilrnmn‘,s2 o

At low pressures, the predicted rates are congi
the values inferred from experiments.

the effective field concept did not correls
the use of these results

at high pressureg,
derably higher than
It was further found that
te the data, Nonetheless,
ngoizihuj:e:ii :;I:iy n;:z;ﬁform. fifald break-

predictions of the

bI‘e dO O ty Xp -
ak Wi f air n NfaCDOIlald s cavi € erlmEHtS It 15 con

ating these datg,

—_—

IN. P. Carleton ang L. R. Megill,

24" D, vamicion and L Phys. Rev., 126, 2089 (1962).

U. Gaskell, and H. N, Gitterman, Phys.

Rev., 130, 1841 1963
3M. Epstein, ( ”
20th GEC.

[hda g
High Frequency Breakdown in Nonuniform Fields

DEPENDENCE OF MICROWAVE BREAKDOWN ON
PREIONIZATION

H. W. Bandel and A. D. MacDonald
Lockheed Palo Alto Research Laboratory

Microwave breakdown thresholds have been measured in a TM010
mode cavity (fo =3.061 GHz, A =0.391 cm) as afunction of elec-
tron density in the afterglow of a previous discharge. Measure-
ments have been made with helium, neon, and argon at pressures
for which the electron density. can be determined by measurement
of the frequency shift of the cavity. Preionization densitiea ranged
from about 106 electrons/cm3 to about 109 electrons/cm3 for each
set of measurements. With increasing electron density, the pre-
dominant loss mechanism changes from free diffusion to ambipolar
diffusion and breakdown field strengths decrease to a fraction of
the values obtained without preionization, In general, the transition
is complete for dengities of about 5 x 1()8 electrons/ cms. At low
pressures, when the collision frequency is much less than the mi-
crowave radian frequency, the reduction in breakdown field strength
is as much as 90% and occurs mainly within one order of magni-
tude change of electron density, However, with increasing pres-

sure the relative change is smaller and takes place over a wider

density range.
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THE TRANSITION FROM
INERTIA-LIMITED
MOBILITY-LIMITED CURRENTCURRENT e

_dJ. H. Ingold
General Elecirie Lighting Research Laboratory

Th.e t]: an.sltloll fI O mer tla lln:]].ted Curren y - d Ccur-
t to I]].Oblllt llllllt
e

ly by taking mom
- 7 ents of th
equation for electrong In a gag-filleq diode e

rent is studied theoretical

It is shown that the
¢es naturally to the
Where Yo is the fre-

\ ns and atoms
is s
the plasma frequency for electrons, and io the high :

2
V' -law fo 2,2
r (m/M)vc/Vp 1, where m

res.ulting current—xsr(/)étage characterigtic redu
Child~Langmuir v ~law for VC/V < 1
quency of elagtic collisiong betweenpelectro

-pressure

range where (m/M)Vg/Vg <1< py/v
acterigticis g hybrid mixtupre of the V‘%)/ 2
complete theoretical current
£a8s pressures.
can be cast into

» the current voltage char-
~law and the V2—1aw. The
. ~voltage characteristic ig valid for al}
;[}1; is shown further that the Child~Lang‘muir law
oy o e fornrf of an Ohm's law, with the plasma fre-
Ctrons playing the role of a colligion frequency,

J—

C-10

THE THERMIONIC CATHODE IN A GAS-FILLED DIODE

G. Ecker
Institute for Theoretical Physics, University of Bonn

The work of Langmuir and his followers has provided us with a

satisfactory theory of the vacuum diode which is in good agree-

ment with the experimental observations, A sufficient theory for

the gas-filled diode is not yet available. There have been attempts

to interpret the observations of the gas-filled diode in analogy to

Langmuir's theory of the vacuum dicde. We investigated the planar
gag-filled diode with a thermionic cathode., Analysis and machine
solutions of the quasi-Maxwellian mode proﬁde the (V-j) charac-
teristic of the diode and other quantities of interest. The results
show that the usual interpretation of the (V-j) characteristic in
analogy to the vacuum case Is misleading. Instead of the terms
retarding field region, zero field point, and accelerating field re-
gion, the terms quasi-Maxwellian mode, point of mode change, and
run-away. mode seem to describe the physical phenomena more

appropriately.
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LASER-INDUCED BREAKDOWN IN SUPER HIGH PRESSURE
NEOQN*

Guy Walter Haynes and Arwin A, Dougai
Department of Electrica] Engineering and Laboratorieg for
Electronics and Related Science Research,

The University of Texas

These €xperimental resultg are indicative of electron-impact foni-
zation, Analytically, microwave theory ig extended to optica] fre-
qQuencies for electrica] breakdown in Ne at super high pressures.
Solutions are obtained for Ne from 1, 000 to 100, 000 psi for g chapr-
acteristic diffusion length of 10™% ¢m. The analytica] calculationg

indicate 3 threshold electric fiejd minimum g 30, 000 psi, 1t is

search grant AF-AFOSR 766-67
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EXdITATION OF VACUUM UV SPECTRA OF N AND O BY
keV PROTONS*

William A, Brown
Lockheed Palo Alto Research Laboratory

Relative excitation efficiencies of uv atomic lines of N and O have
been measured using analyzed protons of from 3 to 80 keV im-
Pacting molecular nitrogen and oxygen. Using SWR film in a uv
spectrograph,l we observe atomic and ionic lines of nitrogen, to-
gether with members of the Lyman-Birge-Hopfield and Birge-
Hopfield band systems, and Lyman-alpha due to electron capture
by protons. With OxXygen as the target, the only prominent spec-
tral features in the 'Wavelength band of 800 to 1800 A are the res-
onance multiplets of O and o at 1302 and 835 E‘L, plus, again,
Lyman-alpha. A LiF window photomultiplier tube wag used in the
spectrometer to establish the energy dependence of the stronger
speciral lines, N 1493, H 1216, and O 1302, Target gas pressures
were held at about 4 K. With the exception of Lyman-alpha, the
line intensities were found tobe linear in pressure and proton beam
intensity over more than a decade. We obtained absolute excita-

tion cross sections by comnecting our measurements to those of
Van Zyl et al.2

*Supported by Lockheed Independent Research Program.
IWm. A. Brown, Bull. Am, Phys. Soc., 12, 95 (1967),

2B. Vanzyl, D. Jaecks, D. Pretzer, and R, Geballe, Phys. Rev.,
158, 29 (1967). -

D-2

' BY THE IMPACT OF
OF VACUUM UV SPECTRA F
1%{{%15 ?gclfliv PROTONS AND H ATOMS ON THE MOLECUL
O9, N20, NO, COg, CO, AND CHg

D. Kent Anderson and E. A: Teppo
Montana State University

dro-
The spectra excited by the collision of protons and neufral hydro

gen atoms with various molecular gases were scanned with a vac-
uum monochromator. The prominent lines in the spectral ranse
of 1200 to 3000 f& are atomic lines characteristic of t.he atoms in
the target molecule and the Lyman-alpha line of atomic EYdrfoizl;
In addition to these atomic lines, thf Miescher-Baer l:'>an S oc .
and the first negative bands of CO are strongly exmted.. T
sections for the emission of Lyman-alpha and the atomic oxygez
multiplet at 1304 f& were measured separately for both proton ;:;119
H atoms impact on 02 in the energy range of 10 to 120 keV. rtedl
Lyman-alpha cross sections for O2 are similar to those repo

for N, over the same energy range.

2

. Dayton, V International
1 , D. K. Anderson, and L E . ational
gbnﬁéx?eih:: e;‘fg the Physics of Electronic and Atomic Collisions

Leningrad (1967).
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M
& 5£SP§§¥§E5T?5NA§ E+MI\:§S(S}I(0N Cgi)OSS SECTION FOR THE
o(X,v = 0)—~H(3P, 3D) + =
USING PHOTON COINCIDENCE TE(‘CHNIQ)UEg’é(B,V !

J. Roger Sheridan, Stephen J. Young, and John S. Murra
University of Alaska ) Y

IrTNprevious cross-section measurements for heavy particle colli-
sions, the initial and final states of both colliding partners have
1.10'1: -been specified, An experiment which includes knowledge of the
initial and final states of both particles has been carried out at our
laboratory ior the specific case of simultaneous excitation of the
3P or 3D state of hydrogen and the 322+(v = 0) state of N. in
charge exchange collisions of protons withuground gtate nitrozgen
molecules. We have measured the cross section for production of
Balmt_ar algha radiation from the 3P or 3D state and N first
ne‘gatwe (0,0) radiation in the same collision. This was agcom—
plished by counting single photons in coincidence. The emission
(lzz(jig z::’am:;sadzt:(::rilnzjei: preliminary measurements are 2.6 X
oy of 7.4 keV and 0.8 x 10710 cm? at
21.2 keV, An educated estimate of the relative populations of 3P
and 3D levels yields excitation cross sections for the 3P and 3D
s‘tates separately. A comparison of these measured cross sec-
tions with available data for total charge exchange and charge ex-
change with excitation indicates that the excitations of N, and I
are not correlated. ?

40

D-4

ELEVATED ROTATIONAL TEMPERATURES IN N; EMISSIONS
EXCITED BY ION IMPACT ON Ny *

John P. Doering
Johns Hopkins University

To investigate rotational excitation in ion-molecule collisions, We

have measured the rotational temperature of the N; firat negative

(0, 0yband (M 391410&) as a function of projectile ion velocity for sev-

eral positive ions of energies 2 to 17 keV ineident on Nz. The ap-

tus used included a duoplasmatron ion source, mass analyzer,

para
and a specially degigned 1-m Fastie-Ebert monochromator. The

rotational lines of the transition were completely resolved in all

cases. Projectile ions used were He+, N;, and Ar+. We find that

e is equal to the gas temperature at lab-

the rotational temperatur
than 2 X 108 em/sec. Be-

oratory projectile ion velocities greater
low this velocity, however, the rotational temperature rises and
reaches 650°K at 3 X 107 em/sec (the lowest velocity used). The

effect is. independent of the nature of the exciting ion and appears

to depend solely on ite veloeity.

- —

*Work supported by 2 grant from the National Science Foundation.
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EMISSION CROSS SECTIONS FOR LYMA
N-ALPHA RADIATIO
FROM H;—H COLLISIONS* N

T. D, Gaily and R. Gehalle
Department of Physics, University of Washington

Emission crzss sections for Lyman-alpha radiation from the two
e Bl ke e

p) have been measured for ion
energies from 1,0 to 5.0 keV. In addition, the radiation polariza-
tion for the target excitation reaction hag been determined over
the same energy range.l A crossed-beam technique with an oxy-
gen filtered photomultiplier radiation detector was used. Doppler
shifted radiation from atoms moving at ion beam speeds was ab-
sorbed by the filter and allowed the simultaneous reaction signals
to be separated. Observed target excitation results will be com-
pared with both experimental and theoretical results for proton
excitation of H atoms.2 Low energy structure in the target excita~
tion cross section reproduces that observed with proton projec-
tiles. The cross section for projectile breakup will be compared
with earlier measurements which used other target atoms.

b3
Work supported by the U. S. Army Research Office {Durham),

IT. D. Gaily and
(1967), y and R. Geballe, Bull. Am. Phys. Soc., 12, 6, 918

2 =
L. Wilets and D. F. Gallaher, Phys. Rev., 147, 1, 13 (1966)

42

I,YMAN-ALPHA PRODUCTION AND POLARIZATION IN He+
COLLISIONS WITH H AND Hy *

Robin A. Young, R. F. Stebbings,j and J. Wm. McGowan
General Atomic Division of General Dynamies Corporation
John Jay Hopkins Laboratory for Pure and Applied Science

Measurements of the Lyman-alpha production from He + H{ls)—
He' H(2p) collisions have been obtained over the energy range
from 0.5 to 30 keV. At the lower ion energies the cross section
remains large; this fact reflects the rotational interaction between
states of the collision complex HeH . A similar result had been
reported by Stebbings et al.l for the H' -H collision system. Also
presented are measurements of the total cross section for Lyman-
alpha production from He+—H2 collisions. Some values of the po-
larization have been obtained for emission of Lyman-alpha from

the collisions of He+, Ne+, and Ar" with atomic hydrogen.

*Research sponsored by the National Aeronautics and Space Ad-
ministration, Goddard Space Flight Center, under Contract NAS
5-11025,

+0n leave from University College London, London, England.
1R, F. Stebbings, R. A. Young, C. L. Oxley, and H. Ehrhardt,

Phys. Rev., 138, A1312 (1965).
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OBSERVATIONS OF CHARGE TRANSFER EXCITATION IN
COLLISIONS BETWEEN ALKALI ATOMS AND IONS*

A, Balop, D, C. Lorents, and J. R. Peterson
Stanford Research Institute :

Optical excitation produced in collisions between alkali atoms and
various atomic and molecular icns is belng studied using a crossed-
beam apparatus. Radiation emitted in the beam intersection region
is observed at right angles using an optically "fast" grating. spec-
trograph and a monochromator-photomultiplier combination. Ini-
tial satudies are being made in the wavelength range of 3000 to
5000 A. For 1.5 keV He' onK and Rb, the spectra observed are
identified primarily with excited alkali ions resulting from elec-
tron capture into the ground state of He, For most of the observed
lines, the upper level corresponds to 3p54p excitation for X' and
4p55p excitation for Rb'. The energy defects for these reactions
range from -2.5 to -6.7 eV for K and from -3.0 to +1.3 eV for
Rb. For 1.5 keV N—g on K and Na, the predominant spectra are the
bands of the second positive system in N2 resulting from electron
capture into the excited C3Hu states of NZ' Measurements of the
energy dependence of the emission cross section for various lines

produced by charge transfer excitation are in progress.

