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PROGRAM

SECOND ARC SYMPOSIUM

REGISTRATION

On'the Mezzanine Level of the Hartford Hilton:
Monday, October 19: © 4:00 p.m. - 10:00 p.m.-
‘Tuesday, October:20: - 8:00 a.m. = .10:00 p;m,‘

Wednesday, October 21: 8:00 a.m. - 6:00 p.m.
(See GEC Program for remainder of schedule.)

Tuesday, October 20

) Q;Qoﬁapmg - 11:00 a.m.: . Terrace Room

SESSION A. THERMODYNAMIC AND = Chairmam: J. J. Lowke
' TRANSPORT PROPERTIES . .. Westinghouse Research

Al. ; CONSIDERATION_0F SIMPLE MODEL ATOMS FOR ARGON DISCHARGE
© " " CALCULATIONS _
J. R. Rose and J. V. Dugan, Jr.

AZ. PRESSURE DEPENDENCE OF THE POPUIATION DENSITY OF ENERGY
-LEVELS IN He-ARCS
- T Uhlenbusch and .1., Detloff

A3. THE DETERMINATION OF PLASMA ELECTRON DENSITY FROM.REFRACTION
MEASUREMENTS \
P. W. Schrelber A M. ‘Hunter, and D. R. Smith

A4, -DETERMENATION oF ELECTRON DENSITY AND TEMPERATURE IN A NON-LTE
HELIUM ARC
W. G. Braun, J. W. Blrkeland, and R. D. Franklln
10:10 a.m. - 10:30 2a.m.: Coffee Break

A5, HIGH PRESSURE ARGON ARCS
' U, H. Bauder .

A6, TRANSPORT PROPERTIES OF PARTIALLY IONIZED ARGON - REVISION AND
‘ EXTENSTON :
R, S. Devoto




SESSIONS B, C : il

11:00 a.m. = 11:50 é.m.:' Terrace Room

SESSTON B. RADIATIVE PROPERTIES ~ Chairman: J. Yos, AVCO, Wilmingt

Bl. THE VACUUM ULTRAVIOLET CONTINUUM OF DOUBLY IONIZED ARGON
J. C. Morris ’ _

B?. MFASUREMENTIS OF ELECTRON BROADENED WIDTHS'OF ATOMIC'NITROGEN
LINES : ' '
R. U. Morris and J. C. Morris

B3. TRANSITION PROBABILITIES FOR SULFUR LINES FROM WALL-STABILIZED
ARC MEASUREMENTS - - - |
E. Schulz-Gulde

B, SPECTRAL CEARACTERISTICS OF THE HIGH CURRENT, LOW PRESSURE
' MERCURY DISCHARGE .
P, D. Johnson

11:50 a.m. = 12:10 pom.: Terrace Room.

ARC BUSINESS MEETING Chairman: A. V. Phelps
- : ' ' Jia _
University of Colorado

2:00 pom. = &4:20 p.m.: Terrace Room.

SESSION C. VACUUM ARCS Chairman: G. Frind
o ' General Electric
Philadelphia
INVITED SPEAKER ~ C. H. Bcker

Ruhr-UniversitQt Bochum

' RECENT DEVELOPMENTS IN THE THEORY OF THE VACUUM ARC

cl, ENFRGY DISTRIBUTIONS OF IONS FROM PULSED VACUUM ARCS
J. T. Grissom and G. W. McClure '

3:10 p.m. = 3:30 p.m.: Coffee Break

C2. PLASMA EXPANSION INTO A FIELD-FREE VACUUM ENVIRONMENT
D. L. Mangan '

c3. THE TEMPERATURE MEASUREMENT OF CATHODE SPOTS IN VACUUM ARCS
_T. Utsumi : e

ch. A MODEL FOR THE VACUUM ARC
- M. F., Hoyaux




1ii o : SESSIONS D, E

“..-Chairman: W. C. Roman
: United Aircraft
Research Laboratories

| TIME RESOLVED SPECTROSCOPIC INVESTIGATION OF SHORT GAP
 DISCHARGES =
"~ J. A. Augis and E. W. Gray

D2.. - LINE INTENSITY BEHAVIOR IN A DECAYING ARC. PLASMA
" J. B. Shumaker, Jr. and W. H. VEnable Jr.

D3.  THE TRANSTENT BEHAVIOR OF A DG ARC RELEVANT TO A DC SWITCHING OFF"
PROBLEM |
V. Fuchs -
D4, RATES OF EXCITATION AND IONiZATION TN ARCS
.A. R. Fairbairn
7E00‘p.ﬁ. - 10:00 p.m.: Terrace Room
GEC AND ARC MIXER (cash bar)

Wednesday, October 21

8: 30 a.m, --11:30 a.m.: Boston/Buffalo/New York Rooms

SESSION F.. STEADY STATE AND RF ARCS Chairman: D. R. Keefer :
' University of Florida

El. THERMDDYNAMICS AND KINETICS OF CHLORIDE ARCS
D. M. Speros and R, M. Caldwell

E2. TIN CHLORIDE ARC TEMPERATURE MEASUREMENTS
' R. H. Springer and R. P. Taylor

E3. MODE SHIFT IN MOLECULAR VAPOR ARCS
R. J. Zollweg

E4., . THE MASON DARK SPACE AND HIGH PRESSURE ARC RE-IGNITION
T J. E. White

E5. LOCAL HEAT TRANSFER TO WIRES TMMERSED TN AN ARC PLASMA
T, We Petrle and E. Pfender

E6. EFFECTS OF ELECTRON TEMPERATURE VARIATIONS ON SPECTRAL LINE
“INTENSITY RATIOS ‘
R. F. Weber and A, Garscadden




SESSTONS E, F iv

10:00 a,m., - 10220 a.m;ﬁ Coffee Break

ET.

E8.

E9.

E10.

COMPUTER MODEL OF A WALL-STABILIZED METAL VAPOR ARC
A. J. Froelich, D. S. Becker, and F. C. Francl

EXPERIMENTAL STUDY OF AN ARGON PLASMA VORTEX SEEDED WITH XENON
A. E. Mensing

INVESTIGATION OF A HIGH-INTENSITY RF RADIANT ENERGY SOURCE
W. C. Roman

MEASUREMENT OF THE RF MAGNETIC FIELD DISTRIBUTION IN A THERMAL
INDUCTION PLASMA
H. U. Eckert

1145 a.,me ~ 12:30 p.m.: CapitbllBalirdom

PLENARY SESSION Chairman: W. P, Allis

Massachusetts Insti-
tute of Technology

HOLLOW CATHODE DISCHARGES AND APPLICATION TO ION LASERS
J. L. Deleroix ‘

12:00 p.m. = 3125 pom.: Boston/Buffalo/New York Rooms

SESSION F. FLOW EFFECTS ' Chairman: D. M. Benenson.

Fl,

F2.

F3.

Fh&.

F5.

State University
of New York, Buffalo

EXPERIMENTAL-INVESTIGATION OF FLOW IN AN INDUCTION PLASMA |
J. D. Chase : ' :

NON-VORTEX STABILIZED ELECTRODELESS ARCS
D. R. Keefer, P. J. Gross, R. E. Martin, and J. C. Swingle

TURBULENT CHARACTERISTICS OF A PLASMA JET PRODUCED BY A
VORTEX-STABILIZED ARC
A. K. Ghosh, C. Richard, and T. W. Johnston

A RETAXATION METHOD OF CALCULATING PROPERTIES OF CONVECTION
STABILIZED ELECTRIC ARCS
J. J. Lowke

A VOLTAGE CORREIATION FOR FREE-BURNING ARCS WITH TRANWSPIRATION
COOLED ANODES

J. R. Mahan and C. J. Cremers: ¢




v ' N SESSION G

|

i

3:25 p.m. = 3:45 p.m.: Coffee Break ‘ L _ | !
£

13:45 p.m, = 43155 pom.: Boston/Buffalo/Néw York Rooms. o - a

SESSION G, MAGNETIC FIELD EFFECTS: ¢ Chairman: “H, 0, Schrade
' Aerospace Research -
Laboratories, WPAFB

Gl. HBEAT TRANSFER FROM A MAGNETICALLY—BALANCED'ELECTRIC ARC TO A
CROSS-FLOW STREAM _ ”
L. §. Han, W. C. Roman, and D. H. thara

G2.' EXPERIMENTS ON MAGNETICALLY BALANCED CROSS-FLOW ARCS
A. J..Baker and B, M. Benenson

G3. ANALYSIS OF MAGNETICALLY BALANCED CROSS-FLOW ARCS
V. R. Malghan and -D. M. Benenson

i- G4.  MAGNETIC PUMPING EFFECTS IN GAS- BLOWN SF6 ARCS
| J. F, Perkins and L. S, Frost
7G5. "HoT" ELECTRODE STUDIES IN A SUPERSONIC PLASMA STREAM WITH A
. MAGNETIC FIELD
T ' M. A. Mantenieks
5:00 p. m. = 9:00 p m.: -United Aircraft,Réseafch Laboratories-
1 UARL TOUR AND BUFFET SUPPER
o

Buses will 1eave from the front entrance of the Hartford Hllton
starting at 5:00 p.m. A ticket for each person (no charge) should
be obtained from the Meeting Cashier by noon, and presented at the
bus. Please do not bring photographic or sound recording equlpment.




vi

Thursday, October 22

(See GEC program.for technical sessions.)

5:00 p.m.: Glastonbury Hills Country Club
BANQUET AND_RECEPTION

Chairman: Dr. George J. Schulz
- Professor of Applied Science
Yale University

Welcoming Remarks: Mr, Charles M. Kearms, Jr.
' Vice President for Research
United Aircraft Corporation .

Principal Speaker: Dr. Rolf M. Sinclair
' Program Director for Atomic,
Molecular, and Plasma Physics
National Science Foundation

“Topic: "Federal Support of Atomic Physics, and the
National Science Foundatlon” ‘

Buses will leave from the front entrance of the Hartford Hilton
starting at 5:00 p.m.,. Departure time for the last bus will be

posted on the meeting bulletin board. A ticket for each persom
(at $8.00) should be obtained from the Meeting Cashier by noon.,

Admission to the reception is reserved to those attending the
" banquet. : :

~

Friddy, October 23

(See GEC program for technical sessions.)




vii ‘ ' SESSION H

PROGRAM
 TWENTY-THIRD ANNUAL

GASEOUS ELECTRONICS CONFERENCE

REGISTRATION

On the Mezzanine Level of the Hartford Hilton:

Monday, October 19: 4:00 p.m. 10:00 p.m.
Tuesday, October 20: 8:00 a.m. -~ 10:00 p.m:.
Wednesday, October 21:  8:00 a.m. - 6:00 p.m.
Thursday, October 22: 8:00 a.m. - 6:00 p.m.
Friday, October 23: 8:00 a.m. = 6:00 p.m..

Tuesday, October 20

(See ARC Program for technical sessions.)

7:00 p.m., ~ 10:00 p.m.: Terrace Room

GEC AND ARC MIXER (cash bar)

- Wednesday, October 21

8:30 a,m, -~ 10:00 a.m;f Capitol Ballroom‘

|SESSTON H. GLOW DISCHARGES _ ' Chéirman: W.. J. Wiegand

United Aircraft
Research Laboratories

HL, RADIAL DENSITY DISTRIBUTION MEASUREMENTS OF NEUTRAL Cs IN
© THE POSITIVE COLUMN OF A Cs=-Ar DC DISCHARGE
H. V. Tongeren and C. V. Trigt

H2. THE RADIAL DISTRIBUTION OF Ga ATOMS IN A GaJ3—Ar DISCHARGE
' J. H. Waszink

H3. MICROWAVE AND LANGMUIR PROBE MEASUREMENTS OF CO, PLASMAS -
L. A. Schlie, P. Bletzinger, and A. Garscadden




SESSIONS H, I viii

y~-T CHARACTERISTICS AND DEPLETION EFFECTS IN A MULIICOMPONENT

Hi4.
GAS DISCHARGE
G. L. Rogoff
H5. SOLUTIONS TO THE CONTINULTY EQUATION WITH VARTABLE TRANSPORT
COEFFICIENTS IN A ONE-DIMENSIONAL NEGATIVE GLOW AND FARADAY
DARK SPACE :
W. B. Burt _ _
Hé. PLASMA DIAGNOSTIC TECHNIQUE.USING A BEAM OF SLOW POSTITROWS -
G. H. Lohnert, M. W. Schikorr, and R. T, Schneider
8:30 a.m, = 10:00 a.m.: Terrace Room
C. E., Kuyatt

Chairman:
National Bureau

of Standards

SESSTON L. IONIZATION (PANEL)

Il. THRESHOLD IONTZATION OF KRYPTON BY ELECTRON IMPACT
: N. Swanson, J. W. Cooper, and C. E. Kuyatt

ENERGY AND ANGULAR DISTRIBUTIONS OF ELECTRONS EJECTED

1z,
- FROM N, BY ELECTRON IMPACT
G. C. Tisone
I3.  SECONDARY ELECTRON DISTRIBUTION FROM He and Ny
W. K. Peterson, C. B. Opal, and E. C. Beaty

N ENERGY AND ANGLE OF ELECTRONS EJECTED FROM

14. DISTRIBUTIONS I

HYDROGEN BY FAST PROTONS
L. H. Toburen and W. E. Wilson

ELECTRON DISTRIBUTIONS FROM HYDROGEN FOR.0.6, 1.0, and 1.5

15.
’ MeV HYDROGEN IONS
W. E. Wilson and L, H. Toburen
16, MULTIPLE IONIZATION OF Ne, Ar, and Kr, BY SOFT X-RAYS
G. S. Lightner, R. J.Van Brunt, and W. D, Whitehead

10:00 a,me - 10:15 a.m.: Coffee Break




ix | I SESSIONS J, K

:10:15 a,m. =~ 11:30 a.m.: Capitol Béllroom

-+ IgESSION J. ELECTRON SCATTERING (PANEL) ' Chairmsn: B. Bederson
n - ' _ New York University

MEASUREMENTS OF THE TOTAL CROSS SECTIONS FOR THE SCATTERING
OF LOW ENERGY ELECTRONS FOR K, Cs, AND Rb '
K. Rubin, P. J. Visconti, and J. A. Slevin

DEPENDENCE OF GENERALIZED OSCILLATOR STRENGTHS ON MOMENTUM
TRANSFER AND EFFECTIVE NUCLEAR CHARGE FOR s, p, AND d ATOMIC
" TRANSITIONS

K. J. Miller

1

J3. - ELASTIC SCATTERING OF ELECTRONS BY A FREELY ROTATING - ELECTRIC
DIPOLE: EFFECT OF CLOSED CHANNELS '
W. R. Garrett

10:15 a.m, = 11:30 a.m.: Terrace Room

SESSION K, HFAVY PARTICLE EXCITATION Chairman: "E. E. Muschlitz, Jr.
' ' : " University of Florida

Kl. ROTATIONAL EXCITATION OF N,* PRODUCED IN Na'-N, COLLISIONS
R. E. Mickle and R. P, Lowe ‘ ,

K2, EXCITATION.OF Ny;% IN ION-MOLECULE COLLISIONS AT LOW-ENERGY
5. H., Neff, N. H. Tolk, and C. W. White

K3. EXCITATION OF THE 23§ METASTABLE STATE HELIUM BY 50 keV HELIUM

TONS - ‘ .
D. R. Schoonover and J. T. Park’

SPECTRAL EXCITATION BY COLLISIONS OF THE Het + H2 AND H2+ + He
SYSTEMS _ . : :
R. D. Nathan and R. C. Isler

CROSS SECTIONS FOR EMISSION OF LYMAN-c RADIATION IN COLLISIONS
"OF. 1-30 keV HYDROGEN ATOMS WITH INERT GASES
J. H. Birely and R. J. McNeal -

11:45 a.m. - 12:30 p.m.: Capitol Ballroom

PLENARY SESSION . . - , R Chairman: W. P. Allis
' Massachusetts Insti-
tute of Technology

HOLLOW CATHODE DISCHARGES AND APPLICATION TO ION LASERS
' J. L. Delecroix )




SESSIONS L, M - X

2:00 p.m. = 4:45 p.m.: Capitol Ballrcom

SESSION L, ATOMIC AND. MOLECULAR Chairman: H. H. Michels
-PROPERTIES (PANEL) ‘ United Aircraft
: : Research Laboratories

L1, TRANSITION PROBABILITIES FOR 'THE CcO 4th pog SYSTEM
G. M., Lawrence
1L2. -VMEASUREMENT OF TRANSITION PROBABILITIES FOR O I IN THE VACUUM
" ULTRAVIOLET
W. R. Ott

L3. LIFETIME MEASUREMENTS IN METALLIC VAPORS'
: A. R. Schaefer and R. G. Fowler

L4, HYDROGEN BAIMER LIFETIMES
R. A. Mickish and R. G. Fowler

3:15 pom. - 3:30 pom.: Coffee Break

L5, LIFETIMES OF METASTABLE CO AND N, MOLECULES
W. L. Borst and E. C., Zipf-

L6. ENERGIES OF METASTABLES PRODUCED IN ELECTRON IMPACT DISSOCIATION
OF ATMOSPHERIC GASES - '
W. L. Borst and E. C. Zipf~

L7.  AUTOIONIZATION IN THE UV PHOTO-ABSCRPTION OF ATOMIC CALCIUM
V. L. Carter,.R. D. Hudson, and E. L. Brelg

L8.  AUTOIONIZATION LEVELS IN CESIUM -
Y. Hahn, K. J. Nygaard, D. R. Kastelein, and L. A. Roe

12:00 p.m. = 4:45 p.m.: Terrace Room

SESSION M. AFTERGLOWS Chairman: C. Lineberger
JTLA -
University of Colorado

Ml.  BEHAVIOR OF He(23S) METASTABLES IN HELIUM PLASMAS
P. A. Miller, J. T. Verdeyen, and B. E. Cherrington

M2.  INVESTIGATION OF THE Ne(lsg) METASTABLE ATOM CONCENTRATION
IN THE EARLY AFTERGLOW OF PULSED NEON PLASMAS
‘E. E. Wisniewski, J. T. Verdeyen, and B, E. Cherrington

M3.  STABILIZATION OF THE RECOMBINATION OF get AND He + IN A HIGH
PRESSURE HELIUM AFTERFLOW
H. 5. Hicks, W. E. Wells, and C. B. Colllns




xi _ SESSIONS M, N

THE ROTATIONAL DISTRIBUTION OF He) RESULTING FROM RECOMBINATION

OF Heg AND Heg IN A HELIUM AFTERGLOW

A, W, Johnson

~jies : ' :
M5. ROLE OF He+ TN THE RECOMBINATION OF 300°K HELIUM PLASMA
' M. A. Gusinow, R. A, Gerber, and J. B. Gerardo

3: 15 pe.m. = 3:30 p. m. : Coffee Break

M6. AFTERGLOW BEHAVIOR OF THE 4s8,p,d,f —>3S,p,d LINES OF He BY_
HIGH-RESOLUTION INTERFEROMETRY
W. W,_Kuhlow, F. L. Roesler, and C. C. Lin

M7.  MASS SPECTROMETRIC STUDY OF LoW PRESSURE RARE GAS AFTERGLOW
PLASMAS
A. K. Bhattacharya

M8.  DIFFUSION COOLING
J. H. Ingold

M9, DECAY OF LOW PRESSURE NEON AFTERGLOWS
K. V. Narasinga Rao .

M10. A NEW AFTERGLOW TECHNIQUE FOR THE MEASUREMENT OF ELECTRON
ATTACHMENT IN GASES .

N . _
L. J. Puckett, M. D, Kregel, and M. W. Teague

5:00 p.m. = 9:00 pomo: United'Aircraft Research Léboratories

UARL TOUR AND BUFFET SUPPER

Buses will leave from the front entrance of the Hartford Hiltom
starting at 5:00 p.m. A ticket for each person {(no charge) should
be obtained from the Meeting Cashier by noon, and presented at the
bus, Please do not bring photographic or sound recording equipment.

| Thursday, October 22
orado % ' '
o 18:30 a,m, - Noon: Capitol Ballroom

SESSI0N N. HEAVY PARTICLE COLLISIONS: ‘Chairman: W. W. Smith :
EXPERTMENTAL : University of Connecticut

Nl. EXCITATION IN Li' + He COLLISIONS
D. C. Lorents and G. Conklin

N2. CHARGE TRANSFER BETWEEN Li' AND ALKALI METAL ATOMS | ?
- J. Perel and H. L. Daley : . : : ;

N3. TON=-ION MUTUAL NEUTRALIZATION CROSS SECTIONS FOR 02 + N03 AND
NOT + N0
- J. Moseley, W, Aberth, and J. R. Peterson




SESSIONS N, O =il

" N&4. ELECTRON TRANSFER FROM O~ to Na® AT LOW COLLISION ENERGIES
J. Weiner, W. B. Peatman, and R. S. Berry o

N5. REACTIONS BETWEEN H' AND Dy
W. B. Maier, IT -

6. 1,0W ENERGY ELASTIC DIFFERENTIAL SCATTERING FOR PROTON-RARE GAS -
ATOM SYSTEMS
g. M. Bobbio, W. G. Rich, R. Champion, and L. Doverspike

10500 a.m. = 10:15 a.m;: Coffeé Break

N7. ~ ELASTIC PERTURBATIONS IN THE LOW ENERGY DIFFERENTIAt SCATTERING
OF He™ BY RARE GAS ATOMS _
W. G. Rich, S. M. Bobbio, L. Doverspike, and R. Champion

N8. TOTAL CROSS SECTION MEASUREMENTS FOR THE SCATTERING OF He BY He
FROM 300 TO 3000 eV ‘
W. J. Savola, Jr., F. J. Eriksen, and E. Pollack

No. FNERGIES OF FORMATION OF H~ BY #t IMPACT AT & keV ON VARIOUS
GASES ' : :
F. C. Witteborn and D, E. Ali

N10. COMPARISON OF INELASTIC SCATTERING OF HYDROGEN AND_DEUTERIUM ATOMS
TN NITROGEN _ : '
¢. F. Barnett, J. A. Ray, and H. H., Fleischmann

¥1l. COINCIDENCE STUDY OF ArT - Kr AT 15 TO 230 keV
R. Del Boca and H. Hayden

N12,  FAST ELECTRON-SLOW ELECTRON COINCIDENCE STUDiES OF THE VIOLENT
ARGON TON-ATOM COLLISION . : :
G. M. Thomson, P. C. Laudieri, and W. W. Smith

N13. DELAYED-COINCIDENCE STUDY OF o' + Ne COLLISION
F. W. Bingham

l8:30 a.m., -.10:00 a.m.: Terrace Room

SESSION 0. TRANSPORT PROPERTIES Chairman: J. H. Ingold :
: o : General Electric Company
01. MOTION OF GASEQOUS TONS IN A UNIFORM ELECTRIC FIELD
: J. H. Whealton
02. INTERPRETATION OF DRIFT TUBE RATE CONSTANTS IN TERMS OF

CROSS SECTIONS
’ g, B. Woo and S. F. Wong




[OMS

03.

04,

05.

10:00 a.m. - 10:15 d.M.:

10:15 a.m. - Noon:

SESSION P.

Pl.

P2.

P3.

P4,

P5.

P6.

Cxiii . SESSIONS 0, P

MICROWAVE CONDUCTIVITY OF AN ELECTRON GAS EXCITING COMPOUND

STATES IN ATOMS AND MOLECULES -

J. L. leshfleld A. S. Ratner, and J M.-Wachtel

EXCITATION AND TOWIZATION OF NEUTRAL SPECIES IN A DENSE DISCHARGE_
c. Deutsch and L. Herman

BISTABLE ELECTRON TEMPERATURE IN VIBRATIONALLY EXCITED GASES
A. ‘Cohn

Coffee Break

Terrace Room

Chairman: W. P. Allis
Massachusetts Insti-
‘tute of Technology

ELECTRON DISTRIBUTIONS
(PANEL)

ELECTRON VELOCITY DISTRIBUTIONS IN A PULSED LOW-PRESSURE ARC
DISCHARGE :
J. Polman

ENERGY DISTRIBUTIONS OoF ELECTRONS IN ARGON TOWNSEND DISCHARGES
b. 8. Burch and J. Losee

EFFECTS OF NON-MAXWELLIAN ELECTRON ENERGY DISTRIBUTION IN
LOW-VOLTAGE NEON DISCHARGES
. D. T. Shaw -

ON THE SPATTIAL ELECTRON RELAXATION TO EQUILIBRIUM NEAR PLASMA

 BOUNDARTES

F. T. Wu: aﬁd D. T. Shaw

EFFECT OF SUPERELASTIC COLLISIONS ON THE ELECTRON VELOCITY
DISTRIBUTION IN NITROGEN .
J. H. Noon, M. Foster, and W C. Jennings

- ELECTRON ENERGY DISTRIBUTIONS AND COLLISION RATES IN ELECTRICALLY

EXCITED NZ’ CO, AND CO2
W. L. Nighan

Noon = 12:30 p,m.

