~ Thirty-Second Annual
'GASEOUS ELECTRONICS CONFERENCE

- o - October 9-12,1979
e Pittshurgh, Pennsyivania

(RS A %
AR

Sr )
]

: GREEATRTIEEY
NEFEEE FREEARFTEFARA T
'.Sf(uﬁ'i'k'ﬁ’iﬁ'(xtﬁ ARG RFERAS
ARETEERTERENEY e LA -
R EYETRY SRR ERA AR A
t'nn'-m'i‘nﬁu'sns‘i‘x:-ﬂ‘n«*
ARG A A RN
Bl el o kdn] WO

e e de it SRR
«uvriiﬂ.ii‘ithﬁv-ﬂﬁiwfzio.
RarEd 4sﬂo'ﬂ‘1rﬂ¢(u“¥ww
£ g 'wﬂt'ih‘nivﬂ1;’%‘::‘!81«1113-:{{
'l"(i'liu":ﬂixiikliﬁi!'ﬁvah‘x‘qﬁ‘ii‘i“#ﬁ
ncvmuua*%‘:Uiisfu‘t\hifﬂt{i‘
ol 9 Jcher . ;
G 4. y
b, $rppon




Thirty-Second Annual

Gaseous Electronics Conference

&

32nd GASEOUS

ELECTRONICS CONFERENCE

EXECUTIVE COMMITTEE

{. D. Schearer, CHAIRMAN )
University of Missouri-Rolia -

W. P. Allis, HONORARY CHAIRMAN

Massachusetts Institute of Tecl@olngy

P. 1. Chantry, SECRETARY
Westinghouse R&D Center

G. L. Rogoff, TREASURER
Westinghouse RED Center

.D. M. Benenson
State University of New York -
at Buftalo

€. A. Brau
Los Alamos Scientific Laboratory

6. Eckhardt
Hughes Research Laboratories

F. C. Fehsenfeld
NOAA ERL

I #. Jatah .
Avco Everett Research Lahoratory

R. M. St. John
University of Oklakoma

A Topical Conference of 7
The American Physical Society

Sponsored by:

Westinghouse R&D Center
American Physical Society
Division of Electron

and Atomic Physics

Assisted by:

Office of Naval Research

Defense Advanced Research Projects Agency

October 9-12, 1979

Program

and

~Abstracts

LOCAL COMMITTEE:

- I . T B T o — B B~

J. Chantry

L. Chen

K. Davies

|. Denes

Y. R. Heherlein
E. Kline

G.
R
L
H
L
A

Leslie

. Mitchell
. Rogoff
. Taylor
. Unger -
. Weaver



ACKNOWLEDGMENTS

WE ARE PLEASED TO ACKNOWLEDGE THE GENEROUS SUPPORT OF
THE FOLLOWING PATRONS:

- EXTRANUCLEAR LABORATORIES, INC,

I1-V] INCORPORATED

WESTINGHOUSE POWER SYSTEMS,
TRANSMISSION AND DISTRIBUTION
GroOUP

THE LOCAL COMMITTEE EXPRESS THEIR GRATITUDE TO THE
NUMEROUS INDIVIDUALS IN VARIOUS DEPARTMENTS OF THE
WesTINGHOUSE R&D CENTER WHOSE EFFORTS HAVE CONTRIBUTED
TO THE CONFERENCE. SPECIAL THANKS 6o To K. W. MoELK
anD R. J. GRIMES OF THE GRAPHIC ARTS DEPARTMENT AND

A. TEREk OoF THE DRAFTING DEPARTMENT FOR THEIR WILLING
ADVICE AND COOPERATION IN PRODUCING THIS BOOKLET AND
OTHER CONFERENCE LITERATURE, AND To A. M. TomaAsic AND
‘L. A, ARTHRELL FOR PERFORMING MOST OF THE TYPING,

11




ACKNOWLEDGMENTS 1 + 1+ 1« s s s s ensnsssssntnesstsinesenensnss

PROGRAMIIIIIllllllllllllllllllIlllllllllllllllllllllll

SESSION
SESSION
SESSION
SESSION
SEssIon
SESSION
SESSION
SESSION
Sess1oN

SESSION
SESSION
SESSION

SEssIoN GB:

SESSTON

SEssioN

SESSION
SESSION
SESSION
SESSION

CONTENTS

ARCS AND FLOWS. 4 vt vvvvivnnannnnnnnssinsss
:  RARE GAS AND Mercury HaLipe Kinetics I...
ArRc D1AGNOSTICS AND MODELING: v vusvuvvivss
RARE GAs anD Mercury HaLipe Kinetics II..
ELecTRopE EFFECTS AnD VAcuuM ARCS L..u.u,
FLECTRON DISTRIBUTIONS AND TRANSPORT. ...,
ELEcTRODE EFFECTS AND VAcuuM Arcs Il.....
Ion TRANSPORT, BREAKDOWN AND CORONA......

WorxksHOP oN KINETIcS oF RARE Gas
MoNOHALIDES AT ELEVATED TEMPEATURE. s 444

TON REACTIONS: v evvunsansnavrsvivvnnsnnses
SHEATH EFFECTS AND DISCHARGE STABILITY...
POSITIVE TON REACTIONS st vinvvvenavsnnnns
GLOW DISCHARGES s et v vvunvvssrtiunsnssiuess
DISCHARGE CHEMISTRY . vvivvvveansonnncnnns

WorksHOP ON PLASMA CHEMISTRY AND EXCITED
STATE REACTIONS!lllllllilllllllllllIlllll

E-BeaM AND NUCLEAR PUMPED LASERS:v:vvvers
TONTZATION AND RECOMBINATION: ¢4 svsvrvenrs

VARIOUS LASERS AND LASER DISCHARGES: (s ss.:

& =

PHOTON REACTIONSIIIIII.IIIIIIIIIIlllllllll

- Pace No.

I

1
17
21
25

56
58
62
67
73
78

81
85
83
94
99




Page No,

Sesston L:  NEGATIVE IoN REACTIONS::vsvssvrvvesrivess 105
Sesston MA: METASTABLE REACTIONS..ivesvsvvevvvenseans 108
SESSION MB: ATTACHMENT.visvesvvvvnnnns Ciaveereiaees o 113
SessioN NA: ENERGY TRANSFER PROCESSES:cisvsvernananes 118
Sesston NB: - ELECTRON SCATTERING: ¢ e v vssrerraressvsnses 122
INDEX 0 ABSTRACTS s+ v vsnssnessrssrsserntrinsinssns coen - 127

Iv




00 P. M.

o
L —
= _ .
o &
e ~ |
W m .
= > = =
= (] UA
$ > B8 o |
= =l E2c T3
') [ - <
<< = < NG
- S 2
o ()] (2 pei . ‘
Sm v o ,D...\.\E
-
o & 25w
= £ g X
< KM
O
1
<
-
=
=
=T
g
—
od
oA

OCTOBER 8, 1979




W V06301 ~ 00:01 M348 334400

(NIW /) SLS3NY **( ONV SIN3HOT *3°(Q “ONV] *AY
T SIUNLKIW
. TR3X/% NSSTYL HOTH [Calind Wy3g-3 NI
SNOILTSNVY1 N3F¥9-3mg *dwm_x JHL 40 Adnls S-qy

(NI /) - h OTWNTYY [ ANY LNVNAVYH "My ..
. N3IX QALI0KT Wy3d-3 EE
xomwhzmzmm:m<mzuuzwuwmmo:4m qqmomzuh.qlmq

(NIW 7y TINVIIY 4T
, . ’ aNY ¥FINI) '3y ¥aHSI4 'fq -
ALVIS (Z/T @) 03X 3HL ¥04 SITLINIY .
ONIHINING TYNOISITION ONY IWILIAIT AILYIOY - ¢-qy

(NIW 2y NIAJ ‘9P ONY LNNAVY MUY
SNOISITIO) H aNY Sy9 . - .
TV AT STNITT0W ¢X) 103X 4o NOTLON¥LS3T -4y

(N1W 7). ,,_ INIVINOS 'g ONv w3TLs3W04 °g
SUISYT NOILISNYHL JINO¥LIITTT M4 ﬁzowmm_n_:w‘ - T8y

T(NIW 7y 10y '3y ANy w
QUIANIZY "H'|f “LANOHWAOM '[ ‘NVI43SNOA *A
. SNOLLYINITYD JONYWYO443d
NV ALTATIONONGY WWSY1d HOLYYINID OHW Sy

(NTH 2 9INTIO7 [y anv NIVIOY "Y'q
, SIUY INIQOI SM1d AMNDYIW
JUNSS3Ud HITH TWINOZINOH NI SICOW ITAYISIE h-yy

L (NIW.g) WWO) '1'q
_ N aw
. 935 NI SJUY LSV SY9 40 YOIAVHIT INIiSNwYL gy

(NIW /) ANOTWY d°( ONV NoSNINIG ‘°( 1T AL
UV MOTH-TYINY YUNIWYD Y NIHLIM SQT3I4 MOT4 vy

(NIW 7) . : NNYWII] M

. WILSAS MOT4
J1ZZ0N 374n00 ¥ NI YNIWONIHA ¥V QNY MOTT4 SY9 T-y

pwooljleg  Aiopeioge Y2aeasay NaJard DAY ‘BISH "9 °f :uostadiieys
T SOUINIY IATYH AMNJYIW GNY SY9 VY -4V NOISSIS

¢ wood||eg © Asdaaun co:mi.m_mmc._mu ‘ewn] *y°q ucomu&.__msu
. SMOM GNY SO¥Y vy NOISS3S

WV 00:6 "ONINYOW AVaSInL

6161 ‘6'4380120




CW A 0E:T— WY 0P TT HONM

(NIW /) _ WYHNYNG *Y }
SH3SYT NOTLYID0SSIC (NIW /) 30ING-ZNHIS '3
JAITYH JTHNJYIW NI SITAINTH NOILYLIJX3  /[-€8 95 NI SV HOd LNIWIUNSYIW FUNIVHIdWIL 2-vd
(NIW /) ¥IHOSLIWIHIG *['] ONY ohJMQ__u.ﬁ (NIW /) HIONISNIY *J'Y @GNV NTTVH) *7*)
448y HEOH WV NI SLNIWIUNSYIW _ WY WNITES JUnSSddd HOIH
X4 NOTLWINIYS ONY NOILdH0Sdy “NIV9 9-2d d3SNd 3HL 40 NOTIVOILSIANT TWIILFH0IHL ¥ 9-v4
(NI /) AISIVL 'S ONY INOY ' .Hz<uuo T . thz.Nu “zz<zmmmm_u W'Y ONY HOTAYL 'H']
. SITLANTY FONIISINIWNT 40 38 40
AONLS 3HL 404 J94VHISTA TAMIVLISNS AWY-X 5-gd Ad0JS04LI3dS JINFISMONTS AIINANT ¥ASYVT 5-vq
C(NIK ) 21783 *g*g ANY SINIQ U CINITY .m.#. (NIW /) NOSNHOP '[*) GNY NVAY ‘W'4
_ SAOUYHISIA GINIVLISNS _ SJANL JYY OSH-YN-2S LLYM 00k NI
=473S SN 00¢ NI AINIIDiddd NOTLINGOUd «d43X- h-ud (1335 J0 SAIARLS JINTISYONTd TIINAKL YIS h-¥d
NVAYD 'Y ONY 0T34 SUl TWNKOTING *4°S | (NIW /) TIMHLOY "TH ONY 34433 YN
ALYLS GNNOYY TIATTILTIAN SV [9H-PH JYNSSIUd HIIH @INIQAYOUT NOISITI0D
¥ HLIM NOLLYTIIOSG ¥3SYT 43X 4073000 ¥ £-49 NI {5X-1-8 19H 40 WiJ3dS NOISSIW3 ¢-vd
(NIW 97) _ . , :
NVAV[ 'y ONY @734 'SUly WnHOng *4'S (NI /) _ 943EWH01S “d-"H
SITLANIN SIAILIQQY SY 171 NV IYN HLIM STOUYHISIC
J1V1S QNNoY9 43X 40 T300W TIAFTILINW ¥ Z-49 AUMIYIW FUNSSIHd HITH NI NOTLYITHIIS TWINY vl
T(NIW £) CHOOYP CH[ GNV. HORIVM] ‘W'( (NIW 1) _ SSIONY *J ANV T39NIVZ _rp.
$31NJ370W X31d1X3 SV JAITWH WIIW NI
JQTHYONTS SWO Fuvd 40 INIHININD NOWLI3Td T-494 SNOTINGTHLSIQ 3721 L4vd TVIXY ONY TvIGvY 1-vd
y wooJj|eg AJ0jel0geT 213U10S moEmE.mS. 3ZS "D 'Y ‘“cow._a.__m;u £ woouijeg elueAjAS 319 ‘unoAep 4 T cuossadaiey)

TT SOLINIA JANYH AUNIHAW NV SYO 3dVYd 189 NOISSAS

ONITIQOW ONV SIILSONOVIQ D48V :vd NOISS3S

"W 'Y 0£:01 "ININYCW Avas3nL

6161 ‘6 ¥380120




Wd ST =667 IVIYE 3HI00

(NIW /) T1dW3J30 'Y'| QWY 1HD3MS 1] “NOLMV] "Y'S
: 3 Ny W
ﬁmq NI NOILVZINOI mz< zo_hqhHuxu N/3 394 - 8-10

(NIW /) . auvyoAN TN
GV SH00ME ''H ‘vawalg ‘y'y
. SYWSYd E
LERYA Nou NI SHI13WvHvd zqum NOY LT3 -1

(NIW /) NIGQVISEVD 'y ONY 3X0Q 'Q CATTIVG ‘M
NOSY NI S3I1¥3d0Yd. LHOdSNYYL .
zomHQMJu NO SALVIS (HLE2X3. 40 JONINTNT oumwxa

C(NTH 2) , . ATTVY,0 *4°) .
S3sy9 uwzun N1 wuHhMAHmDE.zoxHQMJM 542

(NIW O[) - YNOYV] 'P QNY SYHNDATT 'Y

NODYY ISN3T NI SNOWLIATA $$3NT 0
0a A110073A L4THT QNY SNOT NO9¥Y 3ATLVOIN -2

(NIW /) SIAV ‘| 'H ONV NYW3IHOJ "7 "NvedTy '{
SINIWIYINT ‘
WiYMS M04 MY ONITYOS 01314 JI¥103T3 _ﬁz ¢-17

(NIW /) NOLJWO¥) MY ONV avaavy 'N'g .
STUNLXIW Nm -8y NI L4OdSNYYL NOWLD31d - " 2-9)

(NTW 2) SITW M
SNOYL3373 MO1S
40 NOILNGI¥1SIO >hHu04u> JHL NI FAIdS m:k‘ .ﬁ-mu

L Lanodg ‘gl
Wit
- E::u¢>.mzh 40 HLY3HS JOONY JHL NI NMODIYTME -~ 8-¥D

(NIW /) . B 13noyg ‘g
J8Y KRNJYA .
r JH1 40 SOIISTHILIVYYHD mm<.—._o>..._.zmmm3 3HL L=

(NIW /) : 13noyg "9y
E SOUY WNNIYA GNY JUNSSIUd MO 40 JAOHLYD
JHL 1Y NOILYNIGWOI3Y JINOT ONY NOIIVIOwd AN 9-43

(NI £) o ¥333 *H'9
ONINOSYIY TYIILTHOIHL
NO (3S¥d NOIL¥DIJISSYT) 10dS FAOHIYD JuY S-¥)

(NIW /) . VAONy 9’4 NV TIVHEYY Y9
. WANJYA NI NMODIYINE J1Y10d13
NI S301L8vd Tv)IW T1YINOT3 40 370¥ 3H1 =¥

(NI £) m:um<z<4 7 “13nox( w TIRELFEN T
SU3A0
-Imqqm mmu:nzH onhqzﬁsqhzou 0L LNYAZT3Y
SITLSTYALIVYYHD 100¥ J4Y 40 SINIWIMNSYIM £-v2

(NIW /) QTII4HSHIH *]°[ ANV NYNHSTHY '}
. SOUY WNNIVA Q3LVELINI
—435%71 0 NOILYOILSIMI uHmﬁmzoxpuumm SSYW Z-1

(NIW (Z) : AMSNY@HOg [
JUN0S
ALTUNGWT TYILN3LOd ¥ m¢ ONIY31INdS NOI AQYINA
MOT-ONY SAYWYADL NI SNOILOWHIINI TTWM-¥HSY1d -2

p wool[jeg  AJOJRJOQET] DIIUBIIS SOUIE|Y SO ‘BUAIY m_ 4l coﬂa.:m;o
LHOd SNYHL ANV SNOILNAIY1SIA NOHLITIT 80 NOISS3S

£ WooJ||eg uosip3 MeJ9aw ‘abeaang W 7 :uossadliey)

TS24V WNNIVA ONV S123443 34041313 1 ¥D NOISS3S

‘W'd 0€:1 ‘NOON¥ILIY AVQSINL

6261 ‘6 4380100




"W 'd 0€:4£—00:6 ¥INNI

(NIW /) . aoozzmmmw W'Y ANV saIIHy *3°S

WNRJYA NI

NNYWLEVH 'O ONY ONOWOIS §'Yy "HSUIY 'l NOLLAAWSILNI INTWNT) 40 TI00M MWY-1S0d 8-V

TYITLIMOFHL ST “dIV NI ¥NOHOJ INvd

-INIOJ JATLISOd FHL NI INZWMRD SROMNIINGD  Z-90 (NIW (2) ¥ *F Y AISTINIG YK
) (NIW GT) o o : - MY ALISNILNI HOIH _
NNVW1SVH 'O QNY LLOGEY 'y THSHIH 'J v 0 43AYT AMVONNOE AONY L 40 SISAVNY £~
WINIWINAAXT 1 "MIY NI WNOWOD INY1d o
-INIOd JAILISOd 3HL NI INZW¥ND SMOMNILNOD  9-60 (NIW /) | NITENIY R") QW HOINVAVSYHE
) ] - : ~sz|_~_m_mm_._ "MAT _.o._.mo.n_ .m.m
(NEW /) X0) 'W'Q ONV ¥3OV] ‘'3 DL 'SUS | SO¥Y NSSTUA ITYTHASOWLY OL WNNIVA
Sd¥9 YiYdS . - 0¥ NOLLISNVYL L NI-NOILWWMO4 L0dS Ja0Nv 9-¥a
NS HOT NI NMODWYRIE-413S 104 SNOLLIGNDD  5-€0 (NIW /) 30VHNOG 'lJ*] QNY MOMa3q *Q'd “LaHOHS TP
_ ) Y
(NIW /) A 'S°S W mazﬂmz 1y 4] 13 WNNOVA HOIH HYNVd ¥ 40 NOLLYIAWIS WOIYTWNN  S-vO
SdY9 WivdS Lo
JUASSTYd MOT (FYA9IIHL NI RCING LNFH¥MD -4 (NIW /) M3INITIOQ 'Y QW Q13ANISOY ')
: : : 4 WANOVA 3HL NI NOILJYOSEY JAVMOMDIM  h-vd
(NEW 2y : -NOLLI¥ETY '7'(Q
NY QTIANTSHAL ' YRMOMOY (NIW /) ¥AINITIOQ 'Y MY NYAITING 'S*[
ALITITOM AYHYNIY _ C 04V WINOVA €350 AMLTHO3D TWIXYOD ¥ 40 VWSYId
¥ 40 SNOILVANISEO 3 NI SNOI ,0 QWY 4 ¢-6g JA0YLI3TIHALNT JHL NI SINIWIMNSYIM ALIALLONANOD  §~vd
(NIW ) NOSV ‘'3 ANV ONVTILVG ‘Y'] NI *7°S (N Lanota 9 U

{314 JTLANOVI ¥ NI 24y 21443373

193443 AYMUNM ¥ = WNTT3H NI SNOALN3 IHL 40 NOTLOW JAVHOOMITY THL 40 SISAHd THL  Z-va

NV SKOL0¥d 40 NOISM44IQ ANV ALTTIEOW 40

‘ . _ (NIW /) OLH04 'Yt ONY NITTHIFIH YA'T
n . (NIW (02) NOSY) 'y'3 GNY NI *7'S "GNVIHIIA ‘Y] : : NOTLNEIHISIT INFHEND NOT Y WNNJ¥A :
SINWTHAdXT F9N1-L4THT 40 AYO3HL u:.mzC_ T-40 JHL NO SUT3I4 JTLINOWW WIXY 40 IININTANI 3. - 1-va
 woaJ||eg J9UaD g % Yy asnoybunsap ‘euny (31 uossadiiey) | € woodjjeq - whnysog ‘ApsJsmiun dyny ‘4ayo3 9 uossadeyd
YNOY02 GNY NMOOMVIdd _..".m_on_mz«_mhzo_ 44 NOISS3S 11 SOYV WNNJIVA oz<. S103443 0012713 VA NOISS3S

W'd §1:€ 'NOONNILIY AVSINL - . ‘ | | 6461 ‘6 4390100




AYOLYYOEY] HO¥VASIY LIINIA] QIAY
visg ') 'p

AYOLYHOEY] JOWYIATT FONIHMY]
. TIEM04 'L Y any

TYNOLLYNYIIN] TYg B
SILS3NY ‘7 'q S
43X @AL19¢3 ATIVITIATOLOHd 40 SITLANIN

A¥OLVSOGY] HONVISIY TwAVY
ANDYMYHY *4 . ”.
TI3X NI SINTWBYNSYIW NOTLdyosay
SQUVANYLS 40 Nyaung TWNOILvy
ssvay .
I ANY 43X ¥O4 SNOTLYINI YD NI ASHINI

AHOLYHORV] HO¥VISIY LLIMIA (IAY
HONIVYL *M
S4553304d INIWHIYLLY JATLYID0SSIA GNY SNIHONIRD NGY10373

43X NI NOTLOWHLX3 A9YINT

¥3LNT) 3y 3ISNOHONILSY
MINVH) 'f g |
INIWHIVLLY JATLIVIZ0SSET 40 IONIANIIQ EL A ER[TENR

>mop<mom<4.xum<mmmz LLI¥IAT QIAY
- ssaNOg "MLl _
= I NGILINTOYLINT

. o 1031817 38V sardoL

413HL NV S¥AV3ds qIONVHMYINd 3H] 193K awy 9y 43y

NO SISVHdWI ¥YINIIL¥VA HLIM SI0ITVHONOW SYO -Suvd QaL19x3
ATIVOI1AT010Hd GNY 394YHOSIT DI¥1313 ‘Wvad-NO¥LDITI O)
NIVI¥3d ATHL sV 0ISSNISIQ 38 TVIM $103443 QILv13Y FunLivyag
WAL MIIHL ONY SINSSI 3SIH], *(S2LVAS ). aNY g) s13AT7
¥3ddN 3HL NIIMLIT ONIIAN0D GNY NOILVHGT L ANV YNIWONIHJ
NOTLJHOSEY TYIILldO fS3SSI008d INIWHOVLLY ANy SNIHONEN®
NOY13312 40 SNOISSNOSIA 3ANTINI T1IM doHSHNGM SIH|

_N WooJ||eg

EHEBS UDJBISBY J249AF OJAY ‘SSauog ‘M T "W :Jojedapoyy

- NNLVYIdWAL QILYATTI LY SIAYHONCW SY9 TV 40 SHLININ NO d o_._m.v_.m_o..s MY zo_mmum

"W'd 0€:2 ONINIAT AVASITL

6 4390100




"WV 0e:01 — 01:01 AV3dE 334300

(NIH 2) N3QQvISEYY 'y aNY ¥IWLLI] W'D

STUNLXIN INIGOI-NIOAXO ONV NIGAXO NI SIL
NOILYWHOd NOI ONY ¥34SHYHL ¥3MOd TYNOILIWHS FAE

(B1W /) NOLTINV}-SY19n0G *H'( anv ¥31L1s0y *S'd

J9HYHISIA
JINIVISNS WY3E-4 NV NI HIMOWD Y3WVIILS 9-84

(NTW /) . anITy '3
ONV YIENYY *J°] SSYQ Y'M “s3IN3Q ‘P
SIOYYHISIT MOT9 TINIVLISNS~-4TdS FNSSHYd .
HITH NI ONIDHY @L¥13y JIVM0S 300410913 5-44

(NIW £} ANETY '3'F OMY ANINVH) ‘f'd 7$3N3Q ‘T
S SITUYHISIT
JAITVH-SYD Jdvd NI ONIJ¥Y JO L3SNO JHL HEIM :
HIONRULS INAWHIVLIV 0 NOTIVIIHHOD JAILYLEINVND -4

(NIW /) 3NITY *3'] GNV 31T '9°G “ANSHIHOAY ‘[
SIOUYHISTA WNIT3H
G387nd NI NOILISO4IT A9¥ANI HLVIHS IA0HLIYD ¢-4d

(NIW ) sanNag ‘[ GNY aNITy '3 “TI3HLIY "Y'y
SAYYYHISIA MOT9 WRIT3H NI
SOTISTHILOVHYHY HIVIHS JQ0HLYI 40 SNOILJIQI4d Z-14

(NIW /) . AGWNHLYZ¥Y] 'S fanoag '
‘YIINUNO4 'O Ny J0DN N[ 300UV} ']
394vHISIA ¥ 40 NOI9Y J1QOH1YD IHL 40 AONLS 1-84

(NIW /) 3T} W4 aNv SNITI0] 'g')
NN_{_
Ny © Nmz ‘ Nmm 40 SNOILJVIY mmmmzqmp
uwx<=u x¢4:uu4ozmup ONY 9¥INI3N0WIE
JHL 04 FINAINI4IA FNIVH3AWIL HITHL
NV SINZTI134300 J1VY 3HL 40 INFWIHNSYIW 9-y4

(NIW /) IGNCTG 'Y'[] ONV NISNHOP 'Y “NIH]) *)'y
A00£-8/ WO STUNLWIWAL 1 ¥y QMY "IN "3H
NI SNGI ¥¥IN3370W OL JIWOLY 40 NOTSH3ANQD 9-¥d

(NI /)  n4uuzmqu¢ '9'4 ONV NOSNB¥34 '7'3
TNOLLI¥EY ‘7' TONVIDDIA ‘Y'Y TAMNI4 ‘Y'Y
* SNOILIV3Y NOI WNICOS
JYIHASOLYHLS 40 SINIWIUNSYIW AUOLYHOgY ] -y

(NIW 07y HLIWG *(.GNY SWyay ‘9N
SNGT Y3L1SNTd 40 S31ants L4IS £-vd

NOLMAN 'M'L ONV 113¥1g 'J'Q
. SNOILDV3Y Y3SNvHL NOMLIFT 9
-NOT JATLY9IN 40 S3TANLS MOTHILLY ONIMOTS ¢y
(NIW 9T)
NOLMIN ML ONY EI3¥LS *3'9
MOTIOH3LAV ONIMOT 3HL NI SINIIDI44300
NDISN4IG OQNY LW 40 ONITI3a0W q311vida
'SNOTLOVAY ¥IJSNVHL NOYLOTNT S4n-NOI AIL¥93N T-y4

puooslieg  sqe ‘say saibojouysa) payun ‘ueybiN “7°M :uostaddieyd
ALIIEYLS 39UVHISIA ANY $103443 HLVIHS 194 NOISS3S