*Bupported in part by Advanced Research Projects Agency through

Army Research Office (Durham) and by A i
e iy : ) y Army Research Office
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D-8

COL LISION-INDUCED DISSOCIATION OF LOW KINETIC
ENERGY IONS*

T. F. Moran
Georgia Institute of Technology
and
Jd. R. Robertst
Bellarmine College

Dissociative reactions of diatomic molecule ions with various atoms
and molecules have been measured for H-;, 0:,;, and N; ions having
kinetic energies less than 20 V. In our experimental arrange-
ment, the initial velocity components of the reactant ions are axial
to the slit system of the analyzing mass spectrometer which serves
to discriminate against them but allows for effective collection of
the slow reaction products. The cross sections for the production
of low kinetic energy H+, N+, and O ions in the dissociation of H-;,

O, and NO' range from 0.1 1o 1.0 j&z with reasonably sharp on-

sjts. Kinetic energy thresholds for atomic ion formation indicate
a large percentage of the available relative energy is transferred
into internal energy in the colliding partners. The mechanism of
formation of slow atomic ione in these low velocity interactions is
consistent with the occurrence of nonvertical electronic transi-

tions1 of the ionized species in heavy particle encounters.

*Work supported in part by the Petroleum Research Fund of the

American Chemical Society.
JFNational Seience Foundation Summer Research Participant.
1R. 1. Champion, L. D. Doverspike, and T. L. Bailey, J. Chem.

Phys. , 45, 4377 (1966).
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THE ABUNDANCE OF EXCITED IONS IN AN NOT ION BEAM*

R. F. Mathis, J. A. Rutherford, and B. K. Turner
General Atomi‘c Division of General Dynamies Corporation
John Jay Hopkins Laboratory for Pure and Applied Science

Measurements have been made on a beam of NO' ions to determine
the relative abundances of excited state and ground state ions. The
experimental procedure involved the attenuation of the ion beam
in a reaction chamber filled with a gas chosen so that different
gtates of the ion were attenuated with different rates. The ions
were formed from NO by impact of electrons with energies of 25,
50, and 100 eV. The determination was made ~ 20 usec after the
ions were formed so that only long-lived states remained in the
beam. It was found that the pressure in the ion source, as well as
the electron energy, influenced the abundance of excited state ions,
Several gases, H2, N2’ 02, and A, were used in the reaction cham-
ber to assess the importance of de-excitation proceésses and to re-
duce the possibility of error which would arise from identical loss
cross sections for excited and ground states. For example, it was
found that using electron energics above 50 eV and low source

pressures, more than one-third of the ions in the beam are excited

*Research sponsored by the Defense Atomi
ic 8
Contract DA-49-146-X7-354, HPpOrt Agency undex
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IONIZATION CROSS SECTION IN COLLISION OF
LIGHT ATOMS*

Ira L. Karp
Florida Institute of Technology

Tor H -He collisions at 4 to 20 eV, center of gravily system, a
model assuming classical dynamics for the nuclei and direct elec-
tron ejection to the continuum gives ionization cross scetion devi-
ating by a possible factor of 4 from the data,I with satisfactory
energy dependence, but correspondingly for He-He collisions at
103 io 104 eV, gives ionization cross section two orders of magni-
tude lower than data.z A second model of He-He collisions uses
the Landau-Zener formula,3 deseribing, In terms of potential en-
ergy curve constants, the feeding of nuclear motion energy into the
ground lsz 252 electronic shell, which jumps to the ls2 2p2
state, going into the continuum at large internuclear distances to a
final ionized state, giving satisfactory energy dependence but large
arrors due both to uncertainties in potential constants and the dy-

namical models.

*Work performed at The Boeing Co., Seattle.

1g. E. Muschlitz, Jr., Phys. Rev., 95, 635 (1954).

2A. Rostagni, Nuovo Cimento, II, 821 (1934).

3Massey and Burhop, Electronic and Jonic Impact Phenomena

(Oxford-Clarendon Press), 2nd ed., pp. 445—450; 513—540.
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TRANSPORT PHENOMENA OF CONVERTING IONS IN DRIFT
TUBES*

J. H, Whealton, J. B. Giancola, and S. B. Woo
University of Delaware

The transport and diffusion phenomena in drift tubes of two charged
species, A and B, where A converis to B, are analyzed. Con-

1
trary to Beaty's™ complete absorher model, asserting that

Icollector = Didp/ ax]collector

we employ an open shutter model for the collector, having
I = -vp+ Dlap/sx]

I, p, v, and D are current, ion density, drift velocity, and dif-
fusion coefficient, respectively. The effect on the computed values
of mobility, u, diffusion coefficient, D, and reaction rate, o,
from the same experimental data, using either model is discussed.
Our solution is obtained without assuming that the ion temperatures
of reacting species are equal, as was assumed in Beaty's case.
Therefore it will more accurately determine y, D, and o at any
E/po where the ion temperatures become significantly different.
Analysis is also done on the transport phenomena of two intercon-
verting charged species, assuming a spatial distribution of finite
width injtially for each species. This solution is discussed in con-
nection with the collisional detachment of O phenomena in drift
tubes,

*This research was supported in part b isti
Bal -
oratories, Aberdeen, Maryland.p Y {istic Research Lab

1
E, C. Beaty and P, Patterson, Phys. Rev., 137, A346 (1965).
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DRIFT MOBILITY TUBE/MASS SPECTROMETER
MEASUREMENTS OF THE ENERGY DEPENDENCE OF
JON-MOLECULE REACTIONS*

J. Heimerl, R. Johnsen, and Manfred A. Biondi
University of Pittsburgh

Ions generated ina pulsed discharge are admitted to a drive region
where an applied electric field controls their transit time and en-
ergy. Various gases are added to the drift region to permit the
parent ion to underge ion-molecule reactions. The ions arriving
at the collector are sampled by a differentially pumped quadrupole
mass spectrometer. Two methods of determining reaction rates
are used; one depends upon analysis of the arrival time spectrum
of the product ions. The second method varies the parent ions'
total transit time by reversing or interrupting the drift field for
various time intervals. The decay of this ion signal is measured
as a function of the additional transit time to determine the reac-
tion rate. Reaction rates determined by the two methods are in
agreement. The values for the reactions He' + N, and He+ + O2
at 300°K agree with results of other investigations,l and the 2-body
reaction rate appears to be independent of ion energy over the

measured range, 300="T "= 1200°K.

*This research has been supported in part by the Advanced Re-
search Project Agency through the Army Research Office (Durham),
1See, for example, F. C. Fehsenfeld, A. L. Schmeltekopf, P. D.
Goldan, H. I. Schiff, and E. E, Ferguson, J. Chem. Phys.. 44,

4087 (1966).
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E-3

POSITIVE ION MOBILITIES IN DRY AIR*

G. Sinnott, D. E. Golden, and R, N, Varney
Lockheed Palo Alto Research Laboratory

Mobilities of mass identified positive ions in dry air have been
measured for a range of E/N between 20 and 2000 Townsends.
The measured zero field mobilities were 1.6 for N; » 3.5 for N()+

+ . . s ’
and 2,5 for O2 in air. The high E/N data yield average momen-
tum transfer cross sections in air of 110, 21, and 30 AZ, respec—

tively, for N, NO', and 0.

*Supported by Lockheed Independent Research Program.
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POSITIVE ION-MOLECULE REACTIONS IN DRY AIR*

D, E. Golden, G. Sinnott, and R. N. Varney
Lockheed Palo Alto Research Laboratory

A drift tube and differentially pumped, quadrupole, ion mass spec-
trometer combination was used to measure the reaction rate con-
stants for N+, 0+, and N; in air as a function of E/N (electric field

strength/density). In this work the density ranged from 7 x 1014

i5

t0 4.2 x 1059 em ™3 and E/N ranged from 7 x 10 to 1,4 x 1071*

(V-cmz). This range of E/N corresponds to an average energy
range in the center of mass system of about 0.05to 1 eV for N_;
and of about 0.3 to 5 eV for the atomic ions. The various observ-
abie ion molecule reactions starting with the above ions lead ulti-
mately to the production of O; and NO' and are discussed. For
the disappearance of N; by charge exchange with 02, the rate con-
stant has been found to be approximately constant over the range
of E/N studied with a value of 8.5 x 10_11 cm® sec_l. Possible
mechanisms for the disappearance of N+ and O" are discussed to-

gether with experimental values of the rate constants.

*Supported by Lockheed Independent Research Program,
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MOBILITY OF 0'2F AND con’ IONS IN CO, GAS

M. Saporoschenko and W. W. Wisner*
Southern Ilinois University

The most abundant ions observed in this experiment using the glow
discharge ion sourcew1th the C()2 gas pressure between 0.5 to 1.6
Torr are the 02 ions at low values of E/p and the COZ iong at
high E/p Other pos1t1ve ions observed in consmlerably smaller
abundance ave: C CO (2‘202, C 02, and CO The mobility of
O ions has been measured for values of E/pD between 20 and 250
V/cm -Torr and of 002 ions between 75 and 250. The reduced mo-
bility of 02 ion varies with E/p0 going through a maximum value
of 1. 56 omz/V -sec at E/p0 of about 120. The mobility of 02 ions
has been observed to be pressure dependent for E/p0 > 80. The
processes of formation of some secondary ions will be discussed.

*Present address: Allis-Chalmers Co., Milwaukee, Wis.
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F-1

THE RADIATIVE LIFETIME OF THE .sp6 2S STATE OF Ar II

George M. Lawrence
Dougias Advanced Research Laborafories

The decay of 919.8 and 932.0 A radiation following a 6 nsec wide
pulse of" electrons (40 to 80 eV)in argon (~0.02 Torr)was observed
using a time-to-height analyzer. The mean lifetime observed is
. 4.80 % 0.1 nsee, which is to be compared with the (central field)
calculation by Varsavskyl of 0.1 nsec. The system uses 100 Mhz
nuclear counting modules and exhibits a "prompt" decay constant of
0.7 nsec. An exponential decay is observed for four decades be-
fore background and secondary processes become dominant. The
measured lifetime is independent of Ay pressure, electron current,
electron voltage, and repetition rate. About 108 decay photons

were timed. The quoted error is an estimate of the calibration
error.

1
C. M. Varsavsky, Astrophys. J. Suppl. Ser., 6, 75 (1961).
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F-2

AN EXPERIMENTAL DETERMINATION OF THE RELATIVE

CONTRIBUTIONS OF RESONANT AND ELECTRON IMPACT

COLLISIONS T'O THE EXCITATION OF Ne ATOMS IN He-Ne
LASER DISCHARGES

R. T. Young, Jr., C. 8. Willett, and R, T, Maupin
Harry Diamond Laboratories

A new technique has been developed to differentiate between the
excitation of Ne by resonant energy transfer from excited He atoms
and excitationby electron impact. Comparisons are made of spon-
taneous emission intensities of Ne lines in pure Ne discharges and
in He-Ne discharges with pD values chosen to keep the electron
temperature constant. For a 5:1He:Ne mixture at a pD of 4 Torr-
mm in a 10-mm diameter tube, the ratio of the number of Ne atoms
excited to the 352 level (Paschen notation) by He 218 metastables
to the number excited by electrons varies from 65 (at 150-mA dis-
charge current)to 90 (at 40 mA). For the Ne 352 and 3s, levels
the ratio is 4 and 7 independent of current. For the 355 level the
ratio varies from 7 to 9, with a current dependence similar to that
for the 352 level. Measurements made on the Ne 492,8-nm (532—
2p 4~) line also show that a strong enhancement of this line occurs.
This implies that there is a resonant reaction: He 21P + Ne — He+
Ne 5s, - AE (197 cm'l), with a cross section of approximately

10716 cm?.
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IONIZATION OF ARGON AND OF OXYGEN ON IMPACT OF
233 AND 218 HELIUM ATOMS*

J. A. Herce, K. D. Foster, and E. E. Muschlitz, Jr.
University of Florida

Measurements of cross sections for the ionization of molecules on
impact of excited atoms have been made using an improved appa-
ratus. The ions formed are extracted from the collision region at
right angles to anincident beam of metastable heliwm atoms excited
by electron impact. Long-lived states of higher excitation are re-
moved from the beam by a quenching field. Measurements of the
relative ion abundances as a function of the exciting electron en-
ergy, thereby changing the ZlS fo 233 ratio in the beam,l yield
abundances for each metastable species. Using the known total
ionization cross sections,2 separate cross sections may then be

calculated. Cross sections in _Z‘.xz for formation of the indicated

ions in the two gases investigated are: 5
roduct + 3 + +
Beam Ar HeAr O 02
3.
2°S He 6.6 1.0 0.9 i3
215 He 7.0 0.6 2.0 | 12

Further measurements are in progress on associative versus

Penning ionization in the rare gases.