GEC BUSINESS MEETING

Capitol Ballroom

Chairman: G. J. Schulz




SESSIONS Q, R xiv.
2:15 p.m. = 5:00 p.m.: . Capitol Ballroom. -

SESSION Q. BREAKDOWN . Chairman: T. L. Churchill
: United Aircraft
Research Laboratories

Ql. REDUCTION OF BREAKDOWN VOLTAGES AT CONDITIONS BELOW PASCHEN'S
" MINIMUM DUE TO A MAGNETIC FIELD PARALLEL TO THE AXIS OF ROD
" ELECTRODES :
M. J. Kofoid

Q2. A MAGNETIC MEMORY EFFECT IN VACUDM ‘BREAKDOWN
A. Watson

Q3. ANALYSIS OF PREBREAKDOWN CURRENT GROWTH DUE TO TWO EMISSION
MECHANISMS _, : '
E. P. -Oppenhéimer, A. N. Michel, and E. Nasser

z Q. AC ELECTRICAL BREAKDOWN OF NEON WITH EXTERNAL ELECTRODES
- H. Veron and C. C. Wang

3:25 p.m; - 3:40 p.m.: Coffee Break

Q5. TRANSIENT MICROWAVE BREAKDOWN OF LOW PRESSURE GABES
- §. E. El-Khamy, S. F. Marlier, and R. ‘E. McIntosh

Q6. OPTICAL BREAKDOWN IN COLORED GASES
‘W. Holzer, P. Ranson, and P, Peretti

Q7. CLASS FIBER OPTICS IN THE INVESTIGATIOﬂ OF CORONA DISCHARGES
A. J. Schwab .

Q8. OBSERVATIONS OF THE COMPETITION OF TRICHEL PULSES FROM NEGATIVE
CORONA NEEDLES : :
V. L. Lama_and ¢. F. Gallo
Q9. THE TRANSITION FROM PRIMARY STREAMER THROUGH THERMALIZATION TO
THE ARC IN POSITIVE POINT-TO-PLANE CORONA .
T. Suzuki . '
2:15 p.m. - 5:00 p.m.: Terrace Room

|SESSTON R. ELECTRON AFFINITIES: = Chairman: P. J. Chantry

02, ETC, (PANEL) o Westinghouse Research
Laboratories -

Rl. VIBRATIONAL EXCITATICON QF 0. AND NO BY ELECTRON IMPACT
. " - D. Spence and G. J. Schulz ' ' S




ies

arch

. R3.

R&.

b ' SESSION. R

VIBRATIONAL EXCITATION AND ATTACHMENT BY SLOW ELECTRONS
BOMBARDING O,

" Cs J. Chapman and A. Herzenberg

ELECTRON AFFINITY OF 02 BY LASER PHOTODETACHMENT
" R. Celotta, R. Bennett, J. Hall, J. Levine, and M. W. Siegel:

DOPPLER BROADENING IN BEAM EXPERIMENTS
P, J. Chantry

3:30 p.m. - 3:45 p.m.: Coffee Break

R5.

'Rﬁo-

R7.

R8.

DRIFT TUBE MEASUREMENTS OF THE 0' + 0, REACTION FROM THERMAL
ENERGY TO ~ 3 eV
R. Johmsen, H. L. Brown, ‘and M, A, Biondi

MOLECULAR ELECTRON AFFINITIES DERIVED FROM COLLISIONAL IONIZATION
OF ALKALL ATOMS
K. Lacmann and D, R. "Herschbach

CHARGE EXCHANGING COLLISTONS BETWEEN CS and NOZ
S. J. Nalley, R. N. Compton, and P. W. Reinhardt

,PHOTODETACHMENT OF 03

‘8. F. Wong, T. V. Vorburger, and S. B. Woo ji“.
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5:00 p.m.: Glastonbury Hills Country Club

BANQUET AND REGCEPTION

Chairman: Dr. George J. Schulz
Professor of Applied Science
: Yale University '

Welcoming Remarks: Mr. Charles M. Kearns, Jr.
: : Vice President for Research
‘ ' United Airecraft Corporation

‘ Principal Speaker: Dr. Rolf M. Sinclair
! ' .. Program Director for Atomic,

} : Molecular, and Plasma Physics

‘ National Science . Foundation

| Topic: "Federal Support of Atomic Physics, and the
j National Science Foundation"

Buses will leave from the front entrance of the Hartford Hilton
starting at 5:00 p.m. Departure time for the last bus will be
_ posted on the meeting bulletin board. A ticket for each person
i (at $8.00) should be obtained from the Meeting Cashier by noon.
- ' Admission to the reception is reserved to those attending the
bandquet. '




xvii | SESSIONS S, T

Friday, October 23

18:30 a.m. --10:15 a.m.:’ Capitol Ballroom

SESSTON S. TION CLUSTERS (PANEL) ~ Chairman: E, E. Ferguson
' : o ESSA Research
Laboratories

§1, THE REACTION OF NOT AND NOt - (H,0) WITH HyO AND NH,.
F. C. Fehsenfeld and E. E. Ferguson

S2, THREE-BODY CLUSTERING oF Not WITH 0O s No, AND €Oy-
E., E. Ferguson, D. B. Dunkin, and F. C. Fehsenfeld

83. RATES OF FORMATION OF WATER CLUSTERS FOR 02+ AND NoOT
C. J. Howard, H. W. Rundle, and F., Kaufman

84, DRIFT TUBE STUDIES OF CARBON DIOXIDE CLUSTERING TO POTASSIUM
AND SODIUM I0NS. '
G. E. Keller and R. A. Beyer

S5, CLUSTERING OF Cs' TONS. IN ATMOSPHERIC GASES
L. G, McKnight and J. M. Sawina

S6. ‘HYDRATION OF OXYGEN NEGATIVE IONS
. J. L. Pack and A. V. Phelps

S7. REACTIONS OF NO* IN NO-H,0 AND NO-NH3 GAS MIXTURES
L. J. Puckett and M. W. Teague

8:30 a,m.. - 10:15 a.m.: Terrace Room

| sEssTON T. COLEISION PROCESSES N Chairman: W. L. Nighan
GASEQUS TLASERS g B United Ajircraft
: : Research Laboratories.

T1. DISCHARGE AND GAIN PROPERTIES OF THE CO, IASER
' W. J. Wiegand, M; C. Fowler, and J. A, Benda

T2, A QUANTITATIVE ANALYSIS OF THE DEPENDENCE OF GOo LASER
PERFORMANCE -ON ELECTRIC DISCHARGE PROPERTIES
" M. C. Fowler

T3, PLASMA PROPERTIES OF AN ELECTRIC DISCHARGE CONVECTION LASER
C. 0. Brown




|

SESSIONS T, © ‘ xviii

T4.

5.

T6.

7.

THE CO LASER PLASMA
P. Bletzinger and A. Garscadden

EXCITATION PROCESSES IN THE CATHODE REGION OF A GLOW DISCHARGE
THROUGH METATL-VAPOR-NOBLE-GAS MIXTURES ’
A. J. Palmer and J. W. McGowan

MICROWAVE DENSITY MFEASUREMENTS IN ION LASER PLASMAS
L. D. Pleasance and E. V. George

VACUUM ULTRAVIOLET PERTURBATION SPECTROSCOPY ON THE He-Ne LASER
H. Merkelo and R. C. Quinn '

- 10:15 a.m. - 10:30 a.m.: Coffee Break

10:30 a.m. - 12:30 p.m.: Capitol Ballroom

SESSION U. THEORY OF HEAVY PARTICLE ' Chairman: ©N. Lane

Ul.

u2.

u3.

U4,
- s,

Ue.

u7.

COLLISIONS (PANEL) | Rice University

"LOW ENERGY ELASTIC AND FINE-STRUCTURE EXCITATION SCATTERING

oF ct(2p) BY H(2S)
J. C. Weisheit and HN. F Lane

CLOSE COUPLING STUDY OF EXCITATION IN LOW-ENERGY ATOM-ATOM.

'SCATTERING

$. A. Evans, J. S. Cohen, and N. F. Lane

ELECTRONIC TRANSITTONS BETWEEN s AND p STATES IN SLOW ATOMIC
COLLISTONS. '
P. G. Cable

1L,ONGC RANGE FORCES IN NEAR-RESONANT CHARGE TRANSFER
F. T. Smith and R, E. Olson

OBTAINING INTERATOMIC POTENTIALS FROM ELASTIC SCATTERING DATA

R. Klingbeil

COMPARTSON OF NUMERICAL CAPTURE CROSS SECTIONS WITH REACTION
CROSS SECTIONS FOR NHq4 AND H20 TARGETS

J. V. Dugan, Jr. and J. L. Magee

VIBRATIONAL EFFECTS ON ION-DIPOLE CAPTURE CROSS SECTION;
COMPUTER MOVIES OF CLASSICAL TUNNELING
J. V. Dugan, Jr. and R.. B. Canright, Jr.



xix , SESSTONS vV, W

10:30 a.m. - 12:30 p.m.: Terrace Room.

SESSION V. NECATIVE TIONS o Chairman: J. F. Paulson
T _ ' Air Force Cambridge
Research Laboratories

{ V1. THE DETACHMENT OF ELECTRONS FROM F~ IONS IN A SHOCK-HEATED
CESIUM FLUORIDE-ARGON MIXTURE
A. Mandl, B. Kivel, and E, W. Evans

. V2. NEGATIVE ION PRODUCTION FROM SF, AND N20 AT HIGH TEMTERATURES
J. H. Mullen and J. M. Madson

V3. DETERMINATION OF THERMAL ELECTRON DIFFUSION (D) AND ATTACHMENT
RATE f{(owy) COEFFICIENTS FOR OXYGEN .
D. R, Nelson and F, J. Davis

Vi, MOBILITIES OF LARGE SIZE TONS
P. L. Patterson

V5. NEGATIVE 1ION DECAY IN PHOTOLONIZED BROMINE
F. K. Truby

vé. ELECTRON IMPACT STUDIES OF ACETONE AND HALOGENATED ACETONE
W. T. Naff and R. N. Compton

V7. DISSOCIATIVE ELECTRON ATTACHMENT TO BROMINATED ALIEHATIC

HYDROCARBONS
A. A. Christodoulides, L. G. Christophorou, P. M. Collins,
and J. G. Carter

12:00 p.m. ﬁ75:00 p.m.ﬁ Capitol Ballroom

SESSION W. ELECTRON EXCITATION Chairman: E. C. Zipf
(PANEL) _ University of Pittsburgh

Wi. ABSOLUTE EXPERIMENTAL CROSS SECIIONS FOR THE EXCITATION OF BaT
I0NS BY ELECTRON IMPACT
‘M. 0. Pace and J. W. Hooper

W2. EXCITATION OF RESONANCE STATES IN ELECTRON IMPACT ON ATOMIC
OXYGEN AND NITROGEN
E. J. Stone and E. C. Zipf

W3. ELECTRON EXCITATION FUNCTIONS.OF ARGON
J. K. Ballou, C. C. Lin, and F. E. Fajen




SESSIONS W, X XX

Wh.  CLOSE-COUPLING . CALCULATION OF ELECTRON EXCITATION CROSS
SECTIONS OF THE 32D STATE OF SODIUM
D. F. Korff, S. Chung, and C. C. Lin

W5. EXCITATION OF 01 1304A AND NI. ‘1493A LINES BY ELECTRON IMPACT
ON OXYGEN AND NITROGEN MOLECULES
W. A. Brown and J. N. Bradbury

3:30 p.m. - 3:45 p.m.: Coffee-Break

Wwé. EXCITATION OF THE alﬂg STATE OF THE NITROGEN MOLECULE BY
ELECTRON IMPACT
3, Chung and C. C. Lin

W7. EXCITATION OF THE CO FOURTH POSITIVE BAND SYSTEM BY ELECTRON
TMPACT ON CO AND CO,

M. J. Mumma, E. J. Stone, and E. C. Zipf

w8. DISSOCIATIVE EXCITATION OF 0, BY FLECTRON TMPACT WITH THE
FORMATION OF METASTABLE 5g AND HIGH-RYDBERG ATOMS
R. 8. Freund

w9. ROTATIONAL=-VIBRATIONAL EXCITATION OF Hp BY LOW-ENERGY ELECTRONS
R. J. W. Henry and E. S. Chang '

2:00 p.m. - 5:00 p.m.: Terrace Room -

SESSION X. PENNING EXCITATION AND Chairman: L. D Schearer
TONLZATION (PANEL) : Texas Instruments, Inc,

x1l. STUDIES OF PENNING AND CHARGE-TRANSFER COLLISIONS BETWEEN NOBLE
GASES AND GROUP II ATOMS ' :
L. A. Riseberg and L. D. Schearer

X2. POLARIZATION OF MOLECULAR IONS VIA PENNING COLLISIONS WITH
OPTICALLY ORIENTED METASTABLE HELIUM ATOMS
L. D. Schearer and L. A. Riseberg

X3. DIRECT OBSERVATION OF THE SPIN DEPENDENCE OF IONIZING COLLISIONS
BETWEEN He(2 S ) METASTABLE ATOMS
L. D. Schearer and L. A. Riseberg

X4, ANGULAR DISTRIBUTION OF PENNING ELECTRONS
H. Hotop and A. Niehaus

3:30 p.m. - 3:45 p.m.: Coffee Break




xxi B SESSION X

DETERMINATION OF TNTERACTION POTENTIALS FROM PENNING ELECTRON
ENERGY DISTRIBUTIONS - ‘
H. Hotop and A, Niehaus

SELECTIVE EXCITATION OF THE 338 LEVEi OF ATOMIC OXYGEN IN A
FLOWING HELIUM AFTERGLOW ' '

COLLISIONAL DISSOCIATION OF ASSOCIATIVE IONS
H. L. Kramer and E. E. Muschlltz, Jr.
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SESSION A

Tuesday Morning, 20 October

9:00 a.m.

THERMODYNAMIC AND TRANSPORT PROPERTIES

Chairman: J. J. Lowke, Westinghouse Research




Al, Consideration of Simple Model Atoms for Argon
Discharge Calculations. JAMES R. ROSE and JOHN V.,
DUGAN, JR., WAGA-LeRC - Simple model atoms are required
for satisfactory calculation of plasma :ErOPerties in low
electron temperature T, gas discharges. Model atoms of
2-, 3-, and 5-levels give ionization fractions I in
agreement with 26.level results for cesium plasmas that
are optically thick (OT) to resonance radiation.? The
calculation of. non-equilibrium £ values is extended to
argon discharges for T, values of 8000° K and 1 eV
(11,605° K). Curves of f versus argon nuclei number
density NE resemble the OT results for cesium, Howeven
these £ vBlues are sensitive to the radiative transition
frequency A, . For low Nj., f values are sensitive to
the choice é% radiative capture coefficients, The f
values check satisfactorily with Saha predictions in the
completely thick radiation limit.

1
J. V. Dugan, Jr., F, A. Lyman, and L, U. Albers, NASA
TM X-52190, July 1966.

2J. V. Dugan, Jr., Repts. 2Tth Phys. Elect. Conf.,
p. 323, March 1967.

AZ. Pressure Dependence of the Population Density of
Energy Levels in He-arcs, J. Uhlenbusch, L.

Detloff, 1. Phys. Inst. Techn, Hochschule Aachen
In an earlier paperl it was shown that the behaviour of
He-arcs under normal pressure is mainly influenced
by diffusion processes and Saha-equilibrium is not
valid, For simplification partial L.TE was assumed
for all excited levels, The density of ground state
atoms was derived from the rate equation including
diffusion, Here the assumption of partial LTE for the
population of excited levels is dropped. The appropri-
ate rate eqguations in connection with the energy
balance of the total gas and the electron gas alone are
solved simultaneously for various pressures and the
results are compared with those derived assuming
partial LTE for all excited levels. Collision and radi-
ation rate coefficients were taken from?.

thlenbusch, J.. E. Fischef, J. Hackmann, Z. Phys,
in print - 2Dra,win, H.W, and F, Emard, Report EUR-
CEA-FC-534, Fontenay aux Roses, France (1970)




A3, The Determination of Plasma Electron Density From
RefractknlLdeasurenaenis.P.VV.Schreiber,AqLdJiunIer,

Aerospace Research.Laboratoriés,andJD.R.Srnﬂh,fEE
Force Institute of Technology. The internal state of an
axisymmetric plasma can be determined from external-
ly measured lateral profiles of various optical proper-
ties. This technique requires inverting an integral equa-
tion of the Abel form,and it is subject to many subtle '
errors because the derivative of measured data is re-
quired. A new mathematical analysis is developed which
allows the axial electron density of an axisymmetric
plasma to be determined without inverting an integral
equation. The required input data includes the deviation
of a laser beam as a function of lateral distance. Data
at several wavelengths are required to eliminate con-
tributions to the refractivity due to atoms and ions. Ex-
perimental data have been collected at several wave-
lengths for a stable argon discharge at atmospheric
pressure. The analysis of these data yield electron den-
sities which are in good agreement with thermodynamic
calculations.

Al Determination of Electron Density

and Temperature in a non-L1C Hellum Arc. Welze
BRAUN, J.W. ETEXELAND and 2. D. FRANKLIN, Aero-
spece Research Labs, WPATB, Ohio.=-Line nro-
FITes have been measured Th & vortex stabilized
pure helium arc at a pressure of 1.4 atm and A
current of 1u0A, Correlation with theory re-.
auires reliable determination of electron den-
sity and temperature nprofiles. Side-on spec-
troscopic measurements indicate that electrons
bound in n>? states are in equilibrium at a
common electron temperature. Macroscoplic eauil-
ibrium criteria predict that the eguilibrium
does not extend to the neutral ground state

but does include the free electrons. ¥ith this
assumntion the electron temrerature nrofile of
the arc has been computed from local neutral
line intensities and local electyon densities
obtained from Stark broadening. Absolute line
intensities are not in agreement with LTE but
cani be reconciled by a reasonabie degree of
ground state overpopulation rather than a heavy
particle temperature lower than the electron
temperature.




A5, High Pressure Argon Arcs. U.H. Bauder, Aerospace
Research Laboratories, WPAIFB, Ohio. - Results of
i experiments with wall stabilized arcs in the pressure
]‘ range up to 130 atm are reported. The arc is operated
steady state in a "Maecker-type" cascade, From meas-
i urements of the electrical arc characteristics and tem-
E“ perature distributions the electrical (:onductiv_itycr_of_
ar gon was determined at p= 50atm and p = 100atm. The
maximum centerline temperatures reached at these
; pressures were 12, 500°K and 10, 800°K respectively,
! The spectroscopic temperature measurements are per-
formed side-on using the absolute continuum intensity
at several wavelength near 4, 0004, The values deter-
mined agree with calculations by DEVOTO. Measure-
ments of the total radiation emitted from the column
are used to determine the unabsorbed part of the total
radiation source strength of argon at 50atm. A compa-
rison of the experimental results with computations
based on the energy equation for wall stabilized arcs
indicates that the absorbed energy is a small fraction
of the total energy emitted in the temperature range.

A6, Transport Properties of Partially Ionized Argon -
Revision and Extension. R, S. DEVOTO*, Stanford Univ,, -
Recent, more accurate measurements of the transport
properties of partially ionized argon as well as revisions

in atomic cross sections have made it desirable to repeat
computations of these properties. This has recently been
carried out and some of the results are presented and com-

| pared with experiments. Very good agreement between

i theory and experiment is noted for the electrical conductivity
from 9000-15000°K. The measured thermal conductivity is
still somewhat greater than theory, probably due to incom-

‘ plete inclusion of energy transport via radiation within the

! hot gas. The effect of an imposed DC magnetic field as well
as non-equilibrium of electron and atom-ion temperatures

on the transport properties, particularly the thermal conduc-
tivity, with applications to the electric arc are discussed,

*Research sponsored by Aerospace Research Lahoratories,
USAF, .




SESSION B

Tuesday Morning, 20 Oc tober

11:00 a.m.

RADIATIVE PROPERTIES

Chairman: J. Yos, AVCO, Wilmington
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Bl. The Vacuum Ultraviolet Conbtinuum of Doubly Icnilzed
g Argon.¥ J. C. Morris, AVCO Wilmington, Mass. The con-

tinuum radiation of doubly ionized argon emitted in the
vacuum ultraviclelt region of the spectrum has been
measured for a plasma pressure of one atmosphere up to
temperatures of 28000°K. The data have been put into
the form of spectral absorption coefficlents and given
versus temperature. These are compared with theoreti-
cal calculations that have been made using hydrogen
like cross sections for the recombinatlion continuum.
The plasma used in this study was generated in a pulsed
mechanicsglly constricted arc generator. Temperatures
of the plasma were measured using the 33LL.25AITI
multiplet. The continuum radiation measurements were
put on an absolute basis using a nitrogen arc and view-
ing the blackbody radiation emitted by several atomlc
nitrogen lines in the wavelength region of interest.

*Work supported by Aerospace Research Laboratories,
Office of Aerospace Research of the U. 5. Alr Force,
(Contract No. F336.5-70-C-1360).

§2. Measurements of Electron Broadened Widths of
Atomic Nitrogen Lines*. R. U. Morris and J. C. Morris,
AVCO Wilmington, Mass. The half-widths of 26 atomic
nitrogen lines of seven multiplets have bei? measured
for an electron number density of 1. 6 x 10 /emS and

s temperature of 13000 Ok, The results are compared

i with the theoretical predictions of Griem. The data

f were obtained under optically thin conditicns by using
i constricted argon arc seeded with nitrogen. Tempera-

u ture were measured using The absolute intensities of

i a number of atomic and ionic argon Lines. Electron
i concentrations were determined by using trace amounts
i of hydrogen beta.

*Work supported by Aerospace Research Laboratories,
office of Aerospace Research of the U. 8. Alr Force,
(Contract No. F33615-68-C-1081).




B3. Transistion Probabilities for Sulfur Lines From
Wall-Stabilized Arc Measurements. E. SCHULZ-GULDE,
Westinghouse Research Laboratories., A new type of anal-
ysis has been developed to determine transition proba-
bilities of spectral lines emitted from optically thin,
multi-element, arc plasmas in local thermodynamic equil-
ibrium (LTE). Provided the plasma contains one element
whose jonization energy is considerably lower than that
of the other elements, this method is independent of de-
mixing effects for a fairly wide temperature range. The
technique has been applied to spectroscopic data obtain-
ed from wall-stabilized arcs operated at atmospheric
pressure, first in a mixture of argon and sulfurhexa-
fluoride (SFG), and second in SFg. A trace of hydrogen
is added in both experiments in order to determine the
electron density from the measured Hg hydrogen line
width. The experimental data do not contradict the
‘assumptign of LTE. The tramsitjon probabilitieg for the
SI 4695 A, SI 5279 &, SII 5320 A, and SII 5454 A lines
are in agreement with those listed in the NBS critical
data compllation.

liese, W. L.,Smith, M.W., and Miles, B. M., Atomic
Transition Probabilities, Vol.II, Nat. Bur. Stand. Ref.
Data Ser., Nat. Bur. Stand. (U.S.), 22 (1969).

B4, Spectral Characteristics of the High
Current, Low Pressure Mercury Discharge. PETER
D. JOHNSON, General Electric R&D Center,
Schenectady--The dependences of the relative
intensities of the HgI 1849 and 2537 A and the
HegIT 1942 A resonance lines on current density
(up to about 100 a/em?), Hg pressure (10-3 to
0.5 Torr) and arc tube diameter (10 to 25 mm)
have been measured. The Hgl line intensities
saturate at about 2 a/em?. Absolute output at
1849, measured photochemically, is consistent
with the results of B.T. Barnes. In the Hg-A
discharge the intensity of the 1942 A line
varies as the 1.75 power of the current den-
sity up to about 100 a/emZ. There is evidence
for volume recombination, which is inhibited
when A is replaced by Kr. A mechanism for
this effect will be proposed.




SESSION C

Tuesday Afternoon, 20 October

2:00 p.m.

VACUUM ARCS

Chairman: G. Frind, General Electric, Philadelphia




cl. Energy Distributions of Tons from Pulsed Vacuum
Arcs.¥® J.T, GRISSOM and G.W. McCLURE, Sandia Laborato-
ries.-~Recent work at Sandia Laboratories has heen
aimed at & better understanding of the physics of
pulsed vacuum arcs as used in high-voltage switching
tubes. The energy distributions of ions emitted from
pulsed vacuum ambient arcs of 5 usec duration have
been nmeagured using a cylindrical electrostatic
analyzer. The arc characteristics include initiation
rise times of less than 1 usec, a total arc potential
after initiation of approximately 50 volts, and arc
currents of 50-60 amps. The ion species present in
the arc plasma have been determined spectroscopically.
The measured energy spectra display low energy cut-offs
corresponding to the arc potential in the region of ex-
traction. The peaks of the distributions occur consis-
tently at an energy significantly higher than the are
voltage. In addition, & substantial fraction of the
ions have energies greater than the total arc potential
drop. Various sources of possible experimental bias in
the measurements will be discussed.

*
Research supported by the U.S. Atomic Energy Commis-
sion

c2. Plasma Expansion Into a Tield-Free Vacuum Envi-
rorment.* D.L. MANGAN, Sandia Laboratories.--The free
& expansion of a two~-component plasma sphere into a
vacuum background is examined theoretically using Monte
Carlo techniques. Initially the small sphere (~ 20
microns) of moderate temperature (7.5 evg and moderate
density (10%2 cm~3) is assumed electrically neutral.
Spherical symmetry of the expanding sphere is assumed.
The time development of the self-consistent electric
field at the outer edge of the sphere is evident,
affecting the rate of expansion of the ion component.
Transfer of energy from the electrons to the ioms
through the self-consistent electric field is observed.
Three cases are compared: +the collisionless expansion,
expansion with collisions, and a collisionless neutral
gas expansion. The plasma model is described along
with techniques used in obtaining the dynamics of the
plasma. ’

T e R L

w0

7

The collision model based upon the two Fokker-Planck
coefficients is discussed.