¢ wonJjjeg LINOSSIW JO AJISJBAIUN ‘[BUIUBAST [ T -uossedaipy)
_ SNOWLOVIY NOI -4 NOISSIS

WV 006 "ININYOW AVASINGIM

661 ‘0 ¥390L00




"W d 00:2—02:ZL.HONM

(NIW /) ) - Shvay .w.z.mz< HLIWG '] : '
. . STINITI0W ANy
. . c . S SWOLY JWOS HLIM L ¥ GV , 3N 40 mzo:.u_qm_.m &-¥9

(NEW 0D mmmAOx._x Dz<s>mwomu .m,~z<m<u<2..x
S , - SWolY
(NIW /) _ ‘ _RLNOWAWN “4°C © ON3IG0AY CALIJX3-YISVT HLIN SNOL 40 SNOISITID  8-y9
. o o zomhuqmmsz hququ
,mwxqmumHm-uq ML 40 T300W AWYINIWTTI WY 499 (NIW /) o : AGQIH] ‘([N any -
MYHSNINIE *y “¥3LSIT '9°Q fSaNOP *'Q'l
(NIH 2) 2O} 'd-"f ANV L¥IWED YA YL . S3SY9 TUWY IHL NI SITOHINT
R mmmm¢xumHn B TYWHIHL LY HIJSNVEL F0UVHD INYNGSSY-1SYN0 Y9
il um:wmmxm MOT 404 ST3C0W auHmHJQEHm 9-49 (NIW /) - WHLNEAT] peT nz¢.HPmmmmm e
: SNOISITI0) WOLY TTWTY - SN ASY3INT
(NIW /) _ @TO9NY CHp S . . +1 A |
o : 4/3 HOIH 1¥ SISROHIOMIIITI 549 MO NI NOTLYLIOXZ @GNV ¥IJSNwYL ZOMhume g-vg
_ : o (NIW 2) XY¥V)| 'Y ONY WIVIONWY ‘D TS¥3A0Q ‘Y|
(NIW /) ~ HOSNENITHN “4°T ANV WHLNIAQ 'Y _ C O ADYINT TVWHIHL SVAN 1V Y3JSNVAL
43SYT AT JTAUNNL ¥ ONISA , 394VHD NI TYSOdSIT ASYINI NO SINIWI¥IAXI  S-¥9 o
JOUYHISTA M09 ¥ NI S3NIT-3H ¥ 2979/89 = v UL , .
Y £6°5/8S = ¢ 40 TONYNOSI MVIN SINIMRINSYI (NIW /) I | ¥3ddoj X
: prHA AVULS (NY ‘NOISYIdSIQ onHmmommq =49 NOTLOV3Y LONCNT ZV+D
JHL Y04 AVMHLYd J1LvAVIQY Y3THYvE
(NI /) A1ddYY 'S ANV 9NYH) '§°p . . ~HIIH 3H1 30 NOILYZIY3LOVHWHD OILINI gy -y9
NWNT02 JATLISOd 9NIMOTH F¥NSSTUd \ .
: HHo93 (NTW /) 1ANOTE. "yl aNV zumzxoﬂ y
WNIMW ¥ NI KOTLAGIYISIO ALISNIT qzm<4m dJHL £ mu . | mon SY9-THYY ONY AMMONTH ONIATOAN
(NIK 07) . L SITY ‘g SNOILIVIY NO1LVIJO0SSY mzq.mmmmzth-uoxqzu £-Y9
any nxquhm Y IALNYG Ty TNYSION (Y . . (NIW £) NOLLTHETY *9*( any
. AN 30V4HNS ¥ AR ‘ Q734N3SHI4 *)'4 'NV10Q ‘[ VHHOMOY ‘4
30000Yd NWNT0D YWSYId ¥ NI SWOLY 03L12%3 ‘ €0 H1IM SNOI LN 40 NOILOYIY 3FHL 40 SOILVY
: NV ALISNIQ NO¥LIAT3 40 NOTLINATHLISIO TWIOWH -9 1onaoyd 3HL mo IONIANIJIA ASHIANI-3ILINDY Z-Y9
(NIW 07) . 44090y "}'9 (NIW /) O0M 'g'S ONY SNI00T) “g°M
$SOT NOISN4I0 HLIM SKWNI02 _ d/3 40 NOILINNS ¥ SY Q3uNSY3W
JAILISOd NI SITI40Y¥d ALISNIT NOWI23TA 1-99 SINVISNOD 31Wd JIWYIHL0XT WOW4 NOILVWMOANI - T-¥9
b woeod||eg Saplojeloge yodeasay sdijiud ‘aposysalg ¥ :uossaddiey) | € wood|jeg AjisJaalun a1e)S JUBaM MM T 1 Y s uosaadaieyn
SATHVHISIQ MDD - 99 NOISS3S . SNOILIV3Y NOI JAMLISOd VY9 NOISS3S

"WV 0E:01 "ONINYOW AYQSINGIM . - , 6261 ‘01 ¥390L20




,ﬁz:..__ !

(NIW 9T)
(NIW GT)

(NEW 9T)

(NIW 4T}

(NIW ST)

199315 "K'l
o mHmﬁ_qzq >Zm=n_5 uuﬁah 404 AULSTWIHD WWSY1d

SUILNIN *4'H ONV NMAZOY "'
ALISIWAHD VNS TILSISSY-YHSY1d

LYVl '4') QNV omy A=) fOLTY M
NO9YY (340G No I31I2X3 Wy3d -NOW13373 NI ﬁow.ﬁvo 40 NOI LINAoyd

WHOO0S0Y 'Y
S3SVI NI SIUYHISIA T¥II¥10373
4/3 HIIH mm_w._:a 1SV NI AYASTWIHD YWSY1d 40 S3TdWYXT IW0S

zszEmqu ‘G ONY N3AIAYIA ‘[T TONNY] N ‘NIddTdg 'S
mmexE m“_Z\_._.“_u mm E mm_wNE_._qu M0T9 40 mu:mmmm_.—uqm%u

Tag t 'y
AYISTWAH)D <fw¢41 mz< SOISAHd YWSYd NIIn13d JIVAUAINE FHL

¢-1
Z-1

T1-1

Z WwooJjjeg

dnoJ9 y2Jeasay |BUOLIEN ‘SUOWWISZHY "V "M :uosJadiiey)
mzo.._.o«.m_m_ .&.E.m J3L13X3 ONV AdLSIWIHD YWSYd zon_o_._wv_m_o_s I NOISS3S

‘W'd0el .zoozmm_.E< AVISINGIM

6261 ‘0T 4380100

(NIW /)

(NIH /)

(NIW £)

IMOVOL4 ‘[ ONV L¥O4 'f CL3CING ‘[ 1INNOG ‘[ ‘UIINMAOS 'Q
"NIIAXO NI WY3E NOYIJ313 Nv AG [3INANI S3SSII0UL ATHINI-HOT

‘¥ ‘HA3SOP3Q ‘Y'Y ONY ¥IINIZIITG 'd

STUNLXIN %00 T4NSSd ITYIHASOWLY NI
mmwmq_._uma WVIE NOWLIZT3 NO NID0HTAH ONY NIZAX0 40 133443

113] 'S ONV ONYH) 'S'[ NOSEOH ‘Y'Y ‘WVHDQ ' ‘WMWNIHI] 'A
JOUVHISTA AININDFYS OIaWY “SY9 yvy “UNSSTHd WNI@EW ¥ 40
JNLYHIWIL NOWLIFTI JHL NO SISSII0Ud TWIIWIHD 40 173343 IHL

T-H

Z woodjiey

n_:Eo U24Basay [BUCKHEN ‘SUCHIWISZHY 'V "M :uosiadiiey?d
AULSIWIHD 394VHISIA :H NOISS3S

"W d 0032 ‘NOONYILY AVASINGIM

6261 ‘01 ¥390L20




"W Y0L:0F — 06:6 NV3NE 334400

(NIW /) - | NYMODOY 'N°T
SNOT +Nm ELIX3 ATIVNCTLVHEIA
404 SNOILD3S SS0¥I 30 NV Hd 40 SINFWIUNSYIW m-mﬁ.

(NIW 7) NOSEOH “I4'Y
aNY WYHONINNAY [’y "AITWVY,0 4L
A H1IM NOTED3S SSOM9
NOTLYNIEWOOIY JALLVIZ0SSIQ WI0L 40 440774 L-80

, 4di7 93 ” o
SNOT ,%0 GILIOXT ATIWNOLLYNEIA s ‘
40 HOLIYNISWO3¥ 3ALLVIJOSSIQ 3HL N0 9-4F

| (NIW £)

(NIW /) . NISNHOP 'Y GNV. IONOI "§'lj “UDAVLIIHY '} o . : .

SHOI Y3WIYL . AT H'D ONY ¥IIIAA7 S sy YUY
NV ¥IWIT HLIM SNOYLITTI -0 NOTLWNIGWOITY : : JTVHISIA
4HL 40 FINIANIIIT FANLVEALWAL NOHLIT 1T a-gr : . NWNT02 JALLISOd ¥ NI ® Sh'T@ ¥3sy1

: S o NOZHYD JIWOLY JHL NP SISSII0Nd I1LINIM 9-yr
(NIW /) ony A-7 NV OL3Y 'M'F . (NIW Q) , . S .
c mx.q 404 S3LYH NOILYNIEWOIIY JALLVIDO0SSIQ - . h-Ar .

10

: AT *H'9 QN svIRug "YW
STMNLXIW S00-3H NI  bSh'T@ ¥3SY Cdd

(NIW /) . MALNI) 3y aNY AQOOY '3'S . . SN AVETINN NOGYYD JIWOLY JHL 40 SWSINYHITW s-vr
SIYHISIC- T

AUNTYIW AUNSSTUd HOTH NI SLNIWIMNSYIM (NIW /) SWYITTIH "Q') ONY NIHS '[*A ‘SNAOAIQ *f°Y
NOILVNIGWOOY 3AILYIOOSSIQ NOI-NOWLOA13  s-ar | = - =~ XY 30 ONISY INIWOVHS NOISSIH FNce,  h-yr

(NIW /) : | INYH) ‘g . . (NIH /) - ‘ . CTHOH ' aNy wEnvp .3.z.
aNY QYA Y “NOSSOH Y'Y "SNYA] ‘g : - VHSYTd ¥3SY1 Z00 @ELIDNT wYITOnN c-yr
NOAX0 (3LIIXT ATIUNOILYHEIA J0 NOTLDIS SSOUD , -

HOTLYZINOL LOVdHE NOMLOTVI 40 INIWBUASYAW ML . z-gr (NIW /) AZNG *) QN sSINOG N[
| L . : . _ NONIX G3LI9X3 Wy3d NOWLDTT3
(VW /) NYHIILS ") QMY VHONPIS 0 - _ NI ONISYT ONY TONFISTUONTA ANA 40 AGNLS  Z-vr
WYY P Y QUL WD gtA Wy CH : . _

A3 0RT_OL dN QIOHSTUHL WOWd 3¢ + |, CON LW | N3G 9T
« 3+ 0N SSI)04d L 40 NOILJFS SSO¥) T8 | g HISY] Ny WN 9Dy -yp

pwoodileg  'Sqe7 saysaiboiouydal papun ‘s|ByAW HH :ucssadiieyd | woosyleg ©AJojEioqe yodeasay [eaeN ‘weyuing Yy :ucsiadiiey)d
NOILYNIGWOI3d ANV NOILYZINOL (4r NOISS3S SYISYT QIdWNd HVITINN ANY Wy3a-3 ¥l NOISS3S

| WY 0E:8 "ONINYOW AVASUNHL - W'Y 00:6 _ 6261 'I1 ¥390L20




"W'd 0811 — 6121 HOND

e.Eoo..___mm "W'd m_.umyl E Yok Tl 9NIAIW SSANISNE
NIW /) ¥IZSVY 4y
ANV VY CH'd CAWT3H W' ‘00N 'S _
| TON 40 INJWHOVLITOLOH ¥3SV1 3AT 6-DH
(NIW /) OOM 'g'S ONV NYWHALS ‘°Y “Sn10o1) 'g'M .
. SNOI :
JALLYOIN JIWOLY 40 INAWHIYLIAGL0Hd TINNYHI (NIW /) ) NOSWOH] *|{'Y
-TETNW 40 NOILYINDTYD NOILNGIXINOD-IY0T GYdZ g-o SHASY mm_:wm>¢z Nou NI STII404d NIVY TYIaWY £
© AZT3SOY ‘L' ONY WI3H 'H FA€S0) *9°
(NTW £} A3sGY CLT H'H 173 w:u (NIW /) T13Mod 'X'd GNV N3G ' NISNALSIHH] ")
40 AJ0JSOHLIAAS ANIWOYHAOLOH NOILYIDOSSIGRd —  L- | . SIUNLXIN
: . _ SY9 ¥3SYT FMNSSTY4-HOTH 40 NOTIVEIdX3
(NiW /) nos3dod '] aNy nasadod *( _ JOUYHISIA Y SSA13AGYLITTI FSUIASNVEL 9-
‘IFT CM*4 TNOSHIANY YU SSNITTIOY ')
~ 0 S3ALVIS ¥YIN2310W FALLVIZ0SSIA , (NIW /) NVOHOY "M
HINOYHL SHIWIG Nmu 40 NOILYZINOT NOLOHAILTNW 9-Di . : JNYHISIA 3K/YN NI
, - NOLLYZINOT NV NOILYLIOX3 ISIM-d3LS 40 T300W S-
(NIH /) : NYWAR *Y'i) GNY AZRQ *) , _
_ $35YD (NIH /) TIWVY ‘Y'Y ONY aNOWWnY¥g *1'(
TYvY JHL 40 S3LVLS @LIXNA 4G NOIL¥ZINOIOLOHd S~ TIOHLYY Q'Y TINSNISAP 'F'T CATTHIS 'Y
A _ ‘ ‘ SHOdYA O
(NIW /) ‘ SIVAGY 'l ONY YAVISVAINS '{ JUNSS34d HOIH NI SA9YVHISIO QHIVILIND Wy3d-3 -
CHOIVP T FNAWITY '@ CTANWy 'Y ‘ ,
SINAWIUNSYIW NOT LJYOSEY/NIYD KNIWAYD AUNDY3W h-@) (NIW /) 1193V} *d dONv NHOY 7'M
: SYWSY1d ¥asv
(NIW £} SHEOH "H'Y NV STAIY "H °R NOTLYNIGWOOTY NI SWSINYHOTW ONITO0D NOWLDIT  £-Wi
| NOI ¥3u10 %W ML 40
NOI 14¥0SEY0L0Hd Ny 3UNLINGLS JINOYLII ™ ¢ (NIW /)  HLMOMOOON "Y' ONV 321§ *Y'[ “LLOM| ‘[‘M
(NIW 7)  OBWNTV4 ‘' NV SNYH) °J°S'y “N3aT 'g°f _ - WILSAS 43SV
QW 400 THL 40 (dg) < (Sp) WNINITIS IHL 40 SIIANLS SOLLINDN 2N
) ONIM AR JHE NI NOILAHOSEY A1J3dS Q3LIINT - (NH Nv TIvg q any Ny |
(NIW /) ¥3NUN] M7 ONY dYENNT ‘)Y . ) SHASYT H0dYA
o E +Nmu Ny 3dd0D ALVIH-IUYHISIA “AYL1IW0TD HYINNNY
+mcu N1 ST73ATT FNM 40 SAITLIHIT FAILIVIAWY -2 . NY qquammzHg>u 40 SIILISTHILIVYYHD SNI1vY3d0 T-¥i
v weodieg SPIBPUBYS JO NESING |EUOIEN 'BU0S] "Y 'S :uosJsediiey)d | € wooijjeq 18)ua7 @ ® o ssnoybunsep daaeap 'y 1 ;uosiadieyd

SNOILOY3Y NOLOHd 84 NOISS3S

© $398VYHOSIQ YISV ANV SHISYT SNOIEYA © VA NOISS3S

. "WV OL:01 "ONINJCW AVGSHNHL

6161 _.: 4380120

11




C(NIW ) S o Ti34NTSHIY .urm
: - ONY NOLLTHETY *7°(Q ‘A¥d34 'y'y TONVI9DIA ‘y'y
AYLSIHIHD NOI-IAILYOIN ITHIHISOLWLS NI :omm.:_“a 3764 Il

(NIW QT) : . . . . V NOLLIHETY 'J'(
= ONY @I34NISHIS ') 4 TNVLOg I ATISQUVE NP CNIT 'S
: : o A3 ¢ ~ 50°0 SIT9YINT
C ‘ o u_kmz_xm>HH¢4mmh<o+mo+mo+ -oonPu¢mmu=Hgomzo_huummmomu

(NIW )2) NOSITII 'd19 ONV WOVENIIg 'l'A “¥IIMZ S| rINOF "Y'
HOTUILLY INIMOT ¥ NI JONTOSINIWATINAHD CIUVHINI Ad
SNOTLOVIY FINDT0WN-NOT 40 SNOILNAIMASIQ 3LVIS 1INT04d TYNOTLVHEIA

(NIW /) NOTdWYH] *7 'y anv TH1dSHINO( ks

: e SNoISITIO
.mﬁaﬂg-zema:%mazﬁf_i%zaﬁg%E.Em_”_DBEE

(NIW 2y . o NYNNII] Q| aNv Moy
0N 40 SILVIS GNNO¥9 any d3119%3 4L 0 SIIL39YANT aNY NO!I Lylyod

(NTW 7) - , _ ) : zommmhmm T aw
o ‘S39COH "A'Y 7337 ')*) THLIWS 'd'9 “ATTSOY '['f A€S0) '

GLISIAR _£07 40 NOTLYIJQOSSIQOLOHd  T-7

Weybujwarg Jo AYSJaAlun 'Swepy "9 °N :uosJad.leyn
SNOILOVYIY NOI 3AILYI3N ;1 NOISSIS

"W”d 0€:1 NOONYILHY AYASHNHL

661 ‘11 4390190

12:




Buipjing esNoUBUNSaM {00k "1} ¥T) Wooy Bululg

WAINID 0 B § ISNOHONILSIM
Wd 06:9— 00:€  4NOL ANOLYHORY]

W4 0038 :iINONVE
“Wd 0032 :UNOH Y1008

{uoneLadsuel] m:w )

9NINIAT /NOONYILIY. AYASANHL

6161 ‘T1 4380LDO




W'Y 02101 ~ 6001 MvIYg IH40D

(NIW 2) PRWYZS ‘] ONY NOHOHAOLSIYH) 'g']

TSIATINCAOLSIHHY “Y*y “ITHHORY 76 -

. UOHITW WHYMS

NOY133T3 3HL ONISN SINYHLIONONTL0¥OTHD aNY
SANVHIFWOHOMIJOMOTHD OL INFWHIVLLY NO¥LITT3 A

(NIW /) NVQHOP *(') ONY NIH) 'S'N ‘Mo¥ung ('
SINTTAHLT @3LnLilsans

ANTHOMI H0 S3LYLS NOT JAILYIIN A¥VHOdKIL 9-ay

(NIK £) QUYYOAN Py
NV ¥3HD1IT *[ "VH¥IIS ‘Y'Y Sd00Ng ''H
Cugo v M) SN NI INBWHOVLLY NOMIOTTI G-y

(NIW Nu BOIVL 'H'[ NV HONIVY| 'M'(
No00S ONY 00S 1Y 4N Ny ¢4 404

SINVLISNOD 31V ININHIVELY JATLVID0SSIG NO¥LIDAT3 T

(NIN 2) nvag ‘Y'Y aNY 3NITWG Ty c3zg roy
1) NI SIIVY LNWHYLLY NOWLD31 ¢-f

(NIK /) oNOM ''S nz«.z<44< ‘W
. 44 ONY 72H q3110x3
ATIYNOLLVHETA WO¥4 INTWHOVLEY IATIVIDOSSIQ: AL

(NIW /) PING '9 ANV AITIVG J'N NICAYISHYY 'y

SIYHISIA NI NOILINGOYd -m INY _H INJIO1d43 T-2 -

(NIW /) 347 N'Y ONY ONVIY 'y
_ S © S31943K3
g%m%%maq%%m%F%zezzgﬁgm&z

(NIW /) . R S_ﬂ.m...m._.m
S - INFH NI Y3SNVHL A9¥aNT 40 -
S3IANLS TWOILIYOIHL aNv Wyad SEQE 03SS0Md  H-W

(NIW /) WP CZLITHISNY *1'3
: AWV NOQTZHS “H*[ “NOSITTY ‘N
-l Y ag (0o 3x awy (0 Ue) .
o (0%c) Wy Y04 SNOTLOS SSOWD ONTWONZRD  s-w

(NIW /) ¥3¥V3HOS ‘('] QWY S¥uvy ERREL AR
‘ _ . _ NIDOYLIN AT LY
30 W3 ¥ AQ-¥S ONY “NZ 03 40 NOILYLIZXT '}

AZHE DNV - - :<MN:o._. W
NV zozw<n_ ‘a ..>|“|_o_a ._._ qnm.e.oum_ 'Y
o 0L SWoLy
TUVLSYLIN ¥Y NV 35 WO¥ ¥IJSNVHL NOTLWLTOXI . T-wil

¥ Woodjjeg 43)U8] @ 3 ¥ asnoybulsam ‘Usyy "1 ') :uossadijeyn
INFWHOVLLY W NOISSAS

£ wooljjeg BII0Y ‘LINOSSIW 40 A\SJBAIUN 'BIJBIS "V Y :uosJadiieyd)

SNOILOVIY J19VISVIIW YW NOISSIS

WY 00:6 "ONINMOW AYQiyd

: 6261 ‘21 ¥390120

14




WY s IT NdNOoray

{NIW /) aNn3d{ 'Sy
ONY 3INOAYIHIS 'Y'T ‘.mm_q._. WS
1VAWT NOWLITTI AQ
CI40d STINDI0W 9YIAEAY-HOIH QIAIT-ONOT  Z-aN
N (NIW (OT) - 183712404 '3 aNv N3IH) 7-H
(NIH /) NI *9*9) , SASYO NI SWOLY WnINvdn
. NV NOLJUYHS 'y*4 “E173dd1T14 "Y'y Q3LIIX3 ATIVIINON1I3TI 40 NOILYXVIdYd TWNOISITI0 9-W¥N
JINI30W 02 3HL 40 SILVLS JINOY1HATI , .
" 13MIYL 40 NOTIVLIZX3 1DVdWI-NOW1DTTE  9-aN :5,_ £) ARdUNY 37y ANV VINOGAIIVY "37) "NASHY "0°d
o) AT (9T-T=N)
(NTW /) SATIH AW W YNYEIHOY) ) 0 40 zezxﬁux INIANIIIQ TIATT WNOTLVHEIA SN
SNOY10373 _
W01 A G 0 311 “ugd FHL 20 NOLLVLIOXE | - (NI 1) NILLO) g
J_um_mn_"_o_._ ' dzo:_mw._ e f¥3rmo) 4
(NIW /) 4d17 '3'3 anv NYWaE] 'M'd Q%u ‘rd . STUNLXIN OSH-¥y
NIIAXO JTWOLY 40 NOILYLIOXT 10%dWi NOWLDTTZ  h-@N 3110X3 Wy3E-3 NI WOIMW (WN 80E=¢) 4I.¥
_ ; '+HO NO SIIANLS NOILJYOSHY QNV J113NIN b-YN
(NIW £} MOYNNG '(['d UNY 30N3dS ' . .
: NI90ULIN JIWOLY (NIW /) .m_m_IwHu_. *Y'g ONY THvYIRg '3 WY 'M'S
40 S3LYIS dypdz aw dpSE IHL 40 NOTLYLIONI WALSAS
LOVdWI NOYLI3T3 4od SNOTLDIS SSouD <-GN ¥ASYT 00 mm_:uxm ATIVIT¥103Ta N NI Q3unsy3W
_ . _ 02 40 STIATT WHOILWHIIA HOIH INIAICANI _
UYWrYYE| 'S GNV VHNWIHSIN 'H f¥31s193Y '4°{ S35S3008d ¥IASNVHML ADMANT JINOHIII-NOIIWHALA ¢-N
_ A3 05 ONY 027 . : .
‘0T "k 1V 07 AT SNOML3T13 40 ONI¥ALLYDS (NIW /) NOSAAR
JLASYTANT ATIENCILVHETA QNV J1LSVI3 404 SHOLY 1WAV
(SJ0) SNOILJ3S SSOMD WILNIWIJHIQ Funiosdy - Z-aN @E1I3X3 40 Sylvd NIIMISE SNOISITI0D ONIZINOI ¢-WN
(NIW ST) :
J YYWryN] 'S GNV ¥3LST93Y '4'( (NIW .D WYASQ '['H ONY 3INT MO
SIIOYINT 10VdWI A3 00Z 0L S STVLAW -
04 SNINALLYIS WRITIH-NOWLD3T3 211SY13 ¥04 JNSSIHA HOdYA xo._ 40 SWOLY INIATOANI S3SSII0Hd
© b (SOD SNOILD3S SSO¥D TWIINYIAJIQ ALnosay T4 NOISITI0) ONIAUALS Y03 QOHIIW MOTOW3LAV Ny T-N
¥ woodjieg yhungsuid jo Alsasmun iz 93 “:or_m_:mcu, € woodeq PNS-S14ed ap ,aHSJanul] ‘p4edly vy :uosiadiieyn
INIYILLYIS NOHLOTT 9N NOISSIS $3$5$3004d ¥IHSNVHL A9¥INT : VN NOISS3S

"WV 0E:0L "ONINYOW Avaiyd

6261 ‘ZI ¥390L20

15




%
.
§
:

SESSION AA |
9:00 A.M.-9:50 A.M., Tuespay, OctoBer 3, 1979
BALLROOM 3 |

ARCS AND FLOWS

CHAIRPERSON: * D. T. Tuma
CARNEGIE-MELLON UNIVERSITY

17



AA-1 Gas Flow and Arc Phenomena in a Double
Nozzle Flow System - W.TTEHANN, Siemens R & D
Center, FRG, - - The Physical phenomena in
cold and arc heated double - nozzle gas flows
have been investigated by shadow and holo-
graphic interference methods. The cold gas
flow -~ a basis to the understanding of arc
heated flows - shows a variety of gasdynamic
phenomena: stagnation point flow, vortex flow,
shock waves between and inside the nozzles,
compression waves and strong turbulence at the
nozzle outlet. Flow velocities have been de-
termined quantitatively. In the case of arc
heated flows three stages of increasing inter-
action between arc and gas flow have been
observed. At lower currents the interference
pattern still shows a cold gas flow around the
arc. At higher currents a rarefaction wave
expands from the arc into the high pressure
volume. For still higher current levels at
first arc heated gas and then even plasma
‘flows back into the high pressure storage

supply. -

AA-2 Flow Fields Within a Laminar Axial-Floy Arc*-
T.Y. LI, D.M. BENENSON and D.P. MALONE, State University
of New York at Buffalo--Measurements of local flow fields
within a laminar flow prlasma have been obtained using
laser velocimetric methods (an extension ofl). The _
experiments were carried out in an atmospheric 75A arc
having mass flow of 0.1g/s. The flow channel was 10mm .
diameter and A15cm long. Aluminum oxide particles,
initially 30 um diameter, were injected upstream of the
cathode. Radial distributions of the axial veloeity
were obtained at axial stations (Z) 3.4cm and 6.0cm
downstream of (below) the cathode. Centerline axial
velocity was h2m/s at both stations; about 20 percent
greater than theoretical predictions. The flow field
at Z = 3.4c¢cm contains a relatively high velocity core,
possibly due to jet effects. The velocity distribution
at Z=6,0cm more closely resembles the parabolic profile
expected for fully developed plasma flow.
% .
Supported by National Science Foundation Grant ENG 76
17009.
1 .
A.S. Nat, D.P. Malone, and D.M. Benenson, 1978 IEEE
ICOPS, Monterey, California 1978.
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AA-3 Transient Behavior of Gas Blast Ares in SF,. and
Ny. D. T. TUMA, Carnegie-Mellon University and Brown
Boveri Research Lenter. —— Axial profiles of tempera-
ture, area, electric field, and plasma velocity for SFg
and N, gas blast arcs are determined from the one-di-
mensional mass, momentum, and energy conservation equa-
tions as the arec current goes through zero and a line-
arly increasing reverse voltage is applied across the
arc. Turbulent viscosity and radial turbulent energy
exchange are found to be necessary mechanisms to explain
the superior interrupting capability of SFy over Nj.