*Supported by the National Science Foundation.

13, L. G. Dugan, H. L. Richards, and E. E. Muschlitz, Jr., J.
,Chem. Phys., 46, 346 (1967).

2W. P. Sholette and E. E. Muschlitz, Jr., J. Chem. Phys., 38,
3368 (1962).
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F-4

COLLISIONAL RELAXATION OF »; AND vg MODES OF
COg BY Hp0, Xe, AND CO

P. K. Cheo
Bell Telephone Laboratories

Studies have been made of the effective lifetimes, 7, of the v,
(10°0) and Va (00°1) modes of CO as a function of the concentra-
tion of H20 Xe, and CO add1t1ves using an afterglow gain tech—
nique in apulsed 10.6p CO laser amplifier previously descrlbed

This technique yielded a relaxatlon cross section Oy for CO4H-

H,O colligions of 3.6 x 10_1‘7 cmz, as compuied from the linear

2 :
slope of the plot of 1/ Tyg VErsus Pgy0 (0 to 0.3 Torr range).
This value is more than two orders of magnitude higher than those
obtained for COZ—CO2 collisions. Risetime data, interpreted in
terms of relaxation of the »y asymmetric mode of CO, by CO,-
H,0 collisions, indicate that 7, 1 is less than 10 psec at zbout
0.3 Torr of H,0 pressure. Values of 7,; and T4 obtained in
CO -Xe mix g& both increase slightly with increasing P . NOQA‘?
rﬁ% E ange in the lifetime of v, and Vg modes of 002
was observed upon addition of CO for a CO pressure range from 0
to 6 Torr. Data on pressure dependence will be presented and

possible mechanisms discussed.

1p, K. Cheo, J. Appl. Phys., 38, 3563 (Aug 1967).
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AMBIPOLAR DIFFUSION FREQUENCY SHIFTS IN THE
HELIUM-NEON LASER

Frederick J. Mayer
Plasma Research Laboratory, Case Western Reserve University

Simple charged particle diffusion theory of the positive column of
a gas discharge predicts the establishment of a radial electric
field, which by the second-order Stark effect produces a shift of
the atomic line center in a single frequency helium-neon laser,
These frequency shifts are estimated with a simple theory. The
results are that (1) the atomic line center is a function of radial
position in the discharge tube, ({2) the magnitude of the frequency
shift is proportional to (Te/R):2 {where T, is the electron tem-
perature and R is the tube radius), (3) the pressure dependence
of the shift is via changeg in T, and (4) the frequency shifts are
independent of discharge current.
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ON ANGULAR DISTRIBUTION STUDIES OF LOW ENERGY
ELECTRON SCATTERING FROM H2, Nz, AND CO

H. Ehrhardt, H. Langhans, F. Linder
Department of Physics, University of Freiburg
and
H. 8. Taylor
Department of Chemistry, University of Southern California

Data on the angular dependence of low energy (0 to 10 eV)electron-
molecule elastic and inelastic (vibrational excitation) scattering
are presented. It is shown how the single particle shape resonance
model1 was capable of predicting the experimental results. The
theoretically expected and experimentally measured different angu-
lar dependence of the low energy Nz and CO resonances are shown.
The use of angular distribution studies to detect resonances that do
not show up as distinctive changes in the cross sectionas a function
of energyis demonstrated.. It is shown that without angular studies,
one cannot say anything definitive about the absence of resonances.
The angular dependence studies of inelastic scattering {o the v =1
channel of I, show up clearly the existence of a single particle
22; resonance of I, at about to § eV. These same: studies de-
tected the presence of the repulsive 2Z}gq g1s(auls)2 resonance of
H2 above the 8 eV region.

lH. 8. Taylor, G. Nazeroff, and A. Golobiewski, J. Chem. Phys.,
45, 2872 (1966).
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H-2

ANTIRESONANCE IN ELECTRON-HELIUM SCATTERING
CALCULATION*

T. F. O'Malley
General Research Corporation

Several suggestions have been made that there may exist f ztrange
pnew kind of resonance related to the exclusion principle.”™’ ’I:‘ghis
paper reports a calculation in the pseudopotential formalism™ of
e-He scattering, which clearly shows such a remarkable resonance
(an antiresonance) in the 8 wave. Its parameters are Er=37. 5 eV,
T=-2.05eV. Unlike Herzenberg and Lau‘s calculation, the posi-
tion (but not the width) is quite insensitive to the strength of the
polarization potential in the pseudopotential formalism. ‘The anti-
resonance occurs for S wave electrons with kinetic energy just
equal to that of the bound electrons. The negative width corre-
sponds o a decreasing phase shift and hence & time advance. This
ig consistent with a very strong long-ranged, energy-dependent
repulsion, which reaches out to exclude the ijncident eleciron from

the forbidden region of space occupied by the bound electron with

- jdentical energy. If this phenomenon is not spurious, experiments

should show a broad 70% dip in the total cross section.

*Work gupported by the Advanced Research Projects Ptgency.' )
1A. Herzenberg and H. S. M. Lau, Proc. Fiith Afomic Collisions
Conf. (Nauka, Leningrad, 1967); also private communication.
9M. R. C. McDowell, private communication. -

3N. R. Kestner, J. Jortner, M. Cohen, and S. Rice, Phys. Rev.,
140, A56 (1965). :
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POLARIZATION DISTORTION EFFECTS IN LOW ENERGY
ELECTRON-Hy SCATTERING*

Neal F. Lane
Rice University
and
R. J. W. Henry
Kitt Peak National Observatoryt

A variational treatment of the elecf:ron—H2 system has been em-
ployed to obtain an adiabatic polarization potential for use in low-
energy electron—H2 scattering calculations, where polariﬁation
distortion effects are important, Elastic and rotational excitation
cross sections have been calculated using this potential; the re-
sulting cross sections are somewhat smaller than those obtained
using a semi-empirical polarization potential.1 The polarization
potential (in atomic units) may be represented as

- V(,0) = V() + Vy(@)Py(F - R)

where # and R refer to the positionof the electron and the orien-
tation of the molecular axis, respectively. Ilustrative values of
the radial coefficients are: V0 = 0.085, 0,022, 0.0085, 0.0037,
and V2 = 0,023, 0.0054, 0,0017, 0.00068 a.u. for r = 2.0, 3.0,
4.0, and 5.0a o° respectively. The asymptotic behavior is given

by "V, ~2.44, and r?v, ~0.39.

*Work supported in part by the U. 8. Atomic Energy Commission.

tOperated by Association of Universities for Research in Astron-
omy under contract with the National Science Foundation.

IN. F. Lane and §. Geltman, Phys. Rev. (to be published).
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ASYMPTOTIC EXPANSION OF FRANCK-CONDON OVERLAP
INTEGRALS FOR DISSOCIATIVE IONIZATION OF DIATOMIC
) MOLECULES

K. E. McCulloh
National Bureau of Standards

Franck-Condon overlap integrals for certain bound-continuum tran-
gitions of diatomic molecules are expanded as an asymptotic series
in powers of a small parameter. A reflection approximation is
derived from the leading term in the series. For a number of
cases of dissociative ionization of diatomic molecules, the initial
semiconvergence of the expansion is sufficiently rapid to provide a
convenient basis for computing the kinetic energy distribution of
the resuliing atomic ions. Computed distributions are presented
for three modes of dissociative ionization of Hy, including double
ionization, single ionization invelving the repulsive chru state of
Hy , )
lso'g state of H2 .

and single ionization into the dissociation continuum of the
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CALCULATION BY QUANTUM DEFECT METHOD OF ELECTRON
SCATTERING BY MOLECULE-ION: mHt

2
M. C. Weinberg and R. 8. Berry
Department of Chemistry and James Franck Institute,
University of Chicago

A quantum defect method has heen developed from which phase
shifts can be computed for electron scattering by axially symmet-
ric molecules, The method ig applied to calculation of low-energy
elastic scattering cross sections e—H; scattering. These results,
semi-empirical in nature, are compared with the recent nonem-
pirical calculations of Temkin and Vasavada. The comparison
suggests that the Temkin-Vasavads caleulations give reasonably
accurate phase shifts. Furthermore, as one might expect, the
quantum defect method ig significantly better when it is based on a
small numhber of aceurately known bound state energies than when

based on a larger number of less accurate bound state encrgies.
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ELECTRON-ATOM ELECTRON-MOLECULE SCATTERING
' FUNCTIONS FROM PSEUDOPOTENTIALS

B. Schreider and M. C. Weinberg
Department of Chemistry and James Franck Institute,
University of Chicago

With the ultimate goal of elucidating inelastic electron molecule
processes, we have developed a pseudopotential method by which
one can compute the wavefunctions for electron scattering states
around molecules and molecular ions. The method is carried out
as follows: The phase shift is assumed known, e.g., from scat-
tering experiments or from guantum defect calculations.l A pa-
rameterized model potential is chosen and from it a wavefunction
is determined which satisfies the boundary conditions. Param-
eters of the potential are chosen to give the correct phase shift.
Then the pseudopotential is developed from the model wavefunction
and from known bound state functions of the electrons in the scai-
terer. As a first example the method is applied to photodetach-

ment of electrons from O,

1M. C. Weinberg and R. S, Berry, "Calculation by Quantum Defect
Method of Electron Scattering by Molecule-Ion: H'E,” 20th GEC.
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H-7

ELECTRON IMPACT IONIZATION CROSS SECTION IN CESIUM*

K. J. Nygaard
Sperry Rand Research Center

The total ionization due to the passage of an electron beam in ce-
sium vapor has been measured with a Tate and Smith-type appara-
tus. The retarding potential difference method was used in the
electron gun to obtain energy resolution better than 0.1 eV, The
density of Cs atoms was determined from the Taylor and Langmuir
tables and also measured with a surface ionization detector, The
two methods give the same density to within +3% when the apparatus
is inthermodynamic equilibrium with the Cs reservoir, The Cross
section for production of Cg™ has been determined from threshold
to 100 eV. TFor energies above 50 eV, the results agree closely
with those of McFarland and Kinney.l In the threshold region our
results are higher than those of Heil and Scott.2 From the fine

structure on the ionization cturve we estimate the cross section for
autoionization to be about 1.5 x 10~ 18 cm?,

*This work was supported in bart by the Office of Naval Research.
R. H, McFarland and J. D. Kinney, Phys. Rev., 137, A1058 (1965).
2H. Heil and B, Scott, Phys. Rev., 145, 279 (1966).

LOW ENERGY ATTACHMENT IN OZONE*

J. L. Moruzzi and A, V. Phelps:
Westinghouse Research Laboratories

The attachment of low energy electrons fo oz]i)ne has been studied
in N2—03 mixtures using drift tube techniques.” The cu.rrent wave-—
form ié recorded using a multichannel analyzer to improve the
signal-to-noise ratio. Using estimated characteristic electron (E:Il—
ergies and electron drift velocities for the various NZ—O3 mix-
tures, the rate coefficient for attachment has been determined from
the slope of the ion current waveform for characteristic eleciron
energies between 0,05 and 0.8 eV, At energies near 0. 15 eV, the
concentration of 03 in the mixtures was varied from 0.5 t.o 3.5
Torr for total pressures of 50 Torr., The results are con‘s1stent
with a two-body aftachment process, presumably dissociative ﬂ:a
t.@m,hmem:.2 At 0.8 eV the attachment rate coefficient is 1.8x 10

“12 3 -1 )
cm® sec L and extrapolates to 1.2 + 0.5 x 10 “em” sec ~ at ther

mal energies (300°K).

i i Laboratory.
*Thi k supported in part by the Air Forge W_eapons
1Eh11\S/I W(éllr‘lanirllj,pA. V. Phelps, and M. A. Biondi, Phys. Rev., 128,

219 (1962).
2R. K( Cui'ran, J. Chem. Phys., 35, 1849 (1961).
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DISSOCIATIVE ATTACHMENT IN CO AND NO*

P. J. Chantry
Westinghouse Research Laboratories

The production of O™ by dissociative attachment has been studied in
CO and NO by monocenergetic eleciron beam techniques and direct
measurement of the kinetic energy distributions of the ions using a
crossed electric and magnetic field filter and mass Emalysis.1 1t
has been shown that in CO the single peak in the dissociative at-
tachment cross section arises predominantly from the prongiuction
of O and ground state carbon atomg (3P). At electron energies
above 10.9 eV a second peak appears in the ion kinetic energy dig-
tribution, arising from the production of O  and carbon atoms in
their first excited state (lD) - In NO it has been shown that dig-
sociative aitachment proceeds exclusively through the reacfion
92+ NO — 0: + N* where N* ig the first excited state of nitrogen
("D). No O ions have been observed corresponding to the produc-
tion of ground state N. Nor is there any evidence for the produc-
tion of the second excited state of nitrogen, N(zP) » postulated by