Research supported by the U.S. Atomic Energy Commission

R




C3. The Temperature Measurement of Cathode Spots in
Vacuum Arcs, T. UTSUMI, Bell Telephone lLaboratories.--
Temperatures of the cathode spots of various metals in
vacuum arcs have been measured for the first time on the
basis of the velocity distribution of the vapor atoms
emanating from the cathode spot region by employing the
combined technique of time of flight and quadrupole mass
analysis. The measured velocity distribution exhibits

a large Maxwellian type peak, superimposed with a small
non~Maxwellian type for higher velocities. The tempera-
tures of the cathode spots were measured from this Max-
wellian type velocity distribution under the assumption
that the cathode spot is at thermal equilibrium with the
vapor in front of the spot. The measured temperatures
of the cathode spots for Au, Ag, Pd, W and Pt-Rh alloys
indicate that the temperatures are much higher than the
boiling temperatures of these materials at atmospheric
pressure, implying that the vapor pressure in the front
of the cathode spot amounts to several times the atmos-
pheric pressure,

C4. A Model for the Vacuum Are. M, F., HOYAUX
Univ. of Pittsburgh.--A model is presented for the
vacuum arc without anode spot, on grounds of the con-
cept of near ambipolar diffusion X, The are "column"

is divided between Region I, in which there is a non-
zero carrier pair generation rate, and Region II, in
which this rate is essentially zero. A large fractieon
of the ions generated in Region I move parallel, not
anfiparallel to the electrons, as in ordinary arcs.
(Region I,which is very small, is essentially equipoten-
tial, but Region IT and the anode sheath have "reversed"
voltage drops. ) The relative importance of their number
compared to those returning to the cathode is discussed
on grounds of Steenbeck's minimum principle and of
experimental deta of various origins. When the relative
number of ions impinging on the anode increases, the
difference in potential between the anode itself and

an electrically inert electrode {e.g. vapor shield)
tends to vanish, which is confirmed by experiments.

1 M. F. Hoyaux, Arc Physics, N. Y. Springer-Verlag
1968, p. 112.
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Tuesday Afternoon, 20 October

4:20 p.m.

TRANSIENT ARCS
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Chairman: W. C. Roman, United Aircraft Research Laboratories

Y,




D1l Time Resolved Spectroscopic Investlgation of
Short Gap Discharges, Jacques A,Augls and Boin W.Grey.,
Bell Laboratories, Columbus, Ohio.-~Using a high speed
photomultiplier, monochromator and a sampling oscillo-

} scope, variable duration, 4 to 12 amp, coaxial cable
discharges in air have been studied with nanosecond

_ resolution. (pd <10 torr cm ). The initial high cwrent,
g high voltage regime of the discharges was identified as
being a high pressure glow. The transition to the are
regime corresponded to the appearance of the metal lines
in the spectrum, In the arc regime the gas bands were
observed less than 1 nsec from the onset of a measure-
b able current, The wetal lines were observed to have &
- delay which depended on the metal and corresponded to
the time required to reach the arc current from the glow
regime, The shapes of the metal lines were found 4o be
similar to that found by Sigmondl using W electrodes in
}9: 2 atmospheres of hydrogen.An interpretation of the max-
' imum observed in the time resolved metal lines is pro-
posed,and is consistent with the cathodic damage as
observed using a scanning electron microscope,

1 Sigmond,R,S, 'Nanosecond Arcs in Hydrogen.' Proc. Tth
Int.Conf.Phen,Ion.Gases, Beograd 1 611, (1965)

D2. ‘Line Intensity Behavior in a Decaying Arc
Plasma. J. B. SHUMAKER, JR., and W. H. VENABLE, JR.,
National Bureau of Standards.--Under certain conditions
of non-equilibrium, the intensity of spectral lines
observed in an arc increases upon removal of the elec-
tric field powering the arc. To provide g basis for
quantitative Investigation of the effect, space- and
time-resolved measurements of the absolute intensity of
! Argon I lines, particularly +he hs=lbp' line at 696.5 nm,
d were made using an atmospheric pressure arc operating in
the range 15 to 60 A. These measurements agree qualita-
tively with a previously advanced!l two-temperature model.
The usefulness of the effect in detecting departures
Trom equilibrium will be discussed,

1V.Ya.Alexandrov, D.B. Gurevich, and I.V. Podmoshenskii,
Optics and Spectroscopy 23, 282 (1967).
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The transient behaviour of a D.C. arc relevant
f"" problem. V. Tuchs, Hydro-Quebec
Varennes, Quebec.—-The arc is
forced by a transverse magnetic field into a chamber and
cut by a system of floating eléctrodes into a sufficient
number of short subarcs to prevent stable operation.

The energy equation of a short subarc assuming conduc~-
tance losses to the electrodes is formulated and an
equation of the neagsie" type for current and arc
resistance is derived. The solution of the simultaneous
nonlinear dynamic arc and circuit equations suggests
that in the pre zero—-current period the transient
behaviour is dominated by the circuit time constant
rather than by the so-called arc time constant. The
analysis is dimensionless in order to allow for scaling.

D3,
to a D.C. "switching of

Tnstitute of Research,

D&.- Rates of Excitation and Ionisation in Arcs.

A, R, FATRBAIRN, Air Force fambridge Research Lab.

TF the relaxation time Tor excitation and ion -
-igation of an atom injected into an arc
gource intended for gquantitative spectroscopy
is comparable with 1ts dwell time corrections
must be applied to the number of emitters
estimated from the rate of injection times
dwell time. This paper presents simple
eatimates for these relaxation times and shows
that only ionisation effects will be experi-
mentally important in air arcs at 5900 K
ond electron densities of around 10 5 em™3.
Allowances are made Ior both 1levels involv-
ing allowed and forbidden transitions but the
radiation is considered tO be thin.




SESSION E

Wednesday Morning, 21 October

8:30 a.m.

STEADY-STATE AND RF ARCS

Chairman: D. R. Keefer, University of Florida




e il
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EL Thermodynamics and Kinetics of Chloride Arcs.

D. M. SPEROS and R, M. CALDWELL, General
Electric Lighting Research Laboratory,
Cleveland, Ohio 4L112.--Thermodynamic analysis
shows that, while metal chlorides, MCl,, will
attack severely arc tube electrodes, the
addition of excess metal M to the arc atmos-
phere will reduce this attack by several
orders of magnitude. In addition, it is
necessary to control the free and/or bound
oxygen impurity content because the formation
of oxychlorides and the operation of kinetic
effects involving differential diffusion of
species in the convective are flow affects
electrode life and the transport of electrode
material tc¢ and from the arc tube walls. _

A thermodynamic corcllary is that the mono-
chioride, MX, is an important radiating specie.

It is found, and further corroborated (1),
that the theoretical predictions are fully
consistent with the results of arc tube
experiments.

(1) R. H. Springer and R. P. Taylor, accom-
panying Arc Symposium paper.

E2., Tin Chloride Arc Temperature Measurements.
R. H. SPRINGER and R. P. TAYLOR, General
Electric Lighting Research Laboratory,
Cleveland, Ohio L4l1l2.--Arc discharges con-
taining tin chloride (SnClp,SnIp,Hg,A),
operated at an average of 20 watts/cm? have
been studied to isolate the major source of
continuum radiated from these arcs. We have
meagured the center temperature to be about
5700°K with a radial distribution similiar to
the pure Hg discharge.

We have identified the spectrum of the 3SnCl
molecule from our radiation measurements i
the near uv. Thermodynamic calculations(l?
have indicated that the 8nCl molecule should
be the dominant molecule at high temperatures.
Results which support the bhelief that a low
lying band transition from SnCl (e.g.
A5t > X2n) accounts for a large fraction of
the continuous radiation will be presented.

(1) D. M. Speros and R. M. Caldwell,
accompanying arc symposium paper.




E3, Mode Shift in Molecular Vapor Arcs.

R.J. ZOLLWEG, Westinghouse Research Labs, Pittsburgh,
Penna.—~A pronounced-éhift from constricted to diffuse
mode is observed for wall-stabilized arcs containing
mercury plus cesium and thallium iodides or mercury
plus cesium, thallium and dysprosium iodides as the
reservoir temperature is raised to 1000-1150°C
(achieved by operation of the arc in a furnace). The
arc core increases abruptly from about 1 mm to .11-14 mm
in diameter as the reservoir temperature is slowly
raised through the transition region or as the input
power is slowly reduced. In a restricted range both
modes can be achieved simultaneously in the arc column—-
diffuse in the center and constricted near the elec-
trodes. The constricted mode is characterized by
largely atomic radiation and relatively high arc
temperature and electrical conductivity, while the
diffuse mode yields nearly continuous {molecular)
radiation and has lower arc temperature and electrical
conductivity. This tramsition can be understood
qualitatively in terms of a maximum in the temperature
dependence of the thermal conductivity and/or of the
ratio of radiative emittance to conductivity.

E4. The Mason Dark Space and High Pressure Arc
Re-ignition. JOHN E. WHITE, G.E. Lemp Research lLab., -
A sclid object immersed in the plasma of a high
pressure arc is surrounded by a dark sheath., The
sheath is at plasma temperature along one boundary, and
near thermal equilibrium with the solid object at the
other boundery. Cooling by the electrodes sets up such
a sheath at current zero of an ac arc; breakdown of the
sheath insulation determines the re-ignition process of
high pressure mercury arcs with thermionic electrodes.
The process requires sbout 0.6 joule/cm3 in a channel
adjacent to the electrodes, heating the vapor there to
approximately LLOO°K,
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E5.,  Local Heat Transfer to Wires Immersed im an Arc
Plasma,* T.W. PETRIE and E, PFENDER, Univ. of-Illinois
and Univ. of Minnesota--An experimental technique is
developed to measure local heat transfer rates to bare
and ceramic-coated metal wires from an atmospheric pres-
sure argon plasma in LTE. Wire! probes are swept in
planes parallel to the anode through the plasma of a
free-burning arc without drawing a net current. For
plasma and probe parameters of this study, the layer be-
tween the undisturbed plasma and the probe surface is
very thin so that electrons directed toward the probe
essentially retain their energy. The data show that
heat transfer in this situwation is dominated by energy
transport assoclated with electron and ion partial cur-
rents which, however, are not locally balanced due to
variation of the floating potential over the arc c¢cross
section., The technique is then applied for a plasma in
non-LTE at atmospheric pressure. 1Its sensitivity to
electron temperature is especially evident in this test.
With data obtained using this technique, a simple physi-
cal model of the heat transfer process between a plasma
and a solid immersed in it is obtained and verified.

*Research supported by the AWS and the NSF under
Grant GK 1728.

E6. Effects of Electron Temperature Vari-
ations on Spectral Line Intensity Ratios. R.F.
WEBER, AFWL, Kirtland AFB, and A, GARSCADDEN,
Aerospace Rsch Labs, WPAFB, Ohio.--Time=-varying
a.C., arcs or positive columns are used in dis-
charges in gas mixtures, or a d.c. discharge mav
spontaneously support oscillations or turbulence.
An analysis has been made of the errors which
arise in line-intensity measurements due to

the experimental averaging of the time-varying
intensities caused by electron temperature
fluctuations. These calculations have been
made both for coherent and for random electron
temperature fluctuations. It 1s shown that in
the usual method of measuring the line inten-
sities with a monochromator, averaging may
cause the true mean temperature to be over-
estimated by typically 15% and similar magnit-
udes of errors occur in line intensity measure-
ments for estimation of relative transition
probabilities or excited state populations.
However the method of instantaneous ratioing
and averaging using a polychromator and approp-
riate circuitry is shown to allow the errors tc
be reduced an order of magnitude.

-
&
g
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E7. Computer Model of a Wall~Stabilized Metal Vapor
Arc. A,J, FROELICH, D.S. BECKER, and F,C, FRANCL, The
Hallicrafters Company--A series of computer programs has
been employed to obtain the temperature profiles and ra-
diation spectra of cesium and potassium metal vapor arcs
operating at pressures of 0,3-3.0 atm and axial field
gradients of 10-30 V/ecm. The temperature profiles are
obtained by iteration until a power balance is achieved .
between ohmic heating and radiant absorption as input
power, and radiant emission and heat flux as output
power. Radiant emission as a function of temperature
and pressure is deduced from integration of calculated
spectral line and continuum intensities over the wave-
length region 0.35-5.5 um. Electrical and thermal con-
ductivities employed_as inputs are based on the calcu-
lations of Eastlund,™ Radiation in the visible and near
infrared regions predominates in determining the overall
power balance of the arc. The field gradient-arc cur-
rent characteristics corresponding to the static solu-
tions obtained are presented, and predicted radiant
conversion efficiencies in some spectral bands of in-
terest are presented.

1
B. J. Eastlund, J. of Nucl. Energy Part C 8, 31 (1966).

E8. EXPERIMENTAL STUDY OF AN ARGON PLASMA VORTEX
SEEDED WITH XENON* A,E., Mensing,United Aircraft Research
Laboratories. An experimental investigation is discuss-
ed in which an r-f induction heated argon plasma was
seeded with xenon. The plasma was of the confined vor-
tex type approximately 2 cm in diameter and 8 cm long.
The total plasma pressure was 1.3 atm. Spectroscopic
measurements were made of several argon and Xenon spec-
tral lines. The Abel inversion technique was used to
calculate both the radial temperature distributicon and
the radial xenon partial pressure distribution. Measure-
ments were also made of the xenon partial pressure at
the wall of a 3 ,2-cm-dia water-cooled fused silica tube
surrounding the plasma. The data showed that Local
Xenon partial pressures ags large as 0.3 atm were obtain-
ed within the plasma while maintaining wall xenon par-
tial pressures of d@pproximately 10~%* =tm. Some theo-
retical studies of the effect of the temperature grad-
ient (approximately 20,000 K/cm) on the vortex momentum
equabtions are also discussed.
*This research was supported by the joint AEC-NASA Space
Nuciear Propulsion Office under Contracts NASw-847 and

SNPC-TO.
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E9 INVESTTGATION OF A HIGH-TWTENSITY R-F RADIANT
ENRRGY SOURCEX W.C. Roman, United Aircraft Research Lab.
This paper describes experiments To develop an.lntense
radlant energy source capable of producing radiant e?ergy
fluxes corresponding to equivalent black-body radiatlng
temperatures of 8000 to 15,000R. R-F energy was suppli-
ed by a l.2-megw r-I induction hea?er‘OPeratlgg a? 5.5
MHz to an argon plasma contained within a radial-inflow
vortex. The test chamber (2.24-in.-ID) was formed by
concentric, water-cooled, fused silica tubes and copper
end walls. Tests were conducted at pressures up to a-
bout 20atm and up to 223 kw of power Wag deposited in
the ellipsoidally shaped (2 in. long) discharge. The
maximum power density was 0.5T megw/in.o. 2The maximum
redient energy flux achieved was 48 kw/in.2, (Tpp=10,800
R). The diagnostics included measurements of (1) plasma
size and shape,(2) total radiation in various wavelength
vends, (3) calorimetric power losses, and (L) radial tem-
perature distributions. The effects of severa% impor-
tant parameters on: radiation losses, convection losses,
and plasma size are presented.

sork supported by joint AEC-NASA SNPO; Contracts NASw-

847 and SNPC-TO.

£10. Measurement of the rf Magnetic Field Distri-
bution in a Thermal Induction Plasma, ¥ :

H. U, ECKERT, The Aerospace Corporation. --The
radial distribution of the rf magnetic field is meas-
ured with a water-cooled search coil of 3-mm diam
in the midsection of an argon induction plasma flame
maintained at 2. 6 MHz in a 150-mm-wide tube. Over
most of the flame section, the field is reduced from
an unperturbed value of 15 Afecm to 0.5 Afcm. The
skin depth is about 1 cm, In the annular space bet-
ween the flame and the inductor coil, the field is in-
creased by 10%. The effécts of signal averaging,
current obstruction, and plasma cooling by the probe
are discussed and found to be of minor consequences.
*This work was supported by the U. §. Air Force.
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Tl Experimental Investigation of Flow in an
Induction Plasma. J, D, CHASE, American Cyanamid Co.,
Stamford, Conn,---An experimental investigation of flow
Th and around & thermal, 4.7 Miz indugtion plasma is
made. The existence of the predicted™ flow out from
both ends of the plasma is confirmed by flow visualiza-
tion and stagnation pressure measurements on an ambient
pressure, vortex-free, argon plasma in a 28 mm tube,
Flow visualization and gas velocities are obtained by
high speed photography of injected 1 diamond particles.
Axial velocities at the upstream end of the plasma were
measured in the range of 2-10 m/sec, depending on dis-
charge power. Velocity varies linearly with discharge
power over the range investigated (up to 4.7 ¥W). A
simple model of the plasma is deviged to enable the
maximum velocity of magnetically pumped flow to be cal-
culated from the static magnetic pressure. Agreement
between predicted and measured velocities is within 209%
et high powers. The calculation of thrust enables
magnetic and expansion pressures to be separated.

17, D. Chase, J. Appl. Phys. 40, 318 (1969).

F2. Non-Vortex Stabilized Electrodeless Arcsf
D‘o R. » L] * » X . an oC.
SWINGLE, University of Florida--Electrodeless
arcs have been operated in argon at 1-2 atmos-
pheres pressure without the usual vortex flow.
The arc is stabilized by a bluff body placed in
the entering flow., Spectroscopic measurements
indicate temperature profiles similar to those
for vortex flow but arc stability is improved.
The arc is stabilized by the recirculation re-
gion downstream of the bluff body in a manner
analogous to a flame holder. Conduction front
velocities have been calculated for c¢ylindrical
arcs and blow-off velocities determined based
on a model similar to those used in flame holder
theories., '

*The research reported in this paper was spon-
sored by Arnold Engineering Development Center,
Air Force Systems Command, Arnold Air Force
Station, Tennessee, under Contract No, F40600-
70-C-0003., Further reproduction is authorized
to satisfy the needs of the U. 5. Government.




F3. Turbulent Characteristics of a Plasma Jet Pro-

duced by a Vortex-Stabilized Arc*, A.K, GHOSH, C. RICH-

ARDT AND T.W. JOfNSTON**,.-RCA Limited., Montreal.—— An

experimental flacility in which a vortex-stabilized argon
‘ arc has been used %o produce a plasma jet (laminar or

turbulent) is deseribed. The turbulent plasma parameter

: has been measured with electrostatic probes over an ex-

| tended range of sucha jet. The nature of turbulence is

| observed to depend on the operation condition of the arc,
At low arc current the spatial elsctron density correla-
tion functions (transverse and along the mean flow) show
scaziar isotropy. The one dimensional wave number spectra
deduced from the fregquency spectra and flow velocities

G using Taylor's hypothesis bunch together indicatingwave-
number isotropy. At relatively high current significant

: 9 anisotropy in space corrslations 1s observed which is

w ‘ also associated with assymetric Yapiky" electron density

fluctuations towards the edge of the plume., The observed

decay of the space time cress correlation functions has

heen accounted forby convolving space correlations with

time dependent velccity fluctuation decay functions.

: * Supported by ARPA/SAMSO.
+ Now at Inst. de Recherche de 1'Hydro-duebec, Quebec.
% Now at Dept. of Physics, Univ. of Houston, Texas.

Fé. A Relaxation Method of Calculating Properties of Con-
vection Stabilized Electric Ares. J.J. LOWKE, Ion Diffusion
*‘ Unit, Australian National Univ. -- A relaxation method, based
\ on the time dependent energy balance equation,. coupled with
the continuity and momentum balance equations, enables pro-
! perties of arcs stabilized by convection to be calculated, pro-.
| vided that radial convection can be neglected in the momentum
| balance equation. It is assumed that flow is laminar and that 4
{ the electric field is uniform with radius. Recirculation effeds %
are neglected. Required input material functions are the spec-
ific heat, viscosity, density, radiation emission coefficient
-‘ and the thermal and electrical conductivity as a function of .
Ll temperature. Calculations have been made for vertical arcs
L in air, stabilized by natural convection, but neglecting press-
L ure effects due to the self magnetic field. Theoretical predic-
tions are made of the radii of free burning arcs by doing
calculations for an arc confined in tubes of successively
r larger radii. For a given electric current, results are obtain
: -ed for temperature and axial velocity as a function of radius
’ and axial position z, the electric field and pressure gradient

as a function of z, and the rate of axial mass flow.
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F5. A Voltage Correlation for Free-Burning Arcs With
Transpiration-Cooled Anodes. J. R. MAHAN and C, J.
CREMERS, Univ, of Kentucky--An energy balance on the
transpiration-cooled anode of a free-burning dc arc dis-
charge provides a basis for correlating the overall po-
tential drop with the fluid transpiration rate and dis-
charge current. For an arc of fixed geometry the anode
heat flux depends only on the discharge current and the
flow of transpirant through the porous anode. A charac-
teristic potential based on the anode energy balance is
used to non-dimensionalize the overall arc potential,
and a dimensionless mass flux is derived from the momen-
tum balance between the cathode jet and the counter flow
of tramspirant through the anode surface. Experimental
data are then used to demonstrate that the dimensionless
arc potential depends only on the dimensionless mass
flux for the range of operating conditions of engineer-
ing interest,
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Gl. HEAT TRANSFER FROM A MAGNETICALLY-BALANCED ELEC
TRIC ARC TO B CROSS-FLOW STREAM¥ L,.S, Han, Ohio State
Univ., W.C. Roman, United Aircraft Research Lsb., and
D.H. Kihara, Univ, of Hawali. This work describes the
experiments and analysig on a steady-state d-c arc held
stationary in an external cross-flow field and a trang-
verse magnetic field. The arc's eross-sectional shape
was optically observed to become elliptical {major axis
perpendicular to flow direction) under the combined ef-
fects of increasing cross-flow and gtronger magnetic
fields. Velocity profiles and energy flux measurements
were obtained in the arc wake using probe techniques.
The arc's shape change was postulated to be the effect
of a twin-vortex driven by the non-conservative part of
the J x B force and the viscous interactions with the ex-
ternal flow. In & heuristic analytical study of repre-
senting the arc by an impermeable fluid cylinder the in-
ternel flow and its convective effects on the arc temp-
erature distributions were calculated. The resulting
isotherms exhibit an oval pattern consistent with the
optical observations. The calculated drag on the arc
surface and the séparation points for a solid cylinder
are also in reasonable agreement with the experiments.
¥Jork accomplished as part of arc technology program of
ARIL, WPAFB, Ohio.

G2. Experiments on Mapnetically Balanced Cross-Flow
Arcs. A. J. BAKFR and D, M. BENENSON, State Univ. of
N. Y. at Buffalo--Experiments were conducted upon mag-
nefically balanced, 1.1 atmosphere, 80 amp. and 130
amp., argon cross-flow arcs in the range of magnetic
field 48% Bgauss£585 and mainstream velocity 1.82&
U,/g €13.13. Temperature distributions were obtained
in several horizontal planes within the plasma; cross-
sectional shapes and profiles were determined. Iso-
therms indicated arcs to be clearly non-circular with
major axis in direction transverse to flow. Two types
of stable operation were found: colinear mode (arc at-
tachment on upstream side of electrodes). Below criti-
cal velocity, about 5 m/s. The upstream mode was
markedly more uniform along its length and exhibited
much greater lateral broadening than the colinear mode.
At mid-height between the electrodes, the ratio of
major to minor axes was about 1.1 for the colinear mode
and sbout 2.4 for the upstream mode. The principal ef-
fect of velocity upon the upstream mode was to decrease
slightly the above ratios.

*
Work supported by National Science Foundation Grants
GK-1174 and GK-2886.




G3. Analysis of Magnetically Balanced Cross-Flow
Arcs.® V. R, MALGHAN and D. M. BENENSON, State Univ. of
N. Y. at Buffalo--A straight, balanced cross-flow plasma
is considered wherein the flow and temperature fields and
arc boundary are determined as results of the analysis.
The fluid mechanic and thermodynamic interactions are
coupled in a consistent fashion. Phenomenological rela-
tions are employed to determine the flow and arc para-
meters for the balanced arc. The analysis uses some of
the concepts of Lord and of Kihara and Han. The linear
discontinuous model is employed for electrical conduct-
ivity. Other gas properties are assumed constant ap-
propriate to the respective regions interior and exterior
to the arc. The method of Galerkin is employed. The
results show that the effect of Reynolds number is to

- change the flow pattern from ''complete flow-through"
type to 'closed streamline" type, with the location and
shape of the bounding streamline a function of Reynolds
number. Isotherm distributions obtained for the various
closed streamline flows agree qualitatively with experi-
ment.

%
Work supported by National Science Foundation Grants
GK-1174 and GK-2886. '

Gh. Magnetic Pumping Effects in Gas-Blown SFg Arcs.
J. F. PERKINS and L. S. FROST, Westinghouse Research
Laboratories——Experimental measurements of the rate of
recovery of dielectric strength of gas-blown SFg arcs
following current interruption in a small polycarbonate
nozzle have been performed. The experiments were carried
out with a 1 cm electrode spacing and 400 psec duration
current pulses whose amplitude was varied between 20 A
and 1000 A, The upstream arc chamber pressure was
either 35 psia or 60 psia, which ensured that critical
pressure and sonic velocity occurred near the nozzle
threat. An anomalous behavior of the dielectric re-—
covery characteristics was observed, in which the re-
covery rate following a 1000 A arc was faster than that
following a 350 A arc. This is contrary to expected
behavior, which is that recovery times should increase
with arc current. With the aid of an empirical lineari-
zation of the recovery characteristics, the anomalous
results have heen analyzed using a model of magnetic arc
pumping; this model predicts an acceleration of the gas,
which increases with the square of the current, away
from any arc constriction.