_ The interrupting zone for both N, and S5Fg arcs occurs in

the throat region and extends downstream from it. An
SFg arc is found to experience a sharp decrease in both
area and temperature in the interrupting zone near
current zero, while in an N arc only the temperature
decreases sharply. The strong turbulent viscosity in
the SFg arc reduces the plasma velocity to subsonic
levels all along the arc at small currents, while in N
the plasma velocity downstream of the nozzle throat
stays supersonic through current zero.

" .
Supported in part under NSF Grant No. ENG-7826377

AA-4 Bistable Modes in Horizontal High Pressure
Mercury plus Iodine Arcs - D. K. McLAIN and R. J.
ZOLLWEG, Westinghouse R&D Center—-The two~dimensional
numerical model of convection In horizontal arcs con-
fined by a cylindrical quartz envelopel has been applied
to a somewhat constricted mercury plus .iodine discharge.
Over a certain range of applied transverse magnetic
field two stable modes of operation are found for the
steady state (dc) arc. The arc core is displaced slight-
1y below the tube.axis in the first mode with modest
convection velocities (downward) and nearly isothermal
quartz envelope temperatures. In the second mode, the
core resides at the bottom adjacent to -the quartz tube
which is excessively heated. The arc core is effective-
ly excluded from a region 3 to 6 mm below the axis of a
9 mm radius tube for any value of magnetic field.

1

D.K. McLain and R.J. Zollweg, Bull. of APS 24 (2) 121
(1979). |
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AA-5. MHD Generator Plasma Conductivity and Performance
Calculations - V. YOUSEFIAN, J. WORMHOUDT, M.H. WEINBERG,
and C.E. KOLB, Aerodyne Research, Inc.* - A computer
program is presented which is capable of analyzing the
complex physical, chemical equilibrium, and chemical
kinetic processes which occur in a coal-fired MHD
generator. The program calculates a full description of
the operation of model MHD channels, including plasma
conductivity and generator efficiency. Among the effects
included in the model are those of ash-derived negative
ions, coal type and related parameters, equivalence
ratio, chamber pressure, alr preheat temperature, staged
combustors, and rate~controlled chemistry. Included in
example conductivity and performance predictions are
cases involving newly added options of magnetic field
tailored to limit Hall field, heat losses from combustor
and channel, and diffusion-controlled heterogeneous

slag condensation.

*Supported by US ERDA Contract No. EX-76-C-01-2478

20



.
]

SESSION AB
9:00 A.M.-10:05 A.M., Tuespay, OctoBer 9, 1979
BALLROOM 4

RARE GAS AND MERCURY HALIDE KINETICS I

CHAIRPERSON: J. C, Hsia
AVCO EveEReTT RESEARCH LABORATORY

21




AB-1 Supersonic Flow Electronic Transition lasers.

B. FORESTIER, B. FONTAINE, Institute of Fluid Mechanics
Aix-Marseille U. 13003 Marseille, France -- Seve¥al-high
power quasi C.W. ultraviolet or visible laser emissions
(XeF, NeIl, FI, XeCl) have been achieved from an elec-
tron beam excited active medium in supersonic flow at low
temperature (65 - 80 or 120 K) and high density Fup to 2
amagats). The characteristics of the laser em1551?ns and
the temperature lowering influence will be Empha51zed..
Some emissions in our experimental conditions are speci-
fic to low temperature operation, or favoured by lowering
the temperature (XeCl 3081,83 - 3079,35 &/FI - 7130,
7310, 7550 &/Nell ~ 3481,95 R&). More details will be_2
given in the XeCl case for which the power (30 KW cm '),
the specific energy extracted (1 J/1) and the intrlnglc
efficiency (2,5%) are increased by temperature lowering.
Results of an interferometric study of aerodynamic per-
turbations in the laser cavity and of their influence on
the u.v. or visible laser beam scattering will be dis-
cussed. This influence seems to be not so severe that it
is important in the development of high repetition rate
or continuous wave hybrid lasers, as is the case for the
well-known infrared vibraticnal lasers. -

—Supported by DRET.-

AB-2 Destructign of XeCI{X) Molecules by Rare Gas and

HC1 Collisions' - R. W, Waynant and dJ. G. Eden*, Naval
Research Laboratory, Washington, D. C. 20375-~ColTisional
destruction of ground state (X) XeCl molecules has been
studied by using a frequency-doubled tunable dye laser
to probe e-beam excited Ne (or Ar)/Xe/HC1 plasmas.

Tuning the dye Taser from ~ 304 to 309 nm enab]ed the
examination of ground state collisional decay for vibra-
tional levels from 0 to 6. Following the termination of
the 3 ns FWHM e-beam pulse, the temporal evolution of the
dye laser absorption was recorded. From the exponential
decay of the absorption, the rate consgants for destruc~
tion of XeCl (X, v=0) molecules at 3009K by Ne, Ar, Xe
and HC1 have been determined to be 1.0 - 10713, 6.0 °
10-'*, 5,6 - 10712 apnd 2.2 . 10-1! cm®-sec™!, respec-
tively. The temperature dependence of these rate con-
stants (T = 300-3759K) has also been investigated and is
consistent with the XeCl (X) dissociation energy of

240 cm™! determined by Tellinghuisen and co-workers. !

TWDPk supported in part by DARPA.

“*Present address: Department of Electrical Engineering,
University of I11inois, Urbana, IL 61801,

1. J. Tellinghuisen, J. M. Hoffman, G. C. Tisone and
A. K. Hays, J. Chem. Phys. 64, 2484 (1976).
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AB-3 Radiative Lifetime and Collisional Quenching Ki-
netics for the XeCl (B i/2) State-C.H. FISHER, R.E. .
CENTER, and J.P. MCDANTEL, MSNW*--A state-selective, la-
ser-induced-fluorescence technique has been used to de- -
termine the radiative lifetime and collisional quenching
kinetics for the XeCl (B 1/2) state. Chlorine atoms are
formed by flash photolysis of a mixture of Cls and Xe 1in
a rare gas diluent. After a delay to allow recombination
of Xe and C1 atoms, ground state XeCl molecules are ex-
cited to the B 1/2 state with a short 308 nm laser pulse.
The subsequent fluorescence decay is monitored as a func-
tion of concentration of quenching species. The colli-
sion partners Ne, Ar, Xe, and HCl have been studied.

*Supported by DOE Contract No. ES—77—C-06—1022.

AB-4 Temporal Fluorescence Measurements for E-Beam
Excited XeCl' - R. W. Waynant and L. J. Palumbo,

Naval Reésearch Laboratory, Washington, D. €. 20375--
Observations of the temporal history of the 308 nm
fluorescence from XeCl {B~X) have been made by exciting
Ne {or Ar)/Xe/HCT (or Cl.) mixtures with a 2 ns wide,
1400 A/cm? Febetron beam. Because of their different
characteristic times for forming XeCl*, the ion and
neutral channels are resolved in this short pulse experi-
ment. By systematically varying constituent gas pres-
sures the relative contributions from the ion and neutral
channels can be adjusted so that either is dominant

{or both are comparable). The fitting of a time-depen-
dent computer model, which accounts for heavy particle
and electron kinetics, to the fluorescence measurements
provides estimtesof rate constants for several pro-
cesses in the neutral and ion formation chains.

JrNork supported in part by DARPA.




AB-5 Study of the XeZCI* Blue-Green Transitions in
E-Beam Pumped High Pressure Ar/Xe/RCl Mixtures. K.Y,
TANG, D.C. LORENTS, and D.L. HUESTIS, Molecular Physics
Laboratory, SRI International,~-The broad blue-green
emission continuum (A = 490 + 45 nm) has been investigated
in the -e~beam pumped high pressure gas mixtures Ar/Xe/RC1,
where RC1 = le, HCl, and 0014. This emission was previ-
ously assigned® to the transition XeZCI* - 2Xe + Cl.
Formation and decay of XeZCI* were studied using time-
resolved fluorescence, Our preliminary results aresumma-
rized as follows: (1) e-beam excitation produces XeZCl
with high eff1C1ency for Xe = 100 torr, (2) the radiative
lifetime of Xe Cl is on the order of 100 ns, (3) quench-
ing of Xe2C1 by Ar and Xe is insignificant but quenching
by the halogen donors is rapid, and (4) the blue-~green
transition shows intrinsic gain.

Ip.c. Lorents, D,L. Huéstis, M.V. McCusker, H.H. Nakano,
and R.M. Hill, J. Chem. Phys. 68, 4657 (1978).

Research supported by SRI Internal Research and Develop-
ment Program.
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BA-1 Radial and Axial Particle Distributions in iietal

Halide Arcs

Th. Zaengel, Philips Res. Labs., Aachen, Germany

E. Groiss, Philips Res. Labs., Eindhoven,

The Netherlands -- s o

Absolute Tocal densities of groundstate In L P1/2] and
metastable T1[ P3/2] atoms have been determined by elec-
tronic Raman scattering in high pressure mercury dis-
charge lamps with metal halide additives. Using Kr+-Ta-

~ser lines, scattering is performed about 4 nm from reso-
nance in its blue wing. As compared to the Art+-lase

used earlier*, the larger cross sections [~ 10-27 mzﬁ and

the negligible absorption in the blue wing strongly im-
prove the statistical accuracy and allow measurements o-
ver the entire_arc volume. The measured densities

[1019 - 1022 m=3] show strong radial and axial variations

caused by temperature gradients and associated demixing

effects. The experimental results are compared with cal-

culations™ which consider various diffusion effects
(incl. ambipolar diffusion) and vertical convection.

* %. Vriens, M. Adriaansz, Philips Res.Repts. 31,193
1976) .
**H.P. Stormberg, paper presented at the same conference

BA-2  Axial Segregation in High Pressure Mercury Dis-
charges with Nal and T1I as. Additives

H.-P. Stormberg, PhiTips Res. Labs., Aachen, Germany --
A theoretical model For the axial segregation in cyTlin-
drical high pressure mercury discharge lamps with metal
halide additives has been evaluated regarding various
diffusion effects and the vertical convection of mercu-
ry.The radial and axial concentration profiles ni(r,z)
of the different species are calculated by an intera-
tion procedure using the r and z dependent equation of
continuity. The model is applied to the case of Nal and
T1l additives and shows the strong influence of ambi-
polar diffusion on the axial segregation especially for
Na, for which the demixing is always more pronounced
than for T1 and I. Furthermore the radial concentration
profiles are also influenced by the mercury convection.
The numerical results are compared with particle den-
sities obtained spectroscopically.
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BA-3 Emission Spectra of Hgl B2:-X2r in Collision
Broadened High Pressure Hg-HgI Arcs - WILLIAM M.KEEFFE,
and HAROLD L. ROTHWELL, GIE Sylvania Lighting Center--
A structureless emission band observed in high pressure
metal halide-mercury vapor arc light sources is iden-
tified as the highly collision broadened Hgl B2r-X2%
system. The spectra is obtained in a wall stabilized
60 Hz arc containing mercury and mercuric iodide _
operating at 3 amp. Typical densities are: 4 X 1017¢m®
for Hg, 2 X 1016cm™3 for I, ~1013cm 3 for Hgl and
1014-1015¢m™3 for electrons. From phase resolved
spectra taken at core temperatures 4000°K <T_< 6000°K,
a temperature dependence is shown which 1is iff good
agreement with computed simulated intensity distri-
butions using Franck-Condon factors and r-Centroids
obtained by Cheung and Cool 1 and a simple classical
oscillator broadening model. The band system 1is
demonstrated as a useful diagnostic for extending
temperature profile measurements of these arcs to
cooler regions inaccessible to atomic emission
diagnostics 2 '

1 N - H Cheung and T. A. Cool, JQSRT 21, 397 (1979).
2 4. M. Keeffe et al, Bull. Am. Phys. Soc. 21,846(1976).

BA-4 - Laser Induced Fluorescence Studies of Sc(I) in
400 Watt Sc-Na-Hg Arc Tubes -~ F.M. RYAN and C.T. JOHNSON,

Westinghouse R&D Center, Pgh., PA 15235--Tunable laser
induced fluorescence was used to study density profiles
of neutral scandium inside operating 400 watt metal ha-
lide arc tubes. Radial fluorescence intensity profiles
and derived species densities were obtained for Sc(I) at
different times during the A.C. current cycle of the arc.
A dye laser was tuned slightly off the resonant 3d4s2 »
3d24p transition at 301.5 nm to achieve nearly optically
thin absorption. Laser induced fluorescence was moni-
tored for the 3d24p - 3d24s transition at 548.4 nm. Con-
version kinetics of Se(I) to Sc(Il) was deduced in the
arc as a function of arc current by monitoring the Sc(I)
density-current relationship. The theoretical calcula-
tion employed to derive densities from fluorescence in-
tensity is described in an accompanying paper by L. H.
Taylor and R. W. Liebermann.




BA-5 Laser Induced Fluorescence Spectroscopy of S¢ -
L. B, TAYLOR and R, W. LIEBERMANN, Westinghouse R&D
Center, Pgh., PA 15235--The development of tunable lasers
provides a new method for determining the density of
particles in a given atomic or molecular state. The
laser induces transitions from a lower to an upper level
and the spontaneocus emission from the upper level to an
arbitrary lower level is measured. The theory for this
technique has been developed for the excitation of
neutral Sc by a dye laser. By assuming thermalization
of closely lying levels and by taking temperature pro-
files calculated or measured elsewhere, the rate equa-
tions can be solved to give the Sc den31ty as a function
of the measured fluorescence intensity. The theory has
been applied to measurementslon 400 watt metal halide
arc tubes to deduce atomic Sc densities, and to deter-
mine the sen51tivity of the technique to experimental
parameter changes. The results indicate that bleaching
of the gas may be troublesome in this technique.

1, See the accompanylng paper by F. M. Ryan.and
"C. T, Johnson,

BA~6 - A Theoretical Investigation of the Pulsed High
Pressure Sodium Arc. C.L, CHALEK and R.E. KINSINGER,
General Electric Co. CR&D--A mechanism for color im-—
provement . of high pressure sodium discharge lamps when
operated in a high-frequency pulsed mode has previously
been suggested.— The mechanism involves enhanced radia- -
tion out51de the D-line, from a transient high tempera-
ture "channel", during application of the power pulse.

- A time~dependent model for wall-stabilized LTE arcs? has
been used to examine the pulsed sodium vapor arc. Arc
propertles 1nclud1ng temperature, electrical conducti-
vity, and optically-thick and thin radiation fluxes were
calculated as functions of radius and time. The calcu-
lated radial electrical conductivity distributions indi-
cate that at least 707 of the current is channeled
through the central gquarter of the overall volume. This
results in high central arc temperatures and distinetly
non-parabolic radial temperature distributions. These
calculations offer strong support for the conclusions of
Johnson & Rautenberg on the color improvement mechanism.

1P D. Johnson and T,.H. Rautenberg, J. Appl. Phys. 30,
3207 (1979).
R E. Kinsinger, Bull.Am. Phys Soc. 20, 241 (1975).
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BA-7 Temperature Measurement for Arcs in SF6'

E. SCHULZ-GULDE, Institut fiir Plasmaghzsik der
Universitat Hannover, Federal Republic of Germany
Steady-state wall-stabilized arcs having canal

diameters of 2.1, 3.2, 5, and 8 mm were operated
in SF6 at a pressure of 1 b, at currents between

20 and 200 A, Photoelectric intensity measure-
ments of S I, S IT, FI, andF II lines were carried
out end-on along a line of sight coinciding with
the arc axis. Temperatures (10000K =T = 19000 K)
and fluorine to sulfur concentration ratios M=
[FI/IS] (15 =M < 45) were determined from various
combinations of the measured line intensities

composition data, by means of an iterative pro-
cedure., The axis temperatures were found to fit
the following relationships, T, =A_(X/xr2)B ana
Ta=C(I/r)B, where I is the total arc current,.

r the canal radius, Ar 4 parameter dependent on

the canal radius, and Bx~1/3 and C are con-
stants,
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BB-1 Electron Quenching of Rare Gas Fluoride
Exciplex Molecules*, Daniel W. Trainor and

J.H. Jacob, AVCO Everett Res. Lab., Inc.-- .
Electron quenching rate constants for the deac—
tivation of ArF*, KrF* and XeF* have been
measured using a steady-state analysis of
sidelight fluorescence resulting from electron
beam excitation of rare gas/fluorine mixtures.
Under these attachment-dominated experimental
conditions, the electron number den51ty, Na, is

determined by Sgp/kpm £ r where S, is the
source term descrlblng h% production rate of

electron-ion pairs by the electron beam and
kppp is the electron dissociative attachment

rate constant for the reaction e+F45»F +F. The
electron density was varied, therefore, by
varying the electron beam current density and
by changing the fluorine density. At 3000K,
electron guenching rate constants gere obtained
with values near 2, 2, and 4 x 10~ cm3/sec

for ArFP¥*, XKrF* and XeF* respectively.

*This work supported by DOE under contract
DE-AC08-79p40103 and by DARPA under contract
NQ0014—75—C—0062.

BB-2 A Multilevel Model of XeF Ground State

Kinetics~ . S.F. FULGHUM, M.S. FELD and
A. JAVAN MIT*- A 1D v:bratlonal level, &

parameter model of Xef Zround state VT and
dissociation processes has been fit to recent
experimental data on XeF in a He buffer. - The
experiments determine an-overall vibrational
equilibration rate and dissociation rate for
the vibrational manifold by probing the '
population in v'"=0 and 1 after producing XeF in
a non-equilibrium state by photodissociation of
XeF,. The results of the model can be
interpreted in terms of an effective lifetime
for a vibrational level, defined as the ratio
of Its equilibrium population to a constant
rate feeding into it. Using the 4 parameters
determined by the fit and a 1 atm. He buffer,
these values are about 11, & and 1.3 nsec for
v'=2, 3 and 4, respectively. The effects of
these parameters on laser efficiency will be
discussed.

*Work supported by the Office of Naval Research
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BB-3 A Model of XeF Laser Oscillation with a
Multilevel Ground State- S.F. FULGHUM,
M.S. FELD and A. JAVAN MIT *- A model for
multiline XeF laser oscillation has been
developed which considers the relaxation
kinetics associated with a 10 level ground
state vibrational manifold. The XeF exclited
state is modeled as two vibrationally coupled
levels which give rise to laser oscillation on
the 0~3, 0-2 and 1-4 vibrational transitions.
The model s being used to explore the effects
on laser behavior and efficiency of
experimentally derived parameters for ground
state VT rates and dissociation rates.
Utilizing these experimental rates and typical
laser parameters, it predicts that the 0-2
transition will not lase in long pulse
situations and that the 0-3 transition will
‘dominate. The distribution of output power
between 0-3 and 1-4 as a function of output
coupling, excited state vibrational coupling
and temperature will be discussed.

*Work supported by the 0ffice qf Naval Research

BB-4  XeF* Production Efficienecy in 300 ng Self-
Sustained Discharges¥*, L, E, KLINE, L, J, DENES, and

S. G. LESLIE, Westinghouse R& Center--We have measured
the XeF fluorescence intensities I(B~X) at 350 nm and
I(C+A) at 470 nm in mixtures with p(NF5)=0.1 to 0.3 Torr,
p(Xe)=0.3 to 10 Torr, and p(He)=500 to 1500 Torr. The
maximum current density was 160 A/cm? (120 J/£ in the
300 ns pulse). Both I(B-X) and I(C+A) increase as p{(NF3)
and p(He) increase, and as p(Xe) increases up to 1 Torr.
I{B=X} is constant and I(C+A) falls for p(Xe)>1 Torr.
I(B+X)/I(C+A) increases as current density and p(Xe)
increase, and decreases as p{He) increases., Our kinetics
model predicts that Xe™-F~ recombination dominates XeR*
production. Theory and experiment agree well if we
assume that only XeF#(B) is produced initially, The other
dominant mechanisms in the model are B to C transfer by
He, B and C quenching by Xe, and B and C mixing by
electrons. An electron mixing rate coefficient k=2x107 -8
em3/s is inferred. The predicted XeF#* production
efficiency (1-6%) increases with p(Xe) due to more
efficient energy channeling, and with p(NF3) due to an
increase in the Xe¥* and Xet production rates. The

" predicted fluorescence efficiency is 0.5-3% in
approximate agreement with experiment.

*Work supported in part by U.S. Army BMDATC.
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BB-5 X-Ray Sustained Discharge for the Study of.
Luminescence Kinetics. J. DEGANI, M. ROKNI and S. YATSIV
Hebrew University, dJerusalem*. We use X-ray irradiation
and X-ray sustained discharge for inducing luminescence
in high pressure gases and for studying the kinetics of
excitation processes. It is difficult to maintain a con-
tinuous self sustained discharge at high gas pressures
due to a strong tendency for arcing. A non self sustain-
ed discharge supported by the X-ray ionization is a con-
venient tool for exciting luminescence and for studying
its kinetics at these pressures. The method was applied
to a mixture of xenon and HgX, vapour (X-Br,Cl,I). The
rates of electron impacts excitation at different electric
fields, the quenching of HgX luminiscence by HgXz mole-
cules, and the rates of electron attachment were mea-
sured. A moderate degree of electron attachment was
found to be important for obtaining strong luminiscence.
The intensity emission between the electrodes was not
uniform. Conspicuous peaks were observed close to both
electrodes. This is a striking illustration for the for-
mation of space charge at these locations for high
pressure gases containing electron attaching species.

*Supported by the U.S. - Israel Binational Foundation

BB-6 Gain, Absorption and Saturation Flux
Measurements in an HgBr Laser - J. E, CELTO and E. J.
SCHIMITSCHEK, Naval Ocean Systems Center, San Diego,
CA -—- Exposing a mixture of 900 torr Ne, 100 torr No
and 2.3 torr HgBro (corresponding temperature

1559C) to a UV-preionized, transverse electric
discharge, we produced gain on the B — X fransition of
the HgBr radical by dissociative excitation.112 Two
discharge devices were built with an active gain
length of 60 cm each. One was run as an oscillator
{with mirrors) and the other one as an amplifier. By
plotting the amplified oufput intensity against input
intensity and using the steady-state approximation for
an amplifier with distributed loss, we arrived at the
following data: small signal gain, g, 6.6%/cm;
absorption a, 0.3%/cm; saturation intensity Ig,¢

200 KW/em?. The amplifier data will be compared

with the performance of an HgBr oscillator applying
Rigrod's expression 3 for variable output coupling.

1 B, J. Schimitschek and J. E. Celto, Optics Lett.
- 2, 64 (1978},
2 R. Burnham, Appl. Phys. Lett. 33, 156 (1978).
3 w.(w. gigrod, IEEE J. Quantum Blectron. QE-14, 377
197¢).

33




BB-7 Excitation Kinetics in Mercuric Halide Dissociation
Lasers - R. Burnham, Naval Research Laboratory, Washing-
‘ton, D, C. 20375--Time-resolved measurements of the
HgX{B-X) fluorescence from 10 nsec discharge pulses in
gas mixtures of the mercuric halides (HgX,) with nitro-
gen and rare gases have been carried out in order to
determine the formation mechanisms for the excited states
in the mercuric halide dissociation lasers. These
fluorescence measurements reveal two distinct excitation
channels. The first channel produces excitation only
during the discharge pumping pulse. This excitation
appears 1ikely to result from electron-impact ionization
of HgX, followed by dissociative recombination with
electrons to form HgX(B). The second excitation mecha-
nism involves dissociative excitation of HgX. in colli-

sions with metastable states of nitrogen and xenon. This

mechanism produces HgX(B) fluorescence following the
termination of ‘the electrical pumping pulse. Measure-
ments-of the decay rate of the fluorescence yield total
rates for collisional deactivation of metastable N, and
Xe of the order of 3 x 107!° cc/sec. The rélative -
importance of the two excitation channels to the opera-

tion of the mercuric halide dissociation lasers will
be discussed. '

34

e 0

A




SESSION CA
1:30 P.M.-2:55 P.M., Tuespay, OcToBer 9, 1979

BALLRoOM 3

ELECTRODE EFFECTS AND VACUUM ARCS T

CHAIRPERSON: L. M. BURRAGE
McGrAW EDISON

R e I ey

35




CA-1 Plasma-Wall Interactions in Tokamsks and Low Energy
Ion Sputtering as a Potentisl Impurity Source -

J. BOHDANSKY, Mex-Planck-Institut fur Plaesmaphysik
Association EURATOM-TPP D-80L6 Garching/Minchen —- Plasma—
wall interactions in fusion devices influence both the
plasma and the surface behavior. In Present day devices,
especially tokamaks, the influence on the plasma is of
principal interest. In this respect twe processes at the
surface are important, hydrogen recyecling and impurity
release, The understanding of the interaction between

the plasma and these surface effects is poor because
complicated transport processes in the outer plasma

region make it difficult to correlate the mutual effects.
Current research in this field is split along 3 lines,
computer simulaticn, in~situ measurements and an investiga-
tion of the surface effects., In this paper the plasma
induced surface effects are discussed and especially low
energy ion sputtering as an unavoidable impurity relesse
mechanism is treated in detail.