2
Dorman” to account for the second hump in the attachment cross
section.

*This work supported in part by ARPA i
lRe.search, ¥ through the Office of Naval
P. J. Chantry and G. J. Schulz, Ph

. d. s ys. Rev., 156, 134 (1987).
2F. H. Dorman, J. Chem. Phys. ., 44, 3856 (1966). (187
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H-10

DISSOCIATIVE ELECTRON ATTACHMENT TO MOLECULES#*

L. G. Christophorou and J. A. Sftockdale
Oak Ridge National Laboratory

Dissociative electron attachment cross sections (some unpublished)
for 30 molecules are summarized, evaluated, and discussed within
the framework of the resomance scattering theory. The dissocia-
tive attachment peak cross section, oc(em ax)’ is found to be a
strong function of the peak (resonance) energy, €

in this dependence at the energy where electronic excitation of the

, with a break

neutral molecule begins to occur. Based on the experimental data,
three groups of molecules have been distinguished: (1)those where
€ max is less than the energy, €N associated with known elec-
tronic states of the neutral molecule, and the negative ion state is
purely repulsive in the Franck-Condon region; {2) those where
€nax = N and (3) those with exceptionally small Gc(emax) for
which €max < €N but a vertical onset occurs. For_tlhe molecules
in group (1), o-c(e m a_x) varies almost as (em ax) » while for
group (2), Uc(emax) is a much stronger decreasing function of the
resonance energy €. For group (1) the effect of autoionization
on o-c(emax) is small and isotopic effects on cc(em ax) are con-
tained within the square root of the inverse ratio of the reduced
masses of the products. For group (2) and especially for group (3)
the effect of autoionization on Uc(emax) is large and so are the

isotopic effects on o (e . )-

*Research sponsored by the U. S. Atomic Energy Commission un-
der contract with Union C_‘arbide Corporation.
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H-11

PLASMA TRANSIENT RESPONSE AND THE DETERMINATION
OF COLLISION DATA¥*

R. L. Bruce, F. W. Crawford, and R. S. Harp
Stanford University

If a plasma column in anaxial magnetic field is subjected to a short
pulse applied with the electric fisld vector perpendicular tothe dis-
charge axis, the electrons are stimulated into motion about the
magnetic field lines. The rate at which they dephase, and the rate
at which the transient response decreases toward zero, depend on
collisions, magnetic field inhomogeneity, and collective plasma
effects. With appropriate control of the magnetic field homogeneity
and plasma parameters, any one of these effects can consequently
be made to dominate. Experiments will be described in which the
pulse response of a plasma has been examined, first over a wide
range of conditions, and then for the special case of low electron
density and high magnetic field uniformity, so that electron/neutral
collision frequencies can be determined from the fransient re-
sponse. Data are presented near the Ramsauer minimum in argon
which compare well with results obtained by alternative techniques,
and the paper discusses the potentiality of the method for studying
collisions at energies of the order of 1 V.

*This work was supported by the U. S. Atomic Energy Commission.
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I-1

EFFECT OF WALL TEMPERATURE ON PROPERTIES OF A
POSITIVE COLUMN

Richard 1. Moore and Joseph E. Butterworth
McDonnell Douglas Corporation

Free-space scattering experiments, which use coolants of various
dielectric constants and temperatures in a jacket surrounding the
positive column, show: (1) that the Tonks-Datiner resonances are
independent of the dielectric constant of the envelope of the column
and (2) that at fixed currents the resonant frequency is proportional

to coolant temperature. Concurrent observation of column de re-

sistance shows it to increase with coolant temperature and to be -

much greater than predicted by the electron-neutral collision fre-
quency. Similarly, cavity measurements find the ac resistance is
too great. Variation of mercury reservoir temperature has little
effect on these parameters. These results are consistent with
viscous loss of momentum to the column wall as calculated from
Knudsen flow of the electrons (with a radial variation in density).
The radial standard deviation of density is estimated from previ-
ously reported column radar cross-sections. The resonance fre-
quency and ifs dependence on wall temperature is consistent with
the theory of a visco-thermal standing radial wave in a nonuniform
medium with no "adjustable" parameters. Values of eleciron vis—
cosity inferred from three independent expefiments (dc resistivity,
ac resistivity, and resomant frequency) are in reasonable agree-
ment, The observed rapid increase in damping of higher reso-
nances ig inqualitative agreement with predictions of visco-thermal

theory.
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I-2

MICROWAVE RADIATION TEMPERATURES IN He, Ne, A, Kr,
AND Xe DC DISCHARGES

C. C. Leiby, Jr., and C. W. Rogers )
Air Force Cambridge Research Laboratories

Microwave radiation temperatures Tr have been measured over
the pressure range p, = 0.04 to 30 Torr at three discharge cur-
rents (i = 60, 140, and 220 mA). The discharge tube (radius R =
0.3 cm)was in the form of a racetrack (perimeter 155 cm) with the
active discharge occupying one siraightaway (52 cm), This geom-
etry reduced electrophoretically induced axial pressure gradienis
by providing a return path for discharge generated gas flows. Dis-
charge tubewall temperatures TW (35° to 350°C) and electric fields
in the positive column were also measured. Tw is a function of
the current i. the reduced gas pressure p, . and the identity of
the gas. Tw was used as an estimate of the gas temperature in the
active discharge region, The data for He, Ne, and A (whose rates
of change of ionization cross-section with electron energy — at on-
set — o are known) agree with Druyvesteyn's theory for electron
temperature Te as & function of poR' Assuming that Tr 'A; Te’
this theory yields values for o, = 0. 60+ 0.30 and 1.0 2 0.4 (A™/V)
for Kr and Xe, respectively. Large variations in emitted noise
power were observed at the lowest gas pressures in all the gases
except He. These '"resonances" correlate with the measured mi-

crowave insertion losses of the plasmas.
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I-3

MICROWAVE-DC PROBE MEASUREMENTS OF THE
PLASMA SHEATH

Maurice Weiner and Robert M. True
Electron Tubes Division, Electronic Components Laboratory,
U. 8. Army Electronics Command

A mierowave-dc probe is investigated for its potential as a diag-
nostic tool for the measurement of various plasma parameters,
such as electiron temperature, density, and eollision frequency.
The probe is connected directly to a 50-ohm coaxial transmission
line through which the microwave signal is coupled to the sheath.
Using the same probe, both microwave and de measurements are
carried out separately and the results compared. Results are ob-
tained for a xenon discharge with and without a magnetic field.
Microwave nonlinear effects and frequency absorption bands are
observed in the plasma sheath surrounding the antenna probe. The
nonlinear effects include mixing, frequency doubling, and current
rectification of a microwave signal. Strong microwave nonlinear
interaction is observed when the probe is de biasedat a point in the
exponential region of the electrostatic curve. The nonlinear inter-
aotion occurs largely inside the microwave absorption band found
In the 1,0 o 2.0 GHz range. The center frequency of the absorp-
tion band corresponds to the resonant frequency of the sheath-
plasma system and is somewhat lower than the plasma frequency.1

1R. S. Harp and F. W. Crawford, "Characteristics of the Plasma
Resonance Probe,” J. Appl. Phys., 35, 3435 (1964).
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CAUSE OF THE DARK-SHEATH IN RF PLASMOIDAL
DISCHARGES*

M. D. Kregel and A. Miller
New Mexico State University

The spatial variation in the intensities of emission lines of excited
neutral atoms and molecularions have been measured for a spher-
ical dark-sheath rf plasmoid formed in oxygen, .
are generally similar,
the dark

The two profiles
but exhibit discrepancies in the vicinity of
: -sheath. Analysis of the data has led to a simple and sat-
isfying explanation for the oceurrence of the dark-sheath

*Thi .
his work was supported in part by the National Science Foundation.
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A THEORY OF ARC STARVATION*

J. E. Faulkner and A, A, Ware
San Ramon Research Operation, Aerojet-General Corporation

The simplest discharge tube geometry for are starvation, which
avoids the complication of electrode effects, is a cylindrical tube
with a short constriction at one point along its length, The condi-
tions in such a congtriction are similar to those in a plasma diode,
except that electronand positive ion injectionoccurs from the anode
end as well as from the cathode end, It is proposed that the arc
starvation (i.e., current chopping) occurring in such a discharge
constriction at low pressures results from a space charge insta-
bility similar to that observed in the plasma diode. To test this
hypothesis, a code has been prepared for a one-dimensional com-
puter experiment to simulate the constriction; the motion of up to
104 sheets of electrons and ions are followed. The results show a
large amplitude space charge instability, similar to the plasma
diode instability, except that the frequency is of the order of the
electron transit time and not the ion transit time. This is due to
the electroninjection from the anode end which is absent in a plas-
ma dicde. The mechanism by which this instability causes the

current chopping is discussed.

*Work supported by Office of Aerospace Research, United States
Air Force. :
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DEPLETION EFFECTS IN CESIUM-ARGON DISCHARGES

J. H. Waszink, R. Bleekrode, and J. Polman
Philips Research Laboratories, Eindhoven, The Netherlands

In the axially homogeneous positive column in cesium-argon dis-
charges (pcs 1074 .
the column parameters occurs as the discharge current I is raised
to above a critical value Ic .1 This effect takes place when 1_:he ce-
sium ground state concentration has been depleted2 by ionic pump-
ing in radial direction. The eleciron density B, the electron
temperature Te, and the cesium 6281 /2 concentration N have
been determined by a microwave interferometer,” by Langmuir
probes, and by optical absorption, as a function of I and the radial
coordinate r, nCS(r) has a minjimum value at r =0, which de-
creases with increasing I and is about 3% of the concentration at
the tube wall, nCS(R), for I = Ic . As T is increased further,
this profile becomes flat over a range 0<r < R/2. n(r=0) as

a function of I showsa dipat I= I0 . For I< Ic ,» we find
no(r)/ng(0) > J_(2.401/R)

where JO is the zero-order Bessel function.

1. J. G. Meyer, G. Ahsmann, and J. W. van der Laarse, App.
Phys. Letters, 10, 124 (1967).

2M. A. Cayless, Brit. J. App. Phys., 14, 863 (1963).
8J. Polman, Rev. Sci. Inst., 1967, to be published.
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Al PRESSURE
EASUREMENTS OF THE LONGITUDIN
" GRADIENT IN DC DISCHARGES*

R. Beregman and L. M. Chanin
University of Minnesota

Measurements have been made of the longitudinal pressure gradient
in dc discharges of helium and neon. The anode cathode pressure
differential has been measured as a function of current density and
gas pressure. Other variables investigated included gas tempera-
ture, electric field, temperature gradients, and tube geometry.
Previousl theoretical explanations of the effect when compared with
experimental results underestimate the magnitude of the phenom-
ena by as much as two orders of magnitude. Satisfactory order of
‘magnitude agreement is obtaiéned when the present data E.iI‘e 'com—
pared with the recent theory of the volume force contribution to

the effect.

*This research was supported by the Air Forcg Cambridge Rc.asearch
Laboratories, and in part by the National Science Foundation.
1M. J. Druyvesteyn, Physica, 2, 255 (1935).

2¢. C. Leiby, Jr., and H. J. Oskam, Phys. Fluids (to be published}.
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PHASE SHIFT BETWEEN THE VARIATIONS OF PLASMA
PARAMETERS IN SLOW MOVING STRIATIONS

M. Sicha.* M, G. Drouet, and G. G. Cloutier
Plasma Physics Laboratory, University of Montreal

The mei:hoclsl’2 recently described for direct oscillographic dis-
play of the time variations of electron density, electron tempera-~
ture, and axial electric field in a positive column have been used to
study the propagation and amplification of moving striations. For
small harmonic variations of these plasma parameters, the phase
shift between these variations have been measured. The experi-

mental results obtained have been compared with existing theo-
3,4,5

rieg.”™’ The phase shift between electron density and electron
temperature variations ig larger than predicted by Pekarek's cal-
culations. For example, in neon the measured phase shift is about
180 deg while the theory predicts that this angle should he smaller
than 90 deg, The phase shift between the electric field and the
electron temperature is of opposite sign to that predicted by the
theory of Pekarek and Krejei which is generally accepted4 for the
interpretation of the amplification of striations. It will be shown
that the experimental resulis can be interpreted by taking into ac-
count the metastable atoms as suggested by Gentle5 and by using a
general equation of conservation of energy for the electrong.

*On leave from Charles University, Prague, Czechoslovakia.

Im. sicha and G. G. Cloutier, Bull. Am. Phys. Soc., 12, 718
(1967).

2M. Drouet and G. G. Cloutier, Bull. Am. Phys. Soc., 12, 695
(1967).

iL. Pelkarek, Czech J. Phys., 12, 439 (1962),

D, A. Lee, P, Bletzinger, and A. Garscadden, J. Appl. Phys.,
5§Z, 377 (19686).