G5. Miot" Electrode Studies in a Supersonic Plasma
Stream with a cnetic Field. R . TENIEKS,
NASA-LeRC - Electrode phenomenon were studied in a su-
personic plasma flow with a magnetic field (MHD genera-
tor). A single pair of carbonized Th-W electrodes im-
mersed into the stream were used. The following meas-
urements were taken: floating potential profiles of the
electrode gap (from which the electrode drops were de-
termined), electrode temperature, V-1 characteristics.
At the maximum available magnetic field of 0.54 Tesla,
generated voltages of about 21 volts and current of up
to 34 amps were attained. The cathode drops increase
from about 0.75 volts for zero discharge current condi-
tions to up to 10.2 volts for high current. Anode drops
increase negatively from about 1.35 volts to -4.7 volts.
Electrode temperatures range from 21359 to 2500° K. It
was found that: (1) electrode drops are independent of
magnetic field, (2) the discharge may exist in the self-
sustaining or nonself-sustaining arc mode depending omn '
the cathode temperature, (3) there is an electrode tem-
perature (about 2250° K) for which a minimum cathode
drop is found, (&) a cooling effect for low discharge
current is found at the cathode and, (5) the cooling at
the cathode depends on the magnetic field.
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H1. Radial Density Distribution Measure-
ments of Neutral Cs in the Positive Column of
a Cs-Ar d.c. Discharge, H.v.TONGEREN and
C.v.TRIGT, Philips Research Laboratories,
Eindhoven, The Netherlands.-- The radial dis-
tribution Ngg(r) of mneutral Cs in a Cs-Ar
discharge (tube radius R=17 mm, Pp,.=5 Torr,
Nog (R}=2.3x1018m=3) was determined by
measuring the absorption A(y) at 852.1 nm
(625 -62P ) of a light beam perpendicular
1/2 3/2/ Vr%?—jg
to the tube”axis (y= Vr2-R?). Ngg(o)/Nes(R)
is found to be 0.3 and 0.1 in a discharge
with currents of 50 mA and 63 mA respectively.
The Abel inversion required has been performed
by means of a new technique1 essentially
based on expansion of Ngg(r) and A(y) in
Legendre polynomials. The problem is reduced
to a matrix inversion, which can be performed
analytically. The expansion coefficients are
least squares fits. Furthermore the noise can
be handled explicitly. This method proves to
he accurate and stable for the addition of
noise.

1.C.V.Trigt, J.0pt.Soc.Am. to be published.

Hu2. The Radial DPDistribution of Ga atoms
in a GaJq-Ar Discharge.J.H.WASZINK, Philips
Research Laboratories,Eindhoven,Netherlands.
In the positive column of a discharge in
3x10‘5Torr Gads and 10 Torr Ar the radial
distribution of Ga atoms in the 2P1 2 and2ByQ
states has been measured by optical abserp-
tion. At the tube wall the density is prac-
tically zero, For discharge currents below

15 mA there is a maximum at the axis, at
higher currents a minimum at the axis and a
maximum between the axis and the wall. At the
maximum, the density is about 2x10V7m~3. The
Ga density profile is determined mainly by
dissociation of the GaJj (a two-step process
and ionization of the Ga. A continuity
equation for the Ga density is obtained. 1t
has solutions which are zero at the tube wall
and have a maximum at the axis. Also possible
are solutions which are zero at the wall and
have a minimum at the axis and a maximum
between the axis and the wall. The parameters
for the dissociation and ionization processes
determine the type of solution.




B3. Migrowave and Langmuir. Probe Measurements
of COp Plasmas. L.A. SCHLIE, P. BLETZINGER, and
A. GARSCADDEN, Aerospace Rsch Labs, WPAFB, Chio
-=A study of CO, plasmas was made by comparing
microwave radiometer and second derivative
Langmuir probe results. In a discharge tube

24 mm 1.4, 0.9<pR<S5 torr em, with discharge cur
rent to 100 mA, the probe method showed that
the electwon energy distribution is non-Maxwell-
ian. The microwave measurements gave radiation
temperatures of about 1.3 eV. The probe data,
uncorrected for finite probe size and pressure
effects, gave average energies "1 eV higher.
The observed radiation temperature is directly
related to the average electron energy, and the
electron density can be determined by resonant
cavity perturbation methods. These boundary
conditions allow calibration of probe curves.
Comparison is made with curves corrected using
an extrapolation near space potential, These
results are compared with collisional proke
theories.

=’:Res.earch Associlate from the Ohio State Univ.
Research Foundation, Columbus, Ohio

H4, V-1 Characteristics and Depletion Effects in a
Multicomponent Gas Discharge. GERALD L. ROGOFF,
Westinghouse Res. Labs.--A negative V-I characteristic
is usually associated with an electrical discharge in a
weakly ionized gas mixture of a few Torr containing a
minority component with significantly lower excitation
and ionization potentials than the majority components.
If the current is increased sufficiently, however, the
characteristic may become positive due to.depletion of
the minority component; eventually the excitation of a
majority component can become appreciable. A theory

of an ambipolar-diffusion-controlled positive column
with a minority component having one excited state
vyields expressions relating current, voltage gradient,
average electron energy, and minority ground state
density. In the case of stepwise ionization, excited
atom loss by radiation and diffusion, and electrom
energy loss by elastic collisions the expressions
simplify and predict the negative and positive charac-
teristics, A criterion for the change in slope is de-
termined. Expressions are obtained for the current at
the voltage minimum and the current at which excitation
of the majority gas becomes significant., The latter

is compared with data for cesium-noble gas discharges.




H5. Solutions to the Centinuity Equation with

U. of Texas at Dallas--The one-dimensional charged
particle continuity equation has been solved in a
negative glow, Faraday dark space enviromment allowing
for the field dependence of the electron mobility,
electron diffusion coefficient, and electron-ion
recombination coeffiecient, = The values used for the
mobility and diffusion coefficient were for electrons
in helium, and the values used for the recombination
coefficient were compatible with a collisicnal-radia-
tive recombination mechanism, The resulting solutions
are shown to be significantly different than those
obtained assuming constant transport and recombination
coefficients., In particular, it is seen that recom—
bination is not necessarily negligible in the Faraday
dark space.

*Work‘supported in part by the National Aeronautics
and Space Administration, NASA Grant NGL44-004-001

H6. Plasma Diagnostic Technique Using a Beam
of Slow Positrons. GUNTER H. LOHNERT, MICHAEL W,
SCHTIKORR, and RICHARD T, SCHNEIDER, Univ. of Florida--
Interactions of positrons with a plasma allows investi-
gations of plasma parameters such as density, tempera-
ture, and velocity distribution of the electrons.
Theoretical consideration for the positron-plasma
interactions show that a beam of slow positrons has to
be used in order to obtain detectable effects. The
measurement of positron lifetime in the plasma and of
the angular correlation of the annihilation radiation
yield information on electron density and temperature.
A parallel beam of slow positrons injected into a plas-
ma will be spread into an angle o after leaving the
plasma due to the cumulative effect of small angle
scattering. Tn measuringeoc the electron density ng
can be found. A device was designed and constructed
which is capable of producing a beam of slow positrons.
In order to verify the theoretical beamspread measure-
ments and to demonstrate the feasibility of the new
technique a He plasma (14 cm diameter) was built. The
slow positrons were injected into the plasma through an
ultrathin window (200A). Spectroscopic and probe
measurements were carried out, The results compared
well with the beamspread measurements.
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1l Threshold Ionization of Kryptom by Electron
Tmpact. N. SWANSON, J.W. COOPER and C.E. KUYATT, Nation-
al Bureau of Standards-~-The near-threshold ionization
region in krypton has been studied by making measure-
ments in a new mode of operation (Ionian mode) in which
scattered electroms of constant epergy are observed as
the incident energy is varied. The energy resolution
was ~0.1 eV and results were obtained for final energies
in the range 0.1-4 eV and incident energies in the range
10-20 V. The electron spectrometer is similar to
others used in this laboratory but was designed specifi-
cally for operation in the near threshold region. All
measurements were made with the analyzer at 15° relative
to the incident beam. Preliminary results are: 1) We
observe a rise in the scattered electron current at the
first jonization threshold (14 eV) for final electron
energies in the range 0.1-0.5 eV. The rise is believed
to be the contribution of the ejected electrons. 2) The
scattered electron current rises gradually between the

Pa/y and 2P1 2 thresholds (0.65 eV splitting) presum-
ab?y due to the autoionizing states between these two
thresholds. 3) The scattered current drops off rapidly
for incident energies approximately 1-1.5 &V above the
first threshold indicating that few slow electrons are
either scattered or ejected at 15°.

. Fnergy and Angular Distributions of Electrons
Ejected from N by Electron Tmpact.* G. C. TISONE,
Sandia Laboratories——Energy distributions and angular
distributions of electrons that have been ejected from
K. after icnization by electrons with energies of 500,
T%O, and 1000 eV have been measured using crossed mol-
ecular and electron beams. The ejected electron gpectra,
at selected angles, Were measured Tor ejected energies
up to 500 eV with an energy resolution of AE = 0.015 E
at FWHM. The energy spectra Lhave been measured between
LO® and 90° where a maximum in the number of ejected
particles occurs. The spectra were measured at 5° in-
tervals with an angular resolution of 1°. Absolute
eross sections, differential in energy and angle, were
obtained by normalization to the absolute elastic scat-
tering cross sections of Bromberg.

*Work was performed under the auspices of the U.s.
Atomic Energy Commission.

17 P. Bromberg, J. Chem. Phy. 30, 3906 (1969)
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I3, Secondary Electron Distribution from He and Ns.*
W. K. PETERSON, C. B. OPAL, AND E. C. BEATY, Joint Ins-
titute for Laboratory Astrophysics, Univ. of Colorado,
Boulder, Colorado.--The energy and angular distributions
of secondary electrons resulting from electron impact
ionization of helium and molecular nitrogen have been
measured using a crossed-beam apparatus. The secondary
energies between 4 and 200 eV were measured with a hem-
igpherical analyzer having an angular acceptance of ap-
proximately 15° and an energy resolution of approxima-
tely 10%. The primary electron energy was varied from
200 to 2000 eV and the angle between the primary beam
and the analyzer was varied between 30° and 150°. For
ejected electron energies less than about twice the ion-
ization potential the angular distribution is isotropic
to within a factor of 2 for both gases. At higher ener-
gies a maximum occurs between 45° and 90°, as expected
from kinematic effects in electron-electron collisions.
The observed N, spectrum integrated over angles agrees
reasonably well with the semi-empirical formulas which
have been used in auroral model calculations.

*Work supported in part by Advanced Research Projects
Agency.

T4, Distributions in Energy and Angle of Electirons
Ejected From Hydrogen by Fast Protons,* L.H. TORUREN, W.E.
WILSON, Battelle-Northwest -- Cross sections,differential
in electron energy and emission angle were measured for
electron ejection from melecular hydrogen by proton impact.
The energy range of the incident protons was frem 0.3 to
1.5 MeV, At 0.3 MeV, our doubly differential cross sections
are compared to measurements of Budd,1 et ai., and to the
calculations of Macek.? After integration over angle, our
results were compared to cross sectlons differential in
electron energy calculated by means of binary encounter
theory. In general, the results of binary enccunter
theory are 20 to 50% smaller than the measured values;
estimated experimental uncertainties are 25%. The total
ionization cross sections obtained by integration of our
measured values over emission energy and angle are in
close agreement with results reported by Hooper, et al.?

¥This paper is based on work performed under United States
Atomic Energy Commission Contract AT(45-1)-1830.

IM.E. Rudd, et al., Phys. Rev, 151, 20 (1966).

2J. Macek, Phys. Rev. A-1, 235 (1970).

37.W. Hooper, et al., Phys. Rev., 121, 1123 (1961).




i5. Electren Distributions from Hydrogen for 0.6,1.0
and 1.5 MeV Hydrogen Tons,* W. E. WILSON, L. H. TORBUREN ,
Battelle-Northwest -- Flectron yields, d¢ifferential in
energy and angle of emission, have been measured for 0.6,
1.0 and 1.5 MeV hydrogen iomns incident upon hydrogen.
Energy distributions of electrons from a few eV to ap-
proximately 1500 eV were recorded at 9 angles between 20
and 130 degrees. The experimental method employed was
that usged by Toburen.® The electron distributions are
characterized by strong forward peaking, a broad peak
about an energy corresponding to an_electron with velo-
city equal the velocity of the inecident ion, and at all
angles, a decreasing yield for increasing lon energy. By
integrating the distributions with respect to angle and
comparing the resulting energy distributions with simi-
lar ones Tfor equal-velocity-proton ejection of electrons
from Hp target% a Eeasuze of the cross section for the
process Hp » H + H + e is obtained. We find this
breskup cross section to be 3.2, 1.8 and 1.2 x 10717cm?
. molecule~! at 0.6, 1.0 and 1.5 MeV respectively.

#This paper is based on work performed under United
States Atomic Energy Commission Contract AT(L5-1)-1830.
11, H. Toburen, Phys. Rev., in press.

27,,H. Toburen, W.E. Wilson, this conference.

16. Multiple Ionization of Ne, Ar, and EE',EX Soft
X-Rays. G.S. Lightner®, R.J. Van Brunt, and W. D. _
Whitehead, Univ. of Virginia -- The relative abundances

of multiply charged ions of Ne, Ar, and Kr due to photo-
jonization by monoenergetic X-rays of energies 279 ev,
1.49 KeV, 5.4 KeV, and 8.05 KeV have been measured with
a linear pulsed time-of-flight mass spectrometer. The
ion charge spectra were obtained by a matched filters
differencing technigue, in which two filters of match-
ing transmission at all energies except at the K line
of the X-ray tube target material were alternately
placed in the X-ray beam. The difference in the two
charge spectra thus produced is then due to the K line.
The data were corrected for charge dependent discrimi-
nation effects associated with the mass spectrometer.
The results are generally consistent with previous
experiments and with calculations which include the
"electron shake-off" mechanism in addition-to Auger
transitions.l o '

* Present address: Westminster Col.,New Wilmington,Pa.
1 For example: T.A. Carlson and M.O. Krause, Phys.
Rev., 137, Ale55 (196&5).
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Wednesday Morning, 21 -October

10:15 a.m.

ELECTRON SCATTERING
(PANEL)

Chairman: L. J. Kieffer, JILA, University of Colorado




JL Measurements of the total cross. sections for the scat-
tering of low energy electrons for K,(s and Rb %K, Rubin
P.J.Visconti, and J K.5Ievin,City College of The City .
University of N.Y.- Recently there have been & number
of reasons,both theoretical and experimental,to ques-
tion the validity of the low energy electron alkali to-
tal cross sections that have existed in the literature
for the past forty years, We therefore decided to remea-
sure. the cross sections for K,Cs and Rb in the energy
range .3ev- 9ev using the atom beam recoil technique.
Through the use of an automstic data acquisition system
and a careful analysis of all sources of systematic er-
ror,we obtained cross section values with an estimated
error of less than 10%. We also investigated the effect
of the finite resolution of our apparatus on the mea-
sured cross sections. All our results differ signifi-
cantly from those of Brode,both in magnitude and vari-
ation with energy,while our potasgsium data agrees quite
well with those of Collins et al.l-as well as the cal-
culations of Karule?-and Karule and Peterkop.3-

*¥ork supported by the National Science Foundation.
1R,E.Collins,B,Bederson and M.Goldstein(submitted to

the Physical Rgview A )
2E.M.Ka¥ule and3 E.M.Karule and Peterkop,JI1A Info.

Center Report No.3, University of Colorado.

J2, Dependence of Generalized Oscillator
Strengths on Momentum Transfer and Effective
Nuclear Charge for s, p, and d Atomic Tran-
sitions.* K., J. Miller, Rensselaer Polvtech-
nic Institute.--Generalized Oscillator
Strengths, f(K), for atomic transitions are
studied within the first Born Approximation.
A one electron model employing hydrogen—-1like
orbitals is used with appropriate effective
nuclear charges. For single electron excita-
tions, the Born matzix element f(K) = (2/3)K-2
AElf ¢a elK.T 4 dV]%an be scaled so that f(K)
depends on the ratio of effective nuclear
charges z (final)/z (initial) and a reduced
momentum transfer K/z (initial). Transitions
to a Rydberg series exhibit extrema in £(K)
which are nearly the same for all members,
whereas excitations to different series exhi-
bit a different number and positioning of the
éxtrema. These trends suggest that transi-
tions to different types of electronic states
can be identified.

*Supported by the Petroleum Research
Foundation-
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J3.  Elastic Scattering of Electrons by a Freely Rotating
Electric Dipole: Effect of Closed Channels.* W. R.
GARRETT, Oak Ridge National Laboratory. -- Calculations
have been made for elastic scattering of extremely low
energy electrons by a free-rotator electric dipole system
where no inelastic processes are energetically possible.

The effects of rotational transitions are included as closed
channels in the close coupling calculations, and the overall
effects of open and closed channels in the dipole problem
are analyzed.

*Research sponsored by the U. S. Atomic Energy
Commission under contract with Union Carbide -
Corporation.
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Wednesday Morning, 21 October

10:15 a.m.

HEAVY PARTICLE EXCITATION

Chairman: E. E. Muschlitz, Jr., University of Florida




Kl. Rotational Execitation of N,t Produced
in Na*-N, Collisions.* R.E. MICKLE and R.PD.
LOWE, Univ. of Western Ontario.-—-Rotational
line intensities from spectra of the (0,0)
First Negative band of N,T have been used to
obtain the population distribution of the
rotational levels of N,*(B?}%) excited in
collisions of 3 to 9 keV sodium ions on
nitrogen target gas. Lines with K' up to 80
were used. After correction for branch over-
lapping, Boltzmann distributions were found at
all energies, contrary to previous results on
the same system excited by other ionsl.
Deduced rotational temperatures decreased from
9700°K at 3 keV to 4600°K at 9 keV.

*Supported in part by the National Research
Council of Canada.

17.H. Moore and J.P. Doering, Phys. Rev. 174,
178 (1968); 177, 218 (1969).

k2. Excitation of NE In Ion-Molecule Collisions A%

Low-Energy. S, H, NEFF*, Morehouse College, N. H. TOLK,
C. W, WHITE, Bell Telephone Laboratories--We have measure
absolute emission cross sections for the productlon of N2
flrst negative radiation in collisions of Het , Net, and
Art ions with Np. The energy range of these measurements
extends from 10eV to 3keV in the laboratory system.
Pronounced structure is evident in the cross section for
the emission of the (0,0) band as a function of ion en-
ergy. In all cases, a low energy peak is observed at en-
ergies less than 100eV, fcllowed by a broad minimum
between 100 and 200eV, and a monatomic increase with en-
ergy above 200eV. The location of the low energy pesk
scgles with velocity, occurring in all cases at ~ 1.7 x

cm/sec. These cross sections show rotational and
vibrational enhancement over the measured energy range.
The population of levels of the BEZ state with v >Qis
velocity dependent and particle: 1ndependent for energies
above 100eV as reported by previous 1nvest1gatorsl, but
becomes dependent upon the nature of the bombardlng par-
tlcle below that energy.

{l g )Moore and J. P. Doering, Phys. Rev. 177, 218
* Present address: FEarlham College, Richmond, Indiana.
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K.

Excitation of the 233 Metastable State Helium by
ey Tellum Tons.® D. R. SCHOONOVER, Corning Flec-
tronics and JOHN T. PARK, Physics Department, Universi-
ty of Missouri-Rolla. The cross section for excita-
tion of the 2°S metastable state of helium has been
measured by heavy ion energy loss spectrometry. The
method and agparatus have been described in earlier
publicationsl: . The data was taken from inelastic en-
ergy loss spectra of helium ions incident on a gaseous
helium target. The spectra were obtained with a_reso-
lution of 0.6-0.8 eV. Contributions from the 218 and
23p states were eliminated by detailed study of the
spectra curve shapes. The cross section for excitation
of the optically forbidden 11s-23§ tramsition in Helium
by 50 keV Helium ion Impact is nearly as large as the
cross section for excitatiom of the optically allowed
11g-21p transition.

#Research Supported by the National Science Foundation,

1. J. T. Park and F. D. Schowengerdt, Phys. Rev. 1853,
152 (1969).

2. J. T. Park and F. D. Schowengerdt, Rev. Sci.
Instrum. 40, 753 (1969).

R4, Spectral Excitation by Collisions of the Hel +
Hy_and Hy' + He Systems.* R.D. NATHAN and R.C. TSLER,

Univ. of Florida--Emission spectra which arise from He't
+ Hy and H, +He collisions have been investigated in

the region from 35008 - 7500R at bombarding emergies f
from 10 eV to 800 eV. The Balmer series of hydrogen and
lines of neutral helium are produced strongly in both
processes. Relative cross sections for excitation as a
function of energy have been measured for geveral lines.
The dependence of these cross sectiong upon the energy
of the electrons which are used to produce ions will be
discussed :

sjork supported in part by the National Aeronautles
and Space Administration.
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®5. Cross Sections for Emission of Iymen-o Badiation,gg
Collisions of 1-30 keV Hydrogen Atoms with Inert Gages.
J. H, Birely snd R. J. McNeal, The Aerospace Corpora-
tion.-~Cross sections are reported for emission of _
Tymen-o (Ly) rediation in collisions of 1-30 keV H atoms
with He, Ne, Ar, Kr and Xe. An H atom beam is prepared
by electron-capture collisions of a fast proton beam
with Ar. The H atoms interact with the low~-pressure
- target gas in a differentially-pumped, essentially
field-free collision chamber after electrostatic removal
of residuel H' end quenching of metasteble H. Lo from
collisions of either the parent H* beam or the H beam
with the terget gas is viewed at 90° with respect to the
beam direction by an oxygen-filtered solar-blind photo-
multiplier. Relative cross sections for emission of Lo
in H atom collisions are made sbsolute by normalizing to
previous measuieaents of the H bomberdment emission
cross section.™? The processes producing L, radlation
in HY and H collisions will be discussed.

*Work conducted under USAF Contract No. FORTOL-TO-C-
0059

1. E. P. Andreev et al., Sov. Pays.-JEIP 23, 375 (1966).
2, T, D. Geily et al., Phys. Bev. 167, 81 (1968).
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Wednesday Afternoon, 21 October

2:00 p.m.

ATOMIC AND MOLECULAR PROPERTIES
(PANEL)

Chairman: H. H. Michels, United Aircraft Research Laboratories




Ll.  Transition Probabilities for the GO 4™
System. G. M. LAWRENCE, Joint Institute for Laboratory
Astrophysics.—-A factor-of-two discrepancy between CO
radiative lifetimes and electron impact oseillator
strengths 1s largely explained by allowing the elec-
tronic transition moment, R , to vary with internuclear
separation r (in A) Hesse% sl radiative lifetimes for
the CO fourth positive system are used to determine the
variation of R_. The result, R = 3.73 (1-0.67r),
obtained from &n iterative least square process,2 yields
an oscillator strength f = 0,037, Constant R_yields
= 0,022, Thus there Qs improved agreement with the
eiectron impact oscillator strength, 3 fF = 0.0429.
Lifetime measurements are being made to”éxamine
rotational perturbations, etc.
1J. E. Hesser, JCP, 48, 2518 (1968).
2Vibrational integrals by D. Albritton, A. Schmeltekopf,
and R. Zare, to be published.

3E. N. Lassettre, A. Skerbele, V. D. Meyer (private

communication).

12. Measurement of Transition Probabilities for O I in the
Vacuum Ultraviolet* W, R, Ott, NBS,--Transition prob-
abilities were obtained using a wall-stabilized arc
discharge operating in a mixture of argon and oxygen,
The following values were obtained for lines in the
resonance transition array: A(lD2 - 1D2, A o= 1152 &)
1

5 5x10%/sec; A( s - RS, h = 1218 g = 1. 8x108/sec;
aCe - s, = 1306 &) - : .66x10%/sec; AP ]
3 2,1,0

S;, A = 1303,5 &) = 5.9x10 /sec, These values were

obtained under optically thin conditions and are in
excellent agreement with theoretical calculation by
Garstang™ and with recent lifetime measurements.
Existing discrepancies in the literature concerning
previous arc determinations of the OI VUV oscillator
gtrengths will also be discussed,

1Garstang, R,H,, Proc, Cambridge Phil, Soc, 57, 115
{1961), —
2Lawrence, G.M,, to be published

*
Research supported by the Advanced Research Projects
Agency of the Department of Defense under the Strategic

Technology Office,




L3. Lifetime Measurementé'in Metallic Vagors.* A.R.
SCHAEFER and R.G. FOWLER, Oklahoma Univ.--The invertron

excitation source developed at the University of Okla-
homa by T.M. Holzberlein has been modified for use in
measuring atomic 1ifetimes of metallic vapoxs via a de-
layed coincidence technique. Measurements have been
made and results are presented for about sixty excited
states of magnesium, cadmium, barium, and their first
ionized species. Interesting trends in the tifetimes of
series are noted, ineluding that of the D series in
magnesium, of interest in astrophysics. The lifetime
of the doubly excited state used in the helium cadmium
1aser was also measured.

*work supported by the National Science Foundation.