CA-2 Mass Spectrometric Investigation of Laser-Init-—
iated Vacuum Arcs.™ M, KRISHNAN and J.L. HIRSHFIELD,
Yale U.—The temporal evolution of energy distributions
and relative abundances of ions of different mass to
charge ratio in laser—initiated vacuum metal arcs of
carbon, copper and firon is described. The arec is init—
iated by focussing a 13, 100 nsec €05 laser pulse onto
a metal target in vacuum. The laser produced plasma .
triggers kiloampere current pulses of millisecond dura—
tion from the negatively biased target to the grounded
vacuum vessel walls. The ion energy and abundance mea-—
Surements were made using a specially constructed single
focussing sector ion momentum analyzer in tandem with a
multigrid energy analyzer. The instrument offers high
resolution (m/Am = 110) so that different charge states
of a given ion or else isotopic species of equal charge
are readily separated and analyzed. The wide dynamic
range (v103) and high time resolution (vlusec) of the
instrument enable the ion distributions of the initial
rapidly expanding non-Maxwellian laser ions as well as
the subsequent slower, thermal discharge ions, to be

. measured.

*Supported by NSF Grant ENG76—22430 and by DOE Contract
EG-77-8~4363,
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CA-3 Measurements of Arc Root Characteristics Rele-
vant to Contamination Induced Flashovers - H. MERCURE,
M.G. DROUET, L. LAMARCHE, Sciences de base, IREQ,
Varennes, Québec —— Contamination induced flashovers

of high-voltage insulators have been the subject of
extensive laboratory and field studies. However, the
physical characteristics of the current and the electric
field at the arc attachment point on the polluted insu-~
lator surface are not well established. An experimental
technique has been developed to measure the surface cur-
rent distribution as the arc propagates on a saline so-
lution. Wet pollution levels < 0.5 mg/cm2 are produced
and controlled using standard deposition procedures.

DC arcs, 0.1 to 10 A, are swept with the polluted sur-
face as cathode at speeds < 100 m/sec. This diagnostic
method will allow a direct measurement of the arc cur-
rent distribution, which can yield the dimensions of the
arc root and the current density.

CA-4 The Role of Elongated Metal Particles in Electric
Breakdown in Vacuum - G. A. FARRALL and F. G. HUDDA, GE
R and D Center* — Electric fields required for the levi-
tation of individual copper particles typically 2 mm in
length and having diameters ranging from 0.037 to 0.25 mm
were measured in vacuum and found to lie in the range 300
to 1000 V/mm. Results are generally in good agreement
with the analysis by Feliei (1) for cylinders of infinite
length initially at rest on a plane. Further, the motion
of individual particles of aluminum, copper, and gold
were studied in a transient electric field using a stro-
boscopic technique. Levitation fields for such particles
are far smaller than those required for normal field ini-
tiated breakdown. The role of particle motion in break-
down ignition will be discussed. :

*Supported by EPRI Research Project RP754-1

1N. J. Felici, Review Generale de L'Electricite 75, 1145

(1966) .
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CA-5

Arc cathode spot classification based on thecretical
reascning. G.H. ECKER, Ruhy-Universitédt, Bochum,
Germany -- In the literature, experimental observations
and model concepts of different researchers seem to
indicate a large number of possible spot operation modes.
on the other hand, already 20 years ago, analysis of
spot operation pointed to only a few basic distinct
modes of operation. More recent and more refined calcu-
lations of different authors produce a larger number

of modes depending on, whether the spot is stationary,
moving, on a smooth or rough surface, explosive or
governed by individual phenomena. Nevertheless, the
number of basic modes is still guite limited, since
some of the seemingly different spots are governed by
the same physical effects. For instance, the high
current density spot mode at a smooth surface and the
explosive individual spot mode are basically identical.:

CA-6 XUV Radiation and Ionic Recombination at the
Cathode of Low Pressure and Vacuum Arcs - M.G. DROUET,
Sciences de base, IREQ, Varemnes, Québec -~ The influ-
ence of the ambient arc chamber pressure on the magni-
tude of both the cathode ervsion and the wall current
has been studied using results obtained by Kimblin
(1974) for 100 to 500 A arcs struck between Cu, Ag or
Carbon electrodes in Ny, He or Ar at a pressure p vary-
ing from 107% torr to atmospheric. It is found that the
wall current I varies as I = I, exp (-opR); R, the dis-
tance between the arc and the wall, varying from 0.5 to
13.5 em. The values obtained for o correspond to the
photoionization cross-section of the ambient gas used.
This leads to a determination of the wave length of the
ionizing radiation. The radiation is found to corre-
spond to that produced in the recombination of multi-
charged ions, up to Ag3t, Cut and C?t, of the electrode
material used. It is these same ions which, expanding
freely in vacuum, have been measured by Davis and
Miller. Decrease of cathode erosien, resulting from a
reduced expansion of the cathode spot plasma, occurs at
a lower pressure than the reduction of the wall current
- which remains high due to a contribution from the photo-
ionized background gas.
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CA-7 The Current-Voltage Characteristics of the Vacu-
um Arc - M.G. DROUET, Sciences de base, IREQ, Varennes,
Québéec —-- The arcing voltage over the range 0 -~ 6 500 A
has been represented by the equation E(t)} = A + o(t).TI;
A is highly dependent on the cathode material and &(t)
varies with all discharge parameters and with time.

Tt is proposed that A corresponds mainly to the cath-
ode voltage drop and is associated with the power used
in the production, at the cathode, of the metallic plas-
ma which feeds the arc. @(t) corresponds to the anode
fall voltage and its h.f. fluctuations compensate for
the time variations in the kinetic energy &,(t) and the
density n(t) of the metallic plasma expanding from the
cathode spots, thus maintaining constant the current
collected at the ancde:

I=ec.8.n(t). 3(t) . R72[1 - exp - &(t)/,(t)]
this relation accounts for the correlation observed by
Daalder between ®(t) and the ion flow in the arc n(t),
0,(t); it is in agreement with the results of Kimblin
re%arding the dependence on the anode surface §. The
R™* relation is also observed although magnetic confine-
ment of the plasma affects the isotropic expansion and
for large current ®(t) varies as RT!. Furthermore as
o(t)/0,(t) << 1, I varies as &(t) as observed (Kimblin,
Mitchell). : -

CA-8 Breakdown in the Anode Sheath of the Vacuum Arc

- M.G. DROUET, Sciences de base, IREQ, Varennes, Québec
~— The results of Mitchell and also of Kimblin indicate

that, for current up to 35 kA (I) and contact separation

up to 2 cm (R), anode spot formation occurs for a con-
stant value of the product I x R. This, coupled with
the modified expression for the anode current

T =e.S, n(t) 3o3(t) . R72 [1 - exp &(t£)/9o(t)]

reveals that the formation of the anode spot corresponds
to a constant value of the voltage #(t) across the anode

sheath. This suggest that the transition from the dif-
fuse to the constricted anode mode is not triggered, as
is usually thought, by anode melting, but rather by a
breakdown in the anode sheath.
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CB-1 The Spike in the Velocity Distribution of Slow
Electrons. W.P. ALLIS, JILA, University of Colorado

and Laboratoire de Physique des Gaz et des Plasmas®,
Université Paris—-Sud, 91405 Orsay.—— It was shown by
G.A.- Baraff and S.J. Buchsbauml that a line singularity
called a spike occurs in semi-conductors and gases in
which inelastic collisions are important. We show that
the spike has the form n(vg/v-vy), vq = drift velocity,
when the excitation cross-sections are assumed to be
step-functions of the electron energy at the excitation
potentials Vy and have a milder form when the cross-—
section is continuous at V.. These singularities produce
poorly convergent Legendre expansions so that the custo-
mary use of only two terms is inadequate.

XSupported by the Bureau of Standards in Boulder and the’
C.N.R.S. in France. '

1Phys. Rev. 130, p. 1007 (1963).

CB-2 Electron Tranaport in Ar-H2 Mixtures
G.N. HADDAD, and R.W. CROMPTON, Australian National
University. - The transport coefficients vy, and D]/u

have been measured in mixtures of hydrogen and argon at

various concentrations. By using the Lin et al.l moment
theory it has been shown that for these mixtures the use
of the solution of the Boltzmann equation based on the

two term Legendre expansion of the velocity distribution

function introduces no significant error in the analysis

of the transport data. Previous discrepancies between
calculated and measured transport coefficients in argon-
hydrogen mixtures at low E/N appear to have been due to
a combination of insufficiently accurate experimental
data and the particular eross sections used in the
analysis. With some adjustments to previously

published cross sections, principally the momentum
transfer cross section for argon, all the experimental
data have been fitted to within * 27.

1Lin, S.L., Robson, R.E. and Mason, E.A., Submitted to
J. Chem. Phys.
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CB-3 New Electric Field Scaling Law for Swarm Experi-
ments - P. KLEBAN, Univ. of Maine; L. FOREMAN* and H. TED
DAVIS*, Univ. of Minnesota -- We generalize the familiar
result that Vg (drift velocity) and pD (pressure x
diffusion coefficient) are functions only of E/p (E =
electric field). Our new E scaling applies rigorously
to systems with scattering cross-sections retated by a
multiplicative constant. We find the scaling holds
approximately, with a factor of six, by comparing low E
electron swarm diffusion and drift data in gaseous CH4
and SiHy. This suggests strongly that the low energy

(< lev) effective elastic and inelastic electron cross-
sections for these molecules have approximately the same
shape and differ approximately by the same factor. We
also present results of model calculations of Vq for
electrons in gaseous CH4-Ar vs. CHp-He mixtures that
obey the scaling approximately.

*Supported in part by the National Science Foundation.

CB-4 Negative'Argon Ions and Drift Velocity vy of
Excess Electrons in Dense Areon. A. LEYCURAS and

J. LAROUR, Univ, P, et M.Curie, Paris, France.- A ions
are not observed at low density at any energy. At densi-
ties between the triple point and the critical point, it
seems that v indicates_&&e existence of A ions of life
‘duration longer than I0 s at the triple point and at
least a hundred times longer at the critical point, 1In
particular remarkable features of v_ are its asymtotic
behaviour at high field strengths and the corresponding
value : less than ten times the sound velocity in the
same conditions, This fact and others suggest that the -
electron motion is bound to one atom for a time corres-
ponding to the time between two efficient collisions of
this atom with neighbouring atoms, This concept leads
to a collision assisted hopping model of the electron
transport which we develop. We arrive at an expression
which allows a calculation of v- at any temperature and
field strength if v_ is known al the same density, If

v is known over a Wide field range the e-A potential
can be calculated for a certain e-A distance range at
that density,
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CB-5 Electron ifobilities in Dense Gases.’ Thomas F.
O'Malley, U. of W. Ontario, =- A simple mocel is dorived
for the anomalous density dependence of electron mobil-
ities by applying the energy shift and broadsning of
multiple scattering theory plus the uncertainty prin-
ciple to the transport equations, ' The shift when proper
ly applisd immediately predicts the obsarved positive
and negative effscts observed in Ar, whilse the exponen-
tial decrsase observed in Hp, CC2 and He are found to
reault from a combination of their negative energy shift
and the broadening which together push the electron dis-
tribution function down to localized negative energy
states, Applications tc the theory of amorphous semi=-
conductors are also discussed,

t Supported by NSF Grant No. INT77-11301.

CB-6  Influence of EBxéited Statés on Electron Trans-

- port Properties. in Argon. - W.F. BAILEY, G. DUKE and

A. GARSCADDEN, A.F. ‘Aero Propulsion Laboratory and A.F.
Institute of Technology - It has been shown that the
metastable states of argon and other rare gases have
large cross-secEions for excitation to higher levels and
for iomization. Thus the excited species act like a
low ionization impurity in the discharge. The effects
of small concentration of metastables, 0.01 to 0.1%,

on the electron transport properties of the gas have:
been calculated using solutions of the Boltzmann trans-
port equation which included collisions of the second
kind. It is found that the electron drift velocity

is substantially increased even by small concentrations
of metastable states. The conclusions also depend on
the fractional ionization. These results are expected
to apply generically to other gases and should be of
value in determining electron density from conductivity
measurements, and also of interest to discharge models
treating cumulative ionization.

1M.R. Flannery '"Calculation of Electron Impact Cross-
Sections from Metastable States'" AD #A062163
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CB-7 Electron Swarm Parameters in C0» Laser Plasmas.*
R.A. SIERRA, H.L. BROOKS, AND K.J. NYGAARD, University
of Missouri-Rolla.--We have measured electron drift
velocities and fonization and attachment coefficients

in gas laser mixtures containing He, No, and CO» with
density ratios of 0:1:4, 3:1/4:7, and 0:1:1. Where
applicable, we make comparison with the results of

Lowke et al.l and find good agreements below 30 Td. The
range of E/N in the experiment was from 1-100 Td with
total pressures from 50-600 Torr.

*Supported in part by The Los Alamos Scientific
Laboratory.

13.4. Lowke, A.V. Phelps, and B.W. Irwin, J. Appl.

Phys. 44, 4644 (1973).

., CB-8 Low E/N Excitation and Ionization in
Ar, Kr and Xe - S.A. LAWION, McDonnell-
Douglas Research Labs, St. Louis, MO, L.T.
SPECHT and T.A. DeTEMPLE, U. of Ill."--Using a
pulsed swarm apparatus, low field ionization
coefficients were measured in Ar, Kr and Xe in
-the region .5-4x10"16v-cm2. The data are
shown to be consistent with two ionization
contributions, direct and photoelectron, and
reduced as such using solutions of the trans-
port equation yielding a revised set of
threshold inelastic cross sections.

*Supported by NSF, USAF and JSEP
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DA~1 The Influence of Axial Magnetic Fields on the
Vacuum Arc Ton Current Distribution - J.V.R. HEBERLEIN
and D.R. PORTC, Westinghouse R&D Center—--The ion current
distribution from a 165 A dc vacuum arc was measured by
an arrangement of concentric cylinders of different
heights surrounding copper electrodes. Additional flat
plate collectors were placed behind the anode .and, in:
some experiments, alsc behind the cathode. Axial magnet-
ic fields to 100 mT were applied, and changes of the ion
current distributions due to this field were recorded.
The results show that with increasing magnetic field (1)
the total ion current decreases, (2) the fraction of ions
moving in the forward direction increases, whereas the
ion currents to the cylindrical collectors strongly de-
crease, (3) the fraction of ions collected behind the
cathode plane increases, and (4) that the absolute value .
of the ion current to each collector is influenced by the
potential of the adjacent collectors. These cbservations
can be explained by assuming that the path of the indi-
vidual ion is determined not only by direct interaction
with the magnetic field, but also by electrostatic
sheaths of increasing thickness. Measurements of float—
ing collector potentials, showing an increasing influence
of a fixed collector potential on the floating potential
of the adjacent collector, support this interpretation.

DA-Z The Physics of the Retrograde Motion of the Elec—
tric Arc in a Magnetic Field. M.G. DROUET, Direction
Sciences de base, IREQ, Varemnes, Québec, Canada JOL 2P0.
——It will be shown that both the asymmetrical magnetic
confinement and the resulting anisotropic expansion of
the high energy cathode spot plasma are responsible for
the retrograde motion of an arc; the forward motion is
attributed to the action of the transverse magnetic
field on the arc column. This theory accounts for (a)
the transition of the motion from retrograde to.forward,
(b) the influence on the direction of motion of rhe mag-
nitudes of the arc current and external transverse mag-
netic field and the nature and pressure of the back-
ground gas and (c) the fact that the regressing boundary
of the cathode foot is observed to be parallel to the
applied field lines. 1In addition, this theory falls
within the genmeral framework of a new understanding of
the physics of the vacuum arc whereby the intense ohmic
heating of the microspot region (0.1 um, 1 A, 1 us) at
the cathode surface leads to the formation of a high
temperature metallic plasma, > 105 K. Conversion of the
thermal kinetic energy of the glasma into directed ener-
8y results in a rapid, 10% ms— expansion of the plasma.
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DA-3 Conductivity Measurements in the Interelectrode
Plasma of a Coaxial Geometry Pulsed Vacuum Arc - J. 8.
SULLIVAN and R. DOLLINGER, State University of New York
at Buffalo*--The radial electric. field in & coaxial cop-
per electrode pulsed vacuum arc was measured using ca-
pacitive probes and voltage probes for arc currents as
high as 8 kA. The electrodes consist of a 1 cm diameter
cylindrical rod cathode positioned on the axis of a hol-
low cylinder anode that is 17.8 cm in diameter and 10 cm
high. The arc current is supplied by discharging a 1 wF,
300 kJ capacitor through the arc. Plots of electrie
field-vs time, are current and voltage were obtained.
Travel times of the initial burst of electrons to the
anode were also obtained. The electric field was found
to be dependent on arc current and fields as high as
6500 V/m were measured. Conductivities on the order of

102 Q_l/m were obtained. It was also determined that
the conductivity of the interelectrode plasma was de-
pendent on the electron ion collision frequency which

was calculated to be on the order of 109/5.

* This work was partially supported by Electric Power
Research Institute and Sandia Laboratories.

DA~4 Microwave Absorption in the Vacuum Arc — M.
ROSENFELD, R. DOLLINGER, State University of New York
at Buffalo*--Microwave experiments performed on a vac~
uum arc device consisting of coaxial electrodes indicate
a 10 GHz signal propagating through the plasma experi-
ences power attenuation in excess of 20 db below the

critical density (i.e. Nc = lGlzcme).' Unlike the

classical discharge where reflection signals coincide
with a drop in transmission for plasma densities ex-
ceeding Nc, transmission in the vacuum arc dropped prior

to the microwave reflection and remained so after re-—
flection had ceased. Similar absorption effects occur-
red in reflectionless arcs where critical densities were
not achieved. This anomalous absorption observed in the
plasma is believed to be partly the result of a large
collision rate (possibly electron-neutral) relative to
the microwave frequency.

* Supported in part by the Electric Power Research
Institute and Sandia Laboratories.

47




DA-5 Numerical Simulation of a Planar High Vacuum
Arc.* J.L. SHOHET, The University-of Wisconsin, and
P. D. PEDROW and L. M. BURRAGE, McGraw-Edison Company.--
A 2-dimensional numerical simulation of a planar vacuum
arc. is made using the Los Alamos wave code. The arc is
assumed to be composed of equal numbers.of electrons and
ions, with density of 1014 particles per cm3. Initial
temperatures of both species are 1 eV. Drift velocities,
corresponding to experimental measurements, are assumed
for both ions and electrons. The simulation does not
include the cathode spot region, and therefore no inter-
nal electric field is assumed. Initial calculations
show a uniform motion of plasma with no drastic changes
in density and temperature. However, the calculations
have only covered time scales of less than the time
required to pinch the plasma column inward. Results
from Tong time calculations will be presented,

*Work supported in part by the Electric Power Research
Institute and in part by the National Science Founda-
tion under Grant ENG 77-14820 and by the U.S. Depart-
ment of Energy under Contract No. ET-78-5-02-5069,

DA-6 Anode Spot Formation in the Transition from Vac-—
uum to Atmospheric Pressure Arcs - D.R. PORTO, J.V.R.
HEBERLEIN, D. BHASAVANICH and C.W. KIMBLIN, Westinghouse
R&D Center--D.C. arcs of 50 to 700A have been establish-
ed between copper electrodes at various ambient Ny pres-
sures of 10-6 to 100 torr. The electrode activity was
recorded using high speed photography, and the arc vol-
tage, arc current and wall ion current were recorded os—
cillographically. The experiments extend the range of
parameters previously studied,l and confirm that anode
spot formation occurs at shorter electrode spacings with
increasing pressure, and that the pressure associated
with anode spot formation at a particular electrode spac-
ing is essentially independent of anode current density.
They also show that the anode phenomena are relatively
insensitive to electrode separation speed. The overall
data can now be presented in arc appearance diagrams
-which depict graphically the electrode Separation at
which anode activity occurs as a function of pressure,
with current as a parameter. In particular, the arc
appearance diagrams support a relationship between anode
spot formation and pressure induced cathode spot ion
starvation.

lc.W. Rimblin; J. Appl. Phys., 45, 5235 (1974).
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DA-7 Analysis of the Anode Boundary Layer of a High
Intensity Arc - H.A. DINULESCU and E. PFENDER, Univ. of
Minn.*--A one-dimensional analysis of the anode
boundary layer of an atmospheric pressure, high inten-
sity argon arc reveals substantial deviations from Local
Thermodynamic Equilibrium (LTE) in this layer. The
temperature of the heavy species approaches the tempera-
ture of the anode in the immediate vicinity of the
anode surface, whereas the electron temperature remains
sufficiently high to ensure the required electrical
_conductivity. Temperature and density gradients in the
anode boundary layer contribute substantially to the
electric current so that the potential drop across the
boundary layer becomes negative. The main voltage

drop which is in the order of 1 volt is essentially
confined to the sheath which is several orders of
magnitude smaller than the anode boundary layer.
Therefore, the anode boundary layer, with a thickness
in the order of 0.1 mm, may be considered as the anode
fall region which is of practical importance as far

as anode fall measurements are concerned.

*Supported by NSF grant ENG 77-04108.

DA-8 Post—-Arc Model of Current Intérruption in Vacuum

S. E. CHILDS and A. N. GREENWOOD, R.P,I.*-~The purpose
of this investigation is to obtain a better under-
standing of the mechanism whereby current interrupting
devices of the wvacuum type reignite when pushed to the
limit of their interrupting capability. A theoretical
model for the post—arc behavior of a vacuum interrupter
is described. The interelectrode gap is characterized
by an ion sheath and a quasi-neutral plasma regiom.
With rising recovery voltage, the sheath expands across
the gap. Equations, based upon the transition model of
Andrews and Varey—, are solved numerically to determine
the post—arc current, sheath length, and electric field.
Initial results indicate that the electric field at the
former anode surface peaks within 1lis of current zero.
Knowledge of the electric field and the energy input
permit an analysis of possible breakdown mechanisms at
the electrode surface. Experimental verification is in
Progress.

*Supported by DOE Contract ET-78-5-02-5013,A000

: lJ. G. Andrews and R. H. Varey, Physics of Fluids,
Vol. 14 (1971) pp. 339-343.
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DB-1 Kinetic Theory of Drift-Tube Experi-
ments~L.A, VIESLAND, S, L LIN¥, and E.A.
MASON:#, Parks Coll, of ©t., Louls U.--4A general
kinetic theory is presented for polyatomic

lons and neutrals. S~me attention 1s given to
formal aspects: asgsumptions about the experi-
ments; The kinetic eouation governing the ion
distribution functions: the moment ecuations
that directly govern the maasursble aquantities;
the basis functions used to convert these to
Infinite sets of coupled algebraic eouations;
and the truncation-parameterization scheme
used to obtain the transport coefficients in a
systematic series of rapidly converging acpro=-
ximations. However, more attention is given
to a numerical test of the theory and to a
discussion of the rhysical meaning of the first
approximation results: an ecuation for the re-
duced mobllity; a generalized version of the
Vannler formula for the mean relative kinetic
energy; and a generalized veraion of ths Ein-
stein relations betwecen mobility and diffusion.

#Rrown University, Providence, R.I.

. DB-2 Mopility and Diffugion of Protons and Deuterons

in Helium - A Runaway Effect®- S.L. LIN,T I.R. GATLAND, t
and E.A. MASON,T Brown U.T and Georgia Techt —-- The mo-

bility and diffusion of H* and D+ ions in He gas are
calculated classically, based on an accurate ab initio
interaction potential. Comparison with corresponding
quantal calculations of the zero-field mobility of HT
in He as a function of temperature shows that quantum
effects are negligible above 50 K, and are only 3% at
10 K. Calculations as a function of electric field
strength at fixed gas temperature indicate a runaway ef-
fect, in which the ions cannot lose enough momentum by
collisions to achieve a steady-state average velocity,
The drift-tube measurements of Howorka, Fehsenfeld, and
Albritton (following paper) are consistent with this
interpretation. This appears to be the first report of
runaway ions, although runaway electrons in plasmas are
well knowm.

t t

*
Supported by NSF Grants CHE 78-09332 and CHE 76-84181
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DB-3 #" and D" Tons in He: Observations of a2 Runaway

Mobility.* F. HOWORKA,+ F. C. FEHSENFELD, and D. L. AL-
BRITTON, NOAA Aeronomy Lab, Boulder CO 80303--The mobili-

ties of H+ and D+ ions in He have been measured over a
range of ratios of electric field strength E to helium
number density N with a selected-ion flow-~drift tube. It
is found that, at E/N greater than about 40 Td (1 Td =

II.O_'17 Vv cm2), the apparent mobilities exhibit an unusual

increase with increasing E/N that is attributed to the
breakdown of a steady-state drift velocity, i.e., a "run-
away mobility". Furthermore, the widths of the arrival-
time histograms indicate that the same effect is occur-
ring for the diffusion coefficients. These observations
support the predictions of this effect by Lin, Gatland
and Mason (preceding paper) from their kinetic-theory

. . . e . + '
calculations using an ab initio potential for the H - He
interaction. ’

*#Supported in part by DNA. +University of Innsbruck,
Austria. .

DB-4 Current Buildup in Triggered Low Pressure Spark
Gaps - E.J. LAUER, R. E. MELENDEZ, S.S. YU, LLL*--
The initial current density in a strongly triggered low
pressure spark gap is given by the Child-Langmuir
expression. However, with time, a positive background
is built up by ionization processes which leads to a
continuous enhancement of the space-charge limited
current density. The current buildup is studied with
several numerical and analytic models. 1In a spark gap
with Vg = 250 kv, d = 2.5 cm, 0.15 torr Ho, the
ggrrent is predicted to build up 100 fold in Tess than
ns.

*work Jjointly performed under USDOE by LLL, contract
w-7QOS-Eng-48 & DARPA (DoD), ARPA Order #3718,
monitored by NSWC under N60921-79-P0-W0035,
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DB-5 Conditions for Self-Breakdown in Low Pressure
Spark Gaps - S.S. YU, E.J. LAUER, D.M. COX, LLL™--
Theoretical predictions of the low pd branch of the
Paschen. curve for spark breakdown are reported. The

by electrons, jons and energetic neutrals, charge
exchange, secondary electron emission from the cathode

of electrons from the-anode. pd scaling is explicitly
verified. The dependence of breakdown conditions on
gap voltage, cathode surface, and the atomic processes
in the gap are studied.

*Work performed jointly under USDOE by LLL, contract
W-7405-Eng-48 and DARPA (DoD) ARPA Order No. 3718,
monitored by NSWC contract No. N60921-79-P0O-WO035.