K. W. Gentle, Phys, of Fluids, 9, 2203 (1966).
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J. J. Lowke .
Westinghouse Regearch Laboratories

A relaxation method based on the time dependent energy batlax.lce
equation has been used to derive the steady state characterlsmz
of arcs, where account is taken of energy transfer.due to thc‘ar'-nf :
conduction, radiation, and self-absorption of radiation. An Initia

i ifi i1 the
incorrect temperature profile is successively modified unti

i i tion
steady state solution is obtained. Use is made of the integra

procedure developed by Swsmson1 to calculate the radiation ?;;{
density as a function of radius for a given te.-m}.)eraturc‘a p}fo 1es.
Calculations have been made of the characteristics of dlS.C arg

in sodiumz vapor where radiation other than from the D Im:Sf ca::
be neglected in a first approximation., Results a:r.-e presented. (:‘OH
pressure of 250 Torr giving (1) temperature profﬂes;. (2) ra ;a 1a11
efficiency as a function of electric current, tube radlu‘s, Zn a\;'ia_
temperature; (3} a characteristic line profile of the em1tteb r -
tion; and (4) the E-I characteristics of the discharge for tube r

of'3.5 and 5 mm for currents ranging from 2 to 10 A.

1c. 4. Church, R. G. Schlecht, I. Liberman, and B. W. Swanson,

, 1947 (19686). o _ .
ZjélliAi;ap%lt matel(‘ial functions (thermal conductivity, electrical con

du-Ctlults‘ H an.d SpectIal abSOIptl\dlty as a fUIlCthIl Of temperatute
) A
werc Ca.].cu.lated by Ieh- Sen- Jen-: Wllo 8.150 aSSISted 1n some Of tlle

computations.
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IMPURITIES, GRADIENTS, RADIATION TRAPPING,
ANOMALOUS HEAT CONDUCTIVITY, AND METASTABLES
IN A LABORATORY PLASMA*

Ray Hefferlin
Southern Missionary Collegef

A mass of temperature, density, and enthalpy data, obtained spec-
troscopically for various points in a certain plasma, are subjected
to interpretation in the light of the six plasma models. The source
was an argon high-enthalpy plasma jet, exhausting into air, with a
metal solution seeded info the argon., The plasma models are: (1)
The optically~thin, local-thermodynamic-equilibrium model; dis-
crepancies exist such that densities calculated from the model are
too high by a factor of 2. These discrepancies serve to motivate
further interpretations. (2) The entrainment of impurities; found to
be unimportant. (3) Gradients; the easily ionized component of the
mixture was found to radiate in a cool zone unsuspected earlier
because not all data were Abel inverted., (4) Radiation trapping;
shown by several tests to be practically absent. (5) Overpopulation
of metastable and higher levels in argon-like species; evidence in-
dicates that this process does occur. (6) Low heat conductivity of
argon; results in spread of temperatures downstream.

*Supported by the National Science Foundation.
TPresent address: University of Chattancoga.
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METAL ION REACTION RATE MEASUREMENTS IN A FLOWING
AFTERGLOW SYSTEM

F. C. Fehsenfeld, A. L. Schmeltekopf, and E. E. Ferguson
Environmental Science Services Administration

Reaction rates between metal ions and neutral molecules (includ-
ing 03) are currently being studied in the ESSA flowing afterglow
system. The metal ions are presently being produced by reac-
tions between metastable argon atoms and the metal vapor which
is evaporated from a furnace. Thus far, the reaction Mg + 0,
MgO + 1((;2 has been measured, yielding a tentative rate const:;nt
k= 10 cm /sec In addition, the three-body reaction Mg +
O2 + M — MgO“2 + M, where M is a neutral third- ~body (in this
case Ar)é has been observed to have a rate constant of the order
k=10 "Vem /sec In addition to MgO and MgOz, ions at mass 72
(probably MgO ) and mass 96 (probably Mg2 3) were also detected
mdlcatmg the formation of these products by reactions involving
Mg MgO , and MgO and the neutral reactants. Magnesium ions
have been observed to be major ions at certain altitudes and times
in the earth'slower ionosphere. The first reaction may well be the
major Mg loss process in some regions of the ionosphere. Some
implications of the rate constant measurements for the meteor ion

chemistry of the earth's upper atmosphere will be discussed.

ThlS IBSGaIOh Was Supported m part by th.e Defen.se A omie -
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ION-MOLECULE REACTION RATE CONSTANT MEASUREMENTS
IN THE NEAR THERMAL RANGE*

E. E. Ferguson, D. B. Dunkin, F. C, Fehsenfeld, and
A, L. Schmeltekopf
Environmental Science Services Administration

A flowing afterglow system has been consiructed so that the gas
temperature can be maintained ai temperatures from 77° to T00°K
while ion-molecule reaction rate constants are measured. Because
of the large gas flows and wide temperature ranges, careful atten-
tion was given to the heat exchange problem in the equipment de-
sign in order to avoid temperature gradients in the reaction zone,
The experimental details of the heated system will be briefly pre-
sented. Reactions which have been measured so far and for which
data will be presented include 0" reactions with 02, Ny, and 002,
He™ reactions with O and NZ’ and the reaction of N with O The
present data will be coznpared to other available data on the energy
dependence of these reaction rates and some theoretical consider-
ations will be proposed. The reaction rate constants to be reported
will include corrections to previously reported values which have
resulted from a detailed computer analysis of the hydrodynamics

of the flowing afterglow experiment.

*This research was supported in part by the Defense Atomic Sup-
port Agency.
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SPECTROSCOPIC INVESTIGATION OF THE ION-MOLECULE
REACTION OF He* AND Ny *

D, L. Albritton, A, L. Schmeltekopf, and E, E. Ferguson
Environmental 801ence Services Administration

Spectroscoplc investigations have heen made of the reaction of
Het and N in the visible and vacuum ultraviclet wavelengths as a
function of the vibrational temperature of Nz' The inverse pre-
dissociation mechanism which has been commonly evoked by spec-—
troscopists to explain the vibrational populations of the C 2 state
of N can be excluded on the basis of these afterglow studies. When
the Vlbratlonal temperature of the N2 was elevated, the populations
of the vibrational levels v' = 4, 5, and 8 of the CZE+ state in-
¢reased, while that of the v' = 3 level decreased. This is inter-
preted as meaning that the predissoeiation of the N; 022; state
cannot entirely occur at v' = 3, since it has been previouslydeter—
mmed in this laboratory that the ratio of N to N2 produced by the
Het reaction with N increases with N vibrational temperature.
Emissions from the BZE state of N have also been ohserved

in the afterglow and show anomalous v1brat1onal and rotational
populations,

*This research was supported in part by the Defense Atomic Sup-
port Agency. '

20

J-4

ASSOCIATIVE IONIZATION IN A NITROGEN AFTERGLOW

‘Walter L. Starr*
Lockheed Palo Alto Research Laboratory

In studies with nitrogen afterglows, we observed that ion.izaticfn
is produced by addition of NO to the afterglow. Since the dissoci-
ation energy of N, is greater than the ionization potential of NO,
ionization of NO by association of N atoms is energetlcally pos—
sible. From mobility measurements, Gatz et al. 1de;1t1f1ed NOt

as the product ion of this reaction. In a related study,” electron-
irradiated N, was reacted with NO and the preduct ion mags spec-
trometrlcally identifiedas Ny NO To make adirect determmatlon
of the ion produced by the NO -Ng, afterglow reaction, we u.set.i a
guadrupole mass spectrometer and a flowing afierglow. NO is in-
troduced between an electrodeless discharge and :,_he mass spec-
trometer. For all flow conditions u.sed; only NO a];fpears as a
product ion. Usually N';, N;, and NO are in the prnn.ary- ﬂov-\r;
however, NOJr is also produced when primary flow ionization 1-s
absent. Mass 58 is not observed. By adding N2 in place of NO it

was determined that the ionization could not be attributed to a pres-~

sure effect.

* NASA-Ames Research Center.
1gowRatGatz F. T. Smith, and H. Wise, J. Chem. Phys., 40, 3743

1964
%f Cérmak J. Chem. Phys., 43, 4527 (1965).

91




J-5

ION-MOLECULE REACTIONS IN COLLISIONS OF O~ AND oi
WITH H, AND D,*

J. D, Martin.and T. L. Bailey
University of Florida

Total cross sections for the negative ion-molecule reactions, O +
D,=0OD +D, and O + I, =OH + H, have been measured using
a fixed-angle tandem mass spectrometer, The experiments were
performed for primary ion energies from a few eV to 69 eV for the
o + D, system and to 119 eV for the O + H, system. Inboth
reactions the cross sections rise rapidly with increasing energy in
the region near threshold, peak at approximately 10 eV, and then
decrease monotonically thereafter. A pronounced isotope effect
was observed: the maximum value of the cross section for OD~
formation was approximately 2.8 times the maximum for OH~ for-
mation. .From the observed onset for each reaction and simple en-
ergy considerations, it appears that the OD™ and OH product ions
are both formed (at low collision energies) in their ground elec-
fronic states, with vibrational/rotational excitation energies of
about 0.65 eV, The reactions O +D,=D +0D, 0™+ H,=H +OH,
and 02+H2 =0 +H20 have also been observed, but cross sectiong
for these have not yet been measgured.

*Work supported by the U. S. Office of Naval Research and the
National Aeronautics and Space Adminisiration.
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-+ 4
LOW ENERGY COLLISIONS BETWEEN O (S) AND H(ls) *

i d J. A. Rutherford

. R. Turner, R. F. Stebbings, an ) !
Geieral Atomic Division of General Dynamics C%orpor'atlon
John Jay Hopkins Laboratory for Pure and Applied Science

The cross section for the accidentally resonant charge transfer

process
- 0.0leV. J =0
+ =
o*%s) + H(ls) —~ 0(3P)J + 0 {+0.00ev. J
+ 0.02 eV, J = 2

has been measured by use of a crossed-beam method, within the
energy range of 0.6 to 25 eV in the center of mass coordina‘?e 8ys-
tem. These data were extrapolated to lower lenerg‘ies using the
method recently developed by Wolf and Turner™ and large thermal
energy cross sections were obtaingd. The implications of the large

crogs sections, 2—4 X 10_]‘5 cm” at interaction energies appro-

priate to a temperature of ~1200°K, to the formation of the pro-

tonosphere are discussed.

*Regsearch sponsored by the Defense Atomic Support Agency under

-49-146-X7Z-354, o
1g‘ongac‘§v?§ and B. R. Turner, "The Effect of Polarization on

Charge-Transfer Reactions in the Low eV Region," to be sub-
mitted to J. Chem. Phys. (GA-7919).
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REACTIONS OF N3 WITH Ny, *

William B. Maier 10
Los Alamos Scientific Laboratory

Experimental cross sections for the reactions

+ +
(1) Np + Ny~ N + N

+ +
(2) N2+N2—-N +N+N2

o . . . .
Te given for primary ion kinetie energies between 1 and 45 eV

Th . .
€ primary ions are produced by electron bombardment and mass

analyzed prior to reaction, The electron bombarding energy is

varied from 18 to 60 eV
» and th i
ot o o > . ¢ effects of excited, metastable
: g HPOL the cross sections are studied. With an electron
o . .
mbarding energy of 18 oV, reactions (1) and (2) exhibit thresh-
olds at primary ion kinetic energies E of about 9 and 15 eV, re

spectively, and ha i i -
° 10—16 Ve maximum cross sections =~ 10 17 cmz and

2
o cm , respectively. With an electron bombarding energy
e}
eV, for example, the cross section for reaction {1) is ~ 10_17

2
em” g £
t E 1eV, due to the presence of excited, metastable N
2

in the primary ion beam,

*Work supported b i
v the U. 8. At issi
Advanced Research Projects Ag':l:.!c];‘(.: Frerey Commission and the
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ON THE REACTION Hy + Hy — Hg + H, EVIDENCE OF
RESONANCE FORCES*

F. A. Wolf
8an Diego State College

Previous theories of ion molecule reactions indicated that the max-
imum crogs section obtainable never exceeded the result predieted
by Gioumousis and Stevenson (GS) using the Langevin capture the-
ory. Measurements of the cross section by Giese for this reaction
yielded results in excess of the GS result by 20% or more in the
parycentric energy range 0.1<E=2 eV. Neynaber's recent merg-
ing beams measurements of relative values (which compare well
with relative values using Glese's data) indicate that for 0.03 =
E = 5 eV the eross section deviates from the GS resuit both in the
high and low energy region. We have calculated the cross section
for the above reaction using a phase space theory modified to study
4-body reactions by making them into equivalent 3-body reactions.
Most important is that our calculailon uses a resonance potential of
the form ~aR exp (- bR) in which a and b may be directly cal-
culated in terms of experimental electron scattering lengths. Our
results compare extremely well with the experimental data indi-
cating that for interparticle separations ~ 5:&, attractive resonance
forces lead toa cross section iarger than the GS result and that for
E = 3 eV the cross section is less than the GS result because of
phase space competition with dissociation. The experimental re-
sults are displayed fogether with the GS and the resonance-phase

space theorstical results.