14, =~ Hydrogen Balmer Lifetimes. R.A. MICKISH and R.
G. FOWLER, Oklahoma Tniv.——An experimental measurement
of the Ha’ HB’ HY’ and Hg hydrogen Balmer 1ifetimes has
been cartied out by use of the invertron {a bright hol-
low cathode source) and a delayed coincidence technique
of photon counting. The lifetimes were found to be
63+ 6, 39 +9, 71 + 10, and 105 + 21 nanoseconds,res=
pectively. Considering the mode of excitation, and de-
cay, these values agree well with theory and the exper=
jmental values obtained by other investigators. It was
found that when prepared by electron dissociation of
hydrogen molecules the degenerate % levels of the hydro-
gen atoms are populated in proportion to their degener-
acies and radiate according to ordinary % gselection
rules. '
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L5. Lifetimes of Metastable CO and No Molecules.™
WALTER L. BORST and E. C, ZIPF, University of
Pittsburgh.—— ‘The radiative lifetime of Ny molecules
in the a'llg and E’2% states were found to be (115 +
20) 1sec and (190 j;go}usecg respectively, in a time of
flight experiment which used a diffuse gas source at
: low pressure. The primary lifetime data were obtained
; by normalizing to the time of flight distribution for
J 1 Ny molecules in the metastable A?Zt state for which
L T =2 gec * ®., The lifetimes were also obtained
directly from the nearly Maxwellian time of flight
distributions. Using these techniques radiative life-
times of CO molecules in the metastable &1l state were
g found to lie between 0.7 and 1.3 msec. In the course
% : of this work a careful assessment of potential momen-
é

tum recoil problems was made and, as a consistency
check on our method, the lifetimes of metastable
helium atoms were estimated. The total metastable
excitation functions were also measured from threshold
with high energy resolution.

*Work supported, in part, by NASA and ARPA.

L6, Energies of Metastables Produced in Electron
Impact Dissociation of Atmospheric Gases.* WALTER L.
BORST and E. C. ZIPF, University of Pittsburgh.--
Gases of atmospheric interest - 02,N9, €O, and CO0p -
were dissociated by electron impact and the metastable
dissociation products 0m, N@, and COT were energy
analyzed. The energy spectra of these metastables
exhibit characteristic structure that can be agsoci~-
ated with the molecular structure of the parent
molecules. In all cases studied, the energies of the
dissociation products ranged up to several eV. Thresh-
old studies of the dissociation process were made and
extended up to primary electron energies of about 50 eV.
Emphasis was put on the dissociation of 0y. The
apparatus designed for this experiment will be dis-
cussed briefly.! Implications of the measured energy
spectra concerning repulsive molecular states and
reactions in the upper atmosphere will be discussed.

.*Work supported, in part, by NASA and ARPA.

Isee also following paper.




17, Autoionization in the UV Photo-Absorption of Atomic
Calcium* V. L. CARTER, R. D, HUDSONTand E. L. BREIG,
Rerospace Corp.--Results are presented of a combired
theoretical and experimental investigation of the_ absorp-
tion spectrum for the allowed dipole transitions 1S —~%f
of Ca near the first(hsEp,A<2028§) and beyond the second
(BdEp,x<1589K) ionization limits. Absorption spectral
were obtained with a bandwidth of .OTS&. The theoretical
calculations made allowance for configuration inter-
action through an asnalysis of series perturbations
according to the multi~channel guantum defect theory.
For vavelengths near the ionization threshold, signifi-
cant improvements have been achieved in the agreement
between experiment and the two-channel theory, both in
the general shape of the absorption profile, and in its
magnitude st threshold and at the first resonance pesak.
Experimental results for <1589 indicate <3 Mb, in
sharp contrast to the large {g>12 Mb) peaks predicted
by Moores,” Application of the three~channel thecry to
the latter region will be briefly discussed.

*Work performed under USAF Contract FoL695-67-C-0158.
tPresent address: HNASA/MSC, Houston, Texas.

R,D. ludson and V.L. Carter, Phys.Rev. 137,A16L8(1965)
.1, Moores, Proc.Phys.Soc. 88, 843 (19-37

1.8. Autoionization Levels in Cesium.* Y, HAHN, K.J.
NYGAARD, D.R. RASTELEIN, and L.A. ROE, Univ. of Missouri
at Rolla-—Most of the present knowledge on autoioniza-
tion levels and mechanisms in Cs originates from spec=.
troscopic data »2,  Our contribution has.beeén to study
autoionization levels by electron impact. A retarding
potential difference (RPD) electrom gun was used to pro-
duce an electron beam with energy spread of about 0.leV.
The scattered beam electrons were analyzed by means of
the trapped-electron method. About 15 levels above the
Cs ionization potential have been resolved and identi-
fied, An additional peak &t 12,85 eV is probably due

to the quartet states observed by Feldman and Novick”,

*Work supported in part by the National Science
Foundation.

1H. Beutler and K. Guggenheimer,_z. Physik 88, 25 (1934)

2J P. Connerade,”Astrophys. J. 159, 685 (1970)

3p. Feldman and R. Novick, Phys. Rev. 160, 143 (1967)
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Chairman: C. Lineberger, JILA, University of Colorado




Ml. Behavior of He(238) Metastables in Helium
Plasmas.® P, A, MILLER, J.T. VERDEYEN, and B.E. CHERRING~
TON, Univ, of Ial .~-Investigations concerning the behav-
ior of the He(2~S) population in active discharge and
afterglow helium plasmas are described. Good quantita-
tive agreement is obtained between measured He(2°5)
metastable densities in active discharges and predicted
values based on the solution of a nonlinear rate equa-
tion. The rate coefficient for ionizing metastable-
metastable collisions is measured in afterglow helium
plasmas for the pressure range 10 to 40 Torr; close
agreement is obtained with the value reported by Phelps.
The electron temperature decay in the afterglow is
measured and found to agree closely with the decay ex-
pected on the basis of the energy source and loss pro-
cesses which affect the electron gas. In this work,
measurement of the metastable density is accomplished
by the novel use of a He-Ne laser operating at 1.0798,
in an interferometer as well as by the conventiomal
optical absorption method.

#Work supported by Aerospace Research Laboratories,
Wright Patterson Air Force Base, under contract
AF 33(615)5248,

M2, Investigation of the Ne{lsc) Metastable Atom
Concentration in the Early Afterglow of Pulsed Neon
Plasmas.* E.E.WISNIEWSKI,J.T.VERDEYEN,B.E,CHERRINGTON,
Univ. of Ill.--Interferometric studies at 6401A of the
spatial and temporal behavior of the Ne(lsS) atom
density in pulsed neon plasmas indicate a build-up in
metastable atom concentration in the early afterglow.
Over the range of investigation; pressures between 5
and 20 Torr, pulsed current densities between 0.2 and
2.0 amperes/cmz, a rapid increase in Ne(lss) atom
density to a value several times larger than attained
during the pulse was observed. This build-up is
followed by an interval of rapid metastable decay whose
rate decreases in time and approaches the value of final
decay frequency reported by Phelps.1 We attribute this
build-up to electronic recombination since it is
affected by selective heating of the electrons with
microwaves. The rapid initial decay is belleved to be
due to collisions of the second kind.

*Work supported by Aerospace Research Laboratories,
Wright Patterson Alrforce Base under contract
AF33(615)5248.

1A.V.Phelps, Phys.Rev. 114, 1011 (1959).




M3, Stabilization of the Recombination of He+

and Heq+ in'a High Pressure Helium Afterglow, *
H.S.HICKS, W.E.WELLS, and C.B.COLLINS, U, of Texas
at Dallas--The time dependent net rate of stabiliza—
tion of the recombination with electrons of both He
and He, has been measured in a pulsed helium after-
glow a% a neutral pressure of 44.6 Torr. Simulta-
neous measurement of the electron density with a 35
Gc microwave interferometer has given the stabiliza-
tion rates as functions of electron density without
the need of g priori assumptions about the functional
form. In contradiction to theory little similarity
of stabilization rates is found for the two ions
over the range of electron densities, 1010 - 1012°
em™3, spanned by these measurements.

*Work supported in part by the Atmospheric Sciences
Section, National Science Foundation, NSF Grant
GA-15434

M. The Rotational Distribution of He¥® Re-
sulting from Recombination of Heg and He§ in

Helium Afterglow.*A. WAYNE JOHNSON, Sandia
Labs.--At temperatures below 300°K, the mo-
lecular spectra in a helium afterglow plasma
results primarily from the dissociative re-
combination of the Hed ion. A statistical "
analysis of the rotational distribution of He,
resulting from He{ dissociative recombination
predicts that which is observed in a helium
discharge tube cooled with liquid nitrogen.
At 300°K and above, the rotational distri-
bution of He¥* in an afterglow is produced by
more complicated recombination processes. A
model including pressure dependent recombi-
nation of He, is presented to describe the
rotational distribution which is observed in
a 300K helium afterglow.

*Work supported by U. S. Atomic Energy Comm.




M5, Role of Heﬁ in the Recombination of 300°K Helium
Plasma.*M. A. GUSINOW, R, A. GERBER, and J. B. GERARDO,
Sandia Labs.~-Data will be presented which shows that
the net electron-ion recombination coefficient in room
temperature helium plasmas may be predominantly’account-
able to a two-body recombination with the minority ilon
He§ for pressure greater than a few Torr. The measured
equlllbrlum constant of the Hel -He reaction at 300°K is
0.5 x < [He;]*[He]*/[He*‘]* < 1.0 x 107 en 3 .

1n§ the He recombination coefficient, 1 and[ﬁeg]*

f * a pressure ‘dependent term in the net recomblna-
tlon coefficient is obtained,

1.2 x 1071, p<a <7.1x 107 D cm3/sec

where p is in Torr. This is to be compared with the
measured pressure dependent term 2

.4 1.6)x 107 D cm3/sec..

*
Work supported by U, S. Atomic Fnergy Commission.

Ly, B. Gerardo and M. A. Gusinow {submitted for publi-
catilon.

2Jacques Berlande, et al., Phys. Rev. Al, 887 (1970).

M6. Afterglow Behavior of the 4s,p,d,f + 3s,p,d
Lines of He™ by High-Resolution Interferometry.”
WILLTAM W. KUHLOW,T FRED L. ROESLER, AND CHUN C. LIN,
University of Wisconsin -- The relative intensities of
ten components of the group of 4s,p,d,f ~ 3s,p,d
transitions of He' have been measured in a liquid-
nitrogen-cooled, pulsed hollow cathode discharge of
helium at various afterglow time increments over a
period of 20 usec. A high-resolution, high-lumin-
osity scanning Fabry-Perot interference spectrometer
with double etalon was used. Over a range of gas
pressure from 0.3 to 3 Torr and of peak discharge
current from 0.4 to 1.6 A, the observed relative in-
tensities remain fairly constant giving the relatlve
populations of the 4s, 4d, and 4f states of He™ as
typically 2:67:100. The decay time varies appreciably
under different conditions ranging from 1 to 4.5 usec,
Analysis of the emission intensities and their time-
variation indicates that the three-body recombination
of He** with subsequent cascade is mainly responsible
for the observed population of the n = 4 levels of He .

*Work supported by the National Science Foundation.
tPresent Address: Glenville State College, Glenville,
West Virginia.




M7 Mass Spectrometric Study of Low Pressure Rare Gas
Afterglow Plasmas. A. K. BHATTACHARYA, General Electric
Lighting Research Laboratory, Cleveland, Ohio 44112.--
The results of mass identified measurements of the
decay of atomic positive ion number densities in low
pressure rare gas afterglow plasmas are reported. At
high gas pressures the loss of the atomic ions is due
to conversion into molecular ions and by ambipolar dif-
fusion to the walls of the container. Extrapolation of
the high pressure data to zero pressure yields the fol-
lowing reduced mobilities of ions_in their parent gases,

po=4.1, 1.5, 1,0 and 0.67 em? VL sec”! for NeT, Ar+,

Kr' and Xe© respectively. At low pressures the contri-

bution of the diffusion loss of ions to the walls is
modified by the diffusion cooling of electronsl'B, and
it approaches the limit determined by Dy =~ D,. How-
ever, for all the rare gases studied, at very low
pressures the rates of change of atomic ion number
densities in time were nonexponential and very slow
which is not explained.
1. M. A, Biondi, Phys. Rev. 93, 1136 (1954).
2. H. J. Oskam and V. R. Mittelstadt, Phys. Rev. 132,
1435 (1963). -
3.. R. Hackam, J.Phys.E(Atom.Molec.Phys.)[2],2,790(1969l

M8. Diffusion Cooling. J. H. INGOLD, General

Electric Lighting Research Laboratory,
Cileveland, Ohio L4112,--The energy balance
equation for electrons in a diffusion-controlled
afterglow plasma is analyzed in the ambipolar
limit. It is shown that there are three con-
tributions to the energy loss caused by the
diffusion of electrons to the walls (in
addition to the loss caused by elastic col-
lisions). The largest of these losses
(several kT per electron) is due to electrons
escaping over the wall sheath, as proposed dy
Biondi.l Theoretical results for the final
electron temperature are shown to be in good
agreement with electron decay measurements of
Oskam and Mittelstadt® and ion decay measure-
ments of Bhattacharya3 in Ne afterglows.
Comparisons with Ar, Kr, and Xe measurements
also given.

M. A. Biondi, Phys. Rev. 93, 1136 (195k).
H. J. Oskam and V. P. Mittelstadt, Phys.
Rev. 132, 1435 (1963). -

A. X. Bhattacharya, Private Com., 1970.




M9. Decay of Low Pressure Neon Afterglows.

K. V. Narasinga Rao, Air Force Cambridge Research
Laboratories, Bedford, Mass, --The decay of pulsed
r-f (12MHz) discharges in low pressure neon (0.4 to
7.0 Torr) is probed by the‘simultaneous measurement
of {1) floating double-probe saturation current (2)
microwave cavity perturbation and (3) intensity of sev-
eral spectral lines. A plot of p/Tc versus p~, where
Te is the characteristic time constant associated with
the decay of the probe saturation current, showed a
linear relationship. This plot, yielded value for the
ambipolar diffusion coefficient D_p=151 em? sec”

torr and a conversion frequency of Net to Ne,

VT 41p® sec™", compared to corresponding values ob-
tained by Sauter et al* of 178 cm?Z sec™! torr and 52 pz
sec™! from mass spectrometric studies. The double
probe data is also compared with the data obtained
from electron density decay measurements and the de-
cay of spectral line intensities.

#* G.F, Sauter, R.A. Gerber and H.J. Oskam,
Physica 32 {1966) 2173,

M10.A New Afterglow Technique for the Measurement of Elec=
tron Attachment in Gases. L.J. Puckett, M.D. Kregel and
M.W. Teague, Balljistic Regearch Laboratories. By means
of stationary afterglow techniques, a decaxiﬁg plasma
has been observed +to exhibit a transition *” from ion-
electron to ion-ion ambipolar diffusion domination. For
purposes of this model it is assumed at times prior to
the transition that the densities of the positive ions
(n+), negative ions (n_) and electrons (ne) are related
by ng = ny - n-, dny/dt = -Vyn , dn_/dt ="Vyn,, where

Vg and Va are the diffusive loss frequency and reactive
loss frequency, respectively. It is further assumed at
the timg,( t) of the transition that n,<< ny * n_. From
these relationships one can obtain t(vy - Vv4)= ln(va/vdl
Numerical solution of this expression, with t and vy
measured in the afterglow, yields rate constants for
electron~attachment in NO and NO» within a factor of 2
of published wvalues.

lL.J. Puckett and W.C. Lineberger, Phys. Rev. 1, 1635

(1970).
M.D. Kregel, J. Appl. Phys. 41, 1978 (1970).




SESSION N

|
:E | Thursday Morning, 22 October
|

8:30 a.m.

HEAVY PARTICLE COLLISIONS: EXPERIMENTAL

Chairman: W. W. Smith, University of Connecticut




N1 . Excitation in Li' + He Collisions.® D. C.
LORENTS and G. CONKLIN, SRI--The scattering of Li' by He
has been remeasured to resolve a discrepancy hetween .
observed and calculated elastic cross sections and to
observe the inelastic interactions between two filled X
shells, Extension of the earlier measurements to higher
energies revealed the onset of strong electronic excita-
tion for Ef ~ 8 keV.deg. With increasing EO (decreasing
impact parameter) the excitation probability rapidly
builds up to dominate the exit channels and reduce the
intensity in the elastic chanmel. This confirms the
suggestion® that the calculated elastic cross section

is in error due to neglect of excited states. The ob-
served energy loss spectrum displays two discrete lines,
whose centers yield excitation energies of 21.0 and 60.5
eV, corresponding to the 1s2s'S or 1s2p'P states and to

the 2¢2p'P autoionizing state of He, respectively. No
other excitation is observed in the Ef range up to

30 KeV.deg. Cross sections for each of the three exit
channels measured at 1.0, 1.5 and 2.0 keV and over a
wide angular range will be presented,

*Work supported by AEC, Division of Biology and Medicine
1B, F. Junker and J. C. Browne, VI ICPEAC, Boston

N2, Charge Transfer Between Li+ and Alkali Metal Atoms.¥%
JULIUS PEREL and HOWARD L. DALEY, Electro-Optical
Systems, Pasadena, Ca.--Measured total cross seciions
for the five Li +alkali metal atoms illustrate the role of
the energy defect (AE)in determining the degree of com-
petition between electrontransfer tothe ground state and
the first excited state of Li. The magnitude and shape of
the cross sections as a function of velocity, particularly
at the velocity of the maxima, is found to be determined
by the minimum energy defect and the binding energy of
the electron in its initial state, Measurements of the
transfer-excitation radiation produced in charge transfer
collisions show the dominance of transfer to the first ex-
cited state of Li when the incident atoms are K, Rb, and
Cs where the minimum AE occurs for the reaction. The
effects of competition between ground and excited states
are illustrated when the energy defects are comparable
in value, Oscillatory structure, observed with all other
alkali metal charge transfer cross sections, are very
clear for the Li and Na cases, less clear for Cs, uncer-
tain for Rb, and absent for K. The attenuation of this
structure is correlated with the degree of competition
for transfer to the two states.

“This work was supported by U.S. ARO-Durham.
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N3. Ton=-Yon Mutual Neutralization Cross Sections for

0%, + MOy~ and NO' + NOg~.* JOHN MOSELEY, WILLIAM ABERTH,

and JAMES R. PETERSON, SRI~=Cross sections have been mea-
sured for the two—body'ﬁﬁiual neutralization of NO and
02+ in collisions with NO;~, using a superimposed beams
technique to cover a relative velocity range of about
0.1 - 4 x 107% cm/sec (barycentric energies between

0.15 and 200 eV). For O,~ the cross section Q has close
to a v-! velocity dependence over this range, with the
product vQ = 1.2 x 1077 cm®/sec. However, for NO+, vQ
falls steadily from about 3 x 1077 cm3/sec at 0.15 eV

to less than 5 x 1078 cm®/sec above 10 eV, Some simi-
larities are noted between the cross sections for the
neutralization of 0, by NO,” and NO,~, and also be-
tween the neutralization of NO by NO,™ and NO;~.
Thermal rate constants are obtained from extrapolations
of the low energy data,

*Phis work was sponsored by the DASA Reaction Rate
Program through AFCRL.

N&. Electron Transfer from 0~ to Na© at Low Colli-
sion Energies.® J. WEINER¥*, W.B., PEATMAN, and R.S,
BERRY, Univ. of Chicago--A merged beams technique is
used to measure radiative charge transfer cross sections
for Na' -0~ collisions in the energy range 0 - 7 e.v.
Specifically, total cross sections for electron trans-
fer into the 3d, 3p, and 4p levels of sodium are re-
ported, Structure in the cross section vs. collision
energy curves indicate inelastic channel contributions
to the cross sections due to excitation of oxygen to
its 1D and 285 states.

*Present address, Department of Physics, Yale Universi-
ty, New Haven, Connecticut




. *
N5, Reactions between-H+ and DE' Willism B Maier

11, los Atemos Scientific Iaboratory.--Cross Sections
for the endothermic reactions H' + D, d’DZ + H (1)
| | ~mt+d (2)

- ot + (10)(3)

have been measured for barycentric ion evergies E

be%ween 0.3 and 80 eV, The total cross section g for
reactions of H+'with D2 can be represented by o =
1. 5% 59 7(8%) for < E <80 eVamdby o = 2.1L E
(52) for 0.5 <E = 2 eV. o appears to have a relative

-1.13

maximm at B ~ 4.5 eV. The branching ratios r, = ciﬁz

where ci = crogs section for reaction (1), are given.

At B =~ 80 eV, rl%o.72, 2,4025 and rBNOO3
At B~ 3,5 eV, T~ Ty g,rj. For E < 5.5 eV, Ty & Yo

For E s 1.8 eV, Ty = 1.
*Work supported by the U.S. Atomic Epergy Commission.

N6. Low Energy Elastic Differential Scattering for
Proton-Rare Gas Atom Systems. S.M. BOBBIO, W.G. RICH,
R. CHAMPION and L. DOVERSPIKE, College of William and
Mary--Elastic differential scattering experiments have
been performed for the systems p+Kr, p+Ar, p+Ne, and
ptlie over the energy range 3<E<50 eV. The measured
cross sections are compared to  the results of JWKB cal-
culations. For the first three systems an analytical
form was used for the interatomic potential and para-
meters (e.g., the well depth and the internuclear sepa-
ration for which the potential is a minimum) were varied
until a satisfactory fit to the data is achieved. For
the ptHe system, the results of two ab initio calcula-
tions* were available for the potentlal and were used in
the JWKB calculation. Comparison to the data is seen

to provide a critical test for such potentials when

they exist.

# H.H. Michels, J. Chem. Phys. 44, 3834 (1966), and

L. Wolniewicz, J. Chem. Phys. 43, 1087 (1965).




N7. Elastic Perturbations in the Low Energy Dif-
ferential Scattering of He™ by Rare Gas Atoms. W. G.
RICH, S. M. BOBBIO, L. DOVERSPIKE, and R. CHAMPION,
College of William and Mary--Perturbations in the elas-~
tic differential scattering of Het by rare gas atoms
have been investigated over the collision energy range
3<E<240eV and the angular range 0<071,,<90°. These per-
turbations are attributed to the crossing of moleculax
electronic—energy curves, an effect which has been ob-
served and discussed previously.* For the systems
Het+Ar and He++Ne, experiments have been performed at a
sufficiently low collision energy such that the effects
of curve crossing are not observed for 0;,,<90°. As the
collision energy is increased, the perturbations on the
differential elastic scattering are clearly resolved and
can be attributed to a single crossing. These experi-
mental cross sections are compared to the results of
semi-classical calculations. The He™+Rr and He'+Xe sys—
tems are rich in structure indicating the possibility of
many crossings. An interesting feature due to nuclear
symmetry is observed in the low energy, large angle
scattering of HettHe., :

*e.g., see R. P. Marchi, Phys. Rev. 183, 185 (1969) and
papers cited therein.

N8. Total Creoss Section Measurements for the
Scatbering of He by He from 300 to 3000 eV.” W.J.SAVOLA,
JR., F.J.ERIKSEN, and E.POLLACK, University of Connecti-
cut—--The total cross section for the scattering of He
By He 1s measured in an energy range of from 300 to
3000 eV. The incident neutral beam is formed by res-
onant charge exchange of a mass analyzed He™m beam, and
attenuation measurements are made with detectors having
geometrical angular resolutions of 0.056° and 2.2600.
Total cross section values of from 4.94 x 10710 o
12.29 x 10—160m2 and from 2.69 x 10716 o 6.83 x lO_l%mz
are obtained respectively for these angular resolutions
as the energy is decreased from 3000 eV. A classical
analysis of the data yields values of the He - He poten-
tlal for interatomic separations between 0.93 and 1.72 A
In addition to the above measurement differential data
are taken out to 1.0° at several energies. The angular
distributions obtained show an essentially monotonic
decrease in signal as the scattering angle increases.

*Work supported by the Connecticut Research Commission,
A.R.0.D., and the University of Connecticult Research
Foundation.




N9. Energies of Formation of H™ by HY Impact at &
KeV on Various Gases. FRED C, WITTEBORN and DOLORES E,
ALI, NASA Ames Research Center--The kinetic energy lost
by inecident 4 KeV protons in producing H by impact with
He, A, Kr, Xe, Ho and N, was measured by electrostatic
analysis of the protons and the forward scattered H .
In the case of impact with He, the emerging H~ ions were
monoenergetic., The H™ current varied approximately as
the square of the pressure indicating that two colli-
sions were required. In each of the other gases two
values of energy loss were observed. The current at
one value of energy loss varied approximately linearly
with pressure and at the other it varied quadratically.
These energy losses correspond to H formation by dou-
ble charge exchange (a one-step process) and successive
single charge exchanges (a two-step process) respective-
ly. Measurements of the differences between formation
energies show that the ions formed from the target gas
were predominately in or near their ground states. 1In
the one-step reactions with Ar and Kr some of the low
lying - levels of Ar++ and Krtt may have been excited but
excitations above 4 eV were not observed. In the two-

step reactions with and N, it appears that vibra-
t%onal levels of H2+ and N,™ were excited by up to 2.5
ev.

NO. Comparison of Inelastic Scattering of Hydrogen and
Deuterium Atoms in Nitrogen.” C. F. BARNETT, J. A. RAY,
, ana H. H. ,» Cornell Univ.--Scattering
from electron capture and electron loss collisions has
been determined for hydrogen and deuterium atoms in ni-
trogen gas in the 0.5-5 keV energy region. For electron
stripping collisions the differential scattering cross
section for H and D are identical at the same energy
whereas, the deuterium atom scatters less than hydrogen
atoms at the same veloelfy. TFor electron capture colli-
sions the differential scattering cross section is dif-
ferent for H and D at equal particle velocity or
energy.

¥Research sponsored by the U. S. Atomic Energy Commission
under contract with the Union Carbide Corporation.