‘DB~6 Continuous Current in the Positive Point-Plane
Corona in Air. 1: Experimental— M. HIRSH and R.ABBOTT,
Univ. of Minn., Morris, and G. HARTMANN,Labo. Physique

time-dependent 1-D model includes effects of ionization

due to impact of jons and neutrals, and back scattering

des Décharges(CNRS),ESE,91190 Gif-sur-Yvette, FRANCE-=

in air is known to display three different forms below

consists of random "burst pulses'; at higher voltages

posed on the continuous glow current. We have studied

air, for point radii r, between 6 and 75 Um and inter—

I.= CV(V-Y,'), where V,'>Vy; both C and V,' vary with

ing the anode tip to the point of measurement on the

spoint to about 400um for the 75um point.
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" With increasing voltage, the positive point— plane corona
spark breakdown. Above the onset voltage Vo, the current

these pulses merge into a quasicontinuous glow discharge;
at still higher voltages preonset streamers are superim-

the continuous component I, of this current in laboratory

electrode gaps from 3 to 40 mm. Throughout the glow and
streamer regimes, the current obeys a Townsend-like law

electrode geometry, gas density, and humidity. Over these
same regimes, the spatial distribution of I, at the plane
is axially symmetric and varies approximately as cos”® (8
is the angle between the discharge axis and the line join-

plane). The measured values of Vo' support the expected
result that the axial length of the ionization zome,rj,
at I.=0 is approximately independent of electrode separation
for a given point; rj varies from about 200im for a oLm




"'DB-7 Continuous Current in the Positive Point-Plane

Coroma in Air. IT: Theoretical- M. HIRSH, Univ. of
Minn.,Morris; R. S. SIGMOND, Norges Tekn. Hogskole, Trond-
heim, NORWAY; G. HARTMANN, Labo. Physique des Décharges
(CNRS), ESE,91190 Gif-sur-Yvette, FRANCE—— Ap approximate
numerical solution has been obtained for the current-
voltage relationship in the positive point- plane corena
described in the preceding Paper. In the calculation,
the interelectrode region is divided into two ‘zones; in
the ionization zone, the field is assumed to vary according
to Laplace's equation, while in the remainder of the gap
the field satisfies the Poisson equation. The space
charge variation employed in the calculation was obtained
from the observed spatial dependence of positive- ion
current described in the accompanying experimental paper.
As boundary conditions on the anode field, a point roughly
at the center of the ionization zomne was selected at

which the field was assumed to maintain a constant value
of 31 kV/em, independent of current. This assumption is
approximately equivalent to selecting a field at the anode
such that the Townsend integral f(o~n)dr over the ioniza-
tion zonme remains constant as the discharge current varies;
this maintains a steady state if secondary ionization
processes are current-independent. Calculated I-V charac-—
teristics agree well with experiment for assumed positive-
‘ion mobilities in the range 2-2.5 cm?/V-s at STP.
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SESSION E _ -
7:30 P.M,-10:00 P.M, (APPROX), Tuespay, OcToRer 11, 1979

BaLLRooM 2

WORKSHOP ON KINETICS OF RARE GAS MONOHALIDES AT ELEVATED
TEMPERATURE

‘THIS WORKSHOP WILL INCLUDE DISCUSSIONS OF ELECTRON
QUENCHING AND ATTACHMENT PROCESSES, OPTICAL ABSORPTION
PHENOMENA AND THE LOCATION AND COUPLING BETWEEN THE UPPER
LEVELS, (B AND C STATES). THESE ISSUES AND THEIR TEM-
PERATURE RELATED EFFECTS WILL BE DISCUSSED AS THEY PERTAIN
TO ELECTRON-BEAM, ELECTRIC DISCHARGE AND PHOTOLYTICALLY
EXCITED RARE GAS MONOHALIDES WITH PARTICULAR EMPHASIS ON
XeF, KRF anp XeCL. THE PREARRANGED SPEAKERS AND THEIR
TOPICS ARE LISTED ON THE FACING PAGE,

CHAIRPERSON: M
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INTRODUCTION | |
- M.J.W, BonEss
AVCO EvVEReTT RESEARCH LABORATORY

TEMPERATURE DEPENDENCE OF DISSOCIATIVE ATTACHMENT
~ P, J. CHANTRY
WesTineHouse R&D CENTER

| ELECTRON QUENCHING AND DISSOCIATIVE ATTACHMENT PROCESSES
- D. W. TrainoR |
AVCO EveRETT ResEARcH LABORATORY

ENERGY CHRVE CALCULATIONS FOR XeF AND XeCL
M, Krauss
NATIONAL BUREAU OF STANDARDS

ABSORPTION MEASUREMENTS IN XeCL
L. F. CHAMPAGNE
NAvAL RESEARCH LABORATORY

KINETICS OF PHOTOLYTICALLY EXCITED XeF
D. L. HUESTIS
SRI INTERNATIONAL

AND H. T. PoweLL -
L AWRENCE LIVERMORE LABORATORY

ENERGY EXTRACTION IN XeF

J, C. Hsia
AVCO EvERETT RESEARCH LABORATORY
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FA-1 Negative Ion-UFg Electron Transfer Reactions: De~

tailed Modelling of Rate and Diffusion Coefficients in
the Flowing Afterglow.* G,E, STREIT and T.W. NEWTION, Los
Alamos Scientific Lab.*%——In the normal manner of analyz-
ing flowing afterglow experiments, a plot is made of log
reactant iom intemsity vs reactant neutral flow. The
slope of the resulting line is directly related to the
rate coefficient. In studies of reactions involving
gases with typical atmospheric masses, such a plot does
yield a nearly straight line. However in our experi-
ments with UFg neutral reactant and UFg~ as the product
ion, the same plot exhibits significant curvature. A
computer model of the flowing afterglow which includes
the effective ion diffusion coefficients as a function of
reaction progress satisfactorily models the curvature and
demonstrates that the production of a low mobility ion
in an ion-molecule reaction complicates the analysis used
to derive rate coefficients.

*Submitted by N.C. Blais
**Work performed under the auspices of the U.S. Depart-
ment of Energy. ‘

FA-2 Flowing Afterglow Studies of Negative Ion-UFg
Flectron Transfer Reactions.* - G.E. STREIT and T.W.
NEWTION, Los Alamos Scientific Lab.*¥*--Quantitative rate
constant measurements have been made in a room tempera-
ture flowing afterglow for the electron transfer from
SFg~, F7, €17, Br~, and I~ to UFg. In all cases the only
ionic product is UFg~. Our values of the rate constants
for the listed reactions are (in units of 107° cm®/mole-
cule-s): 0.9, 1.7, 1.7, 1.2, and 1.0 respectively. The
apparatus, experimental techniques and difficulties as-
sociated with UFg, and the results will be discussed.
Comparisons with previous work on 5Fg~ and C1™ will be’
made.

*Submitted by N.C. BLAIS.
**ork performed under the auspices of the U.S5. Depart-
ment of Energy.
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FA-3 SIFT Studies of Cluster Tons - N.G.ADAMS and

D.SMITH, U.of Birmingham, Fngland —-We have used the
SIFT technique1 to study the rates of production and the

reactions of several cluster ion species. In particular,
a detailed study of the association reactions of CH.*+
ions with several molecules, X, has been carried out -
over the temperature range 100-500 K. These reactions
are often very rapid impl¥ing long lifetimes for the
exclted complexes (CH.X*)™. The astrophysical
implications of these”’data will be discussed briefly.

In other experiments, H.0%(H O)O 4.0 lons were injected
into the SIFT and theirareac iond é%udied with Do0.
Hydrogen~deuterium exchange was very fast in these
reactions and the product ion distributions were
consistent with the formation of long-lived complexes in
which complete scrambling of the H and D atoms occurred.
The implications of these data will be discussed briefly. -

'N.G.Adams and D.Smith, Tut.J.Mass Spectrom.Ton Phys.

21, 349 (1976).

FA-4 Laboratory Measurements of Stratospheric Sodium
Ion Reactions-R. A. PERRY, A. A. VIGGIANO, D. L. AL-
BRITTON, E. E. FERGUSON, and F. C. FEHSENFELD, NOAA/ERL,

Aeronomy Laboratory--The switching reactions of Na+ with
N2, co, COZ’ HC1, 302, HNO3 and H20 have been studied at

300 K in a flowing afterglow apparatus. Thermochemical

values and rate constants for the Na+ cluster ions will
be reported. Tn order of increasing stability, the ions
+ + + + + +
are Na -Nz, Na «C0O, Na -COZ, Na -HCl, Na -802, Na -HNO3,
+
and Na -HZO. The implication of the measurements to the

positive ion chemistry of the stratosphere and mesosphere
will be discussed.
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FA-5 Conversion of Atomic to Molecular Ions in He,
Ne, and Ar at Temperatures from 76-300 K - A. K. CHEN,
R JOHNSEN, and M. A, BIONDI, Univ. of Pittsburgh™ --
Three-body associations reactions of the form RY + 2R =
+* 4+ R (R = rare gas) have been studied in a varieble
temperature drift tube - mass spectrometer apparatus.
We find k(Het, He) = (1.1 ¥ 0.1) and (2.8 T 0.2) x 10-31
cmg/ggc at 300 K and 78 K, respectively, yielding a
Tn .

temperature dependence. For (Ne™, Ne) the EPSé?
t

and 2P, ;, ionic states (distinguished by their differe
mobili%{es) exhibit the same rate coefficient (6.4 ¥ 1.2)
x 10-32 at 300 X but different values, (16 t 3) and

(3.5 ¥ 1.8) x 10~32, respectively, at 78 K. By contrast,
at 300 X, k(art, Ar) = (27 £ 3) and (2 ¥ 1) x 10732 for
2p {2 and Epl , ions, respectively, while at 78 K both
1omhe states{Teld the same coefficient (52 ¥ 5) x 10~32,
The results are compared to those of previous investiga-
tors. '

*Work supported by U. S. Army Research Office under
Grant DAAG29-TT7-G-0079.

FA-6 Measurement of the Rate Coefficients and Their
Temperature Dependence for the Bimolecular and Termo-
lecular Charge Transfer Reactiomns of HeoT, Neg™, and
Arst . C.B. COLLINS and F.W.. LEE, Univ. of Texas at
TDallas--This work continuesl the measurement in after-
glows of e~beam discharges into high pressure gas mix-
tures of rate coefficients for emergy transfer reactions
of inert gas ions. The bimolecular and termolecular
rates of reaction of He2+, Ne2+, and Arz+ with selected
reactants have been measured. The bimolecular rates
were found to agree with the NOAA reSultsz‘when avail-
sble. The termolecular rates and their temperature de-
pendence could be interpreted in terms of a simple
classical model of the frequency at which the presence
of third bodies changed glancing collisions of the
reactants into inwardly spiralling orbits.

*Research supported by NSF Grant ENG78-16930.
1. ¥.W. Lee, C.B. Collins and R.A. Waller, J. Chem.
Phys., 65, 1605 (1976); F.W. Lee and C.B. Collins, J.
Chem Phys., 65, 5189 (1976); 67, 2798 (1977); 68, 1391
(1978); 68, 3025 (1978); 70, 1275 (1979).
2. D.K. Bohme, N.G. Adams, M. Mosesman, D.B. Dunkin,
" and E.E. Ferguson, J. Chem. Phys., 52, 5094 (1970).
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FB-1 Study of the cathodic region of a discharge

E. MARODE,TRAN NGOC AN,Supelec C.N.R.S. 91190 Gif/yvette
G. FOURNIER,ONERA 92320 Chatillon,P.SEGUR,S.PAREATHUMBY
Centre de Physique Atomique 31000 Toulouse FRANCE —-—
Three methods giving the distribution function of elee-
trons in a highly non uniform field has been develop-

ed in order to study the properties of the cathode fall
in a electrical discharge.Two of them are related to the
Boltzmann equation,the third with Monte Carlo statistical
analysis.The Boltzmann equation is used in an integral
form which does not require a series expansion of the
solution.As a consequence this method can be applied to
highly divergent fields.The Monte Carlo method has the
advantage of the flexible introduction of data and it do-
es not use extented computation time. The three methods
predict a similar behavior of the discharge cathode fall
and give an evaluation of the neutral species excitation
rate by electron collisions. The future development of
this study should yield a self consistant solution for
the entire. cathodic region.

FB-2 Predictions of Cathode Sheath Characteristics in
Helium Glow Discharges™-R. R. MITCHELL, L. E. KLINE, and
L. J. DENES, Westinghouse R&D Center——We used a one-
dimensional, steady-state model to study power lecading
in the cathode fall region of helium glow discharges.
The model includes electron and positive ion drift and
diffusion, recombination, ionization, and field distor-
tion by space charges. The electrons are assumed to be
in equilibriuwm with the field and gas heating is not
treated. With literature values for the transport coef-
ficients and the coefficients of recombination, ioniza-
tion, and secondary electron emission, the model gives
good quantitative agreement with published measurements
of field versus position at low pressure (0.3 to 2.0
torr) over the range 1076 %j/p? ¥ 1074 a/cm? torr2.

We conclude that gas heating is not significant in this
regime and that the assumption of electron equilibrium
with the elec¢tric field, though not strictly true, is
adequate for the model. Because power loading is pro-
portional to p3, gas heating will be increasingly impor-
tant at higher pressures in this range of j/pz.

*
Work supported by U. S. Army BMDATC.
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FB-3 Cathode Sheath Energy Deposition in Pulsed
Helium Discharges - M.J. PECHERSKY, S.G. LESLIE, and L.E.
KLINE, Westinghouse R&D Center--We have measured the
energy deposited in the cathode sheath in a UV preioniz-
ed, -self-sustained discharge by measuring the velocity
of the cathode shock wave and applying shock tube theory.
The velocity of the shock wave was measured using a
Michelson Interferometer and an STL image converter cam-
era. The electrode spacing was 2 cm and the transverse
dimensions were 2 cm x 75 cm. For a 1000 torr helium
discharge with a pulse length of 100 nsec (FWHM) and a
total energy input of 8.6 J, the measured shock wave
Mach No. at a distance of 1 em from the cathode was 1.05.
The sheath energy was inferred by performing shock tube
calculations in which the total energy into the discharge
was held constant at 8.6 J with varying amounts being
partitioned between the cathode sheath and the positive
column. The corresponding specific energy loading in

the cathode sheath was found to be 4560 J/L~atm as com—
pared with 19.5 J/%-atm in the positive column. The
sheath energy loading was alsoc estimated to be 4030
J/%-atm by extrapolating the experimental results of
Warren.

lR. Warren, Phys. Rev. 98, 1650 (1955).

FB-4 Quantitative Correlation of Attachment Strength

-with the Onset of Arcing in Rare Gas-Halide Discharges*
L, J. DENES, P, J. CHANTRY, and L. E, KLINE, Westinghouse
R&D Center, Pgh,, PA 15235-~We have measured the maximum
arc-free current in self-sustained 300 ns discharges in
FD:Xe:He mixtures of p(FD):3:1000 Torr as a function of
p(FD), the partial pressure of the fluorine donor, FD.
Donors studied include SFg, NF3, 02F6, and CF, for which
n/p(FD) varies by a factor of 100.° n is the attachment
coefficient, In all cases, at low values of p(FD), arc-
ing occurs at current densities of ~100 A/em?, with the
arc precursor filaments orginating from the cathode re-
gion, At a particular value of p(FD), however, the maximum
achievable arc-frei current density drops precipitously
to values K10 A/cm” and for higher p(FD) values the pre-
cursor filaments originate from the anode region. This
critical value p.(FD) varies from P (8Fg) = 0.26 Torr to
pc(CF4) = 17 Torr. Nevertheless, the corresponding cal-
culated n at this critical pressure is ~20 cm?l in all
cases, suggesting that n is the key parameter which con-

. trols the maximum arc-free current density in these high
pressure discharges. '

*Supported by U.S, A BMDATC and W h
Devggopment %i : rmy ATC an esting ouse Systems
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FB-5 Flectrode Surface Related Arcing in High Pressure
Self-Sustained Clow Discharges*, L. J. DENES, W. R. GASS,
I. E. RKANTER and L. E. KLINE, Westinghouse R&D Center—-—
We have studied the effects of electrode surface finish
on threshold current for arcing in 300 ns self-sustained
glow discharges in NFy:Xeile = 0.2:3:1000 Torr mixtures.
A variety of electrode materials were contoured and given
a mirror-like polish to remove surface protrusioms.
Microscopic imspection of the surfaces typically showed
many (R10%/cm2) small (1-10 um) ’pits' and a few (<1/crl)
larger ones. The samples were tested on a small (25 end)
discharge apparatus of optimized electrode geometry and
electrical circuitry. Arcing showed little dependence on
electrode material, On the other hand, arc damage was
concentrated at the sites of the larger (>10 um) pits.
Removal of these random defects increased the maximum
current density from 50 to ~150 A/cm®. Photographic
evidence suggests that arcing begins in the sheath regioms.
Theory predicts that the sheath thickness decreases with
increasing current demsity (10 um at 50 A/cmz,-S um at
150 A/em?2), We conclude, therefore, that arcing will
occur under conditions where the sheath thickness is
comparable to the scale of the largest surface void

defects.
*Supported by U.S. Army BMDATC and Y Systems Dev, Div.

FB-6 - Streamer Growth in an E-~Beam Sustained
. Discharge,. P.S. ROSTLER and D.H. DOUGLAS-
HAMILTON, Avco Everett Res. Lab, Inc,*~—- The
electron-beam sustainer (EBS) discharge has
many applications, especially in high power gas
lasers. The most important instability in such
discharges is the streamer, a column of hot gas
which resembles an arc more than the classic
electron spark breakdown of the self sustaining
discharge. In this paper, high speed framing
camera (22,800 frames/sec) observations of
streamer formation and growth in an EBS dis-
charge will be reported. We have theoretically
modelled a streamer as a column of gas res-
istively heated to a temperature (v6000°K) at
which thermal ionization significantly raises
the conductivity and hence the current, This
model predicts exponential growth, The mag-
nitude and parametric scaling of the calculated
growth rate will be discussed and compared
with experiment.

* Supported by Alr Force Aero Propulsion Lab-
oratory, Alr Force Systems Command, USAF,
. WPAFB, F33615-78-C-2013.




FB-7 Fractional Power Transfer and Ion Formation Rates
in Oxygen and Oxygen-Iodine Mixtures. J.W. DETTMER and
A. GARSCADDEN, A.F. Weapons Laboratory, Kirtland AFB

NM and A.F. Aero Propulsion Laboratory, Wright-Patterson
AFB, Ohio - A set of cross-sections: consistent with
experimental transport properties and ionization co-
efficients for oxygen has been used with a numerical
solution of the Boltzmann transport equation to-calcu-
late fractional power transfer in oxygen. In order to
more realistically model discharges, we have estimated
the influence of 0 singlet delta metastable concen-
trations on the iofiization rates and on attachment

and detachment. Oxygen-iodine mixtures with small con-
centrations of iodine have then been included in ion
formation rate calculations. The influence of the
metastable states and also the effects of the strong
electronegative gas on the stability and energy loading
of electron beam discharges are also considered.

lA.V. Phelps, Private Communication
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GA-1 Information from Fxothermic Rate Constants
Messured as a Function of E/p. W.B. CLODIUS and S.B.
W00, Univ. of Del,--The inherent limitations which
attend the inference of a cross section, o, from its
rate constants, K, come from two sources--{a)the
smoothness of the kernal, g, and (b)the uncertainties
of K. These limitations can be studied quantitatively.
Russ et al™ hawe studied the maximum permissible nurber
of parameters in any representation of ¢ that can bec
evaluated from drift tube measurements of K for
endothermic reactions. We recently did a similar study
for exothermic reactions and found that for the same
amount of uncertainty in K many more parameters are
available in any representation of ¢. For example, we
found that a 15% standard deviation on K implies a
maximum of about 9 parameters for ¢, regardless of the
dynamic range of K, A least Sguares approach was used
to verify the above findings. Numeriecal examples were
studied including the effect of the bufier gas.
Differences with the findings for endothermic reactions
are compared and explained. -

lC. Russ, M. V. Barnhill ,ITI, and S. E. Woo, J. Chem.
Phys. 62, 4420 (1975)

GA-2 Kinetic~Energy Dependence of the Product Ratios

of the Reaction of N' Ions with 0,.* F. HoworkA,? 1.

DOTAN,* F. C. FEHSENFELD, and D. L. ALBRITTON, NOAA
Aeronomy Lab, Boulder CO 80303—-The energy dependence of
the product ratios of the reaction

N++02+0++N+2.5 eV (52%)

2,
>NO + 0+ 6.7 (41%)
>0t + N0+ 2.3 ¢ 7%)

have been measured in a selected~ion flow—drift tube at
relative kinetic energies 0.04 ~ 2.5 eV, At room temp-
erature, the above ratios agree well with previous flow-
tube values, but not with earlier ion-cyclotron-resonance

values. At higher energies, 02+ becomes the dominant
product ion and the ratios agree with previous crossed-
beam results.

* Supported in part by DNA, +University of Immsbruck,

Austrig. *The Weizmann Institute, Israel.
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GA-3 Charge~Transfer and Association Reactions In-
volving Mercury and Rare-Gas Ions™ - R. JOHNSEN AND

M. A. BIONDI, U. Pittsburgh.--A drift tube -mass
spectrometer apparatus has been used to determine
thermal-energy rate coefficients for reactions of the
type RT + Hg — R + Hg' and R} + Hg » 2R + Hg' (R = rare
gas). The results at 300 K are:

reaction kgcm3%secz reaction k (em3/sec) : |
He'T + Hg 2.5(~9 Heot + Hg L.5(-10) |
Net + Hg < 5(-13) NGQI + Hg 5 (-11) |
ArT + Hg < 5(-13) Ary" + Hg < 1(-12)
Krt + Hg < 1(-12) Kro® + Hg < 1(-12)
Xet + Hg < 1(-13) Xes' + Hg 5(-10)

notation: (=x) = 107X

Tn & xenon-mercury mixture, the sequence Hg™ — XeHg® -
Hg2+ - XeHg2+ - Hg + produces triatomic mercury ions
with three-body rate coefficients of 4 and 1(-31) :
emb/sec for steps 1 and 4, respectively, and two-body
coefficients of ~ 5(-10) cm3/sec for steps 2 and 4. The :
rate coefficient for Ar2+ + Xe = 2Ar + Xe" is 5(-10)
em3/sec. _
|

*ork supported by ARPA/ONR (NOOO-1L4-T76-C0098).

GA-4 Ab Initio Characterization of the High-Barrier
“Adiabatic Pathway for the 0T (N9 ,N)NOT Reaction. D.G.
Hopper, Science Applications, Inc.” —- Ab initio
computations by the multi—configuration_gélfuconsiSw
tent field (MCSCF) method have been made for the
repulsive #I~ co-linear pathway for the reaction of
0F with nitrogen to yield NO+,N, where all react-
ants and products are in their electronic ground
states. The ab initio theoretical reaction
exothermicity is 0,94 eV, which compares to an
experimental value of 1,10 eV, The saddle-point

for this co-~linear surface is predicted to be at
7.3140.5 eV relative to OT4Ny and to be characterized
by critical values of BRyy and Ryg which are about 0.5
and 0.4 a.u. respectively, greater than the equili-
brium Ny and NOt+ diatomic bond ‘lengths. The
implications of this high-barrier mechanism will

be discussed in relationship to other mechanisms

for the Ot+Ny reactionl

“*Supported in part by US AFOSR.

1p.c. Hopper, J. Amer. Chem. Soc. 100, 1019 (1978).
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_ . GA-5 ‘Experiments on Energy Disposal in Charge Trans-
g /:}X fer at Near Thermal Energy. T. R. GOVERS, G. MAUCLAIRE,
~ ‘ PPN and R. MARX, lLaboratoire de Resonance Electronique et,
:? L P &L )  Ionique, Université de Paris-Sud, 91405 Orsay, France,--
' Energy disposal in charge exchange between rare gas ions
§2K5£?7 .Z¢Ju§@7 and small molecules gmainly.diatomics a?d triatomics) at
7 {WALJ / ysnear thermal energy is studied by emission spectroscopy
{aen/ %éﬁ&#ﬁ_and ICR. The first method identifies excited products
Y [ emitting between 185 nm and 600 nm and measures their
Luggﬂdé@“\Tﬂhk&~relative abundance and vibrational energy distribution.
LA \ ‘,( ej/ In the second, more recent experiments ICR techniques
Iy 4; have been adapted to provide information on product kin-
etic energies, in addition to overall reaction rates and

product distr—ubutions‘.l Translationally and/or vibra-
tionally excited products are common, as are departures
from energy-resonance and Franck—-Condon criteria. The

syétem Ar+ + H20 will be discussed as an example.

1. G. Mauclaire et al, J. Chem. Phys. 70, 4017 (1979).
2. R. Derail et al., Chem. Phys. (in press, 1979).

G§—6 Electron Transfer and Excitation in Low Energy
No - Alkali Atom Collisjons* --J.L. BARRETT and J.J.
LEVENTHAL, U. of Missouri-St. Louis--Inelastic collisions
between NF ions and alkali atoms (i, Na and K) have
been investigated using a crossed beam apparatus and
spectroscopic analysis of collision-produced radiation
(180-850 nm). Collision-induced excitation to the low-
est alkali atom excited state was observed to compete
favorably with near resonant charge transfer to Np(C).
The vibrational state distributions within N2{(C) from
N3 - K collisions are in accord with a vertical transi-
tion model, while the distributions resulting from N3 -
Li and Ma collisions are not. These results will be
discussed within the framework of a surface crossing
modell developed to describe such collisions. Absolute
cross sections for the observed processes are also re-
‘ported.

*Supported by ONR Contract No. N000O14-76-C-0760

13.D. Kelley, G.H. Bearman, H.H. Harris, and J.J.
Leventhal, J. Chem. Phys. 68, 3345 (1978).
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GA-7 Quasi-~Resonant Charge Transfer at Thermal Energies

in the Rare Gases _ o
J.D.C.JONES, D.G.LISTER, K.BIRKINSHAW and N.D.TWIDDY
U.C.W., Aberystwyth, Wales.

Abstract

A selected ion flow tube (SIFT) apparatus has been used
to study thermal energy charge transfer reactions between
isotopic species in each rare gas, Ne, Ar, Kr and Xe.

The results obtained are in agreement with theoretical
calculations.

The theoretical rate constant as a function of tempera—
ture has been calculated from the known velocity
distribution in the S.I.F.T. and a theoretical charge
transfer cross section which takes into account curved
trajectories at low energies. This modification is
essential to compare low energy rate constant results
with theory. The results are also compared with other
experimental data, and good agreement is found.