*Sponsored by Air Force Office of Scientific Research under Grant
AF-AFOSR-1277-67.
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ANALYSIS OF 10N MOLECULE REA
CTION EXPERIMEN
WITH PRIMARY ION BEAM DEPLETION* '8

George Gioumousis
Lockheed Palo Alto Research Laboratory

It is possible to perform mass spectrometer ion molecule reaction
experimenis under sufficiently high pressures that the analysis is
complicated by depletion of the primary ions. On the assumption
of zero electron beam thickness and zero initial primary ion ve-
locity, it is possible to base the analysis on the concept of ion flux
as a function of position, with no restriction as to the functional
form (with respect to energy e ) of the microscopic reaction Cross
section o(¢). For a single reaction the result is

i £
lo ”—L— = -
g(lp . is) n, J o(p,eEz/ml)dz

where i and i g i i
5 s A4re primary and secondary ion currents, n,

is the number density of neutrals, £ is the reaction length, u is
the reduced mass of Primaries and heutrals, e is the charge of
the primaries, E ig the clectric fiéld, z is the distance paraliel
to the field i i

eld, and m, is the mass of the primaries, The analysig
can be generalized to Systems of competing and consecutive reac-

tions, and has heen worked out for several such systems

*Supported by the Defense A i
of Howas Ry one De e Atomic Support Agency through the Office
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CALCULATIONS OF CAPTURE CROSS SECTIONS ¥OR
ION-POLAR MOLECULE CAPTURE COLLISIONS INVOLVING
CH,CN
3

John V. Dugan, Jr., and James II. Rice
NASA-Lewis Research Center
and
John I,. Magee
University of Notre Dame

The cross sections for capture collisions between the symmetric
top molecule CHSCN and several molecular ions are calculated by
a numerical approach previously used to study collisions beftween
ions and linear polar molecules.l These ion-molecule reactions
with CchN targets have been studied in the mass spectrometer
and have large experimental cross sections.2 Calculations are also
done for symmetric tops which have relatively large moments of
inertia about their symmetry axes. This was done to study the
role of the added degree of rotational freedom by comparing re-
sults for the top with those for linear molecules. The numerical
cross sections o, for the tops at rotational temperature TR are
less than experimental reaction cross sections for all ion energies
€ - However, these‘3 o, valucii/aére much larger than predicted by
the Langevin theory.” The €

digsagreement with the reported ezl experimental behavior al-
though they agree with predictions of a Stark effectapproximation.

slopes for the O, plots are in

13. V. Dugan, Jr.; and J. L. Magee, J. Chem. Phys. (to be

published).
2T, F. Moran and W, H. Hamill, J. Chem. Phys., 39, 1413 (1963).
3J. V. Dugan, Jr., and J. L. Magee, NASA TN D-3229 (Feb 1966).
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DYNAMICS OF THE N-;—CH4 REACTION

E. A. Gislason, Bruce H. Mahan, and Chi-wing Tsao
Department of Chemistry and Inorganic Materialg Research
Divigion of the Lawrence Radiation Laboratory

An apparatus has been constructed which allows mass, energy, and
angular analysis of the products of ion-molecule reactions which
occur when a momentum analyzed beam of ions impinges on a tar-
get gas. This apparatus has been used to study the dynamics of
the reaction

N + CH, — NI+ CH,
For several initial energies of N42- in the range from 16 to 130 ev,
we find the most probable reactive process corresponds to scat-
tering of N2H+ through only small angles with respect to the NZ
beam direction. The greatest intensity of N2H+ occurs at veloci-
ties near those calculated for an ideal stripping process in which
n0 momentum is transferred to CH3. Other less intense features
show that in some collisions CH3 as well as N2H+ is formed with
considerable internal excitation energy.
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CROSS SECTION AND POLARIZATION OF THE H, LINE BY
ELECTRON IMPACT EXCITATION*

H. Kleinpoppen,f and E. Kraiss
Department of Physics, University of Tiibingen

The cross section cr(Ha) for the excitation of Balmer-q¢ radiation
from ground state hydrogen atoms has been determined by means
of the modulated cross-beam techniques

ol ) = o158, 35) + x‘;‘§ a(18, 3P) + ¢(1S, 3D)

where ng is the branching ratio for the optical transition from
the 3P state to the 28 state. The measured excitation function
has been normalized to the Born approximation above 300 eV. The
o-(Ha) cré)ss section has a narrow peak with a value of (0.058 =
0.015) L located about 2 eV ahbove the excitation threshold.
There is good agreement with the theoretically determined o-(Ha)
cross section of Morrison and Rudge1 in the energy range from 50
to 350 eV. In addition, the polarization of the Ha has been meas-
ured in the energy range from about 15 up to 45 eV, The polariza-
tion drops abruptly in the energy range from 25 eV down to the
threshold. The reported Ha cross section has been corrected
for cascade and polarization effects.

*Work supported in part by the Deutsche Forschungsgemeinschaft
and the Bundesministerium fiir Wissenschaft und Forschung,

tVisiting Fellow 1967 —1968, Joint Institute for Laboratory Astro-
physics, of the National Bureau of Standards and the University
of Colorado, Boulder. , _

1p, ¥, T. Morrison, and M. R. H. Rudge, Proceedings of the Phys-
ical Society, London, Vol. 8%, Part 1, No. 563, 1966.
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X CITATION
THRESHOLD BEHAVIOR OF ELECTRON E
FUNCTIONS IN ATOMIC HYDROGEN*

J. F. williams, E. K. Curley, and J. W_m. McGowag
General Atomic Division of General Dynamics QOI'pox:atlon
John Jay Hopkins Laboratory for Pure and Applied Science

The excitation function, for electron impact, of the (lg - 2p) tran-
sition in atomic hydrogen appears to be finite at the threshold.
When electron energy distribution functions of from 240 to 100 meV
(FWHM) are unfolded from the observed Lyman-alpha radiation
versus eleciron energy curve, it appears that the excitation func-
tion reaches a significant value within several tens of meV of the
threshold and then drops sharply to about 609, of its peak threshold
value. A report is given of attempts made to observe the reso-
nance in the 2p excitation funetion, which is predicted by Burke

et a.'i.l to appear just below the n = 3 level.

i i Administra-
#*Work performed for National Aeronautics and Space
tion, (goddard Space Flight Center, under Contract NAS-5-11025.
1p. G. Burke, S. Ormonde, and W. Whitaker, Phys. Rev. Letieys,

17, 800 (1966).
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CLOSE-COUPLING CALCULATIONS OF ELECTRON
EXCITATION CROSS SECTIONS OF HELIUM®*

5. Chung and Chun C. Lin
University of Oklahoma

Using Born's approximation one finds that the electron excitation
cross sections of the nl-P states of helium are over 40 times larg-
er than those of nlD which are 102 times the an cross sections.
Because of the strong coupling between nIP, nlD , and an , the
cross sectibns of nlD and an may be much larger than the Born
values. By including all the channels associated with the 118,
318 ) 31P » and SlD states, we have performed a close-coupling
calculation of the excitation cross sections.. The scattering equa-

tions are solved numerically. Similar calculations have been made

for the n = 4 states. At 100 eV, the calculated cross sections of
slp, 3'p, 4’p, 4D, and 4'F are 282, 22, 115, 10.6, and 0, 54
-20

cmz), respectively, as compared to the corresponding
Born values of 270, 4.4, 109, 2.5, and 0.014. The 3'D and 4'D
¢ross sections agree well with experiment. Because of the singlet-
triplet mixing of the F states, a substantial part of the observed
exditation population of 33D at low pressure may be aseribed io
cascading from the T states.

*Supported hy Air Force Cambridge Research Laboratories, Office
of Aerospace Research.
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STUDY OF 100-¢V ELECTRON IMPACT EXCITATION OF THE
31,3p LEVELS OF HELIUM USING TIME-RESOLVED
SPECTROSCOPY*

Richard J. Anderson and R. H. Hughes
Univergity of Arkansas

The relative coniributions of direct electron excitation and cascade

transitions to the 31’3

resolved spectroscopyl using an electreonimpact apparatus designed

to minimize gas-kinetic collisional transfer effects. The obser-
o 1 =]

vations ave made via 3°D— 25P(A58764), and 3'D—2'P(A66784)

D states are being investigated by time-

- -2
transitions in the pressure range 10 3 to 10 ~ Torr. Measure-

- 3
ments at ~ 10 3 Torr indicate that approximately 34% of the 3D

and more than 90% of the 31D population results from direct elec-

3 R .
tron excitation. Approximately 10% of 3"D population results

3
from 4F cascade. Normalizing to the absolute 33D — 2P and

31D — 21P cross section measurements of St. John et al.2 at 100
eV one obtains in units of 10 22em?; QE'D) ~ 22, Q(3°D) ~ 1.5,
and 0.4 < Q(4F) < 1.6, where Q(4F) is the total 4F cross sec-
tion. Direct 11S — 4F electron éxcitation as predicted by Born

theory, and collisional 41P — 4F transfer can account for less

than 10Y% of the observed 4F excitation.

*Work supported by the National Secience Foundation,

1w. R. Pendleton and R. H. Hughes, Phys. Rev., 138, A683 (1965}.
2R. M. St. John, F. L. Miller, and C. C. Lin, Phys. Rev., 134,
A888 (1964).
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THE ANGULAR DEPENDENCE OF THE ELECTRON IMPACT
EXCITATION CROSS SECTION OF THE X]-Z'g" —_ lo?’:z:r1
TRANSITION IN H,

5. Trajmar
Jet Propulsion Laboratory, California Institute of Technology
and

D, C. Cartwright, J. K. Rice, and A, Kuppermann
Department of Chemigtry, California Institute of Technology

The differential cross section for the electron impact excitation of
the Xlzg — bgz; transition in H, has been measured in the 10 to
80 deg region at 25, 35, 40, and 50 eV impact energies. Using the
Ochkur-Rudge approximation. (which has proved very successful in
treating electron exchange scattering), the differential cross sec-
tion for this excitation has been calculated. A comparison is made
between the theoretically calculated and the relative experimental
values. It is found that the theory and experiment agree well at 50
and 40 eV impact energies. At 35 and 25 eV energies, the theory
predicts rather proncunced maxima in the differential crogs sec—
tion at around 40 deg while the experiments show nearly isotropic
distributions.
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K-6

: 3
ELECTRON IMPACT EXCITATION OF THE ¢ "II,, STATES OF
Ho AND Dg BY A TRAPPED ELECTRON METHOD*

J. T. Dowell and T. E. Sharp
Lockheed Palo Alto Research Laboratory

Electron impact excitation of Hz and D2 within 0, 05 eV of threshold
is studied with a trapped electron method. An ac RPD technique
is used to achieve energy resolution better than 0.1 eV. A series
of trapped electron peaks ig resolved in the 11.7 to 313. 5 eV range.
These are identified as vibrational levels of the ¢ Hu state. In
this energy range, excitation of other states (both singlet and trip-
let) near threshold is found to be weak by comparison. Several
peaks observed in the 13.8 to 15.4 eV range could not be assigned

to excitation of vibrational levels of a single electronic state.

*Work conducted under the Lockheed Independent Research Program.,
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K-7

ISOTOPE EFFECT IN THE DISSOCIATIVE EXCITATION OF
Hy (Do)
Keith M. Burrows* and Gordon H. Dunn
Joint Institute for Laboratory Astrophysics}

Cross sections for dissociative excitation of H2 and D2 by electron
impact have heen measured by detecting the first three atomic
Balmer emission lines of the dissociated atoms. Structure in the
curves shows that dissociative excitation arises from: (1) excita-
tion to a bound molecular state above the dissociation limit; (2) ex—
citation to purely repulsive stateg yielding an excited atom and a
ground state atom; 7(3) excitation to repulsive states yielding two
excited atoms; and (4) excitation to an excited repulsive state of
the ion yielding an exeited atom and a proton, Comparison of mag-
nitudes of the cross section for H, and D2 for the first type of ex-
citation allows one to tell the internuclear separation at which the
bound molecular curve crosses the dissociation limit., States in-
volved in the second and third type of excitation lie in the ioniza-
tion continunm, and may autoionize. Comparison of Cross section
magnitude for the two isotopes allows one to put limits on the auto-
“ionization lifetime.

*Visiting Fellow for 1966 —67 at JILA. On leave from the Univer-
sity of New South Waleg, Sydney, Australia.