N1l. Coincidence Study of Ar - Kr at 15 to 230 KeV.*
R. Del Boca and H. Hayden, Department of Physlcs,
University of Connecticut.

Inelastic energy losses (an) and average ioniza-

tion probabilities ? and P are measured for

Art + Kr —p ArtM 4+ Krtn 4 (m+n—1)e using coincidence
techniques. Incident ion energies and scattering angles
are varied from 15 to 230 Kev and from 10° to 40°,
respectively. The energy lost to inelastic processes,
averaged over all charge states of both particles (Qpy),
increases steadily with decreasing distance of closest
approach from about 50 eV at .394 to 2 Kev at .065

The average inelastic energy Gnm, can be considered as
the sum_of the average scattered ion (Ar*m) inelastic
energy Em, and the average recoil ion (Xr*?) inelastic
energy B (Fpy = En + BY), and is linearly related! to
the spectroscopic energy deficits (Qun = A + BUh + CUyn).
From probability data and the estimate that the term A
is equally divided between the two colliding pariners,
it is apparent that the Krypton receives 55% (50 Kev,10)
to 65% (100 Kev,20) of the inelastic energy Qpp.

*Work sponsored by U.S.A.F.0.S.R.

14, C. Hayden and E. J. Knystantas, Analysis of the

N+~ Ar and O*- Kr Collision, submitted to Phys. Rev.

N FastElectronSlow Electron Coincidence Studies of the
Violent Argon Ion-Atom Collision.* G.M. Thomson,® P.C.
Laudieri, and W.W. Smith, Univ. of Connecticut

The collision Art + Ar -—-Ar+m ¥ a2 (min-1)e”

25 keV may eject electrons by processes that flll
vacancies either in the inner or cuter shell. The
former are characterized by electron energies of from
100eV to 200eV (fast), while the latter produce
electrons mostly in the OeV to 100eV range {slow).

To test for relationships between these processes we
determined the ensrgy distribution of slow electrons
ejected from those collisions that produce a fast
electron of known energy. Fast and slow electrons were
collected at angles of 90° and 21° to the beam axis
respectively and energy analyszed electrostatically. A
coincidence circuit produced a count whenever a fast
and a slow electron arrived from the same event.
Preliminary results for fast electron energies between
150eV and 1%90eV indicate that within our error little
relation exists between the fasti electron energy and
the energy spectra of the sliow electrons.

#This work supported by U.S.Army Research Offlce Durham
+Present address; Physics Dept. Georgla Instltute of

Technology, Atlanta, Georgia 30332




Ni3.  Delayed-Coincidence Study of 0 + Ne Collisions.¥
F. W. BINGHAM, Sandie Laboratories--This study investi-
gates details of 0T+ Ne collisions by measuring, in ad-
dition to several other quantities, the function Q(ry),
where Q is the average energy transferred to inelastic
processes in collisions charscterized by a distance of
closest approach rg. The r, values range from 0.01k A
to 0.15 A and correspond to collisions in which the in-
cident O'ion has energies between 50 and 200 keV and
scatters at angles between 5° and 35°. Over most of
this r, range the G(r )} function remains almost constant
and varies only slowiy with bombarding energy. Also,
the average charges of the particles after collision
show. little variation with'ro.- These results imply that
the collisions produce excitations only among L~shell
electrons and do not make the inner-shell vacancies that
gsome other collision systems produce in this rj range.
However, some data describing inelastic-energy distri-
butions and electron-removal energies indicate that
K-shell excitations mﬁy occur infrequently among colli-
sions that produce O1* ions. '

#ork was performed under the auspices of the U. S.
Atomic Energy Commission.
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0L Motion of Gaseous Ions in a Uniform Electric
Field.* John H. Whealton, University of Delaware--The
steady-state velocity distribution function of ions
traveling under the influence of a uniform electric
field and interacting with a gas under a polarization
attraction is found analytically in compact form. This
is done by a reformulation of the Boltzmann Equation in
terms of the distribution function just after a colli-
sion. By a judicious choice of an initial velocity
distribution, the steady state ion velocity distribution
found is valid at low as well as high E/N. The ion
velocity distribution is found to be skewed in the field
direction. It tends to depart sharply from a suitably
displaced Maxwellian under conditions of high fields or
low gas temperatures, non-extreme mass ratios, and low
polarizability. Under some combinations of opposing
conditions, this distribution behaves like a suitably
displaced ion temperature Maxwellian. The calculation
of ion-molecule reaction cross-sections from reaction
rate data in drift tubes is best done with a distribu-
tion having these properties. '

*Work supported in part by an NDEA fellowship.

02. Interpretation of Drift Tube Rate Constants in
Terms of Cross Sectioms.”™ S, B. WOO and S, F. Wong,
University of Delaware--The basic definition of the rate
constant of a two-body reaction,

J%%-vi gas(vg)fion(vi)vrn(vr)dvidvg

M =

is used to infer cross section from rate constant of ion-
molecule reactions measured in drift tubes as a function
of E/po. Ko Vi and  are rate constant, relative veloc-
ity, and cross section respectively. The Maxwellian dig-
tribution at gas temperature is used for f ag+ A dis-
placed Maxwellian, having a temperature parameter defined
by the diffusion coefficients, and a displacement defined
by < v, >= vgq, is used for fion+ Vg4 is the drift ve-
locity. Justifications are given. The advantage of
this approach is in the interpretation of rate constant
of endothermic reactions. Examples are cited. A way for
calculating rate constant of ion-molecule reactions under
thermal equilbrium conditions is proposed., Its limita-

tions are significances for ionospheric model calcula-
tions are discussed.

#Research supported in part by Ballistic Research Labora-
tories, Aberdeen, Maryland.
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03, Microwave Conductivity of an Electron Gas Ex-
citing Compound States in Atoms and Molecules.” J.L.
HIRSHFIELD and ALAN S. RATNER, Yale Univ. and J.M.
WACHTEL, Yeshiva Univ.--We have previously reported1
measurements of microwave conductivity near cyclotron
resonance for an electron beam colliding elastically
with atoms of the noble gases. Negative conductivities
were reported for energies in the vicinity of Ramsauer
minima, in accord with theory. The apparatus has been
refined so as to permit observations near electron ener—
gies for which excitation of compound states is possible
in atomic and molecular systems. The resulting struc-
tures in the energy-dependence of the elastic cross
section causes sharp variations in the observed micro-
wave conductivity, as well as relaxation oscillations

of the electron gas.

*
This work supported in part by NSF.

1 7. M. Wachtel and J. L. Hirshfield, Phys. Rev.
Letters 19, 293 (1967).

2 §.8. W. Massey, E. H. S. Burhop and H. B. Gilbody,
ELECTRONIC AND IONIC IMPACT PHENOMENA Vol. 1 (The
Clarendon Press) 1969.

g&aitation and ionization of neutral species in a den-
se discharge. C. DEUTSCH and L. HERMAN. D.R.P. Faculté
des Sciences, Paris, France.

The excitation ang the ionization of the ground state
of H, He, Cs, Na, Li and Ar by electron impact is syste-
matically investigated with the aid of accurate closed
expressions for the electron-atom cross-secticns. The
various processes : ionlzation, excitation of forbidden
and allowed transitions, are quantitatively compared for
k T_ = E;/10 and E;/20, €y being the first ionization
gnergy. The excitation and lonisation functions! <ov>
are given for a Maxwellian and a Druyvesteyn distribu-
tion, respectively. Then, it is confirmed that ioniza-
ticn 1s a much more temperature dependent process than
excitation. On the contrary, excitation processes are
seen to be strongly influenced by the atomic spectrum
and the electron distribution function. Numerical data
are derived for the existence of complete local thermo-
dynamic egquilibrium. Argon shows a behavior very similar
to the Hydrogen one.

1c, DEUTSCH.- Phys. Letters, 28 A, 525, 742, 1363.




05. Bistable Electron Temperature in Vibrationally
Excited Gases. A.COHN, AFCRL.--The effect of elevated
vibration temperature on The electron temperature is anal-
yzed. It is found (using present estimates of cross-sec-
tions) for a mixture of stwith'a_few per cent H,0 with

the No vibration temperature, TV,>20000 K while all other

molecular modes have a temperature T2300°0 K that the elec-
tron temperature, Tg. can have Two stable values. There

“is an upper value just below Ty and a Tower value just
above T. If on the upper branch To will move discontinu-
ously to the Tower branch if Ty is Towered beiow the mini-
mum value for bistability for the given per cent of Ho0.
Conversely if on the Tower branch T, will move discontin-
wously to the upper branch if T, is raised beyond the

maximum value for bistability for the given per cent of
H,0.
2
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Pl. flectron Velocity Distributions in a
Pulsed Low-Pressure Arc Discharge. J. POLMAN,
Philips Reésearch Laboratories, Eindhoven,
Netherlands.-- The time-dependent Boltzmann
egquation for electrons in a weakly ionized
plasma, subject to a suddenly applied electric
field, has been solved numerically. The
solution gives the relaxation of the electron
velocity distribution towards the equilibrium,
belonging to the value of E. It is found that
the number of electrons in the tail of the
distribution is larger during the heating pro-
cess than in a steady state with the same
average energy. This is caused by a forced
drift in velocity space and increases the rate
of excitation of atomic levels (up to a factor
of 10, depending on the parameters used). The
results of the computations may explain the
enhancement of the light emission by pulsing
a low pressure arc discharge with a period
between the diffusion time and_ the energy re-
laxation time of the electrons’.

1.J.Polman,J.E.van der Werf,Appl.Phys.Letters,
to be published.

P2, Energy Distributions of Electrons in Argon Townsend
Discharges, D.5. Burch and Jon losee, Oregon State
Tniversity, Corvallis, Oregon. Measured energy
distribution functions of electrons from d.c. Townsend
discharges in argon show cconsiderable structure. The
digtributions are cbtained by retarding potential
anglysis of the effusive electron current from
apertures in the anode of a Townsend discharge cell.
The retarded current is measured at. a platinum-blacked
spherical collecting electrode. The overall shapes of
the distributions are consistent with theoretical work,
but show significant low-level fine structure.
Especially noteworthy are variations which appear near
the first excitation and ionization potentials of
Argon. '




P13, Effects of Non—Mggwellian Electron Energy Dis-
tribution in Low-Voltage Neon Discharges.* D, T. Shaw,

State University of New York at Buffalo--The electron

energy distribution function in a neon discharge is
determined from the Boltzmann equation with electron-
electron Coulomb interactions, elastic and inelastic
collisions taken into account. The plasma is assumed to

~be homogeneous and is under the influence of a constant

electric field. Tt was found that the electron energy
distribution function is non-Maxwellian at high electric
fields and low electron density, especially in the high-
energy tail region of the distribution. Such deviations
have significant effects on the ionization mechanisms.
Three ionization rates were determined: namely, the mole-
cular ion generation from collisions between excited
atoms HG, the one-step direct ionization,HI and multi-
stage ilonization . At moderately high pressures, if
the electron density is high enough such that the devia-
tion from the Maxwellian function is negligible, then

H; is the most important ion-generation process. However,
at low pressures, the electron density is usually too

low to maintain the Maxwellian distribution. 1In this
case, contributions from HI and HE become as important

as that from HG.

*Supported in part by the National Science Foundation.

P4, On_the Spatial Electron Relaxation to Equili-
brium near Plasma Boundaries.* F. T, Wu and D, T. Shaw,
State University of New York at Buffalo.--The spatial
relaxation of steady-state distribution is obtained for
electrons initially injected into the plasma and subse-
quently drift under the influence of a constant-electric
field. The Boltzmann equation is formulated for a spa-
tially non-uniform plasma composed of electrons, ions,
and neutrals and numerically integrated for the relaxa-
tion of Gaussian-like distributions initially peaked
about some particular energies. Cesium discharges are
used as a numerical example and the effects of electron-
electron Coulomb interactions and inelastic collisions
on the spatial relaxation of energy distribution are
discussed. It was found that in the low energy region
the distribution rapadily becomes Maxwellian in 4 or 5
mean-free-paths. The rate of Maxwellization in the high-
energy region depends primarily on the electron-electron
Coulomb interaction in the present paper. Since the
electron density is usually low near the boundary, the
electron population depression of the high-energy tail
can be seen even after 20 mean-free-path.

*Supported in part by the National Science Foundation.
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P5. Effect of Superelastic Collisions on theElec-
tron Veloeity Distribubion in Nitrogen.* J. H. NOON,
M. FOSTER, W. C. JENNINGS, Rensselaer Polytechnic Ingti-
tute.--To show how electron temperatures ten times that
of the neutral gas can persist in the nitrogen after-
glow, we have modelled mathematically the effect on the
electron velocity distribubion of electrons gaining
energy by superelastic collisions with a vibrational 2
state of the nitrogen molecule. Assuming f(v) Ce” v )
an initially Maxwellian form, we perturb this by a
multiplicative factor resonant at a chosen value of
electron energy. Computations show that, depending on
whether the perturbation is introduced above or below
the average electron energy, the Epparent form_of f£(v)
changes to look more like exp(-bv') or exp(wbvl)respec—
tively. Clearly a non-Maxwellian form for f{v)} derived
empirically by fitting theoretical curves to experi-
mental data cannot be interpreted without considering
the various energy interchange procesges which can
occur. Theory and experimental results, (using amicro-
wave technique to measure radiation temperature), are
compared.

*Work supported by the National Science Foundation.

Po6, Electron Energy Distributions and Collision
Rates in Electrically Excited W,, CO, and CO,.*

W.L. NIGHAN, United Aircraft Research Iaboratories.--
Electron energy distributions have been obtained for
electrically excited No, CO, COp, and their mixtures by
numerically solving the Boltzmann equation for condi-
tions typical of electric discharges. Reported electron
crogs section data have been used in the calculation.
The calculated distribution functions were Tound to be
markedly non-Maxwellian, having energy variations which
reflect the important electron-molecule energy exchange
processes. Sclution of the electron energy conservation
equation using these distribution functions revealed
that vibrational and electronic excitation of N,, CO,
and COp dominates electron-molecule energy exchange pro-
cesses for average electron energy in the 1-3 eV range
typical of electric discharges. Electron-molecule vi-
brational excitation rates were also evaluated for a
variety of gas mixtures and discharge conditions.
*portions of this work were supported by the Office of
Naval Research under Comtract NOO014-69-C-0309.
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Ql. = Reduction of Breakdown Voltages at Conditions Below
Paschen's Minimum Due to a Magnetic Field Parallel to
the Axis of Rod Electrodes. M. J. KOFOID, Boeing Scien-
tific Research Laboratories.--Type 321 stainless steel
round rod electrodes with flat ends were aligned on the
game axis in a Pyrex glass vacuum chamber. They were
completely insulated by close fitting glass except for
the 1.0cm® area ends which faced each other to form a
2.5c¢m long spark gap. Breakdown voltage (B.V.) tests
were made at 5u and/or 40u in Kr, Ne, He, Ny and air.

An unexpected dramatic and sudden decrease in B.V. oc-—
curred in all gases when a modest steady uniform magne-
tic field of intensity B, was applied parallel to the
axis of the electrodes; e.g. with He at 5u, from greater
than 60kV with B,<200 gauss to ~8kV with B, =300, level-
ing off at vbkV for B,>400. Although the magnetic field
was parallel to the electrode axis, a crossed-field
situation did exist to a minor and varying degree within
the gap since the electric field was non-uniform. It is
suggested that the lowering of the B.V. may have occur—
red because cycloiding of electroms in the crossed
fields caused electrons to make an increased number of
collisions in traveling between the electrodes.

Q2. A Magnetic Memory Effect in Vacuum
Breakdown, ALAN WATSON,* The University of

Western Ontario, London, Canada - A factorially

designed voltage breakdown (<300kV) experiment
with spherical aluminium and copper electrodes
of differing size was performed in weak crossed
magnetic fields of up to 400 gauss. The mag-
netic field strength was raised from zero in
five steps, measuring the breakdown voltage,

\Y each time. Subsequent repetition of the

o 7
iiitial measurement showed that the magnetic
influence upon the breakdown immediately prev-
jous to this was retained. Slow decay of the
oxide surface field effect is thought to influ-
ence Fowler-Nordheim emission and hence V.
*partially sponsored by USAECOM under Contract

No. DA-28-043-AMC-00394 (E) .




Q3. Analysis of Prebreakdown Current Growth due to Two
Emission Mechanisms*., FE, P. OPPENHEIMER, A, N, MICHEL,
and ESSAM NASSER, Iowa State University. --When a pulse
of electrons is released photoelectrically from a cath-
ode, avalanches of electrons and positive jons are pro-
duced in the gas. The current rise is a function of the
coefficient of ionization and of the mobility of the
various carriers., New electrons are emitted from the
cathode by gas-produced photons and/orrpositive ion im-
pact. Mathematical solution of the time and space de-
pendent electron and ion current discontinuous functions
has always been considerably difficult. A digital tech-
nique was contrived to calculate the current functions.
The linear first-order hyperbolic partial differential
equations were represented by a finite difference method
which was examined for convergence and stability of
round-off errors. The curves obtained for the current
growth with each emission mechanism acting separately
were in good agreement with measured oscillograms. The
current initially rises exponentially and then drops
suddenly as first-generation electrons are absorbed by
the anode. The effect of the cathode was studied by
varying the cathode work function and solving the cur-
rent equations. “*Supported by National Science Founda-
tion.

Q4. AC Electrical Breakdown of Neon with External
Electrodes. H. VERON and C. C. WANG, Sperry Rand Res.
Gtr.--Results are presented of an experimental and theo-
retical investigation of ac electrical breakdown of neon
in glass cells with external electrodes, The calcula-
tions are based upon a Townsend avalanche model that
takes into account the effect of both the space charge
and the surface charge on the glass walls that separate
the electrodes from the gas. The experimental and theo-
retical results give a total discharge current pulse in
each half-cycle of the applied sine wave that are in
agreement. Profiles are calculated of the electric
field-to-pressure ratio as a function of position in the
discharge gap with time as a parameter. These profiles
exhibit a linear dependence on distance from the cathode
wall as the discharge current reaches its peak, a behav-
ior similar to that which occurs in the cathode fall
region of dc glow discharges. Under the present set of
operating conditions, the Townsend avalanche model for
breakdown is adequate to account for the discharge
mechanism,




Q5. Transient Microwave Breakdown of Low Pressure
Gases.* S. E. El-Knamy, S. F. Marlier, and R. E.
Mcintosh, Univ. of Massachusetts.--Experiments have been
performed to determine the transient breakdown time of
low pressure (1 - t( Torr) gas by high power (> 1.0 kw)
microwave pulses propagating along a coaxial line in
which the region between the inner and outer conductor
is filled with a test gas. The effects of microwave
breakdown on the envelope of S-band pulses and the ioni-
zation time are observed to depend on peak signal power,
signal time duration and the background pressure and
jonization potential of the transmission medium. Relax-
ation oscillations have also been observed in the exper-
iments which can be ascribed to the alternate ionization
and deionization of the gas due to absorption of the
transmitted field. These oscillations are interesting
because they provide a diagnostic tool for measuring

the transient breakdown time. The measurements are
compared with results obtained from a simple theoretical
model which includes RF ionization due to electro-
neutral collisions and electron attachment. '

*
Work supported in part by the Air Force Office of
Scientific Research.

Q6. Optical breakdown in colored gases. W. HOLZER,

P. RANSON and P. PERETTIL, Faculté des Sciences, PARIS,
FRANGE. ' -

Optical breakdown has been studied in colored
gases (12, Br,, 1C1, Cl2 and NOZ) with a Q-switched

ruby laser. In these gases breakdown occurs at pressures
of several torr, under experimental conditions to produ—
ce just breakdown in air at 1 atm. pressure. The
thresholds have been measured relative to the ones of
air and argon as a function of pressure. The observed
thresholds are correlated to the ionization potentials,
of these gases ; consequently 12 has the lowest thres—
hold. Also, the spark life time  has been studied in
several gases as a function of gas pressure and laser
power giving values in the order of 50-200 n sec.

Finally, the effect of impurities will be discussed.

Work supported by C.N.R.S5., FRANCE.




Q7. lagg Fiber Optics the Investigation of
Corona Discharges, A, J, SCHWAB, Univ, of Ksrlsruhe,--
Electrical measurements made In the external circuit of
corona discharges contain only informetion of the total
spacially integrated value of the discharge current,
whereas measurement of the associated radiation provides
selective data for different discharge regions along the
gap axls. Scenning the discharge with a glass fiber
optic connected to a wideband photomultiplier yields
new information about the basic ionization process of
corona discharges. Depending on the fiber diameter

(0.1 mm to 3 mm) and the gain of the photomiltiplier,
intensity ratios of 1 : 10° could be detected, Thin
diameter glass fibers permit high local resolution and
do not interfere with the discharge. As an example for
the application of this technique, the diseontinuities
in the rise of Trichel pulses could be studied and
explained,

Q8. Observations of the Competition of Trichel
Pulses from Negative Corona Needles. W.L. LAMA and

C.F. GALLO, Xerox Research Labs. - The interaction of
negative needle-to-plane coronas was investigated as a
function of point separation (X). The Trichel frequency
which characterizes negative corona is determined by the
ratio of the electric field to the spatial clearing
length L. For a single point, the frequency increased
with the voltage (V) and decreased with increasing spa-
cing to the plane (8). Since the clearing field is pro~
portional to V and inversely related to S, we conclude
that L is, approximately, proportional to S and indepen-
dent of V. The interaction between two negative point
coronas was measurable at large separation (X £ 108).

As the separation was decreased below ~ lem, both fre-
quencies decreased with decreasing X and approached the
random Trichelpulse regime. We found some evidence for
frequency locking, with the establishment of a phase
relationship, indicating a definite Trichel-space-charge
interaction. The relative phase approached 180° with
decreasing X. At X ~ Imm, one discharge extinguished
while the other re-entered the regular Trichel pulse
regime. This "critical" separation varied linearly

with S and inversely with V. As X was decreased even
further, the still active discharge also terminated.




Q9. The Transition fram Primary Streamer through
Thema]_.;zation to the Arc in Positive Point-to-Plane

orona. TOSHIO SUZUKI, Unive. of Calif., Berk.--Using
diverse approaches, including two-photomultiplier and
current dual-scope measuring techniques, temporal devel=
opment of the spark from primary streamer through ther-
malization to the arc in variocus point-te-plane corona
gaps above and below conventional sparking threshold
was investigated. At high ( /= 30%) overvoltage, ther-
malization follows in a very few microseconds from ion-
ization in the secondary streamer which results from a
succession of ionizing waves following the primary. At
lower overvoltages, ionization in the secondary siream-
er is inadequate; consequently, decline to a dark phase
of hundreds of microseconds resulta. In this time,
space charge distortion caused by positive and negative
ion movement in the chamnel leads to increase in ancde
region field strength. A succession of one or two very
fast, luminous waves of ionization then leads to ade-
quate electron densities and temperature with thermal-
ization following in 4O to 60 nsec.

3
Supported by U.S. O0ffice of Naval Research and Central
Hesearch Institute of Electric Power Industry, Tokyo.
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R1. Vibrational Excitation of O and NO by Electron
Impact.” D. Spence, G. J. Schulz, Yale University--The
trapped electron method! has been applied to the study
of vibrational excitation by electron impact in the
energy range 0-1 eV, Both O and NO form stable parent
negative ions and the vibratiomal levels of these nega-
tive ions provide compound states thru which vibrational
excitation of the neutral molecule is enhanced. Reso-
nances in thé ¢lastic scattering cross sections in 03
and NO are measured and give the vibrational spacing of
the negative ions, in good agreement with previous data?
It is found that the vibrational excitation cross sec-
tions for both NO and 0, consist of a series of spikes
whose spacings are equal to the spacing of the vibra-
tional levels of the respective negative ions (approxi-
mately 0.12 eV for Op and 0.16 eV for NO). The spikes
are superimposed on a slowly rising cross section re-
sulting from "direct" vibrational excitation, which is
larger in NO than in O,.

* Work supported by DASA thru ARO-D and ARPA thru ONR.

1. G. J. Schulz, Phys. Rev. 112, 150 (1958).

2. M. J. W. Boness, J. B. Hasted, I. W. Larkin, Proc.
Roy. Soc. A305, 493 (1968).

R2. Vibrational Excitation and Attachment by Slow
Electrons Bombarding 0,, C. J. Chapman, A. Herzenberg,
Yale Univ.-- Two reactions of electrons with E<leV bom-

barding O, moleculeg are e+0,20,  (unstable), followed by
(1} 0z(unstable)-0, (excited)+e, or (2} 0,7 (unstable)+
02+02'(stable)+02+energy. Reaction (1) has been ob-
served by Spence and Schulz! by the trapped electron
method; they see discrete resonances spaced about 0.11
eV. However, an angular momentum barrier favors the
emission of the most energetic outgoing electrons which
cannot be observed by the trapped electron method. We
have fitted a potential emergy curve for 0,” to the ex-.
periment and used it to calculate the channels, as yet
unobserved. The calculation takes the electron affinity
and the curvature from experiment and adjusts the sepa-
ration AR of the minima for O, and 0,7 to minimize the
difference between theory and experiment. An upper
bound for the rate constant for reaction (2) can also
be calculated from the model;. the bound is in rough
agreement with the experimental value for E<leV.
1 D. Spence and G. J. Schulz, to appear in Phys. Rev A,
November 1970.
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R3, Electron Affinity of 0, by Laser Photodetach-
ment.* R, CELOTTA, R. BENNETT, J. HALL, J. LEVINE, and
M. W. SIEGEL, JILA, Univ. of Colo., Boulder, Colo.,—-A
beam of 03 ions, extracted from a glow discharge in N0,
is crossed with the linearly polarizgd intracavity pho-
ton beam of an argon ion laser (4880A). Electrons photo-
detached perpendicular to the crossed beams are energy
filtered by a hemispherical analyzer. The electtron en-
ergy spectra are characteristic of photodetachment from
the v=0 state of 03 to the X 32; and a A, states of 05.
Vibrational state analysis is facilitated by the use of
isotopes. The vertical detachment energy for the 03 (v=0)
to 05X 357 (v=0) transition is 0.430%.030 eV. A final
result, four times more precise is expected. Addition-
ally, we have measured the relative transition probabil-
ities and angular distributions of the ejected electrons.
The angular distributions, of the form 1+8P,(cos B) are
fit by B's near -0.9. [Here 6 is the angle between elec-
tron k vector and lasexr E vector.] The corrected rela-
tive intensities, through Franck-Cendon factor analysis,
determine an 0, potential energy curve in reasonable
agreement with that given by Schulz.