GA-8 Collisions of Ions with Laser-Excited Rydberg
Atoms.* X. MACADAM, D, CROSRBY, and R. ROLFES, University'
of Kentucky.--Preliminary experimental results will be
reported on f-changing collisions between laser—excited
Na Rydberg atoms and He" ions for comparable ionic and
electron-orbital velocities. Enormous cross sections,
on the order of 107 ﬂZ, are observed for transfer from
specific Na(nd) target states (nx25) to np and nf final
states. We obtain the results on a new crossed ion/atom
beam apparatus that uses a No/dye laser system for step-
wise pumping of a Na heam. Detection by time-resolved
field ionization permits the identification of collisiomn
ally produced final states.

*
Supperted in part by the Research Corporation and the
National Science Foundation.
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GA-9 Reactions of Ne'™ and Kr+f with Some Atoms and
Molecules -~ D,SMITH and N.G.ADAMS, U.of Birmingham,

England —-Following a detailed study of the re%gtions of
the §round and excited metastable states of Xe' ' and
ATt ’2, we have carried out a study of the reactions of
Nett and Krt+ ions with rare gas atoms and several
molecules In a SIFT apparatus at 300 K.  The reactions
with molecules are all fast, near to the collisional
limi%t, and all proceed via single charge transfer,
whereas the rate coefficients for reaction with the rare
gas atoms vary greatly from immeasurable in our experi-
ments gﬁ; x 10=13cm3s=1) up to the collisional limit
(=10-9¢cm 5"1). Single charge transfer is again the
most common mechanism in the atom reactions, but in the
Nett reactions with Kr and Xe, double charge transfer
chanmels are evident and a fraction of the product Krt+
and Xett ions are shown to be in excited states. The
atom reactions can ve interpreted in terms of a simple
model involving the crossing of potential curves at
favourable internuclear separations.

1N.G.Adams,D.Spith snd D.Grief, J.Phys.B. 12,791 (1979)

2).Smith, D.Grief and W.G.Adams, Tnt.J.Mass Spectrom.Ion
Phys. 30, 271, (1979).
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GB-1 Electron Density Profiles in Positive Columns with
Diffusion Loss. GERALD L, ROGOFF, Westinghouse R&D Cen-
ter——A simple yet exact characteristic equation has been
derivedl for steady-state longitudinally-uniform positive
columns in which the electron density Ng is given by the
continuity equation szne+vne+kn%mo with the coefficients
independent of position and with Ne=0 at the boundaries,
which can be of arbitrary cross-sectional shape. The
coefficients v and k may be positive or negative and can
each represent the net effect of various production and
loss processes. The general equation contains a dimen-
sionless quantity S (the integral of ~V2ne/ne over the
cross section) which provides information about the shape
of the density distribution. For a circular cross sec-—
tion the variation of the density profile and S have been
determined numerically for all possible relative magni-
tudes and combinations of signs of v and k. S varies
from large positive values for diffuse columns (for k<Q,
"i.e., with electron loss by volume recombination) to
large negative values for constricted columns (for v<Q,
i.e., with loss by attachment). TFor v<(, the results
predict that no steady-state profiles are available with
attachment~dominated loss at the location of maximum ng.

16.1. Rogoff, Bull. Am. Phys. Soc. 24, 126 (1979).

GB-2 Radial Distribution of Electron Density and Exci-
ted Atoms in a Plasma Column Produced by a Surface Wave,
- MOTSAN, R. PANTEL, A, RICARD and W.P. ALLIS, U, Mont-
réal.--We have observed the radial distribution of exci-
ted atoms in an Argon plasma produced by a surface wave.
The measurements are made by recording both radial emis-—
sion and absorption of spectral lines. Depending on the
gas pressure (50-350 mTorr), on the electron density and
on the plasma diameter, the radial distribution of exci-
ted atoms is either flat or has a minimum on the axis -and
a maximum near the tube wall. This behaviour is explained
theoretically by showing that the excitation rate is pro-
portional to n(r)Ez(r) where r is the radius, n(r) is the
electron density and E4(r) the electric field intensity
of the surface wave. The radial distribution of elec~
trons is known only through a calculation assuming ambi-
polar diffusion. In particular, it is shown that, whate-
ver the profile of E(r), n(r) can always be fairly well
approximated by a Bessel function Jo- Most of the obser-
vations were repeated on a positive column of the same
diameter and operated under the same pressure. The possi-
bility of obtaining different radial distributions of ex-—
~cited atoms could be of interest for applications (laser,
plasma chemistry).
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GB-3 The plasma density distribution in a medium

pressure flowing positive column—JF.S. Chang McMaster
University, 5. Karpik York University,Canada —— A
numerical analysis has - been done for for the plasma
density distribution in a diffusion controlled flowing
positive column, The case of viscous flow in a cylindr-
ical discharge tube has been considered, The present work
covers the range of ambipelar diffusion Reynolds number
from 0 to 100,and nondimensional discharge region length
from 0.1 to 10. The numerical results show that:(l)plas-
ma density distribution obtained by the slug flow model
(Romig 1960) leads to large error;(2)the radial density
profile upstream and downstream of the location of max-
imum plasma density is wider and narrower,respectively,
then the zeroth order Bessel profile;(3) the electron
temperature inside the discharge region agrees well
with that predicted by Chang (1978).

M.F. Romig(1960) Phys.Fluids 3,129.
J.S. Chang (1978) J.Appl.Phys. 49,1287.

GB-4 Absorption, Dispersion and Stray Light Measure-
ments near Resonance of A'= 5875,97 A and A= 5875,62‘K
He-Lines in a Glow Discharge using a Tunable Dye Laser
H, ODENTHAL and J. F. UHLENBUSCH

Universitit Dlsseldorf F.R.G.

To determine the temperature of neutral He-atoms in the
positive column of a glow discharge in He (I ¢ 120 mA,p
=1-10 Torr, R=1 cm) absorption- and stray-light-profiles
of the Doppler broadened lines at 5875,62 A and 5875,97

were measured. The results in the pressure and current
regime given above show that the temperature is nearly
the same in radial and longitudinal direction of the
discharge and varies between 340 K to 750 K. The light
source for these investigations was a tunable dye-laser
with a bandwidths of 2 MHz and a scanning range of about
30 GHz. The d%termination of the absolute population den-
sity in the 2°P-level of He-atoms was done by resonance
interferometric measurements on the He-line at 5875,624
using a micro-processor controlled Michelson interfero-
meter. At 1 Torr discharge pressure and currents between

30_gnd 120 mA the density varies from 3x109%m™3 to 5x1010
©
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GB-5 Electrophoresis at High E/p. J.H. INGOLD,

General Electric Co.--The theory of electrophoresis is
fairly well understood at low E/p where the axial
pressure difference in the positive column of a rare gas
discharge is observed to vary inversely with gas
pressure. However, this behavior is not observed at high
E/p, and the theory of electrophoresis at high E/p is not
well understood. In the present paper, the history of
electrophoresis is reviewed briefly, and a possible
explanation for the departure from dependence on inverse
pressure at high E/p is offered. The explanation lies in
the realization that the positive column at high E/p and
about 1 torr pressure is neither a Schottky type (high
pressure, diffusing ions) nor a Tonks-Langmuir type (low
pressure, freely-falling ions), but is somewhere between.

GB-6 Simplified Models for Low-Pressure AC
Discharges. M.J.C. van GEMERT and J.-P. MOREL, .
Philips Research Laboratories, Eindhoven

The Netherlands. --Three models are presented
for low pressure ac-discharges. They are based
on the simultaneous time dependent solution of
the spatially averaged forms of the electron
continuity equation and the electron energy
equation. Simple analytical relations are used
to represent the discharge parameters such as
ionization frequency, ambipolar diffusion
coefficient and electron energy losses. The
models differ in the number of approximations
used in the two equations. Our discharge model
yields a,ghysiCal interpretation of the Francis
equationst). Tests are presented for a fluores-
cent lamp type of discharge at 50, 500 and
10.000 Hz in a resistance loaded circuit.

1) V.J. Francis, Fundamentals of Discharge
Tube Circuits, John Wiley and Sons, Inc.,
New York (1948).




GB-7 An Elementary Model of the AC-Discharge-Ballast
Interaction — JOHN F. WAYMOUTH, GTE Sylvania, Danvers,
Mass. 01923--The general equation for an alternating
current discharge-ballast circuit combining inductive
and capacitive impedances is Vp(i,di/dt) = Voc(t)-L(i)
di/dt+q(t) /C. The simultaneous solution of this equa-
tion together with one giving the explicit dependence of
the discharge voltage drop VD on i and di/dt gives the
discharge current and voltage waveforms as a function of
alternating current phase angle. The exact solution re-
quires an accurate discharge model including all energy
exchange, ionizatiom, and recombination processes. In
this work, an elementary discharge model is employed
using the relationship (Lﬂf) (dd/dt) = -1/¢ + (L/D) (E/
Eo)n, where § is plasma conductivity, ¢ is ambipolar dif-
fusion time constant, E is axial voltage gradient, Eo is
the steady-state maintaining voltage gradient, andn has
a value between one and two. This relationship is appli-
cable for supply frequencies such that (1/E) (dE/fdt) <<
Mk, where is the inelastic collision frequency of e-
lectrons in the plasma. A successive-approximation so-
lution has been developed and applied to the case of dis-
charge lamps operated on 60 hz ballasts with non-sinus-—
oidal open circuit voltage and non-linear induetive and
capacitive impedances.
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H-1 The Effect of Chemical Processes on the Electron
Temperature of a Medium Pressure, Rare Gas, Radio Fregqu-—
ency Discharge - Y. ICHIKAWA, G.L. OGRAM, R.M. HOBSON,
York University, Canada, J.S. CHANG, McMaster University,
Canada, S. TEII, Musashi Institute of Technology, Japan
— The recent positive column theory of Ichikawa et al
(1979) has taken into account the effect of various chem-
ical processes on the production, loss and interconver-
sion of metastable and ion species. The experimental
measurements have been made in a 4cmi.d. r.f. discharge
tube for He, Ne and Ar. An electrostatic triple probe was
used to monitor the electron temperature and plasma den-
sity, and a mass spectrometer was used to analyse the ion
species. Metastable densities were measured using a self
absorption technique. The results show that: (1) the
abundance ratios of the atomic and diatomic ions agree
reasonably well with those predicted theoretically for
gas pressures above about 1 torr; (2) for lower pressures
a larger relative diatomic ion concentration than predic-
ted was observed. This is attributed to the effect of
excited species on molecular ion production becoming im-
portant at lower pressures; (3) the electron temperature
in the positive column has a complicated pressure depen-
dence due to the variation of the relative importance of
various processes,but agrees well with the theory,

H_2 . Effect of Oxygen.and Hydrogeén on Electron Beam
‘Discharges'in~Atm05phe$ichressure2605‘MiXtUTesu.

‘P. BLETZINGER;fAéropfopulsién~Laboratﬁries,-WPAFB; Ohio
C.A. DeJOSEPH, JR., Universal Energy System, Dayton, OH-
Electron-beam generated plasmas in gas mixtures of the
type used in high pressure CO, lasers have been invest-
igated in a high-purity closeé-cycle flowing gas system.
The generation of dissociative products in our experi-
ment was very small using only CO with various N, or
He background pressures. The addition of very small
amounts of 0. and or H, caused dramatic increases of
these produc%s as measured by off-1ine infrared analysis
The addition of less than 1% of O increased the amount
of some nitrogen oxides generated’by more than 10 times.
As expected, -added H, decreased the amount of CO by a
factor of 10, but alSo increased N,0 about 5 times with
02 present. No HNO, or HNO. was détected, however these
species could be playing an important role in the dis-
charge chemistry and in the generation of the end-pro-
ducts observed.  Other discharge products detected with
H. added were CH, and HCN. CO generation and loss rates
wire measured on-line with a tuneable diode laser.
Attempts were made to construct simple models for some
of the observed processes.
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H-3 Low-Energy Processes Induced by an Electron Beam
in Oxygen.- G. FOURNIER, J.BONNET, J.BRIDET,J.FORT,and
D.PIGACHE, ONERA France -- The rate coefficients for low-
energy processes in oxygen result from a distribution
funetion which is computed with a cascade code, The
predictions of this code are compared with experimental
measurements of the ozone fraction generated by a 110
keV electron beam in oxygen at 1.13 bar. Typical
conditions are: Flow rate = 250 cmays, beam current =
300 mA, pulse duration = 100 ms, repetition rate = 10 Hz,
Moderate production rates are investigated in order to
avoid increasing gas temperature. For a chamber_
temperature of 300 K, the ozone yield is 2.2x10 g per
Joule gzposited in the gas for an ozone fraction of a
few 10~ (such an efficiency is not competitive with
present industrial ozonizers ). A satisfactory agreement
of theory with experiment is achieved when it is assumed
that dissociative attachment, 8.4 eV excitation and
dissociative ionization drive one ozone per collision
whereas 6 eV excitation drives two ( but this choice is
not unique to fit experiment within. the error bars ).
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I-1 The Interface Between Plasma Physics and Plasma
Chemistry - A. T. BELL, U. California, Berkeley--The
progress of chemical reactions in a plasma involves a
large number of elementary processes. Quantitative
descriptions of the kinetics of plasma~chemical
processes are difficult to develop and require signifi-
cant amounts of basic data. One of the most significant
elements needed is the nature of the electron. energy
distribution function and its dependence on variables
controlled in the laboratory. The nature of the
relationships between the basic laws of plasma physics
and chemistry will be discussed and areas requiring
additional research will be identified.

I-2 CharacteristiQS'bf'GloW‘Discharges-in_HEgcrélggs
Mixtures, §. GRIFFIN, N. IANNO, J.T. VERDEYEN, B.E.:@ -
_CHERRINGTON.* Gaseous Eléctronics LaboratOryj“University:
-of Illinois, Urbana, IL 61801--Clow discharges in highly
electrogegative gases have become very important due to
their use in plasma etching of semiconductors. This
paper will present the results of a study which attempts
to correlate the basgic discharge.parameters, spontaneous
emission, electron density, and radiation temperature,
with the surface reaction. Enhancement ig seen in the
704 nm, free fluorine emigsions when helium is substi-
tuted for a fluorine donor, CF, or NF » in the discharge.
This enhancement is due to a resonant™transfer Process
from the helium metastable to excited fluorine

(He*+CF (NF )+He+CF3(NF )+F**). However, it is found
that this ehhancement dSes not follow the etch rate which
implies that free fluorine and CF (NF2) do not play a
dominant role in the surface reacgion. A similar
enhancement of electron density is seen under the same
conditions. The 704 nm. emission is found to saturate
under high excitation in a RF discharge indicating a
probable saturation of helium metastable density.

*
- Work supported by the Joint Services Electronics Program
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I-3 Some Examples of Plasma Chemistry in
Fast Pulsed High E/p Electrical Discharges in
Gases - L.A. ROSOCHA, National Research Group,
Inc., Madison, Wisconsin -- A simple general
model for analyzing pulsed electrical dis-
charge chemical reactors is reviewed. Our
theoretical description of transient electri-
cal discharges treats the simultaneous. solu-
tion of the problems of plasma conductivity,
electron and ion temperatures, and kinetic
processes appropriate to the gas under con-
sideration by making use of data concerning
electron and ion drift velocities, the Town-
send ionization coefficient, cross-sections
for electron processes, and kinetic rate
equations for the particular discharge system.
The coupling of the driving electrical circuit
to the output of desired discharge products
is explored by a review of three specific
_chemical reactors which have been theoret-
ically modeled and experimentally studied:

(1) the pulsed molecular N2 laser (photons),
(2) the pulsed ozonizer (03), and (3) the
pulsed helium discharge (excited states).

‘

" 1-4 Production of 0('S,) in Electron Beam Excited
Qg_ggggg_Ar on*--J. W. Keto, Chien-Yu Kuo, and C. F.
Hart, The University of Texas at Austin--We have studied
the production of 0(150) as a function of dopant density,
total pressure, and electron beam current. Over these
conditions we have determined the populations for O(BP)
and O3 from the O(]SO) lifetime. We have found rapid
energy transfer from argon excimers and charge transfer
from molecular jons with the Tatter being the predomin-
ateé channel for formation of O(]SO). We discuss model
calculations which are in reasonable agreement with the
experimental results. |

*Work supported by Research Corporation and JSEP under
AFOSR contract F-49620-77-C-0101.




I-5 Plasma-Assisted Surface Chemistry -~ J.W, COBURN
and H.F. WINTERS, IBM Research Lab, San Jose, CA--The
rate at which an active gas reacts with a solid surface
can be greatly increased by simultaneously irradiating
the surface with energetic particles, primarily ions,
and sometimes electrons. This so-called radiation-
enhanced gas-surface chemistry! is a major factor in

rapidly growing technologies as plasma etching, plasma
ashing or plasma polymerization, This phenomenon has
been studied using an ion beam and fluxes of chemically
active gases directed onto clean surfaces. When the
active gas forms a volatile product with the surface
(i.e., 81 + 2Fy ~ SiF,) the gas-surface reaction rate
can be determined from . the etch-rate of the surface. It
has been found that one energetic (2000 eV) Ar ion can
result in the formation of as many as 25 to 30 SiF4
melecules. A description of this phenomenon will be
gilven and examples of its importance in plasma etching?
‘will be given. ‘

3. W. Coburn and H. F, Winters, J. Appl. Phys. 50, 3189
(1979). '

2J. W, Coburn and H. F. Winters, J. Vac. Sci. Technol.
16, 391 (1979).

I-6 Plasma Chemistry for Trace Impurity Analysis -
M. 4. SIEGEL, Extranuclear Labs. Inc., Pittshurgh, PA.--
An often distressing reality in plasma studies is the
domination of the ion spectrum by trace impurities. .
Recently this fundamental distress has been turned into
practical advantage by the introduction of "chemical
ionization" jon sources for analytical mass spectrometry,
Typically, primary ionization methods have been electron
impact at = ] torr, and B-ray ionization at = 1 atm,
followed by ion-molecule reactions to ionize the trace
samples. Faced with the very difficult problem (due to

helium, we developed a quartz walled microwave discharge
ion source which seems to be both analytically usefy]
and fundamental]y interesting. The desired "reagent
ions" are Heo*, which on neutralization provide essen-
tially the same exothermicity as He*, but whose moTecu-
lar nature provides a rich array of charge transfer
channels unavailable to Hat. Thus while He™ + i,
products has a reported rate constant < 1 x 10-13 WHE
Sec, the reactions He,* + Hp > products proceed at 5.3
x 10-10 cm¥/sec. 1In particular, the channel He, ™ + Ho
"+ HeH* has proven well syjted for quantification of Ho
in He. Contrary to published reports, He,H* is not
observed,
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JA-1 406 nm Ar-N, Laser+ - J. G, EDEN*, Naval Research
Laboratory, Washington, D.C. 20375--Intense Tasing on

the 0-3 transition of the N,(C+B} band at 405.9 nm has
been observed by exciting Ar/5% N, gas mixtures with a
Tong pulse (~ 0.5 us) coaxial electron beam. The experi-
mental apparatus consists of a cylindrical diode of

250 cm® volume and 50 cm length driven by 250 kV Tlow-
inductance Marx generator. Lasing on the violet line
occurs following bottlenecking of the 0-1 and 0-2 vibra-
tional transitions. With ~ 8% output coupling, a maxi-
mum output energy of 2.2 mJ (200 ns FWHM pulse)} has been
obtained at 406 nm, which is comparable to that extracted
{for optimum mirror transmission) on the 358 and 380 nm
laser transitions. The prospect of realizing stimulated
emission on the blue 0-4 transition at 434 nm will be
discussed.

TWOPK supported in part by DARPA

*Present address: Department of Electrical Engineering,
University of ITlinois, Urbana, IL 61801.

JA-2 Study of VUV Fluorescence and Lasing in
Electron Beam Excited Xenon®*- M.J.W.BONESS and
C. DUZY, Avco-Everett Research Laboratory, Inc.
—= An experimental and theoretical study of VOV
radiation in electron beam excited xenon was
undertaken., TPFluorescence was observed with ef-
ficiencies approaching 50% for pressures above
1 atm. and modest cell currents (< 53/cm2).
For lower pressures or higher pumping currents,
the efficiency was greatly decreased. A theore~
tical model was developed which accurately
reproduced the fluorescence pulse shapes and
efficiencies for pressures > 1 atm. and over
the entire range of cell currents (1-15 A/cmzl.
Lasing was observed at pressures > 2 atm., but
the presence of premature laser pulse termina-
tion reduced efficiencies to < 1%. Similar
behavior occurred with mixtures of xenon and
helium or argon. Several possible causes of
this premature pulse termination were investi-
gated. ‘

*Work supported by U. S. Department of Energy.
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JA-3 Nuclear Excited CO» Laser Plasma -

N.W, JALUFKA, and F. HOHL, NASA Langley Research
Center--The behavior of a direct nucTear-pumped
3He-Nz-COQ laser amplifier has been investigated. A CW
CO2 Taser operating at 10.6 um and at a power level of
100 mWatts was used to probe the €02 laser mixture
during irradiation by neutrons from a fast-burst
reactor. The laser cell consisted of a 2.5 cm ID by

70 cm Tong quartz tube with flat NaCg windows. This
cell was placed inside a 60 cm Tong by 15 cm 0.D. CoHp
moderator. The beam from the probe laser was directed
through the cell and was detected by an AuGe detector.
No gain was measured with this cell for COp
concentration up to 20%. Absorption occurred during the
reactor pulse and for several milliseconds into the

- afterglow and reached 100% for a 20% concentration of
CO2. This result implies that the lower laser level is
strongly pumped by the nuclear discharge. The
convolution of the excitation cross-sections for the
Tower lying vibrational levels in CO2 with the electron
energy distribution-at several temperatures suggest
electron excitation is responsible for filling the lower
laser level. '

JA-4 235UF5 Fission Fragment Lasing of Ar-Xe -
R.J. DEYOUNG, Miami U.*; Y.J. SHIU, Hampton, Inst.T; and
‘M.D. WILLIAMS, NASA Langley Research Center--Nuclear-
pumped gas lasers have been gumped.with both fissionable
coatings and the volumetric 3He(n,p)SH reaction. There
;g considerable interest in exciting a gas laser by the
5UF5(n,ff)FF reaction since at sufficient densities of
235yFg, there is no need for an external source of
neutrons (nuclear reactor). Lasing from two gas
mixtures excited by 165 MeV fission fragments is _
reported here. Fission fragments were emitted from a
coating of several uranium compounds which formed on the
inner surface of a quartz tube after repeated reactor
pulses on UFg fillings. Xe lased at 2.65um in a
600 Torr Ar-Xe(3%) mixture. Xe was also lased Aweak1y)
at 2.027um when the Ar diluent was replaced by “He. The
different lasing wavelengths for different diluent gases
can be explained by the lower laser level kinetics. An
investigation of the spontaneous emission indicates that
the 2.027 um lower laser level in Ar-Xe is efficiently
popuiated by the 1,542 and the 3.37um transitions
which does not occur for He-Xe mixtures.
Details of the lower level kinetics will be presented.

Supported by NASA Grant NSG 1396* and NSG 1596t
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JA~5 Mechanisms of the Atomic Carbon Nuclear Pumped
Laser @ 1.454y in He-CO, Mixtures, M. A. PRELAS and G H.
MILEY, Fusion Studies Lab., Univ. of I11.*, Urbana,
IL--The atomic carbon nuclear pumped laser, C({3p P,) +
C(3s 'PS) has demonstrated significant delays (1-5 ms)
between the laser signal and the excitation pulse.® This
effect occurs in gas mixtures like He-C0, (vs He-CO) re-
quiring a multiple step process to populate the upper
laser level (ULL), C(3p P.). Simultaneous observation
of the taser output and spontanecus emission of transi-
tions cascading jnto the ULL have eliminated radiative
recombination as an important mechanism. Other measure-
‘ments, combined with theoretical modeling, show that to
explain the delay and its pressure dependence, C0, must
be dissociated into a vibrationally excited CO state
which subsequently relaxes to ground state CO. This pro-
cess 1s then followed by the reaction? He(2°S) + CO +
C(3p 'P1) + 0 + He. |

*Supported by NSF Grant ENG-7801726.

1. M. A. Prelas, et al., Progress in Astronautics and
Aeronautics, Vol. 61, AIAA, (1978).

2. J. B. Atkinson and J. H. Sanders, J. Phys. B. {Proc.

Phys. Soc.), Ser. 2, Vol. 1, p. 1171 (1968).

JA-6 Kinetic Processes in the Atomic Carbon Laser @
1.451 in a Positive Column Discharge, M.A. PRELAS, M. §S.
ZEDIKER, and G. H. MILEY, Fusion Studies Lab., Univ. of
111., Urbana, IL 61801--The atomic carbon laser at
1.451 in mixtures of He and €0z oscillates in the
afterglow about 12us after the peak power deposition
with electrical pumping (positive column discharge, 1lus
(FWHM), 900 W/cm3_deposited) I while with nyclear
pumping (IOB(n,a)7L1, 12 ms (FWHM), 30 N/cm3)
oscillation occurs up to 5 ms after peak power deposi-
tion.?2 Experiments and modeling were performed in
order to explain this difference. Results show that the
two share a common pumping mechanism: 1) COp is dis-
sociated into CO* + 0 followed by the relaxation of CO*
into CO; 2) the upper laser level (ULL) 1is populated by
He(23) '+ €O > C(3p 1P]) + He + 0; and 3) the dom-
inant loss mechanism of ﬁge ULL is collisional de-
excitation-C(3p 1py) + MK ¢+ M+ aF, (k -~
lxloizcm /sec). The difference between the delay
times is explained by differences in the dynamics of -
respective metastable concentrations and added vibra-
tional states created in the discharge.

« Jd. B. Atkinson and J. H. Sanders, J.Phys.B. (Proc.

Phys. Soc.), Ser 2, Vol 1, p 1171 (1968).

. 2. M. A. Prelas, et al., APL, 31, 428 (1977).
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JB-1 Cross section of the process N02 + e -
§92++ + %e from threshold up 1o 180 eV
H.HELM,Y.B.KIM.T.D.MKRK,J.RAMLER,G.SEJKORA and
K.STEPHAN, Innsbruck University (Austria)--

Electron impact ionization of nitrogen dioxide
has been studied as a function of electron
energy with a double focussing mass spectrome-
ter and an improved Nier type electron impact
ion source using the new deflection mass spec-
trometry technique.In the course of this study
it became possible to establish the existence
of the doubly charged NO. ion produced via
electiron. impact.Relative partiﬂl cross sect-
ions for the production of N02 and the cross
section ratio N02+/N02++ will® be reported.