TOf the National Bureau of Standards and the University of Colorado,
Boulder, Colo. '
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K-8

IONS OF THE FIRST
TRON EXCITATION CROSS SECT
FLEC DPOSITIVE SYSTEM OF Nz*

Paul N. Stanton and Robert M. St. John
University of Oklahoma

The apparent excitation functions for the excitation of the firs{ pos-
itive (le'lg - ASZZ) gystem of nitrogen by electrons with energy
from 0 to 50 eV have been measured for v' values of 2 through 7.
The curves are characterized by two sharp peaks. The first peak
at about 11 V is due to direct electron excitation from the ground
state, and the second peak at about 15 V is caused by cascade from
the CSHu state (second positive system). The maximum absclute
apparent cross sections have been determined for 25 b‘ands. The
absolute apparent cross sectioris for the second positw‘.a system
have been measured previously.” Using these cross sections, the
cascade contributions of the CsIlu states have been subtracted
from the apparent excitation funetion of the v =4 vibrational level
of the BSH state, The maximum Cr-(-)fss secztion for the (v' = 4,
c

v = 2} band was found to be 5.8 x 10 m”~. Relative values of

apparent cross sections of bands with the same upper vibrational
level are compared with the corresponding relative values calcu-

lated from Franck-Condon factors.

i i ientific Research.
* orted by the Air Force Office of Scient
1§u1§ Jobe,yF. A. Sharpton, and R. M. St. John, J. Opt. Soc. Am.,

1967), .
2?{—7’13.062;.1'9, 213 O. Larsson, and R. A. Berg, J. Mol. Spectry.,

15, 124 (1965).
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K-9

EXCITATION OF N; IONS BY ELECTRONS AT
NEAR-THRESHOLD ENERGIES

A. R. Lee and N. P. Carleton
Harvard University and Smithsonian Astrophysical Observatory

Absolute cross sections have been measured for the excitation of

the first negative system of N+ (X'?'):; 2V =0— B 2 V! = 0) by

electron impact upon N ions over the energy range of 8 to 30 eV,

The crossed-beam techmque was used, w1th a modulated electron-

beam and a continuous ion beam. 3914 A photons resulting from
the interaction were detected by a photomultiplier after passage
through an £/2 lens system and an interference fiiter. Two-channel
pulse counting was used, in which the count difference in the two

channels corresponds to the interaction being studied. The over-

all quantum efficiency of the detection system was determined in
terms of the known cross section for the process:

-+ °
e+ N, — (Nz) — hy (3914 A)

which has been measured by a number of workers, although there
are some discrepancies among the existing data. For our calibra-
tion we have taken a value of 8,5 x 10_18 cm2 for the cross section
at 60 eV from a recent remeasurement by Holland, O'Neil, and

Carleton. For the process under investigation, the cross section

was found to decrease monotonically from a value of 50 x 10_16

c_mz at 8 eV to a value of 4.5 x 1028 em? 5t 30 ev.,

K-10

COMPLEX POTENTIAL ENERGY CURVES FOR THE z AND
zg STATES OF H,

Joseph C. Y. Chen and Jerry L. Peacher
Universgity of California at San Diego

2o+ d 2.+ ~
The complex potential energy curves for the Z‘u an Eg rego
nant states of Hé are obtained by a semi-empirical method inwhich
the observed isotope effect in dissociative attachment is utilized.
The adopted functional forms for the potential curves used in the
semi-empirical method were suggested by the calculation carried

-out by Bardsley et 211.1 Significant differences from previous re-

gults are found for these curves. In particular, the imaginary

parts of the potential are found to be smaller than that obtained by

Bardsley et al. Assuming that the generalized analyticity and uni-
tarity for 8 matrix in potential Scattermg holds alzo for the {e, HZ)

multichannel system, one can show that if the real part of the 22)_%
3.t
state crosses the Z, state of Hy, the imaginary part of the Eg

state must dip fo zero at the crossing. Investigation which allows

for such a dip at the crogsing is carried out.

jects
*This research was supported by the Advanced Research Projec
Agency (Project DEFENDER) and was monitored by the U, 8., Army

Research Office (Durham).
13. N. Bardsley, A. Herzenberg, and F. Mandl, Proc, Phys. Soc.

{London), §9, 305 (1966).
2P. G. Burke {private communication).

109



Session L

CHARGE AND EXCITATION TRANSFER

Chairman:

D, C. Lorents
Stanford Research Institute
Menlo Park

Friday, October 20
1:45 P. M.
Gold Ballroom



L-1

SINGLE CHARGE TRANSFER BETWEEN Ar* AND Ar*

R. L. Championt and f,. D, Dove:r-spikenL
Um‘versity of Florida

200 eV. Product ion kinetic energy disiributions measured at var-
iousg scattering angles show two distinet maxima, one lying: above
and the other several eV below 200 eV. If the unobserved slow Ar*
broducts gre assumed to be in the ground state, then the fast Ar+
shown to be in highly excited states,

level up to the jonization 1ifniy.

Preducts are ranging from the

]
3s 3p By varying the electron
bombardment €nergy in the ion source, it is demonstrated that the

Art corresponding to the high kinetie energy

reactions nvolving only the 352 3p~ configuration,

distribution for the product ions, when ArT

The angular

is in the 332 3p4 con-
figuration, increaseg rapidly from 0deg to a maximum at ahoyt
4 deg and decreases thereafter,

collimated,

_
*Work supported by
and by the U. s,
TPresent address:

National Aeronautics and Space Administration

Air Force Office of Scientific Research,
College of William and Mary,

The Ay’ product ions associated _

ST H

L-2

*ox
CROSS SECTIONS FOR PRODUCTION AND LOSS OF HZO

J. A. Rutherford and B. R. Tur.ner ]
i ivisi Dynamics Corporation

Atomic Division of General . ;
?f}?ﬁ% Hopkins Laboratory for Pure and Applied Science

Charge transfer cross secctions resulting in either the production
or loss of H20+ were studied within the energy range of 2 to 400 eV
using the crossed ion and neutral beam technigque and employing

lysis of the primary and product ions. Jons incident on
.0 noutral T, 0", N, NO*, OF, and Ar™; the H,O
H,O neutral beams were N , O, N2’ » Oy, ; ° Hzo
i : b ere incident on neutral beams of 02, NO, an 50.
one resemam ¥ H,0" + OH was in-
One rearrangement collision HZO + Hy0 —~ 3 o
cluded. Effects on the cross sections due to the presence of ex

cited jons in the incident heam were als_o investigated.

*Research sponsored by the Defense Atomie Support Agency mder
Contract DA-49-146-X7Z-354.
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ENERGY DEPENDENCE 0
F CHARGE-TRANSFE
IN THE THERMAL AND LOW eV REGI%I\]?*EACTIONS

La’n'ge' in Captullllg rnOde]-) a-nd 18 baSed upoll a Sllrlple SupeIDOSI—

tion of the resonance! and "capture™ Probabilities resulti
cha .
rge transfer. The method algo incorporates the effects of non

rectili .
ctilinear orbits in the Rapp and Francis model The theory ha
. 8

1s0ns with existing experimental datn ape made. The method
. ethod is

valid . )
alid provided that the relative abundances of the various product,
ucts

emergi
ging from the capture-formed complex in the charge

stateare independent of the -transfer

relative kinetic energy of the reactants

Contract DA-49-14¢ ~XZ-354,
TPermanent address: San Diego State College

San Diego, Calif,

L-4

RELATIVE CHARGE TRANSFER EFFICIENCIES OF 2P3/2
AND 2P1/2 XENON IONS IN Xe AND IN O2 *

Robert C. Amme and Paul O. Haugsjaa
University of Denver

We have shown that the concentration of Xe"r 2P3 /2 ions formed

in an electron-impact ion source may be mouitored by utilizing
near-resonant charge transfer of Xe' beams with molecular oxy-
gen. This measurement provides a means of assaying the fraction
of excited ions in the Xe' beam and affords a technique for study-
ing the effects of fine structure on the symmetric charge transfer
process: Xe+ + Xe — Xe -+ Xe+. With 25-eV electrons we find that
the Xe' beam is about 80% 2P3 /g state, while the remaining 20%

appears to be principally 2P1 /2 The charge transfer cross sec-

tion for the excited component in xenon was found to be 1.0 + 0. 15

relative to that of the 2P3 /2 ion, over a large range of incident
ion energy. The results for Xe' in Xe are reported for the energy
interval of 50 to 1000 eV. The cross sections are somewhat higher

than those predicted by the Firsov formula, but agree within 20%

at all energies studied.

*Work supported by National Aeronautics and Space Administration.
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L-5

CHARGE  TRANSFER CROSS SECTIONS OF THE 2P3 /2 AND
2P1 /2 STATE ARGON AND KRYPTON IONS

J. F. Williamg*
Laval University

The ionization cross section of argon and krypton atoms within 1
eV of threshold has been studied for electron impact with an aver-
age electron energy distribution of 35 meV (FWHM). In krypton,
several abrupt changes in the fonization cross section occur at
electron energies close to those ohserved spectroscopically for
autoionization levels between the . 2P3 /2 and 2P1 /2 levels. In
argon, similar structure is observed ahove the Pl /2 level. Tons
which have been formed in the above manner are then used ag pri-
mary ions in charge-transfer reactions. For both Kr' on Kr and
Ar+ on Ar, the energy dependence of the single eleotron capture
cross section from 500 to 1500 eV appears fo be in agreement with
the predictions of the adiabatic maximum criterion., From the
shape and energy dependence of those Cross sections it appears
that for both 2P3 /2 and 2P1 /2 state primary ions the reaction
has taken place such that the slow secondary ion is formed prefer-
entially in the 2P3 /2 state. Those primary jons which originate
from the structure in ionization efficiency curve between the 2P3 /2
and 2P1 /o States have a cross section value approximately the
same as the P3 /2 state ions,

‘Present address: General Atomic Division of General Dynamics
Corporation, San Diego, Calif.

IONIZATION AND ELECTRON TRANSFER IN COLLISIONS OF
TWO H ATOMS: 1.25—117 keV*

G. W. McClure
Sandia Laboratory

Cross sections for electron loss and electron capture by H atoms
in encounters with H targetatoms are measured in the energy range
1.25 to 117 keV. The electron loss process is measured for H on
H2 as a check on the method. Three methods of processing th'e ex-
cited state distribution of the I atom beam zre investigated in the
energy range 25 to 100 keV. One method achieves a nearly pure
(1s) state beam. Results are compared with theoretical Born ap-
proximation caleulations of Bates and Griffing showing the theoret-
ical eross section for the ionization process to be about 0.5 times
the experimental value at 20 keV and equal to the experimental
value at ~ 80 to 100 keV. The experimental values of the electron
capture cross section are a factor of 5 to 6 below Mapleton's Bcfrn
calculations. The guantum number dependence of the ionization
eross section is deduced from acomparison of cross section meas-
urements obtained with the different beam preparation methods. .If
the ionization cross section is assumed o vary as ¥ where n is
the quantum number of the excited projectile atom and ¢ is a con-
stant, it is found that « lies between 0 and 1 with most probable

values < 0,36 for H cn H2 and < 0.77 for H on H.

*This work wag supported by the U. 8. Atomic Energy Commission.
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L-7

MEASUREMENT OF DIF
SEoE FERENTIAL SCAT
ONS USING AN AXTALLY SYMMETRIC l\iﬁg%ql\;.‘gl‘lccRgISESILD

T. O. Bush and 0. Hej
Naval Postgraduate Sc}iggl
and
C. J. Cook
Stanford Research Ingtitute

tel‘ln ‘
g Of ons florﬂ atorﬂs a.I].d 1110160“165. T.h.e Scatterlng Cell 18
p *

A i
t O 9 a 9

nd a few eV, respectively,
The apparatus was designed to

tering crogg i .

o e Section of He
ngles above 32 deg show essential agreement ith

measurements of Lorents and Aberth ! e

_—
Ip. c.
Lorents and w, 1. Aberth, Phys. Rev., 139 Alo17 (1965)
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DEPOLARIZATION OF LIGHT SCATTERED BY ALIGNED
235 AND 2P HELIUM ATOMS AT RESONANCE

L. D. Schearer
Texas Ingtruments Incorporated

The 23S1 metastable and 23P1 9 excited state atoms of He4 are

aligned by an unpolavrized beam of regonance radiation. The align-
ment is detected by the depolarization of the resonance fluores-
cence at 1 p which occurs when either the 2381 or 23P1’ 9 levels
are saturated by an rf magnetic field at the Zeeman frequency.
The observed signals are several orders of magnitude larger than
the corresponding signals observed by moniforing intensity changes
in the transmitted beam. Considerably smaller signals are ob-
served even in the absence of the pumping beam, Expressions for
the intensity of the m and ¢ components of the scattered radia-
tion are derived in terms of the alignment and density of the meta-
stable atoms. The alignment of the 2381 (F =3/2) and the 23P2
(F =5/2) levels of He® is also observed. The excited state line-
width as a function of pressure leads to a radiative decay time of
TR 0.96 % 1()_7 sec and 2 mixing cross section of 53 x 10_16 cmz.
The alignment of the 33P level of I-Ie4 is also observed by moni-

toring polarization changes of the 3889 A line.
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L-9

COLLISION-INDUCED MIXING IN THE 23P LEVELS OF HELIUM

L. D. Schearer
Texas Instrumentg Incorporated

The cross section for the transfer of execitation from the 23P0 level
of helium to the 23P1 and 23P2 levels as a result of collisions
Wwith the ground state helium atom ( 1180) has been measured with
4 conventional resonance fluorescence technique. A He4 source
excited the 2381—23P0 ina He3 absorption cell. The scattered
light was examined with ahigh resolution grating spectrometer and
the ratio of the 23P0_’2351 to the 23131, 5275, intensities moas.-.
ured as a funetion of cell pressure from 0.05 to 10 Torr, The
¢ross section for collision-induced transitions out of the 23P0
level is found to be (68 + 3) x 10716 cm2 at room temperature,

120

§
%

Session M

AFTERGLOWS

Chairman:

R. M. Hill Laboratory
h Labor:
d Palo Alto Researc
Lockhee Palo Alto

Friday, October 20
1:45 P. M.
Ralston Room




M-1

FREE-FALL DIFFUSION IN THE MERCURY DISCHARGE
AFTERGLOW

) B. C. Gregory
Trent University, Peterborough, Canada

Measurements of the decay of the average electron number density
in the afterglow of a pulsed mercury vapor hot-cathode discharge
are described. The pressure of the mercury vapor is such thst
the ratio of electron-atom mean free path to discharge tube radius
is considerably greater than one. The decayprofile of the electron
number density is nonexponential under these conditions. The num-
ber density is measured using two microwave cavities, one in the
TMy;, mode and another in the plasma dipole mode. Two dis-
charge tubes of different radii are used for the measurements, in
which discharge pulse current, pulse length, and neutral particle
Dbressure are varied. Along with these experiments the first three
Tnoment equations have been solved approxﬁnately,lgiving approx-
imate agreement with the measurements. A more exact solution
is being attempted presently, as well as radiometer measurements
of the electron temperature decay in the afterglow,

s

1
B. C. Gregory, Can. J. Physics, 44, 2615 (1966).

122

MICROWAVE INVESTIGATION OF THE TRANSITION FROM
AMBIPOLAR TO FREE DIFFUSION IN HELIUM AFTERGLOWS*

R. J. Freibergt and L. A, Weaver}
University of Illinois

The afterglow of helium plagmas has been investigated by incor-
porating microwave diagnostics and synchronous detection. Data
are presented for electron densities ranging from 10'-Ll down to
2 x 10% em™® where free diffusion predominates. Early in the
afterglow space charge effects are important and the electron de-
cay rate is characterized by the ambipolar diffusion coefficient Da'
At a pressure of 4.0 Torr the positive ion involved is He; (Da =
194 om?/sc) whereas at 0.4 Torr He' (D, = 1230 cm™/sec) is
the dominant ion. These values of Da are consistent with the he-
lium afterglow measurements of Kerr et al.1 When the ratio of
Debye length/tube diameter > 10—2, the transition to free diffusion
is observed. At lower electron densities when the Debye length
equals the characteristic diffusion length, the effective diffusion
coefficient increases to ~5 Da which is in accordance with the

theoretical treatment of Allig and Rose.

*Work supported by NASA through Lewis Research Center.
tPresent address: Hughes Research Laboratories, Malibu, Calif.
i Present address: Westinghouse Research Center, Pittsburgh.
1o, 8. Leffel, M. N. Hirsh, and D. E. Kerr (to be published).
Zw. p. Allis and D. J. Rose, Phys. Rev., 93, 84 (1954).
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M-3

OBSERVATION AND COMPUTATION OF OXYGEN
AFTERGLOWg*

R. C. Gunton
Lockheed Palo Alto Research Laboratory

In oxygen afterglows at Pressures near 1 Torr, time dependenceg
of the major iong O;, o, 05, Og, NO:;, and CO:; were observed

The gas was lonized by rf pulses (10

microwave cavity and electron decay

with a mass spectrometer,
to 1000 ysec) in an X-~band

Species were included con-

-ion recombination, attachment, aggo-
ciative detachment, charge

exchange, and association of neutrals
and charged Dbarticles.

Initial specieg densities wepe chosen to

agnitudes, Agreement between measured
dences has been obtained,

» Saturated plane prohe theory, some agree
obtained between Computed and measured brobe cury
ions and negative particles,

large was required to account

and computed time depen

Also, using g,
simple

ment has been
ents of positive
An initia] O3 density which seems too

for the observed 03" signal magnitude.

—_—
*Supported by the Lockheed Independent Research Program,

AND Oy DURING AND
S IN 4:1 MIXTURES OF Ny
ABACTIONS I SI2R INTENE 1ONIZATROR

F. E, Niles ‘
U.S8. A, Ballistic Research Laboratories

Computer solutions have been obtained for 15 simultaneous differ-
0 . "
i tions which describe the time rate of change of ele
N 5 O, N, NO', O, OF, N, NO, N,0, NO,, O,
- - O E] 3 » El 2! 1 2
trons, NO,, O , O, g N, A -
0 dui-ing and after intense ionization. Initially 139 reactions
. : i d O, were considered by the
involving these 15 species plus N, an 9 i .t_h_
uter code. Tlie number of reactions was reduced to 35 wi
comp . . .
t appreciably changing the solutions. Further reduction to :
ou . . i
actions gave orders of magnitude changes in the ,=3,01ui:1ons9 . T
re 2 - ] -On
olutions were obtained for a rate of ionization of (1.61x10%) p i
: -3 sec_l where p, the pressure in Torr, ranged from 3
airs cm s - . t
f 20 Torr. For continuous ionization, the solutions yield the fac
o . *
* and NO, number densities become the largest for pos
o . i h action sequences
itive ions and negative ions, respectively. The re
i ces,
which lead to this Tesult have been determined. These sequen .
te
along with the neutral formation sequence, have been represen

by schematic diagrams.
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M-5

POST~-BREAKDOWN ELECTRON DENSITY DECAY IN AIR

W. Dobrov and A, D, MacDonald
Lockheed Palo Alio Research Laboratory

A microwave technique has been developed for measurement of
electron density decay following a single discharge event, The
method depends on 3 rapid periodic sweep of the measuring fre-
quency and selection of a desired number of sweeps for recording
cavity shift versus time, This technique was applied to measure-
ments of the decay of the electron dengities produced by 9.5 GHz
discharges in air at pressures 0.1 to 15,0 Tory, At most preg-
Sures in this range the decay may be Tepresented by two decay
rates which were observed to vary between a few microseconds and
approximately 200 microseconds. The Taster rate is interpreted
as due to recombination and the slower one ag due to a combination
of diffusion and attachment processes. Siﬁce the diffusion rate in-

creases and the attachment rate decreases with decreasing pres-

sure, the resultant decay rate is -expected to exhibit g minimum.

This was observed at about 1 Torr for the slower rate, Separation

of electron losses due to diffusion and attachment yielded;

2
= cm .
Dp = 115 + 15 [Sec Torr]

and

vy = (4.9 £ 0.7 + 10%) pigecy

where Da is the ambipolar diffusion coefficient, p 1is the pres-
sure in Torr, h is the attachment efficiency, and Vs is the elec-
tron collision frequency. Repeated as well ag single discharges

were studied and some differenceg between the two modes were
observed,
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AND O DURING AND
S IN 4:1 MIXTURES OF Ny
REACTION AFTER INTENSE IONIZATION

F, E. Niles )
U.S. A. Ballistic Research Laboratories

COII]. uteI SOlllthnS Ilave been. Obtalned fOI 15 Slmultan.eous dl e
f 160
t].a]. eqllatlonS Wh.J.Ch. deSCIlbe the tlme I‘ate Of Change or €
en

-, 07,0}, 0, N, NO*, 0", 0, N, NO, N,0, NO,, O,
trons, NOZ’ 0, 02, 03, N2’ NO , 2

i jonization, Initially 139 reactions
and O3 during and after intense lonizatio

i were considered by the
involving these 15 species plus N, and O:2 e
The number of reactions was reduced to
Further reduction to 15
The

computer code. .

out appreciably changing the solutions. ; o
i ders of magnitude changes in the solutions.

e f ionization of (1 61><109) p ion
i ined for a rate of ioni .

gsolutions were obtaine . i

pai m_3 sec_l where p. the pressure in Torr, ranged from

pairs ¢

. - act
to 20 Torr. For continuous ionization, the solutions yield the f
0 . *
that the NO! and NO_ number densities become the largest for pos
a 9 .
i {ion sequences
i ive i , respectively. The reac

itive ions and negative ions - onees
which lead to this result have been determined. These sequ

ented
along with the neutral formation sequence, have been repres

by schematic diagrams.
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M-5

POST-BREAKDOWN ELECTRON DENSITY DE CAY IN AIR

W. Dobrov and A, D, MacDonald
Lockheed Palo Alto Research Lahoratory

A microwave technique has been developed for measurement of
electron density decay following a single discharge event. The
method depends on g rapid periodic sweep of the measuring fre-
quency and selection of g desired number of sweeps for recording
cavity shift versus time, This technigue was applied to measure-
ments of the decay of the electron densities produced by 9.5 GHz
discharges in air at pressares 0.1 to 15.0 Torr, At most pres-
sures in this range the decay may be represented by two decay
rates which were observed to Vary between a few microseconds and
approximately 200 microseconds. The faster rate is interpreted
as due to recombination and the slower one as due to a combhination
of diffusion and attachment processes. Since the diffusion rate in-
creases and the attachment rate decreases with decreasing pres-
sure, the resultant decay rate is expected to exhibit a minimum.
This was observed at ahout 1 Torr for the slower rate, Separation
of electron losses due to diffusion and attachment yielded:

2
= em” .
Dp = 115 % 15 [_—sec Torr} yt

and

hr, = (4.9 2 0.7 - 10% plsec)

where D3 is the ambipolar diffusion coefﬁcient, P is the pres-
sure in Torr, h is the attachment efficiency, and v, is the elec-
tron collision frequency. Repeated as well ag gingle discharges
were studied and some differences between the two modes were

~ observed.

ELECTRON REMOVAL IN ARGON WAKES

Wade M. Kornegay
Lincoln Laboratory,* Massachusetts Institute of Technology

Microwave absorption techniques have been used {0 measure the
recombination between electrons and positive iong in the laminar
wakes of hypervelocity tungsten spheres traveling 5.5 to 5.7 km/
sec in high purity argon at pressuresof 10 and 20 Torr. The elec-
tron density was measured over a two-order-of-magnitude range
and plots of the reciprocal electron density versus time Wert? fm?nd
to be linear over the complete density range. Thi?reco;nbmajtllon
coefficient (ar) reduced from these data is 6 x 10 ' em" sec ~ at

10 Torr and 3 x 1077 em® sec L at 20 Torr. Since a mass spec-
trometer was not employed in this investigation, one cannot state
positively which fype of ion the above measurements refer to, Ho.w-
ever, the magnitude of the rate constant suggests that deionization
occurs by the very fast process of dissociative recombinatioTl. The
value of «, agrees well with published data for dissociative re-
combination of Ar;" at room temperature, although the temperature
in the wake is well above room temperature. This probably means

that «_ is not very sensitive to temperature.
r

*Operated with support.from the U. 8. Advanced Research Projects
Agency.
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THE PRODUCTION AND LOSS OF N IONS IN THE NITROGEN
AFTERGLOW*

R. E. Lund} and H. J. Oskam
University of Minnesota

The time dependence of the number density of N+ N , and N4
ions was studied in the pressure range of about 0.1 to 1.7 Torr by
means of mass specirometric probing of decaying nitrogen plasmas.
The results obtained from analogous studies of the emiited light in-
tens1ty were used in the 1nterpretat10n of N data, The analysis of
the N decay curves showed that N ions are produced in the after-
glow by collisions between metastable nitrogen molecules, which
are produced in thé afterglow as a consequence of the atomic vol-
ume recombination process. Energy level and radiative lifetime
considerations indicate that one of the metastable molecules is in
the at 12; state, while the other metastable molecule may be in
the same state or in the A 3 " or 3Au state. The surface cata-
lytic efficiency for de-excitation of the metastable molecules in-
volved upon striking the molybdenum covered plasma container
walls was estimated to be smaller than 2 x 10_3 at a pressure of
0.09 Torr. If both interacting metastable molecules are in the
a' IE; siate, the measurements result in a value of 1.3 x 10”15
cm2 for the cross section for destruction of this state by collisions

with ground state nitrogen molecujes.

*Work supported by the Air Force Cambridge Research Labora-
tories, Office of Aerospace Research | Contract AF 19(628)-4794],
and National Science Foundation (Grant GK-1212),

1Present address: Hughes Research Laboratories, Malibu, Calif,
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ANOMALOUS EXCITATION OF THE SECOND POSITIVE
SYSTEM OF NITROGEN

E. C. Zipf
University of Pittsburgh

Simultaneous measurements of the average electron density and the

abgolute intensity of selected bands of the second positive system

of nitrogen (Csﬂu —- Bsﬂg) were made as a function of time, gas

pressure, and discharge-cell geometry in the afterglow of a micro-

wave digcharge in highly purified nitrogen., The time-dependsent
measurements show that all five vibrational levels of the C Hu
state were excited in the afterglow by the same mechanism and
that they decayed with a lifetime characteristic of the long-lived
excitation process. The first and second vibrational levels are
preferentially populated to a marked degree. On the basis of these
studies we can exclude the following excitation mechanisms: (1)
electron-ion recombination, (2} electron-impact excitation, (3)
three-body atomic nitrogen recombination, and (4) binary collisions
between metastable nitrogen atoms or molecules with ground-state
nitrogen molecules in the lowest vibrational level. The temporal
behavior, the pseudo-resonant character of the excitation process,
and the absolute volume emission rate of the second positive sys-
tem in theafterglow can be explained quantitatively by anexcitation

mechanism involving inelastic metastable-metastable collisions.
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