*Work supported in part by Advanced Research Projects
Agency.

1p. Spence and G. J. Schulz, Phys. Rev, (in press).

R4, Doppler Broadening in Beam Experiments.” P. J.
CHANTRY, Westinghouse Research Laboratories-—The distri-
bution in center-of-mass energy caused by the thermal
motion of the target gas molecules has been rigorously
derived for the case of a monoenergetic beam interacting
with molecules having an isotropic Maxwellian velocity
distribution corresponding to temperature T°K. Provided
the nominal CM beam energy E, exceeds a few kT the FWHM
of ‘the.distribution is given by Wiyp = (11,1 ykTEy)+/ 2.
where ¥ = m/(m+M), m and M being the projectile and tar-
get masses. If, for example, m=M, E,=2 eV, and T=300°K,
then Wy/2 = 0.535 eV, This is significantly greater

than the beam spread achieved in recent experiments®*,
Its effect on the appearance curves for endothermic reac~
tions has been investigated by convolution with idealized
cross section functions. It is found that the error AET
arising from the commonly used linear extrapolation tech-
nique for estimating a threshold, Er, depends on the
rapidity with which the cross section approaches a maxi-
mum, and in general lies within the range 1.5 ykT < AEp R
2(ykTET)l/2. The theory has been applied to recent
measurements” " of the reaction I~ + 0y + 057 + I.

*Work supported in part by ARPA through ARO (Durham).

**J. Berkowitz, W. A. Chupka, and D. Gutman, J. Chem.
.Phys. (submitted).




R5. Drift Tube Measurements of the 0 + O, Reaction
from Thermal Energy to ~ 3 eV. R, JOHNSEN, H. L. BROWN,
and MANFRED A. BIONDI, Univ. of Pgh. - The endothermic
charge transfer and ion atom interchange reaction 07 +
O has been investigated in a drift tube -~ mass spectro-
meter apparatus as function of the lons' mean enerﬁy by
means .of the "additional residence time technique'*.

The experiments have been carried out in helium as
buffer gas rather than in pure oxygen to make use of the
narrower velocity distribution attainable when heavier
iong drift in a light gas which is particularly desir-
able when a strongly energy dependent reaction is
studied., The rate constant is found to rise from an
immessurably small value at thermal energy (300°K) to
about 10711l em3/sec at a mean ion energy of about 1 eV
and to level off at higher energies. This result.
appears to be compatible with a difference of about 1 eV
between the electron affinities of the oxygen atom and
the 0o molecule. The mean ion energy was calculated
from Wannier's® formula. ’ ‘

15, Heimerl, R. Johnsen, and Manfred A, Biondi, J. Chem,
Phys. 51, 5041 {1969).
2G. H. Wanier, Bell System Tech. J. 32, 170 (1953).

R6. Molecular Electron Affinities Derived From
Collisional Ienization of Alkali Atoms. K, LACMANN
and D. R, HERSCHBACH, Harvard University

A fast (1-100 eV) potassium beam from a resonance
charge exchange source is sent through a scattering
chamber containing a target gas and the negative ions
are observed with a mass filter. From the thresholds
for ion-pair formation, electron affinities of the
halogens, 05, NO», and S0,, have been determined.
Fluorescence from electronically excited potassium
atoms is also observed and the form of the excitation
functions are related to the ion-pair cross sections
in terms of crossing of potential curves.
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R7. Charge Exchanging Collisions between Cs and NO,.¥
8. J. NALIEY,t R. N. COMPTON, and P. W. REINHARIT,

Oak Ridge National Laboratory. -- The relative cross section
for the production of NOs~ resulting from cecllisions of
Cs© and NOo has been studied as a function of the incident
Cs© energy from O to 15 €V. The threshold for the charge
exchange reaction occurs at 1.67 + .1 eV (c.m.). Assuming
that at threshold the NOE' is in its ground state, an
electron affinity of 2.22 + .1 eV is obtained. Consider-
ations of Doppler motion of the target neutral are expected
to lower this value by ~ 0.25 &V at most. The charge ex-
change crosg section increases steeply above threshold and
exhibits a broad peak at 2.57 eV (c.m.). O~ production is
observed above 5.82 eV (c.m.) and increases slowly with
energy above threshold. The energy of the Cs© beam is
determined from & time-of-flight analysis. Tor laboratory
energies of 7 &V the beam has a FWEM of 0.15 eV.

¥

Regearch sponsored by the U.S. Atomic Energy Commission
under contract with Union Carbide Corporation.

TUSPHS Radiological Health Physics Trainee.

RS. Photodetachment of 03. S. F. WONG, T. V. VOR-
BURGER, and S. B. WOO, University of Delaware. -- The
threshold energy for photodetachment of 0% is measured in
a drift tube. The ions undergo approximately 106 colli-
sions at thermal energies before being guided into the
photodetachment region. A white light source is used to-
gether with a set of 13 sharp cut-off color filters to
determine the photodetachment cross section as a function
of wavelength. The photodetached electron current is
measured. A sharply rising photodetachment cross section
is observed with a threshold at 1.92+.13 eV. An approxi-
mate shape for the relative cross section is determined
by least-square-fitting the data to a straight line. It
is:

g = 0, above A= e
650 mu(1.91 eV)
o= (0.%2.0 x 10°2) (A-500)

+(7.0+4.6), for 350 < \ < - -

650 my (arbitrary units for

350 450 550 650 A
o).

*Work supported in part by the U. S. Ballistie Research
Laboratories, Aberdeen, Maryland.
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1.  The Reaction of NO' and NO'-(H0) with H,0 and

NHB. P, ¢, FEHSENFEID and E. E. FERGUSON. ESSA

Rassarch Iaboratories, Boulder, Colorado 80302.

The associaﬁion of H20 with NO+ has been nmeasured

to be (5.6, 19 and 23) x 10729 o /sec at 300%K with a
helium, argon and nltrogen buffer respectively. The
reaction sequence produced by the addition of HEO to

form the heavier NO+°(H20)n ion clusters has been studi-
ed. This sequence is terminated by the reaction of

+ . +
NO -(H20)3 with H,0 to form H3O (H20)2 and HNO,. The

rate constants for these reactions will be reported and
the techniques used to obtain them discussed briefly.

Tt has also been found that the I\TO+-(H20)n sequence may
e terminated ab any time by NH,. In this case NO -

. . +
(Hgo)n reacts with NH, to yield NH) (HEO)n_l and HNO,.

Tor n = 1 the rate constant for this reaction is

1.0+ 0.3 x lO—9 cmS/sec..

+
s2. Three-Body Clustering of NO with O,, N, and CO,.

E. E. FERGUSON, D. B. DUNKIN, AND F. C. FEHSENFELD.
FSSA Research Laboratories, Boulder, Colorado 80302
The reaction NO' + €Oy + N, = NOTCO, + W, is
found to have a rate constant 3 % 10-29 cm6 sec_l at
197°K. Tt is found that the reactions No*“-co2 + H0 -

wo'H,0 + CO, and 0" €O, + N0 - NO'NO + €O, are very

fast, consistent with reasonable bond energy estimates,
(0" +C0,) ~ 0.L8, D(NO*NO) ~ 0.63, and D(NO'-H,0) ~
0.85 eV. Association of NO' srith O2 or N, was observed
to be very slow, upper limits will be reported. The
NO+(NO)2 trimer was observed. It has been found that
N3+ reacts with O, to produce (abdut equally) NO, 02+,

and N02+. This may explain the observation of N02+ in

laboratory discharges. The rate constant for Nh+ + O2 -
+ -10 .3

0, + 2N, was found to be 4 x 10 cm sect at 197°K.




S 3. Rates of Formation of Water Clusters for
0,% and NO*.* C. J. HOWARD, H. W. RUNDLE, and

F. KAUFMAN, University of Pittsburgh.--The clustering
reactions of 0,7 and NOT with water were studied at
296°K in a flow1ng afterglow system. The rate
constants, kl, for the first step in the clustering
sequence were obtained using conventional flowing
~afterglow analysis for measurements made in He, Ar, O,
and N, carrier gases; for O0,% + H,0 + M:

kiHe = 8.7x10-2 !z1°2 = 1.9x10"2%¢m® /sec and for
NG + Ho0 + M: R He = 3.2x10-29, kAT = 6.5x10"29,
k.02 = 8, 6xlO‘29 and k] Np = 1. 4x10-28cm6/3ec. Rate
constants for the subsequent clustering reactions of
NOt up to and including the bimolecular step,
Not-3H,0 + H,0 -+ H,0T:.2H,0 4+ HNOy, were obtained by
matching experimental ien profiles obtained by moving
the point of water addition with computer generated
profiles. '

*Work supported by the Advanced Research Projects
Agency.

54. Drift Tube Studies of Carbon Dioxide Clustering
to Potassium and Sodium Ions. G. E. XELLER and R. A,
BEYER, Ballistic Research Laboratories. —- A drift tube-

mass spectrometer has been used to investigate the
clusterlng of COp to alkali iohs. The reaction

L '
KT +COp + €O, T Kh *C0y + €Oy (D).

has been studied from E/N = 6 Td to E/N = 21 Td at 310K.

From E/N = 6 Td to E/N = 12 Td, ky = 471 x 107° en®/sec
+2+5 —~13 . ‘
and k_1 = 2.5_1_3 x 10 cms/sec Both constants then .

increase with increasing E/N. Kt and K *CO, are both
found to have_a zero-field, reduced mobility of

1.43 = .05 em™ /V sec. The reactions
., . K,
Na' + COp + G0, F= Na +COp + CO, (2) -
-2 . :
and'
k
+ —nd +
Na *COz + COp + CO; = Na -2G0p + COp (3)
. : -3

have been studied at E/N = 12 Td and 310K.
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55. Clustering of Cs Jons in Atmospheric Gases.
L. G. McKNIGHT and J. M. SAWINA, Bell Telephone
Laboratories, Whippany, N. J. -- A drift tube study
of Cs ions drifting in atmospheric gases has been
conducted at temperatures between 310° and 325°K ana
at E/N¢30x10-17 (V cnf) for total pressures between

M: 0.5 and 8 Torr. Mobilities (uN) of the Cs* ions were

i 5.9, 6.0, and 5.7x10+19 (volt sec cm)-1 in Np, O, and
Ar respectively. No evidence was seen for reaction
of the ions with any of these gasEs 1gdlcat1ng a

‘ reaction rate of less than 3xlO /Sec or,

il alternatively, an equilibrium constant less than
10~ cm- over our range of temperatures. Clustering
of the Cst with water was found to take place producing
a series of water vapor cluster ions: st - nfs0, with
equilibrium concentrations of the clusters with two and
three water molecules different from those found by |
D21d1c and Kebarle. The rate for the clustering of

* with water with No as the third body

Cs* + Hy0 + Wy =~ Cst - Hx0 + Wy
was found to be about 2x10727 cmé/sec.

1 I. Dzidic and P. Kebarle, J. Phys., Chem. T4, 1466(1970)

56. Hydration of Oxygen Negative Ioms.* J. L. PACK
and A. V. PHELPST, Westinghouse Research Laboratories—-
A combination drift tube and quadrupole mass spectro-
i meter has been used to make measurements of the rate co-
H' efficients for the hydration of oxygen negative ions at
: low partial pressures of water vapor in oxygen at 300°K,
The mass spectrometer 1s also used to measure the par-
! tial pressure of water. Measured thermal rate coeffi-
cients for the reactions are:
Reactien Rate Coefficient
1031 emb/sec

i C2™+20 Z 04740 4 x
| 2 ? ‘e 2.7 x 10714 cm3/sec
: 047+H»0 > 057 *Hy0+09 1.4 x 1079 cm3/sec
0o~ +H50+09 -+ 097 «H20+02 3 x 10728 ¢op /sec
05~ *HoO+Ho0+09 2 077« (Hp0) o409 4 x 10-28 em®/sec
) 7.1 x 10715 em3/sec
0™+205 > 03740y 1.2 x 10730 cmb/sec
0-+H90+07 + 0= +Hy0+09 1.0 x 10-28 cnb/sec
03'+H20+02 + 037 *Hy0+0, 2.1 x 10728 cmb/sec

it Work supported in part by ARO and AFCRL.
. *tPresent address: J.I.L. A,, University of Colorado
?; Boulder, Colorade 80302.
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S¥.
Reactions of NO in NO-Hp0 and NO-NH3 Gas Mixtures.

L.J. Puckett and M.W. Teague, Ballistic Research
Laboratories., Stationary afterglow techniques have
been employed to determine the complete set of rate
constants governing the sequence of reactions with NO
ions as the precursor in NO-H20 gas mixtures. The main
channel of the reaction sequence can be represented as

not = noTno 2 NoteH0 2 wot2m0 2 wote3mm0
H30+'2H20 pa H30+'3H20 z H30+'4H20. The same techniques
used in NO-NH3 gas mixtures reveal the rate constants
for the reactions NO' < NOT*NO > NOTNH3 + NH,® -

NHy ToNH3 2 NH, T +2NH3 2 NHyTe3NHs.
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TL Discharge and Gain Properties of the CO, Laser%
W.J. WIEGAND, M.C. FOWLER, AND J.A, BENDA, United
Aircraft Research Iaboratories.--A modified Schottky
analysis has been used to obtain the radially dependent
discharge properties of a conventional COo laser. In-
put to the calculation includes electron transport prop-
erties calculated from the non-Maxwellian electron en-
ergy distributionsl and the temperature dependence of
the thermal conductivity. The discharge current-elec-
tric field variations and the radial gas temperature
profiles compare favorably with those obtained experi-
mentally. Radial profiles of electron density and gas
temperature were uged as input to a steady state anal-
ysis of the COo vibrational levels to calculate the
radial variation of small signal gain, Aralytic and
experimental results are in very good agreement sug-
gesting that the analysis accurately reflects the var-
ious processes occurring in the discharge.

Ly, 1. Nighan and J. H. Bennett, Appl. Phys. Letters 1L,
*2L+o (1969).

Portions of this work were supported by the O0ffice of
Naval Research under Contract No. NOOC1l4-69-C-0309.

T2, A Quantitative Analysis of the Dependence of CO,
Laser Performance on Electric Discharge Properties®

M.C. FOWIER, United Aircraft Research Iaboratories--
Reported values of electron molecule energy tryansfer
rate constants are combined with atom/molecule-molecule
and radiative energy transfer rate constants in a com-
prehensive analysis of the conversicn of electron ENnergy
to optical energy at 10.6 microns in an electric dis-
charge containing COz, No, and He. Small signal gain
and saturation intensity are calculated as functions of
the electron density and gas temperature in the dis~
charge. The calculated values of these quantities are
consistent with experimentally determined walues. The
detrimental effect of increasing gas temperature on
small signal gain is found to be the single most im-
portant factor influencing the efficiency of the dis-
charge plasma as an energy conversion medium.

FPortions of this work were supported by the Office of
Naval Research under Contract No. NOOOL4-69-C-0309.
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T3. Plasma Properties of an Electric Discharge Con-
vection Taser.¥* C, O, BROWN, United Aircraft Research
Laboratories--Measurements of plasma properties of a
Wo-COo-He, high-mass flow electric discharge convection
laser {EDCL) have been made, and the experimental re-
sults are compared to the results of an analytical
study. At typical EDCL operating conditions, the E/N of
the plasma was found to be in a range required for effi-
clent vibrational excitation. In addition, results of
experiments utilizing a high-Q optical resonator to
determine the effect of flow conditions and discharge
parameters on laser performance at the multikilowatd
level are described. Also, the performance character-
isties of the EDCL in open-~ and closed-cycle operation
are compared. In closed-cycle operation, the time con-
gtant for dissociation of COo to an equilibrium level
has heen determined by monitoring the intensities of the
CO Angstrom bands.

*Research described hereln was sponscred in part by the
United States Army Missile Command and the Advanced
Research Projects Agency under Contract DAAHO1-68-C-2056.

T4. The CO Laser Plasma. P, BLETZINGEP
ang A, GARSCKDDENg”Aerospace Rsch Labs, WPAFB,
Ohlo.~-- An analysis has been made ofF TFhe CO
laser plasma using second derivative Langmuir
probe methods. As these discharges have large
amplitude fluctuations it has been necessary

to use floating potential compensationl methods
to obtain meaningful results. Measurements
have been made of the average electron energy,
the electron density and the electric fields
for C0, CO-He, CC=Ny, CO=No=-lle systems at pres-—
sures of a few torr and at room temperature.

It has also been found that less than 0.15 tory
xenon additive to these discharges is suffice
ient to take over the ionization in the plasma
and modify the electron energy distribution. -
The relationship of these results to the laser
efficiency and the suggested €O laser mechaniems
will be discussed,

l. H.M., Musal, Jr., J. Appl. Phys., 41, 2605
(1970) -
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T5, Excitation Processes in the Cathode Region
of a Glow Discharge Through Metal-Vapor~Noble-
Gag Mixtures. A.J. Palmer and J.William McGowan,
The Univ. of Western Ontario, London, Canada.-
This paper reports recent observations on the
behavior of 'spontaneous emission intensities
from laser tramnsitions in the He-Zn and He-Cd
systems in the cathode region of a rectangular-
electrode glow discharge, along with their in-
terpretations. The dependence of the intensi-

ties on tube temperature 1S found to be similar
to the behavior in the positive ceclumn. These

results are explained on the basis of scaling
arguments applied to .the theory of electron
groups in the negative glow. Observations on
the partial proflle of the intensities across
the cathode region show practically all the
emission occurring in the negatlve glow., This
result is accounted for by comparing the rate
at which He ions diffuse iInto the dark space
from the negative glow with the rate of their
conversion, by charge-transfer, to metal-vapor

ions, the latter of which turns out to be faster,

Calculations are presented which show that the
action of a grid placed adjacent to the negative
glow may sexve to increase the former rate over

the latter.

T6, Microwave Density Measurements in Ion Laser
Plasmas.* L,D.PLEASANCE and E.V.GEORGE, M.I.T,--Mea-
surements have been made of the electron density in a
cw argon—ion laser discharge. The electron density was
obtained from the frequency shift of a C band (v 6 GHz)
microwave cavity excited in the TEj;; mode. In the past
measurements of high electron densities using this mode
were limited to mp/w2 < 10 by the restrictions of the
perturbation theory employed in the analysis. Here we
will present a more complete thecry based on the de-
tailed fields in the cavity. We will show that for thin
plasma columns the TEpy; mode may be used up to m%/w2

" 1000 before details of the density profile must be
considered. The laser discharge was formed in a liquid
cooled quartz capillary. Current densities up to 500
Afcm? over a pressure range of 0.1 Torr. to 10.0 Torr.
were used. At high pressures the maximum frequency
shift measured corresponded to an wgj/w” % 500. These
measurements were found to be in good agreement with a
discharge theory based on electron-neutral collisions.

*This work was supported by the Joint Services Elec-
tronics Programs (U.S. Army, U.S. Navy, and U.S. Air
Force) under Contract DA 28-043-AMC-02536(E).




T7. Vacuum Ultraviolet Perturbation Spectroscopy on
The He-Ne Laser.* H.MERKELC and R.C.QUINN, Univ.of I1l.
Urbana.--A modified version of the system recently re-
ported as suitable for carrying out vacuum ultraviolet
perturbation spectroscopy on lasering plasmas® is
adapted to the He-Ne, 3.39%um laser for simultaneous
monitoring of the entire 3s-3p-ls-ground state cascade--
both radiatively and collisionally induced. Direct
monitoring of the laser-induced resonance radiation (736
and 7432) gives evidence of collision-induced pumping of
metastables into radiating states, The composite de~
pendence (function of collision-induced pumping,
diffusion, and resonance trapping) of the yield of vacuum
ultraviolet radiation on pressure is determined and is
shown to be consistent with a p2 law in the pressure
regime of 0.5 to 5 Torr (7:1 He-Ne ratio). Other re-~
sults and observed deviations from predictions will be
discussed.

*Work supported by the National Science Foundationm.
1H.Merkelo, R.H.Wright, J.P.Kaplafka, and E.P.Bialecke,
Appl. Phys. Letters 13, 401 (1969).




SESSION U

Friday Morning, 23 October

10:30 a.m.

THEORY OF HEAVY PARTICLE COLLISIONS
(PANEL)}

Chairman: N. Lane, Rice University




Ul Low Energy Elastic and Fine-Structure Fxcita-
tion Scattering of CT(2P) by H(25).* JON C., WEISHEIT#**
and NEAL F. LANE, Rice Univ. -~ Cross sections have
been computed for the elastic and fine-structure exci-
tation scattering of ¢*(2P) by low energy (less than
0.1eV) H(®38). A close coupling formalism was employed
and included for the first time both spin change and
long-range electrostatic interactions. In addition,
the scattering equations were solved in a coupled angu-
lar momentum representatlon to allow for the energy
defect between the C*(2P) fine-structure levels. The
calculateg C+-H excitation eross section vgries from
48.8x10-16 cm2 at 0.01 eV to 28,7x10™1 at 0.085eV,
and the maximum of almost 56.0x10-16 om® occurs near
0.015eV. The spin-change process was found to dominate
the scattering. The sensitivity of the computed cross
sections to various aspproximestions and numerical tech-
niques will be discussed.

*ork supported in part by the U.S., Atomic Energy
Commission.
®¥Present address: Harvard College Observatory.

U2, Close Coupling Study of Excitation in Low-Energy
Atom—Atom Scattering.* S.A.EVANS, J.S.COHEN, N.F.LANE,
Rice University.-—-A theoretical study of an inelastic
atom-atom collision problem has been carried out for a
two-state model based on 23§+23P excitation in He(23§)-
He(l"S) collisions. Full quantum mechanical, close
coupling calculations have been carried out in both the
adiabatic and diabatic representations™. Matrix ele~
ments were obtained from a modified valence-bond calcu-
lation? of the first and second excited °I_ T states of
He,, a case involving a strong avoided crossing. In the
didbatic representation, where only potential coupling
is present, the coupling matrix element is arbitrarily
scaled by a factor f£1 in order to compare the cross
section behavior. As f is decreased from 1.0 to 0.1,

the 238+23P cross section at 10 eV(C.M.) 1s increased
from 6.0x10"2%m? to a maximum of 1.2x10~ 6cm2, respect-
ively., The Landau-~Zener approximation is very poor for
£=1.0 but improves with decreasing f. Additional re-
sults and interpretation will be given.

*Work supported in part by the U.S5. Atomic Energy Comm.
lp, T. Smith, Phys. Rev. 179, 111 (1969).
23. C. Browne, J. Chem. Phys. 42, 2826 (1965).
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U3. Electronic Transitions between s and p States
in Slow Atomic Collisions.* P.G. CABLE, Univ. of Mary-
land--A model based on the Landau-Zener theory is devel-
oped for electronic transitions between s and p states
in slow atomic collisions. Because of angular coupling
of levels having different magnetic quantum number, the
model predicts a larger total transition probability
than that given by thé Larndau-Zener formula (which'ap-
plies only to s-s transitions). The range of validity
of the model is discussed in terms of application to
electron transfer processes inveolving diabatic curve
crossings.

*Work supported in part by the Office of Naval Research
under Grant NOO - 0146740239 0008.

U4, Long Range Forceg in Near-Resonant Charge
Transfer.” FELIX T. SMITH and RONALD E. OLSON, SRI--
Near-resonant charge transfer in asymmetric collisions
is often dominated by long range forces due to polari-
zation and sometimes ion-quadrupole interactions.
These interactions can lead to curve crossings at
large distances, which can result in very large cross
sections at low energies. The necessary parameters
for estimating cross sections by the Landau-Zener
formula can be obtained from.a'knowledge of simple
atomic and molecular pfoperties such as ionization
potentials and polarizabilities. The results can be
applied to the predicition of likely laser excitation
processes by reactions producing excited metallic ions.

*Work supported by the U. S. Atomic Energy Commission.