Using n.th root extrapolation the following
ionization potentials have been derived:

NO," i (10.4 + 0.3) eV ana

N0, 1 (35.0 + 0.5) ev.
Supported by Ost.Fonds Ford.Forsch.,Pr.S-18/08

JB-2 The Measurement of Electron Impact Ionization Cross
‘Section of Vibrationally Excited Oxygen - B. EVANS, R.M.
HOBSON, York University, A. YAU, Herzberg Institute, NRC
J.S. CHANG, McMaster University,-- The shock heated mol~
ecular beam technique was used to obtain a vibrationally
excited oxygen beam. The experimental range of the pre—~
sent work covers vibrational temperatures of 6000°K to
12000°K with electron energies from 50-500eV. A mass spe-
ctrometer was used to measure the ionization and dissoci~
ative ionization cross sections. The vibrational distri-
bution of oxygen in argon has been calculated by consi-
dering atomic recombination and collisional de-excita—
tion in the expansion. The results from theory and expe—
riment indicate that: (1) the non-equilibrium vibrational
distribution created by the nozzle expansion may have an
effect on the cross section for high initial densities;
(2) the maximum in the ionization cross section is shif-
ted (due to vibrational excitation) to higher electron
energies; (3) the relative cross section increases at
higher vibrational temperatures; (4) the effect of vibra-
tional excitation on the ionization cross sections
decreases with increasing electron energy.
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JB-3 Electron-Ion Dissociative Recombination Measure-
ments in High Pressure Mercury Discharges*-S.E. MOODY and
R.E. CENTER, MSNW--The dissociative recombination rate
coefficient has been measured in high pressure mercury
discharges using a two pheton ionization scheme. Mercury
has been suggested as a potential excimer laser. It read-
ily Tlends itself to efficient discharge excitation in
comparison with the rare gases because the energy of the
Towest excited states is Tess than half the jonization
potential. Theoretical modelling calculations indicate
that the dissociative recombination rate coefficient de-
termines the electron density in the high pressure dis-
charge in the absence of wall effects. Previous measure-
ments of Ehis rate constant differ by two orders of mag-
nitude.l22 Since the electron density and discharge sta-
biTity: depend directly upon this process, a new measure-
ment has been made. Our preliminary data indicate that
the dissociative recombination rate coefficient is of the
orger of 1077/cm® per second at an E/Hg of 2 x 10716 Volts-
cm?.

*Supported by US DOE Contract ES-77-C-06-1022

;M.A. Biondi, Phys. Rev. 90, 730 (1953). :
- “P. Dandurand and R.B. Holt, Phys. Rev. 82, 868 (1951).

JB-4 Dissociative Recombination Rates for é{%.*

-J. W. Keto and Chien-Yu Kuo, The University of Texas at

Austin--We have measured the rates for dissociative
recombination for argon molecular ions from 10-6000 Torr
by observing the decay in absolute intensity of the
fluorescence from.Ar*(3p54p) dissociative products. By
summing over all significant products we determine the
total electron recombination rate and individual branch-
ing fractions. At low pressures we find good agreement
with the results of Biondi;(l) but at higher pressures
we find the rate‘increases nearly a factor of 4, which
we attribute to the formation of cluster ions.
*Supported by Research Corporation and JSEP under AFOSR
Contract F-49620-77-C-0101.

'Yueh-Jaw Shiu and M. A. Biondi, Phys. Rev. Al7, 868,
(1978).




JB~5 Electron Temperature Dependence of the Recombi-

nation of Electrons with Dimer and Trimer Ions.: -
M. WHITAKER, M. A, BIONDI and R. JOHNSEN, U. Pittshurgh.
- A microwave afterglow - mass spectrometer apparatus
- has been used to investigate the dependence on electron
temperature of electron capture by CO*-CO dimer and
CO*-(CO)o trimer ions., We find that, for Ty = Tp, ~ 300K,
ofCO*+C0J = (1.3 % 0.3) x 1076 (T,/30070+35 ana
of CO*« (C0)o] = (2.0 % 0.3) x 10-6 (T,/300)=0:27 cm3/sec
over the range 300 X < Te < 7000 K. "Thus, the energy
dependence is closer to the ~ To"Z variation predicted
and observed for electron capture by simple molecular -
ions than the very weak energy dependence ~ TeC noted
when cluster ions involving polar molecules (e.g.
HaOt.« (Hp0),, and NHj*- (NH Jn) are involved. However, it
is substantially weaker Than the Te"l dependence postu-
lated for Q{Né+'Né] from a synthesis of various experi-
. mental results,

*Supported, in part, by the Army Research Office/DNA
,(DAAG-29-78-G-0hY) and the National Aeronautics and
Space Administration (NGL-39-011-137).

JB-6 on the iSSOCiaﬁiVe'ReeOmbination'Of'Vibration—
~ally Excited 0, Ions-E. C. ZIFF, Univ. of Pittsburgh—
The production of metastable O(!S) atoms by the disso-

clative recombination of O,* ions has been studied in
a laboratory plasma-spectroscopy experiment. The
specific dissociative recombination coefficient for
0(18) formation has a value of 2.15x10~8 em3 sec™ cor-
responding to an 0(1S) quantum yleld of 11% at an
apparent temperature of 296°K in agreement with the
earlier but less comprehensive measurements of Zipf.1l
By using a variety of gas mixtures in order to modify-
the vibrational population of the 0,% ions and laser
induced photofluorescence techniques, it was found that
laboratgry 02+ Plasmas are vibrationally excited and
that 0, ions in the v'=4-16 vibrational levels are the
chief source of the observed O(1S) atoms. The speci-
fig 0(!S) dissoclative recombination coefficient for

0, ions in the lowest vibrational levels of the ground
state (v'<3) is mich smaller (4.2x10~% om?® sec~1).,
Preliminary electron heating experiments indicate that
the specific O(!S) recombination coefficient decreases
with increasing electron temperature.

IE. ¢. zipf, Bull. Am. Phys. Soc., 15, 418, 1970.
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JB-7 Falloff of Total Dissociative Recombination Cross
Ssction with v, T. F. 0'Malley, U, W. Ontario, A. J,
Cunningham, U. Texas, R. M. Hobson, York U.~-The falloff
of the DR rate with the temperature Ty as observed for
the rare gas ionsl implies that the cross section falls
off with v. Theory confirms that this cross section
falloff is expected if the dissociating state's curve
crosses the grourd FC region.? In contrast the total DR
cross saction for No' has been found3 to be independent
of v, and the same appears true* for 0%, We point out
that all these resulits are consistent. Ons need only
show that the rars gases (unlike the atmospheric ga8ss )
huve no additioral curve crossings near the right hand
vel turning point, the effect of which would be to keep
the total eross section up for vel and 2. We show that
the existence of such erosgsings is very improbable for
any of the heavy rare gas ions.

1. A.J. Cunningham & R.M. Hobson, Phys Rev 185,98,1969.
2, T.F. 0'Malley, Phys Rev 185,101,1969.

3. E.C. Zipf, Bul, APS 24,129,1979.

4. A.J. Cunningham & R.4, Hobson, J Phys B 5,2320,1972.

JB-8 Measurements of DR and DE Cross Sections for
Vibrationally Excited HY Ions. J.Wm. MCGOWAN, University
of Western Ontario, Canada N6A 3K7.*';* Merging beams of
electrons and vibrationally excited Hp ions have been
used for similtanecus measurements of dissociative re-
combination DR and dissociative excitation DE cross-sect-
ions of Hy. The effects of spiraling electrons on the
low center of mass energy collisions is discussed. From
the experimental data a limit on the maximm value of the
intersection angle between the two beams was found to be
in the vicinity of 1°. Both cross-sections are measured
over an enerqgv interval from less than 0.1 eV to 10 &V.
The value of the DR cross-section at 0.1 eV was 1.3 x
10~14 cm? with an energy dependence of E~1-1t0.1  por
DE the value of the cross-section at 0.1 eV was 7.5 x
10-15 an?. Both cross-sections show a dependence upon
HY vibrational excitation.

*Supported by US DOE and Canadian Natural Science and
Engineering Research Council.
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KA-1 Operating Characteristics of Cylindrical and

Annular Geometry, Discharge-Heated Copper Vapor
Lasers*, 7. Kan and D. Ball, Lawrence Livermore

Lab. ——D1scharge heated copper vapor lasers have been
operated with cy11ndr1ca1 discharge and annular
discharge geometries in large diameter tubes {<3" dia.)
and high buffer gas pressures (~200 Torr). The effect
of Tube geometry, buffer gas type and pressure, and
excitation circuit impedance on laser performance has
been experimentally studied. These measurements are
correlated to the predictions of a circuit code which
models the dynamic impedance of the laser plasma in
order to calculate laser excitation parameters and
electrical power fiow in the circuit.

*Supported by DOE Contract no. W-7405-ENG-48

KA-2 Kinetics Studies of the Selenium (*s) - (3p)
Iaser System - W.M. TROTT J.K. RICE, J.R. WOODWORTH,
gandia Laboratories —-The gr0posed selenlum lasers,
operating at 40607 A ( S - 3p) or 7767 & (18 - 1D) have
attracted considerable interest as possible efficient,
high energy, storage lasers. We shall report the
results of an experimental study which examined in
detail the formation and decay of the upper laser level,
se(18), in these systems., The se(1s) was formed by VUV
photolysis of OCSe with the 172 nm beam from an Xed
laser. Ehotoelectrons produced in the excited
0CSe/Se(18) medium were measured directly by microwave
transmission. The time history of the Se(1s) population
was measured with an gbsolutely calibrated PM tube and
filter combination. Preliminary results indicate that
the Se(18) photoionization cross section is small at

172 mnm, near 5 x 10~2L om?. However, electrons produced
by this effect can undergo heating and multiplication,
causing rapid quenching of the Se(~8) population.
Methods of controlling this problem, the remaining
quenching rates and the quantum yields for producing
Se(lS) from OCSe at the high VUV intensities appropriate
to a laser gystem will also be discussed.

*This work supported by the U.S. Department of Energy.
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KA--3 Electron Cooling Mechanisms in Recombi-
nation Laser Plasmas. W.L. BOHN and b. WAEGLT,
DFVLR-I. Techn. Phys.,-stuttgart, Germany F.R.

ground gas. The description of the diffusion
region includes ambipolar diffusion, heat con-
duction, heating by rYecombination ang electron
cellisional cooling. Calculated temperature ang
density profiles result in inversion of several
laser transitions. Typical inversion times of
up to 100 pusee are obtained in agreement with
rYecently published exXperimental results!l, Im-
Plications for the development of short wave-
length rYecombination lasers are discussed.

;W.T. Silfvast, et.al. Conf. on Laser Enginee-
ring and Applications, May 30-June 1, 1979
{Paper No. 9.10)

KA-4 E~Beam Initiated Discharges in High Pressupe Hg
Yapors -1, A. SCHLIE, 1.7E, JUSINSKI, B. D, RATHGE,

D. L, DRUMMOND, and . R. A, HAMIL, AFAL, Kirtland AFS,
New Mexico - Studies aré reported of stabTe glow dis-
charges in high pressure Hg vapors (< 2 amagats)
produced by a 20 nsec ionizing electron beam pulse,

usec aftep ;he €-peam initiating pulse at E/N values up
V.cm© and discharges curgent densities of
4 A/em”.  Power Toadings of 3-6 Ki/cm™ were typically
obtained,  An eTectTon recombination coefficient of
7.4 X 1077 e sec”’ was measured. Strong continuum
radiatjon from hoth the visible (4900 2) and u-v
(3350 A1) bands of molecular Hg were observed.
Absorption measurements from 4000 to 6764 A are
Presented. No gain 1in this spectral region was evep
detected. 4 peak absorptio? Crogs section at 4800 A
Was estimated to he 2 ¥ ]O‘_6 cm®. The implication of
- this absorption on other potential Taser systems
employing Hg as a buffer gas, Tike CdHg, T1Hg, and
Hg-halides, are discussed. '
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KA-5 Model of Step-Wise Excitation and Ionization

in Na/Xe Discharge-W.L. Morgan, Lawrence Livermore Lab.*
--A detailed computational model of the steady state
high power Na/Xe discharge! has been developed. This
model includes 15 excited Na states .and a pseudo-state
simulating all higher bound states, all electron impact
excitation and ionization processes, inverse ionization,
and dissociative recombination. The Boltzmann equation,
including e-e” collisions, is solved simultaneously with
the bound state rate equations. This model has been
used to investigate the role of step-wise excitation

and ionization, dissociative recombination, and
collisional radiative recombination in the discharge’
as a function of E/N. The role of Na*-Xe collisional
processes has also been studied.

*ork performed under the auspices of the U.S. Depart-
ment of Energy by the Lawrence Livermore Laboratory
undeyr contract number W-7405-ENG-48

'H.L. Rothwell, D. Leep, and A. Gallagher, J. Appl.
Phys., 49, 4396 (1978) | |

KA-6 Transverse Electrodeless RF Discharge Excita-
tion of High-Pressure laser Gas Mixtures; C.P. CHRIS-
TENSEN, U. of Southern Calif., N. DJEU, and F.X.
POWELL, Naval Research Lab.--RF excitatiom of several
high~pressure laser gas mixtures using the transverse
electrodeless discharge geometry has been investigated.
Homogeneous, high-level exeitation of small gas volumes
(~1 en®) has ‘been achieved at atmospheric pressures for
periods of several microseconds. Applications of this
discharge technique to pumping of Ar-Xe, He-Xe, F, XeF,

and CO2 laser transitioms has been studied.
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KA-7 Radial Gain Profiles in CO, Waveguide Lasers -
R.M.THOMSON, Leeds U.*, U.K. — Thic paper reports the
results of computer calculations based on a kinetic and
transport process model of longitudinally excited COy
waveguide lasers. The following physical Processes are
simulated in the model: (i) electron vibrational excitat—
ion of Ny and COy; (ii) vibrational energy transfer in
inelastic collisions among Ny, CO, and He; (iii) thermal
conduction of translatiocnal energy; ({(iv) thermal conduct-—
ion/diffusion of vibrational energy; (v) loss of vibrat-
ional energy in molecule-wall collisicons; and (vi) elee-
tron drift and diffusion, attachment, and ionisation.
The results of calculations are presented for CW wave-
guide laser amplifiers showing the radial dependence of
small signal gain, temperature, vibratiocnal temperatures,
and electron density. For certain values of the input
power the radial gain profile is bPredicted to have a
maximum not on the axis of the waveguide, but at g point
between the axis and the wall., This indicates an explan—
ation for the experimentally observed phenomena of wave-—

guide lasers ocperating on doughnut-shaped intensity pro-
file modes, and for the suppression of simpler modes by

increasing the input power or wall temperature.

*Supported by Procurement Executive, MOD sponsored by DCVD
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KB~ Radiative Lifetimes of KZW“ Levels in C09+ and -

€S, - R. C. DUNBAR and D. W. TURNER, Case West Res.

U. and Oxford U. - An electric field drift method was
used to measure wavelength-resolved radiative lifetimes
of 002+ and CSZ+ produced by Hel radiation. No signi-
icant yariation in lifet%me wasmfound acress the

Azﬂu + X27 system. The Azﬂu > Xzﬂg system in C8,y ,

on the other hand, does show evidence of wavelength-

dependent variation of the radiative lifetime.

KB-2 Excited Specie Absorption in the UY Wing of the
KrpF* Band™ - J. G, EDEN*, R, S. F. CHANG** and L. J.
‘PALUMBO, Naval Research Laboratory, Washington, D, C.
20375--An intracavity laser technigue has been used to
study the absorption of e-beam excited Ne/Kr/F, gas
mixtures (T = 196 and 300°K) in the "blue wing" of the
KroF* emission continuum, Comparing the experimental
results with the predictions of a computer kinetics
model, the species primarily responsible for absorption
have been identified as Ne,*, Kr,* and Kr,F*., The
absorption cross-sections for Ne,™ and KroF* (Kr,*F-) at
358 nm have been estimated to be 8.1 - 10-!° and 5.4 -
107'® cm?, respectively. Also, the rate constant for
quenching of KroF* by F, was measured to be (4.1 + 0.5) *
10 1% em®-sec™! at 300K and (3.0 + 0.5) « 10710 gps-
sec™! at 1969K,

Twork supported in part by DARPA.

*Present address: Department of Electrical Engineering,
University of ITT4nois, Urbana, IL 61861;

**NRC-NRL Postdoctoral Research Associate
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KB- 3 Electronic Structure and Photoabsorption of the
_52 Dimer Ion - H,H.MICHELS and R.H.HOBBS, United
Technologies Research Center” -— A study of the elec-
tronic structure and photoabsorption characteristics of
the Hg, dimer iom has been carried out to determine the
relative importance of this species in the analysis of
loss mechanisms in laser systems based on Hg chemistry.
This study included detailed density functional cal-
culations of the potential energy curves for ng and
prediction of the absorption bands. These calculations
were carried out employing a relativistic hamiltonian,
explicitly treating both core and valence electroms.
Core approximations were not employed and all orbitals
were iteratively adjusted within a relativistic SCF
framework. We find Den0.7 eV, wem90cm"l and Re%3.23 for
the ground A%u state. This ion exhibits strong photo-
absorption (cml.ng) for the Alu-— Bksg transition at
Av910 nm. The only other predicted absorption is

for wavelengths shorter than 250 nm.

*Sﬁpported in part by AFOSR under Contract F49620-77-C-
0064.

KB-4 Mercury Cadmium CGain/Absorption Measure-
ments ~ A. MANDL, D. XKLIMEK, J. JACOB,

B. SRIVASTAVA and M. KOVACS, Avco Everett Res.
‘Tab., Inc.* ~-- Studies of HgCd® at 550°C pro-
duced in an E-beam preionized quasi-stable
discharge have indicated hlgh fluorescence
efficiencies ~0.5 with [Hgcda*] ~ 1016 cm-3.
Spectra of the emission from a discharge pumped
cd/Hg/Ne mixture clearly show the HgCd* con-
tinuum. Measurements of the gain/absorption
for a 40 om optical path have been made over
the HgCd* continuum using an Ar ion laser.
Various mixtures of Cd/Hg/Ne were tried but
gain was never observed. The maximum absorp-
tion was observed at the blue end of the con-
tinuum (457 nm) and decreased to ~1% per pass
at the red end of the continuum (517 nm).

These results are in qualitative agreement with
the optically pumped HgCd* gain/absorption
studies of Komine, West and Strappaerts.l

*Supported by U. S. Department of Energy
Contract $#ES-77-C-02-4275

lRomine, West and Strappaerts, G.E.C.,AA-5,10/78
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KB-5 Photoionization of Excited States of the
Rare Gaseg.* C. DUZY and H. A. HYMAN, 2Avco
Everett Research Lab., Inc.-- Photoicnization
cross sections have been calculated for excited
states of the rare gases (Ne,Ar,Kr,Xe). The
method, which is similar to that used earlierl,
involves a central-field approximation, includ-
ing the Hartree-Fock effective charge of the
ionic core together with the dipole-induced

core polarization potential. In the present
work, the polarizability is regarded as a para-
meter, to be determined from a least-squares

fit of calculated binding energies to the ex-
perimentally-known energies of the excited
atomic states. Results of the calculations will
be presented, and the role of photoionization
of excited rare gases in excimer laser systems
will be discussed.

*Work supported by the Department of Energy.

15, a. Hyman, Appl. Phys. Letters 31, 14 (1977).

KB-6 Multiphoton Ionization of Cso Dimers Through
Dissociative Molecular States™. C. B. COLLINS, J. A.
ANDERSON, and F., W. LEE, Univ. of Texas at Dallas, D.
POPESCU and I. POPESCU, Central Inst. of Physics of
Romania-~Hybrid resonances observed in the multiphoton
absorption spectrum of cesium and rubidium dimers have
contributed to an improved understanding of the inter-
atomic potentials of the heavy alkalis.-—» Such reson—~
ances generally occur through unbound molecular states
and those reported here have been excited by superim-
posed beams from two separately tumable dye lasers. The
wavelength of one was fixed on an atomic transition
resonance while the other was scanned through the visi-
ble wavelengths. The spectrum for the photolysis of Csy
into each energetically possible product state was
determined over the range 445-640 nm.

*Conducted_as part of the U.,S.-Romanian Cooperative Pro-
gram in Science and Technology, supported by NSF Grant
INT76-18982,
1. C.B. Collins, B.W. Johnson, M.Y. erza, D. Popescu,
and I. Popescu, Phys. Rev. AlO, 813 (1974).
2, C.B. Collins, S.M. Curry, B.W. Johnson, M.Y. Mirza,
M.A. Chellehmalzadeh, J.A. Anderson, D. Popescu and

~ I. Popescu, Phys. Rev. Al4, 1662 (1976).
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KB-~7 Predissociation Photofragment Spectroscopy of
cat.* P.c. COSBY, H, HEIM,** and J.T, MOSELEY, Molecular
Physics Laboratory, SRI International.--Predissociation
of CHY to CT + H has been observed in the region of

3500 ﬁ. The frequencies of 37 discrete transitions are
measured together with their linewidths and the energy of
the photofragments, Each of the predissociations .occurs
within 350 cm~l of the dissociation. The most reasonable
attribution of these observations is to predissociation
of the Al and 230 states. If this is correct, then the
number of quasi-bound levels which could contribute to
interstellar radiative association of C+(2P) + H(zs) is
much larger than previously expected, Near threshold
predissociation is also observed at visible wavelengths
and a second predissociation process occurring 1 to 2 eV
above the dissociation limit is observed at both uv and
visible wavelengths.

* _
Research supported by NSF and AFOSR.
**Max Kade Foundation Fellow.

B8 7era Core-Contribution Calculation of
Multi-Channel Photodetachment of Atomic Negative Tons.
W.B. CLODIUS, R.M. STEHMAN, and S8.B. W00, U. of Del,--
The zero core-contribution model was applied to study
the photodetachment of atomic negative ions having an
outermost s or p orbital, neglecting the existence of
multi-channel processes, This methed is now extended
to handle transitions to atomic levels with the same
orbital configuration as the ground atomic state.
Effects due to fractional parentage, nonstatistical
branching ratios and the statistical population of the
ionie states are accounted for. Configuration mixing
due to the electrostatic interaction of the electrons
is not examined. The absclute photcdetachment cross
section 1s calculated as a function of photon energy.
Comparison with experimental data is made for the '
following negative ions: B, Ga, In, T1l, C, Ge, P, As,
8b, Bi, ¢, Te, Cl, Br, and I. Agreement is better than
60% for all ions except for the elements of the Boron :
column where the difference is about a factor of two.

*
Supported in part by NSF.

1R. M. Stemman and S. B. Woo, to be published in Phys.
Rev. A, July 1979.
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KB-9 Dye Laser Photodetachment of NO; - S.B. W00, E,
M. HELMYt, P.H. MAUK, A, P. PASZEK, U. of Delaware,*-—
Photodetachment cross section of NO7 will be reported.
Dye laser photodetachment of NO3 is done in a drift
tube. Photodetached electrons are detected. Ions are
mass Identified. Before entering the photodetachment
region, ions are thermalized through 10° collisions with
the neutral gas at thermal energies, Thermalizing time
is about 0.5 ms., Laser multi-pass configuration is
used to increase effective number of photons. Peroxy
isomers are not detected. The threshold energy is 2.33
1+ 0.1 eV, unless the cross section near the threshold
is less than 4x10-20 cp2, The cross section is of the
order of 1x10-19 cm? for a range of a few tenths of an
eV from the threshold. It then rises quickly to about
6x10718 o2 4 4 eV. The absolute calibration of the
preliminary data is estimated to be 50%.

*
Supported by NSF Grant No., AIM-77-18324
+And Delaware State College
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-1 Photodissociation of CO3' Revisited.* P,C. COSBY,
J.T. MOSELEY, G.P. SMITH, L.C. LEE, R.V. HODGES, and J.R,
PETERSON, Molecular Physics Laboratory, SRI International.
-~Conflicting data regarding the €03~ bond dissociation
energy has prompted additional investigation of its photo-~
dissociation. The drift tube was used to form CO03™ both
from 0 and 03”. Results obtained over a wide range of
drift distances and pressures indicate that photodissoci-
ation in the controversial 1.8-2.2 eV region results from
transitions out of the CO3” ground state. At high
pressures, collisional quenching of the photoexcited ions
was observed, indicating a predissociation lifetime of
order 107" s. No evidence was found for collisional
dissociation of the photoexcited ions exiting the high
pressure drift region, Preliminary experiments on the
photofragment spectroscopy of CO4~ observed structure
superimposed on a continuum in the wavelength dependence
of 0° photofragments, In addition, photon-induced colli-
sional dissociation was observed af 2600 eV having this
same structure. The implications of these data on the

€04~ bond energy will be discussed,
*Rdsearch supported by AFOSR and ARO,

L-2 Formation and Ener tics of the Bxcited and
Grgund States o 3_ - RL.CUWo and T . Ilernan,
Wright State Thiversiy . *~-Excitation functions for
cglli§ion - induced dissociation reactions of NO5-
yielding the products (0", NO2) and (NO2=, 0) re-
spectively, have been studied using ion beam tech-
niques. The projectile ion, NOs3~, was produced in
these experiments by electron impact on vario -
gaseous mixtures, including 03/N20, 03/NO, anﬁOz,
02/NO,, 02/N20, and 0,/NO. The dissociation energies
measured for NO;~ ions formed from the 03/N;0 mixture
are D8(0™ - NO,) = 4.8 + 0.1 eV, and D3(NO,” - 0) =
3.8 £ 0.1 eV, whereas some fraction of the NO;™ ions
produced by the 03/NO mixtures exhibit much lower

Ssocation energies, namely, D8(0™ - NO,) =
1:8 £ 0.15 eV, and D80,” =70y = 1.0 + 5.1 ev.
These observgtions suggest that a long-lived excited
State of NO3~ #* is formed in the latter case, Infor-
mation relating to the structures of these ions was
obtained by using isotopically-labelled ions, for
example, 16 15 1g . 18 18 1¢

N O3 and N 03” in the

CID experiments,
*Supported by AFOSR Contract F44620-76-C-007
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L-3 Studies of Electron Detachment for Negative
Halide Igon-Molecular Collisions.