U5. Obtaining Interatomic Potentials From Elastic
Scattering Data.* R, KLINGBEIL, Univ. of Maryland--A
general procedure for obtaining spherically symmetric
interatomic potentials V(r) from elastic differential
cross section data o(B8) is described. Details of an
integral equation method for inverting semiclassical
phase shifts 6(2) to a numerical interatomic potential
are presented. As an.example of the. procedure, cal-
culated phase shifts corresponding to H;-Hg scattering
are inverted to a numerical potential,

*
Work supported by the National Science Foundation under
Grant NSF-GP-8325, The computing time was granted by the
Computer Science Centexr of the University of Maryland,

Ue. Comparison of Numerical Capture Cross Sections
with Reaction Cross Sections for NH3 and HoO Targets.
JOHN V, DUGAN, JR., NASA-LeRC, and JOHN L, MAGEE, Univ.
of Notre Dame - Numerical capture cross sections

have been calculated for NH3* + NH3 and ions + Hy0 by
trajectory solutions of randomly generated collisions.
The results are compared with Ryan's measurementsl of
the NH3-parent ion reaction cross section from thermal
to 1 eV. The vibrational distribution of reactant ions
is such that only 607 of the capture should result in
reaction. The experimental cross section ,® Langevin,is
-45 to .65 of the U7 value over the range of relative
translational energy € . The 0F dependence is e -7
whereas %’XPA— €8, Thermal collision coefficients
(maxwell averaged) are a 10-80(kT)2-n /7 (2-n) where

n = .7 and .8. The O values for thermal collisions
involving H90 targets are compared with Ryan's results
and those of the ESSA group. Generally the 07 values
> OEXP but a bit less than the maximum cross section.2

k. R, Ryan, paper presented at 18th Conf. of Mas
2Spect., San Francisco, Calif., May, 1970, '

J. V. Dugan, Jr. and J. L. Magee, J. Chem. Phys., 47
(1967) 3011. '_
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. Vibrational Effects on Ion-Dipole Capture
Cross Section; Computer Movies of Cl§§§ical Tunneling.
JOHN V. DUGAN, JR., and R. BRUCE CANRIGHT, JR., NASA-
LeRC - Computer-plotter studies of ion-dipole collisions
have been extended to effects of thermal oscillators on
capture cross sections U;. In some cases the capture
ratio Cp is lowered by the oscillator at intermediate

and large impact parameters b. The V;.’Eo/ CR'(b)d(bz)

can be lowered to € 50% of the pure rotational value.
Two sets of oscillators with different dipole moment
variations )4(x) have been studied; l the lifetime of the
ion-molecule complex is relatively insensitive to)l(x)
The movies and plots suggest that the dipole phase is
critical in determining the ion turning points. ''Clas-
sical tunneling'" of the oscillator is observed in the
movies at small separations when the ion~dipole orien-
tation angle is® W/2. Preliminary results of elastic
and inelastic angular scattering are also reported for
CO, HCl, and CH4CN targets.

13, v. Dugan, Jr. and R. B. Canright, Jr. (submitted to
Chem. Phys. Lett.).

J. V. Dugan, Jr., R. W. Palmer, and J. L. Magee, Chem.
Phys. Lett. 6 (1970) 158.




SESSION V

Friday Morning, 23 October

10:30 a.m.

NEGATIVE IONS

Chairman: J, F. Paulson, Air Force Cambridge Research Laboratories




Vi, The Detachment of Electrons from F. Ions in a
Shock-Heated Cesjum Fluoride-Argon Mixture.® A, MANDL
and B. KIVEL, AVCO Everett Research Laboratory, Everett,
Massachusetts and E, W, EVANS, Univ. of Missouri, Co-
Tumbia, Mo.--Electron detachment rates from F. have
TFeen measured in shock-heated mixtures of cesium fluo-
ride and argon. The detachment rate is found to in-
crease exponentially with temperature, indicating an
activation energy comparable to the electromn affinity
of F~. The rate constants for the reactions

K(Ar) : K(cst)
F o+ Ar - F+Ar +eand F + gst = F+csT +e

have been found to be 1.2 x 10'_]'1 e-QD’OOO/T cms/sec and

2.8 x 1077 ¢~40,000/T cm3/sec respectively, where T is
in degrees Kelvin. The temperature range covered was
between 3800°K - 6000°K.

*This research was supported by the Advanced Research
Projects Agency of the Department of Defense and Space
and Missile Systems Organization.

V2. Negative Ion Production from SFg and N2O at High
Temperatures.®* J. H, MULLEN and J. M., MADSON, Mclonnell
Douglas Research Laboratories, St. Louis,--An investiga-
tTIon of negative ions produced when S¥g and N2O react
with electrons in a 1550-3000K rf generated argon plasma
has been made. Superscnically injected gas molecules
react with a flowing argon plasma after which the plasma
undergoes a frese jet expansion. In the expansion chamber
the electron density is measured with a Ka-band inter-
ferometer and the ions are sampled by a quadrupole mass
spectrometerl. The dominant negative ion formed from
SF¢ in this temperature range is F7, consistant with
previously reported measurements in SFg up to 1200K2,
0~ production from N5O yields a rate constant about two
orders of magnitude higher than that at room temperature
in agreement with recent attachment cross section measure-
ments-.
#Research conducted under the McDonnell Douglas Corpora-
tion Independent Research and Development Program.
1J. H. Mullen, J. M. Madson, L. N. Medgyesi-Mitschang,
T. C. Peng and P, M, Doane, to be published Rev. Sci.
Instr., Dec. {1970).
2C. L. Chen and P. J. Chantry, Bull. Am. Phys., Soc.,
15, 418 (1970).
3P, J. Chantry, J. Chem. Phys., 51, 3369 (1969).




V3. Determination of Thermal Electron Diffusion (D) and
Attachment Rate {ow) Coefficients for Oxygen.* D. R.
NELSON and F.J. DAVIS, Oak Ridge National Laboratory. -~
Important differences among reported results have been
noted for the magnitude and energy dependence of the
momentum transport cross section, Q, of electrons in
oxygen at thermal and near-thermal energies. | We have
determined a preliminary thermal (300°K) value for DP =
1.02 cm2psec™! torr with a drift-dwell-drift electron
swarm time-of-transport technique.2 This DP value
corresponds to a Q., value which is in good agreement with
the lowest values from microwave determinations.l A
preliminary determination of the thexmal electron attach-
ment rate aw = 2.1 x 10730 cmb sec™1 is in excellent agree-
ment with a value recently reported. 3 These attachment
and diffusion studies will be extended above thermal energies.

*
Reseaxrch sponsored by the U.S. Atomic Energy Commission
under contract with Union Carbide Coxrporation.

1R.D. Hake, Jr. and A.V.Phelps, Phys. Rev. 158, 70 (1967).
2D. R. Nelson and F. ] Davis, J. Chem. Phys. 51, 2322 (1969).
3]. L. Pack and A.V. Phelps, J. Chem. Phys. 44, 1870 (1966).

v, Mobilities of Large Size Ions. P. L. PATTERSON,
Sylvania Electric Products - Measurements_of the mobil-
ities of the polyatomic ions SO,F , 802F s SFS_’ SF, ,
F (SF,), and SO,F, (SO,) in a He carrier gas wére pré-
sented at this Conference last year. These data are
now compared with existing theories of ion mobilities.
As a consequence of the low polarizability of He and
the large size of the ions, these mobilities are
dominated primarily by the interaction of ion-neutral
repulsive cores rather than the conventional point
charge - induced dipole interaction. Differences in
the sizes of the repulsive cores of the above ions are
manifested in readily measured differences in their
mobilities. For a series of ioms such as SF_. , SF, ,
and F (SF,), the different repulsive cores rdfer to
species differing by the addition of one atom at a
time. The results suggest that mobility measurements
of this type might be a valuable means of studying
short range collisional forces of large molecules.
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V3. Negative Ton Decay in Photoionized Bromine.¥
FRANK K. TRUBY, Sandia Laboratories--The loss processes
of negative ions created in photoicnized Br, have been
studied using quadrupole mass analysis of ions in the-
afterglow. The most abundant initially observed nega-~
tive ion was Br~. The decay rate of the Br~ ion was
found to increase with Bro pressure. It was found that
in addition to loss by ambipolar diffusion the Br™ ion
decays by a three-body ion conversion process with the
formation of Br3. The ion conversion process is as
follows: Br~ + 2Br, » Br3 + Brp. The measured rate
constant for this process is ko, = 2.9 % 10-29 cm6/sec
at 296°K. The value of D,_p for the Br~ ion is 12.9 ‘em®
Torr/sec at the same temperature. The error for these

messurements is estimated at + 10%. The diffusion coef-

ficient for Br; was measured such that Dgp = 7.6 em® -
Torr/sec at 29%01{ for this ion with an estimated error
of + 10%. '

¥Work was performed under the auspices of the U.S.
Atomic Energy Commission.

V6. Electron Impact Studies of Acetone and Halogen-

ated Acetone.* W, T, NAFF and R. N. COMPTON, Oak R'dgle

National Laboratory. -- A time-of-flight mass spectrom-
eter and a trapped electron apparatus were used to study
threshold electron impact excitation and negative ion
formation in acetone, chloroacetone, and hexafluoroacetone.
Threshold excitation spectra were obtained using the SF¢-
scavenger and trapped electron techniques. An intense
energy loss peak at 1,25 eV observed in both spectra was
positively identified as a temporary negative ion resonance
(TNIR) by the observation of dissociative attachment in
chloroacetone (dissociation £rom a TNIR state producing C1~
was observed at 0.5 eV). Electronic states were observed
in both the scavenger and trapped electron spectra at
4.2+.05, 6.31+.05, and 7.5 + .05 eV. Hexafluoroacetone
captures slow electrons (~ 0 eV) into a long-lived temporary

negative ion state with an autodetachment lifetime of
66 + 10 usec.

*Research sponsored by the US Atomic Energy Commission
under contract with Union Carbide Corporation.
tORAU Graduate Fellow.




v7. Dissogiative Electron Attachment to Brominated
Aliphatic Hydrocarbons. * A. A. CHRISTODOULIDES, f L. G.
CHRISTOPHOROU, P. M. COLLINS, # and J. G. CARTER,
Oak Ridge National Laboratory.--A swarm-beam study has
been made at room temperature of brominated hydrocarbons
of the form n~CnHpn1Br(N=2,3,4,5,6, 8, and 10). At
enexgies below 3 eV the most abundant ion found was Br-.
The cross secton oda(€) peaked at 0. 76, 0. 74, 0, 73, 0. 70,
0.72, and 0.13 eV, and had peak values equal to 3.95, 4. 14,
5.50, 6.13, 7.41, and 32 x 10”8 ¢em?, forN=2,3,4,5,6, and
8, respectively. For bromodecane (N=10) og4(€) from

3/2kT to 0.85eV could be represented by A.y/e‘)/ with y =
1.398 and A, = 1. 141 x 10734 (exgs)Ycm2. A small decrease
has been observed in the cross section width with increasing
reduced mass of the R{= CyH, +1)-Bx system. This and the
increase in oy, with the reduced mass of the "diatomic-

like'" R-Br molecules will be discussed within the resonance
scattering theory.
*

Research sponsored by the U.S. Atomic Energy Commission
under contract with Union Carbide Corporation.
TGraduate student from the University of Tennessee.
TORAU student from the University of Temmesseo.
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Friday Afte'rnoon, 23 October

2:00 p.m.

ELECTRON EXCITATION
(PANEL)

Chairman: E. C. Zipf, University of Pittsburg




Wl. Abgolute Experimental Cross Sections for the
Excitation of Ba' Tons by Electron Impact’ M,0. Pace
and J.W. Hooper, Georgia Institute of Technology.-~
Absolute emission cross sections have been measured for
electron impact excitation of the resonance transitions

s in the Ba' ion. Transitions between the 62Pl° and

62P3° levels and the 625 ground state with %mi§5ion
of photons with wavelené%hs of 4934 A and 4554 A have
been studied over the energy ranges of 3-98 eV and
8-98 eV, respectively. Polarization fractions have

‘been determined for electron energies of 3, 4, 6, and

8 eV. The experimental method involves crossing
modulated beams of ions and electrons in a well defined
collision volume. A portion of the radiation from
excited ions is detected by direct observation of the
collision volume with a photomultiplier tube operating
in the counting mode. A single resonance line is
selected with a narrow band interference filter. The
cross sections are made absolute, in the sense that the
optical measurements are related to the light standard,

*Work performed under the auspices of the U.S. Atomic
Energy Commission.

Ww2. Excitation of Resonange States in Electron
Impact on Atomic Oxvgen and Nitrogen.* E. J. STONE and
E. C, ZIPF, University of Pittsburgh.—— Absolute cross

sections for the excitation of the resonance states
0I(3S) and NI(¥P) have been measured in electron impact
on atomic oxygen and nitrogen. A microwave discharge
was used to dissociate the parent molecular gas. The

' atomic products then flowed into a cylindrical colli-

sion chamber where they attained a uniform spatial dis-
tribution. This was verified by vacuum ultraviolet
absorption measurements which were also used to deter—
mine the absolute density of 0 and N atoms in the col-
lision chamber. A one meter normal incidence mono-~
chromator was used to observe the resonance radiation.
The excitation cross sections were measured from thresh-
hold to 140 eV using these techniques.Q‘The eak value

of the excitation cross section is (3f2x10‘1 +30%) cm?

for the 0I(®S) state and (1.7x10‘}5jﬁ0%)cm2 for the
NI(“P) state. {) {Jf }HE}TW Lng?

*Work supported, in part, by NASA and ARPA.
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w3. Electron Excitation Functions of Argon.* JAMES
K. BALLOU, CHUN C. LIN, University of Wisconsin and F.
E. FAJEN, Los Alamos Scientific Lab -- Electron exci-
tation functions have been measured for a serieg of
states associated with the 3p°ns, 3p°np, and Ip°nd
configurations of argon. The s3, s5, pg, dg, and df
states (Paschen's notation) which are purely triplet
states within the one-configuration approximation,
exhibit narrow peaks in the excitation functions,
whereas broad excitation curves were found for the
following optically dipole-allowed states: sg, sS4
(3pSns, J = 1), and dy, s1'(3p5nd, J = 1). Although
the 4dg, 5dg, and 6ds (3p°nd, J = 1) states also sat-
isfy the dipole selection rules, they are found to have
sharply peaked excitation functions characteristic of
the triplet states. Calculations of intermediate-
coupling wavefumctions in terms of LS-eigenfunctions
show that the 1P] components in the ds states are
indeed very small. '

* Work supported in part by the U. S. Air Force Office
of Scientific Research.

W&, Close-Coupling Calculation of Electron Excit-
ation Cross Sections of the 34D State of Sodium. ¥ . .
DALE F. KORFF, S. CHUNG, AND CHUN C. LIN, University of
Wisconsin -- Because of the strong coupling between the
3s and 3p states and between the 3p and 3d states of the
sodium atom, the electron excitation cross sections of
the 3“D-state may be expected to b¢ influenced markedly
bg the indirect coupling between 328 and 32D (via the
3P state) as well as the usual direct one. The use of
the Born approximation for calculating these cross
sections may therefore result in an under-estimation.
We have calculated the electron excitation cross sec-
tions of the 32D state by the method of close coupling
with the inclusion of the 3s, 3p, and 3d states. At

an incident energy of 16,8 eV the close-coupling cross
section of 34D is 16.0 ag which is considerably larger
than_the Born value of 9.5 a% and compares well with

14 a2 obtained from experiment. The introduction of
the 3d state decreases substantially the 348 - 32p
cross section from the 3s-3p close-coupling value.

*Work supported in part by the Air Force Cambridge
Research Laboratories, Office of Aerospace Research.
I, 1. Barnes, N. F. Lane, and C. C. Lin, Phys. Rev.
137, A388 (1965).
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W5, Excitation of O 1304A and NI 1493A Lines by
Electron Impact on Oxygen and Nitrogen Molecules.

W. A. BROWN and J. N. BRADBURY, Lockheed Palo Alto
Resgearch Iab.

The wvacuum UV spectra of nitrogen and oxygen have been
obtained by bombarding the gases (separately) with
magnetically confined electron beams &t energies from
6 to 300 eV. In nitrogen, the atomic lines at 1493
and 1743A are prominent, along with the LBH bands of
the molecule. The appearance potential of these atomic
lines, which originate in the 352P state of NI, was
found to be 21*0.5 eV. This energy is azlmost egual o
the sum of the Ny dissociation energy and the excita-
tion energy of the upper state in the atom, thus sug-
gesting the presence of a new bound state of the
nitrogen molecule w&th dissgciation limit at 20.4 eV
corresponding to N( S% + N(2P). The excitation cross
section is about 1071%m° at its peak near 90 volte,
with structure at 32 volis. In oxygen, the appearance
potential of the 13044 triplet was found to lie at
1h.5%1 eV, again suggesting the existence of a new
bound state of O, which dissociates to o(3p) + 0(3s38°).

W 6. Excitation of the alH State of the Nitrogen
Molecule by Electron Impact. 5. CHUNG AND CHUN C. LIN,
University of Wisconsin -- The electron excitation cross
sections of the a'lll; state of the nitrogen molecule have
been calculated by %he Born approximation. The elec-
tronic wavefunctions of the ground state and the a Mg
state were calculated by the self-consistent-field
method with thirteen s-type and seven p-type Gaussian-
type orbitals as basis functions. At electron energy of
100, 900, and 2000 €V, the calculated cigss ections are
respectively 11.8, 1.32, and 0.60 (x10-*® an®) in good
agreement with the corresponding experimental values
(apparent cross section) of 6.7, 1.1 and 0.52.  Above
200 eV, the theoretical cross sections are inversely
proportional to the incident energy. The sensitivity
of the calculated cross sections with respect to the
accuracy of the molecular wavefunctions has been ex-
amined.

* Work supported by the Air Force Cambridge Research
Laboratories, Office of Aerospace Research.
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W7. Excitation of the CO Fourth Pogitive Band System
by Electron Impact on CO and COp. M. J. MUMMA¥, E, J.
ITONE AND B, C, Z1PF, Univ. of Pittsburgh--Absolute
excitation cross-sections for five vibrational bands of
the CO(A*w - X'¥*) Fourth Positive band system have
been measured for electron impact on CO and CO, over an
energy range 0-350 €V, The explicit dependence of the
electronic transition moment on. the r-centrcld was
determined via intensity measurements on 28 bands, This
permitted the calculation of the absolute transition
probabilities for all bands in this system. We have
also used the dependence of the electronic transition
moment on the r-centroid to correct Hesszer's measure-
ment of the total f-value for the CO(X*T' - Alwm) system,
which becomes 0.15. The peak cross-section for 5
excitation of the CO(Alm) state was 6.6 x 10~17cm™ (at
25 eV) when CO was the parent molecule, and greater
than 2.6 x 10-18cm® (at 40 eV) when CO, was the parent
malecule,

*¥Present addresg: Goddard Space Flight Center
Lebcratory for Extraterrestrial Physics, Greenmbelt, Md.

W8, . Dissoclative Excitation of 05 by Election
Impact with the Formation of Metastable 28 and

High-Rydberg Atoms. ROBERT S. FREUND, Bell
Telephone Labs.--Metagtable 3s5S° and high
‘Rydberg oxygen atoms -are formed by dissocla-
tive excitation of Oo. The molecular beam
time-of-flight method is used to measure thelr
translatiocnal kinetlic energy distributions and
excltation functionsg. It i1s found that the
kinetic energy dlstribution of high Rydberg
atoms is similar to that for 0T from dissocla-
tive lonization of Og. This shows that dis-
sociation of high molecular Rydberg states 1s
governed by the dlssoclation behavior of thelr
Opt core ions. The fragment kinetic energy
distributions are discussed in terms of known
and predicted states of O, and 02+.
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Wo. Rotational-Vibrational Excitation of H by Low-
Energy Electrons,” RONALD J.W.HENRY, Louisiana State
Univ., and EDWARD S, CHANG, Univ. of Chicago~-Integral
and differential cross sections for pure vibrational
excitation and simultaneous rotational-vibrational
excitation of H, by slow-electron impact are caleculated
using frame transformation theory. They are compared
with close-coupling calculations and experiments for
energies E = 10 eV, The interaction potential for

e-Hy system used in the calculations includes static-
field, electron-exchange effects, long-range quadrupole,
and an effective polarization potential.

#jork supported in part by the Office of Naval Research.
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PENNING EXCITATION AND IONIZATION
(PANEL)

Chairman: L. D. Schearer, Texas Instruments, Incorporated




X1, Studies of Penning and Charge~Transfer
Collisions Between Noble Gases and Group 1T Atoms.
L. A. Riseberg and L, D, Schearer, Texas Instru-
ments, Incorporated,~«Results are reported for a
program of 1nvestigation of Penning and charge-
transfer collisions between noble gas atoms and
Group II atoms in an rf-excited binary plasma.
Tota] cross=sections for the He(23sS ) - cd,
He(23S.) - Zn, and Ne(33P2) - €d Penning colli-
sions and He* - Zn charge " transfer collision are
reported and compared. These cross=sections are,
respectively, 4,5 x 10~-15 cmz, 2,2] x ]0’]5 cmz,
4,61 x 10712 sz, and 2.08 x 107/ em®,  Conciu-
sions are presented regarding the roles of these
processes in generating population inversions in
the He-Cd and He-Zn lasers.

X2, Polarization of Molecular Ions via Penning
Collisions with Optically Oriented Metastabie Helium
Atoms. L., D. Schearer and L. A. Riseberg, Texas
Instruments, Incorporated.--Pglarization transfer
from optically oriented He(23S]) atoms to the elec-
tronically excited levels of N,*(B% ) as a result of
Penning cotlisions has been obServed in a flowing He
afterglow. The N,* polarization is detected by moni-
toring the polariZed optical emission at 3914 A,
N2+(0,0). The effects of the spin-rotational coup-
Iing in the excited ion result in a considerable
reduction in the attainable polarization of the ion
and a change in the sign of the optical polarization
depending upon whether P or R branch transitions are
observed. Applications of this technique teo the
study of coupiing constants, g-factors, lifetimes,
and collisional effects in excited molecular ions
will be-discussed. This method in effect extends

the optical pumping process to molecular ions, a
field relatively untouched,
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3. Direct Observation of the Spin Dependence
of Ionizing Collisions between He(275 )} Metastable
Atoms. L. D, Schearer and L. A, Riseberg, Texas
Instruments, Incorporated.=--The spin-dependence of
the Penning lonization process He(235,) + He

(23s)) - He(1'sy) + He*(12S;) + e has been directly
observed by detéction of thé electron density in an
optically pumped He afterglow, When the metastable
helium atoms are optically oriented, the process
violates spin conservation, and a decrease of 5% in:
the electron density is observed. The observations
indicate that a large fraction of the electrons in
the afterglow result from metastablie-metastable
collisions and demonstrates the value of an opti=
cally pumped He afterglow as a source of monochro-
matic polarized electrons. The polarization of

the electrons is detected by observing the polari-
zation induced in a sodium vapor by spin-exchange
collisions while the polarization of the Het is
detected by monitoring the polarized optical

emission from Zn+(5205/2) following charge transfer
collisions,

X4, _
ANGULAR DISTRIBUTION OF PENNING ELECTRONS

H. Hotop and A. Niehaus, Univ. of Freiburg,Germany

Penning electirons produced in the crossing of a
s5llinated He-metaatable beam, emerging from a hot
cathode dc-dischargs, and a breoad Ar_atou beam are
measured with an electron analyzer consisting of

a retarding field and a I270-cylindrical electro-
wtatic condensor which is rotatabls adout the
gcattering center in a plane containing the meta-
stable beam. The angular digtributions obtained
are asymmetric with respect to 900 angle between

detector and metastable hean and different for

ionization by He(BIS)- and He(23S)-metastable§.




X5,
Determination of Interaction Potentials frown

Penning Electron Energy Distributions. H, Hotop

and A. Niehaus, Univ, of Freiburg, Germany.--

The energy distributions of slectrons arising from
fenning ionization of ma(zs) and K(ZS) atoms by
He(EIS,ESS) metezstables in thermal collisions are
reported., It iz shown that under fairly general
conditions the well depth E*Of the interaction »o-
tentisl between the msiastable and the target atom
can be obtained directly from the measured electron
digtributions. In this wag'étwalues are determined
for the diatomic systenms: He(ZIS)-Na (22:), He(233)~
xs (25, me(2's)-x (°5), He(2%s)-x (“E), and -
based on eariier measurements 4- for He(EIS)-Hg{%E)
and He(2°8)-ug (°X).

4) H. Hotop, A. Hiehaus, Z.2hys. 228(19569) 68

X6, Selective Excitation of the 338 Level of
Atomic Oxygen in a Flowing Helium Afterglow.*

W. B. HURT and W. C. GRABLE, U, of Texas at Dallas—
The reaction flame due to the addition of @, down-
stream in a flowing helium afterglow has be€n inves-
tigated in the vacuum ultraviolet region. One of the
most striking fegtures is the appearance of an intense
triplet at 1300 A that has naturally been attributed
to the resonance transition, 335 » 23P, in neutral
atomic oxygen. The intensity ratios of the individual
lines also correlate with this identification. Both
the 23S helium metastable and the molecular ion appear
responsible for producing the 338 level in atomic
oxygen., The metastable atom apparently excites a
neutral dissociative state of 0, and, the molecular

ion apparently excites a level of 02 which then
dissociatively recombines.

#Work supported in part by the National Aeronautics
and Space Administration, NASA Grant NGL44-004-026
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X7. Collisional Dissociation of Associative Ions.#*
H.L. KRAMER and E.E. MUSCHLITZ, JR., Univ. of Florida.
--Méasurements of the dependence of the ratio of
associative to Penning ionization on the target gas
pressure have been carried out for thermal beams of
He and Ne metastables in collision with Ar and Kr.

The apparatus used, except for minor improvements,

has been described previously. The results indicate
that the associative ions are formed in vibrational
‘states near the dissociation limit. The cross section
for dissociation of NeAr, is roughly five times that
for dissocilation of HeAr on collision with Ar.

*Supported by the National Science Foundation.

lJ.A. Herce, J.R., Penton, R.J. Cross, and E.E.

Muschlitz, Jr., J. Chem. Phys. 49, 958 (1968).
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