L. D. DOVERSPIKE and R. L. CHAMPION,

The College of William and Mary* -- Absolute total
electron detachment cross sections have been measured
for (€17, Br ) in collisions with a number of different
molecules. These measurements cover the collision
energy range from detachment threshold up to approx-
imately 150 eV. Relative elastic differential cross
sections as well as the differential cross sections

for the fast neutrals produced in the detachment
process have been measured for some of the above
systems. The experiments establish that, 1n most
cages, the thresholds for direct electron detachment
lie well above the electron affinities of the relevant
halides. More interestingly it appears that the known
temporary negative ion states of some of the target
molecules may play a prominent role in the detachment
process in this energy range. '

¥Supported in part by US DOE
Contract DE - AS05 - TY9ER103T1

L-4 Vibrational Product State Distributions of Ion-
Molecule Reactions by Infrared Chemiluminescence in a
Flowing Afterglow,* S. R. LEONE,T T. 5. ZWIER, V. M.
BIERBAUM, and G. B. ELLISON, National Bureau of Stand-
ards and University of Colorado.——A flowing afterglow
constructed to obtain infrared chemiluminescence signals
has been used to study vibrational product state distri-
butions from several ion-molecule reactions. By proper
modulation of the ion density, signals can be obtained
specifically from the ion-molecule reaction of interest
in the absence of neutral reaction product signals and
other spurious effects. Systems studied include 0™ + CO
»> COp(v) + e, CL7 + HBr, HI » HCg(v) + Br™, 17, and CN_
+ HCL, HBr, HI » HCN(v) + C& , Br , I . In the € + HI
reaction, the fractions of product HC2 with states v = 0,
1, and 2 are 0.5, 1.0, and 0.5 respectively. Comparison
of these results with analogous neutral reactions shows
that distributions in the products of ion-molecule reac-
tions are very similar to those for analogous neutral
reactions.
*Supported by the Air Force Office of Scientific
Research.
1Staff member, Quantum Physics Division, Hational Bureau
of Standards.




-5 Cross Section for the Reaction 0~ + Op Og + 0
at Relative Kinetic Energies 0,04 = 2 eV - S L. LIN
Brown Univ., J. N. BARDSLEY, U. Pittsburgh, I. DOTAN,
Welzmann Inst. Sci., Rehovot, Israel, ¥, C, FEHSENFELD,
and D. L, ALBRITTON, NOAA--The cross section for the
charge~transfer reaction of 0% with Op is determined in
the relative kinetic energy range from 1 eV (threshold)
to about 3 eV using a combination of experimental and
theoretical ion-swarm techniques. Reaction rate con-
stants are measured in a helium-buffered flow-drift tube
in the range 50 S(E/N) T 110 Td, where F is the de
electric field strength N is the helium gas number
density, and 1 Td = i7 V eme. Velocity distributions
are conmputed using Mbnte Carlo techniques for 0~ ions
drifting in helium at these E/N values. These distri-
butions and the drift-tube rate constants define the
reaction cross section at low collision energies, a
region in which it has been difficult to make reliable
ion-beam measurements.

*

Research supported, in part, by the Advanced Research
Projects Agency, monitored by ONR (NOOO-1h=76-C-0098),
and the Defence Nuclear Agency.

1-6 The Role of H2§94 in Stratospheric Negative-Ton

Chemistry-A. A. VIGGIANO, R. A. PERRY, D. L. ALBRITTION,
and F. C. FEHSENFELD, NOAA/ERL, Aeronomy Laboratory——Gas-
phase ion-molecule reactions involving H2504 and a variety

of positive and negative ions have been studied using a
flowing afterglow apparatus. All of the negative ions

studied react rapidly with H2804 to formHSO4 . These

reactions establish a lower limit for the electron

affinity of HSO4:4.5 eV. The results will be reported

and their implication to stratospheric negatlve ion chem-
istry discussed.
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MA-1

Excitation transfer from He and Ar metastable atoms to
No. A.RICARD, J.JOLLY, D.PAGNON and M.TOUZEAU. Lab. Phy -
‘sique Plasmas, Univ. Paris—Sud. 91405 ORSAY-FRANCE.

Rare gas metastables and vibrationaly excited N5 have
been separately created in low pressures (1-10 Torr)

glow discharges and mixed in a 50 m sec™! veloeity flow
tube. The reaction flame is characterized by the emission
of negative and positive bands of Ns which have been ans—
lysed by high resclution emission spectroscopy. With
helium, Np* (B, v') levels are populated from No (X, v)
by the Penning transfer resection. Concentrations of

Not (B) up to v' = 6 have been measured and the vibra-
tional distribution of No (X,v) has been calculated by
using the inverse Frank-Condon matrix q~1 (v',v). Vibra-
tioral temperatures from 300 to 11000 K have been deter-
mined with a precisior better than 20 %. With argon, '
Np (C, vq and B, Vo) levels are excited by a non verti-
-cal process. The branching ratio was found to be 80 A

for Ny {C) and 20 % for Ny (B). The vibrational excita-
tion of Np (C) is growing with the vibrational excitation
of Ny (X). The rotational structure of N» (C, vy) is

largely out of equilibrium with an eguivalent temperature

T = 2100 K.

MA-2 Excitation of Cd, Zn, and Sr by a Beam of Active
Nitrogen-D.W. FAHEY, W.F. PARKS, and L.D. SCHEARER,

UNIV OF MISSOURI-ROLLA*--Excitation of the electronic
levels of Cd, Zn, and Sr is observed when these metal
vapors collide with a thermal-energy, active nitrogen
beam. ' The beam is extracted from a glow discharge in
pure No. The active beam component is inferred to be
vibrationally excited N, in the A3zj electronic state.
The ratio of intensities of the emission lines in

- each element was measured. The excitation rates of the
Cd and Zn target levels were found to depend exponent-
ially on their energies indicating an effective temper-
ature of near 4000°K. We believe that this temperature
is_related to the vibrational temperature of the No
(A3z}) states which excite Cd and Zn in energy transfer
collisions. The excitation rates of the Sr levels did
not show an exponentiatl ene§g¥ dependence which is a
result consistent with N2{A°z;) as the active species.
In a beam transmission experiment, we found the total
quenching grosa—section for N (A3E$) on Sr to be

2.3 x 10716 cmZ, The potentia% of such an emission study
as a sensitive diagnostic is noted.

*Research supported by the 0ffice of Naval Research.
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MA-3 Quenching Cross.Sections for Ar (§P2'0)’ Kr

3 S ——

( PZJO),_and Xe ( P, o) by H, and D,. W. ALLISON, J.W.
SHELDON*, and E.E., MUSCHLITZ, JR., Univ. of Florida*¥*-

Absolute cross sections for quenching of the heavier
rare gas metastable ateoms by H2 and D, have been meas-
ured, The apparatus, which has been %escribed previous-
1y“?", employs a velocity-selected metastable atom beam
and a collision chamber containing the target gas. Un-
like the previous measurements, both the gas pressure
and the length of the collision chamber are varied. The
results obtained at a collision energy of 0.Q40 eV are:
for Ar*, Kr*, and Xe* on H,, 6.2, 2.9, 2.8 &° respect—- -
ively, and for D2, 6.2, 4.3, 3.0 &% respectively.

*Permanent Address: Dept, of Physical Sciences, Florida
International University.

#%Supported by the National Science Foundation

1. M\E. Gersh and E.E. Muschlitz, Jr., J. Chem. Phys.
59, 566 (1973). .

2. J,W. Sheldon and E.E. Muschlitz, Jr., J. Chem. Phys.
68, 5288 (1978).

MA-4 Crossed Atomic Beam and Theoretical Studies of
Energy Transfer in HeNe.t P. E. SISKA, Univ. of Pitts-
burgh-~-Thermal energy scattering experiments on He#*(218)
-+ Ne have yielded Ne* product angular distributions in
the 3sp, 3s4, 3s), and 4d, states. One-electron model
Eotential calculations of the incoming and outgoing
r+(0t) potential curves account qualitatively for the
observed state distribution; the same model also yields
~ potentials that compare well with elastic scattering re-
sults on He* + Nel and metastable Ne* + He2, Experimen-
tally the exocergic 3s4; and 3sj states do not appear until
the threshold (47 meV) for the endoergic 3s9 state is
reached, The calculations show an avoided crossing be-
tween a curve correlating diabatically with a 3sy state
and the (diabatic) 3sy curve at an interatomic distance
smaller than that at which 3sy crosses the incoming curve
as well as close passage of 3s; and 3s4 curves, This
implies that the exoergic states drain flux away from
329, the well-known upper laser level in neon. Multi-
channel scattering calculations will be reported.

TResearch supported by the National Science Foundation.

1T, Fukuyama and P. E. Siska, XI ICPEAC (Kyoto, 1979),
to be published.

2, Fukuyama and P. E. Siska, Chem. Phys. Lett. 39, 418
(1976).
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MA-5 Determination of the F4S-F and F5S-F Bond
Energies T. KIANG AND R. N. 7ARE, Stanford U.*--The
chemiluminescent spectrum of efectronically excited
metal monofluoride is obtained for the reactions of
metastable calcium and strontium with SF4 and SFg under
single-collision conditions. A spectroscopic analysis
is combined with time of flight measurements to deter-
mine the relative kinetic energies of the reactants
producing each product state. Energy balance permits
one to place upper and lower bounds on the F3S-F and
FgS-F bond energies. Using known heats of formation,
the bond energies of F,S-F can then be deduced for
n=0-5.

*Supported by U.S. Army Grant DAAG-29-77-G-01571
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MB-1 Efficient H and D Production in Discharges

A. GARSCADDEN, W.F. BAILEY .and:G. DUKE, A.F. AERO
Propulsion Laboratory and- A.F. Institute of Technology,
Wright Patterson AFB, Ohio 45433. Numerical solutions
of ‘the Boltzmann transport equation have been used to
calculate H and D production in discharge plasmas. The
recent availability of vibrational- - and rotational- -
state de§endences of dissociative attachment in electron
hydrogen! and electron-deuterium? collisions has per-
mitted the estimation of the effects of vibrational temp -
erature on the fractional power transfer into dissoci-
ative attachment. The strong dependence of the cross-
sections on internal energy causes a strong dependence
of negative ion production on vibrational temperature,

as well as on the discharge parameter E/N. This suggests
methods to optimize negative ion production. Parameters
are given for processing the gas to optimize vibrational
excitation and subsequent dissociative attachment; these
conditions can be arranged by temporal or spatial con-
trol of E/N. '

1 J.M. Wadehra and J.N. Bardsley, Phys. Rev. Letters
41, 1795 (1978)
2 J.N. Bardsley, private communication

MB-2 Dissociative Attachment from Vibrationally Ex-
tited HCL and HF - M. ALLAN and S.F. WONG, Yale U, “—a
large increase of dissociative attachment cross sections
with temperature was observed previously for several
molecules. The cross sections for individual vibration-
al and some rotational levels were recently obtained in
hydrogen and this detailed information allowed us to
better understand the mechanism and detailed comparison
with theory.l Here we report preliminary results on
dissociative attachment cross sections in HCL and HF for
different initial vibrational levels. The apparatus is
an electron impact mass spectrometer described previous-
ly.! In the 0.75 ev region in HCZ the CA™ cross section
increases more than tenfold for each increase in vibra-
tional quantum number. In the 2.5 eV region in HF the
F~ cross section exhibits a similar but weaker effect,
The present theory of the vibrational dependence on dis-
sociative attachment in Hy appears inapplicable to these
molecules because no short-lived negative ion state has
been established in these energies. Thus a new mechan-
Ism is required to explain the present observations.

*Supported in part by NSF.
IM. Allan and S.F, Wong, Phys.Rev.Lett. 41, 1791 (1978).
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MB-3 Electron Attachment Rates in Cl, - R. C. SZE,
A. E. GREENE, and C. A. BRAU, Los Alamos Scientific
Lab*--We have examined the attachment of electrons to
CL. in a mixture of a few hundred ppm Cl, in nitrogen
ana argon gases at pressures of 10 to 60 psia by mea-
suring the decay of current through the gas. In N, we
can vary the electron mean energy from 0.8 to 1.2 &V,
while in Ar the electron mean energy can be varied 2.5
to 4.5 eV. Theoretical calculations have been .per-
formed using a Boltzmann code and the cross sections of
Kurepa and Belic. Our results indicate reasonable
agreement between theory and experiment and the work of
Rokni et al. in the middle and higher electron mean

energy range.

*Work performed under the auspices of the U. S. DOE.

MB-4 ELECTRON DISSOCIATIVE ATTACHMENT RATE
‘CONSTANTS FOR F» AND NF3 AT 300 AND 500°K,
DANTIEL W. TRAINOR AND J.H. JACOB, AVCO Everett
Res. Lab., Inc.--Electron attachment to Fj and
NF, has been studied in an electron-beam-
controlled gas-discharge apparatus over a range
of E/P values (2-10 kvV/cm~atm). These experi-
ments were performed in gas mixtures containing
small amounts of the halide molecules (< 1%)in
an atmosphere of N, The N, buffer determined
the average electron energy. At 300CK, values
"of the dissociative attachment rate constants
at an average electron energy near 1.0 eV for
F, and NF3 were found to be near 4.5 and

473 x10-9 em3/sec. These results compare
favorably with the rate constants deduced from
the absolute cross sections reported by
Chantryl. At 5000K, the attachment rate con-
stants were 5.7 and 5.4 x 1077 cm3/sec for Fo
and NF-. The increase of the attachment rate
of F, 1s greater than that predicted by Hall2.

1. P,J. Chantry, 31st GEC (1978); private
communication (1979).
2. R.J. Hall, J. Chem. Phys. 68, 1803 (1978).
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MB-5 Electron Attachment in NF., CClz, and HgBrp.*

H.L. BROOKS, R.A. SIERRA, J. FLETCHER**, and K.dJ.
NYGAARD, University of Missouri-Rolla.--We have deter-
mined the electron attachment rate in NF3, CCl4, and
HgBro using He and No as buffer gases. The principle
of our method is to produce a pulse of photoelectrons
and study the evolution of the resulting swarm. We
find the electron drift velocity from the swarm transit
time and the attachment coefficient from the attenua~-
tion. The range of gas temperature was from 50<150°C.
Results will be presented for E/N from 1-30 Td.
*Supported in part by ONR.

**Permanent address: Flinders Univ. Bedford Park, S.A.

MB-6 Temporary Negative Ion States of Fluorine Sub-
stituted Ethylenes - P.D. BURROW, N.S. CHIV, U. of
Nebraska and K.D. JORDAN, U. of Pittsburgh™--The elec-
tron affinities for addition of an electron into the
lowest unfilled =* orbitals of the fluoroethylenes have
been measured by electron transmission spectroscopy.!
Contrary to the predictions of simple induction and
resonance arguments, we find that the negative ions are
destabilized with increasing numbers of fluorine atoms.
The vertical electron affinities range from -1.78 eV for
ethylene to -3.0 eV for tetrafluoroethylene. These
results will be described in 1light of the analogous
effects of fluorination on the filled orbitals. '

*Supported by the Petroleum Research Fund.
L. Sanche and G.J. Schulz, Phys. Rev. A5, 1672 (1972).
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MB-7 Electron Attachment to Chlorofluoromethanes and
Chiorofluoroethanes Using the Electron Swarm Method* --
D.L. McCORKLE, A.A. CHRISTODOULIDES, L.G. CHRISTOPHOROU
and I. SZAMREJ, U. of Tenn.--Electron attachment rate
constants as a function of pressure-reduced electric
field were measured in mixtures with nitrogen for CCl13F,
CC]Fg, 1,1,1—C2F3C13, 1,1,2-'C2F3€.|3, 1,1-C2F1+C12 and
1,2-C,F,C1, using the electron swarm method. From these
and similar data on CC1,F,, total electron attachment
cross sections, oz{e), as a function of electron energy
were determined for these compounds using new electron
energy distribution functions for nitrogen. For all
compounds except CC1F3, three maxima in oa(e) were
found: <0.05, 0.25, 0.75 eV (CC13F); 0.07, 0.30, 0,93 eV
(CC1,F,); <0.05, 0.16, 0.65 eV (1,1,1-C5F3C13); <0.05,
0.25, 0.73 eV (1,1,2-C5F3Cl3)s <0.05, 0.25, 0.80 eV
,(1,1-C2F1}C12); and <0.05, 0.33, 0.95 eV (1,2—'02F4C12).
Only one pronounced maximum in cz(e) for CCIF; was ob-
served at 1.4 eV. Substituent effects on the number and
position of negative ion resonances and on the magnitude
of o,(e) for the chlorofluoromethanes and chlorofluoro-
ethanes will be discussed.

*Research sponsored by DOE contract EY-76-$-05-4703.
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NA-1 An Afterglow Method for Studying Collision
Processes Involving Atoms of Low Vapor Pressuire Metals.™
D.W. ERNIE and H.J. OSKAM, University of Minnesota.——

A cylindrical hollow cathode discharge tube, constructed
of the metal to be studied and containing the desired
rare gas, is pulsed to produce a discharge containing
sputtered metal atoms in the vapor phase. Time resolved
emission and absorption spectroscopy is used to monitor
the species in the afterglow and to determine the
excitation mechanism for the excited metal ions and the
diffusion coefficient of the ground state metal atoms.

A theoretical model describing-the time dependence of
the metal atom density was developed. Measurements have
been performed on a helium-copper system. Ground state
copper atom densities on the order of 10ll atoms/cm3
have been achieved in the discharge and their time/
dependence agrees with the theoretical model. A
diffusion coefficient of 430 cmZTorr/sec has been
determined for copper atoms in helium. Results of
-studies on the energy transfer mechanisms between
helium excited species and copper will be discussed.

* . : :
Work supported by the National Science Foundation
(Grant {# ENG78-25%933).

NA~2 Tonizing Collisions between. pairs of Excited
Alkali Atoms - D. Hudson, NSWC/WOL ~ It has been
observed, that a model based on classical momentum
transfer cross sections gives reasonable values for
Penning processes involving metastable - metastable
collislons. We have applied this model, which uses
the polarizabilities of the atomic states involved, to
collisions between excited Na = Na and K - K systems.
Fpr low lying levels, the model predicts a faster than
n increase in the Penning ionization cross sections,
while for larger values of n 15<n <20, the rate of
increase is less rapid. The variation of cross section
with n and 1 will be presented and the results
compared with Monte - Carlo calculations.
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NA-3 Vibration-electronic Energy Transfer Processes
Involving High Vibrational Levels of CO Measured in an
Electrically Excited CO Laser System - S.W. Kim, Esin
Gulari, and E.R. Fisher, Wayne State Univ.--Intracavity
modulation of a CO laser system while observing
sidelight IR and visible/uv emission have been used to
study vibration-electronic energy transfer processes in
CO/N,/O,/He mixtures. Emission from the electronic
systems, CN (violet), N, (second positive), and C, (Swan)
have been observed over‘a range of operating conditions
using this technique. Observation of the spontaneous IR
first overtone spectra demonstrate that intracavity
modulation preferentially perturbs high lying vibrational
states in CO. Calculations show that the plasma
properties, i.e. electron density and temperature, ate
unaffected by the modulation. Therefore direct
observation of vibration—electronic_energy transfer
involving high lying vibrational states is possible.
From a comparison of detailed model calculations and

and experimental relaxation times, we are able to set
lower limits for the vibration-electronic transfer rates
for the above electronic bands excited directly by high
lying vibrational states of Co.

NA-4 Kinetic and Absorpiion Studies on OH* ; A2X+

{> =308 nm) Radical in e-beam Excited Ar-Ho0 Mixtureg (+)
F. COLLIER, J.B. LEBLOND, F. HOFFBECK, P. COTTIN -
Lahoratoires de Marcoussis - We undertook this study to
assess the possibility of obtaining gain on the allowed
transition 0B¥* : A-X ()::308 nm, C =0, 8 s) from collision—
al dissociation of the R-0H molecule by e-beam excited ra-
re gases. After & brief investigation, the Ar-Ho-0 system
appeared to be the beat OH* donor. The constants of esch
kinetic step were determined from the fluorescence decay
time. We used the 7 M-8’ ﬁ-g ( x=3%7 nm, Z’rad.=40 ns )
emission of Ny as the Art and Ar* kinetic step tracer in
an Ar—HQO—Ng mixture. We have calibrated the fluorescence
OH*(A) yield measurements using the Ng(C) : Ar-N, emission
as absolute reference. Using this calibration, we have
calculated OH*(A) formation branching retios both for

Ar* + Hy0 and for Ar* + Hy0. 4 kinetic model was establi-
shed, well correlated with experience, giving the time
evolution of the O0H* absolute population. Moreover, a time
resolved transient absorption measurement at 300 nm and
308 nm was made. The 300 nm measurement gave the absorp-
tion valuve of the continuum due to argon in the OH* cmig-
sion area. The 308 nm one Permitted the calculation of the
OH (X) population and branching ratio in the Art + Hs0
reaction. (+) Work supported by DRET. '
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NA-5 Vibrational Level Dependent Relaxation of CO
{v=1-16) by CO, - B.D. GREEN and G, E. CALEDONIA,
Physical Sciences Inc. and R, E, MURPHY, Air Force
Geophysics Laboratory™ -. The technique of time re-
solved Fourier spectroscopy has been used to deter-
mine rate constants for the processes CO(v) + CO, -
CO(v~1} + CO2 where the vibrationally excited CO is
created through electron irradiation of Ar /COZ mix-
tures. The CO production mechanism, predominantly
dissociative recombination of CO%‘, is found to pro-
duce CO excited to as much as v = 19. The CO (v} de-
activation rate constants are deduced from examination
of the time histories of the vibrational population dis.

tribution. From a Stern-Volmer analysis, the residual

quenching not due to CO, is attributed entirely to CO

(v = 0) relaxation of CO(v) and radiative decay. Ex-

perimentally determined upper bounds for the CO(Av=1)

transition probabilities for spontaneous emission have

been obtained for levels 7-12,

'zl\Supporf: by US AFOSR Project 2310G409 and DNA
sub~task IZ5BAXHX 632.

. NA-6 Collisional Relaxation of Electronically Excited
Uranium Atoms in Gases* HAO-LIN CHEN and C. BORZILERI,
Lawrence Livermore Laboratory--In an effort to gain some
understanding of the mechanisms whereby electronically
excited levels of heavy atoms are collisionally deacti-
vated in gases, we have measured the rates for elec-—
tronic relaxation for excited uranium atoms via the
method of laser induced fluorescence. Using a modified
small angle scattering experiment, we will show that
relaxation of the lowest lying metastable electronic
states of uranium (SKg and 5L? states) in hydrogen and
methane appears to proceed by near resonant E-to-R or
E-to-V/R energy transfer process. We have also measured
the rates for electronic relaxation for highly excited
uranium atoms in gases. 1In general, the level density of
uranium in the region near 2 eV and above is considerably
greater than that near the low lying metastables. We
will demonstrate that relaxation of these high lying
electronic states by foreign gases appears to proceed by
an interstate-mixing process where the excited uranium
atoms transfer their excitation to their neighboring
levels by collisions. For a given collision partner,
quenching cross sections or probabilities are also found
to inecrease with increasing energy of excitatiomn.

*Work performed under the ausEices of the U.S. Dept. of
Ener y7zgsL$§Ee2§e Livermore lLaboratory under contract

b
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NB-1 Absolute Differential Cross Sections (DCS) for
Elastic Electron-Helium Scattering for 5 to 200 eV Tmpact

Energies*. D, F, Register and 5. Trajmar, Jet Propulsion

Laboratory, California Institute of Technology, Pasadena,
CA 91103--Measurements have been carried out for elec-
tron He differential elastic scattering under conditions
which represent significant improvements over previous
experiments. Below 20 eV the data are normalized by a
phase shift analysis while above 20 eV the absolute

scale is determined by normalizing to a semi-empirically
derived integral elastic cross section. The DCS are
believed accurate to 5% at low energies and to 9% at
high energies,

& :
Work supported by NASA Contract No. NAS7-100.

NB-2 Absolute Differential Cross Sectioms (DCS) for
Elastic and Vibratiomally Inelastic Scattering of Elec-—

trons by COy at 4, 10, 20 and 50 eV". D. F. Register,

H. Rishimira® and S. Trajmar, Jet Fropulsion Laboratory,
California Institute of Technolopy, Pasadena, CA 91103—-
Elastic and vibrationally inelastic scattering of elec-
trons by CO2 have been measured at 4, 10, 20 and 50 eV.
The elastic scattering has been normalized against He
using a relative flow technique and the vibrational
scattering has been calibrated against the elastic. High
resolution electron optiecs (1020 eV) and an unfolding
procedure yields DCS for energy loss features at .083,
.159, .172, .240, .258, .291, .317, -332 and .348 eV
which are in good agreement with Danner'sl results at
4.2 eV and Poe's Two Potential Theory2 at 50 eV.

% .
Work supported by NASA Contract No. NAS7-100.

+ - :
Permanent address: Dept. of Physics, Niigata University,
Niigata 950-21, Japan.

1. Dr. Danner,. Ph.D. Thesis, Freiburg (1970).
2, R. T. Poe, private communication.
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¥B-3 Cross Sections for Electron Impact Excitation of the
35%P and 2p> 4P States of Atomic Nitrogen. D. SPENCE,
Argonne National Laboratory and P. D. BURROW, U, of
Nebraska.--Using a modified trapped-el ectron technique
in a crossed beam arrangement we have measured the elec-
tron impact excitation cross section of the 3s 4P and

2p 4P states of atomic nitrogen, produced in a microwave
discharge, in the region close to threshold. The 3s °P
state peaks at threshold, within our resolution of about
120 meV, reaching a maximum value of about 2.5 X 10~16
cml, then decreases monotonically to half this value
0.5 eV above threshold. The cross section of the 2p4 4p
state increases monotonically from threshold in agreement
with theory, 2 to which we normalize our measurements.

*
Work performed under the auspices of the U.S8. Depart-
~ment of Energy. ‘

1D. Spence, Phys. Rev. A 12, 2353 {1975).
2g. A. Berrington, P. G. Burke, and W. D. Robb, J. Phys.
8, 2500 (1975). '

NB-4  Electron Impact Excitation of Afomic Oxygen-—
P.J. ESPY, P.W. ERDMAN, and E.C. ZIPF, Unlv. of Pitts—
burgh—The cross sections for the excitation of the
398.0 nm {2p3P - 3s' 307 and 1102.7 mm [2p3p ~ 33 3DP]
vacuum ultraviolet multiplets of atomic oxygen by elec—
tron impact have been measured. The experiment, which
employed a 1/3~meter normal Incldence monochromator
with a 5670 g/mm cancave grating and a programmed,
electrostatically focused electron gun, was carried to
an altitude of 135 km by a Nike-Orion sounding rocket
(31.003 UA) in order to take advantage of the earth's
natural supply of atomic oxygen. In this manner many
of the difficulties that have impeded laboratory work
on thls reactive gss were overcome. For an incldent
electron energy of 25 eV the 198.9 nm and A102.7 nm
cross sections were 8..x10718 em? and 9.4x1071% em?,
respectively. These results are compared with several
theoretical estimates, and the implications for the
cascade model of O radiative transport are discussed.
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NB-5 Excitation of the C°ll, State of N by Slow Elec—
trons* — K., Tachibana and-A. V. Phelps, JILA, U. of Col-
orado and NBS -- Excitation rate coefficients for the

N2 (C31,) state were obtained from measurements of the
absolute intensity of the 2nd positive system emitted
when electrons drift through N» in the presence of an
electric field. The drift tube, detector, calibration,
and corrections for nonuniform detection sensitivity and
for ionization have been describedl. A monochromator
resolved the 0-0, 1-0, 2-0 and 3-6 bands of the 2nd pos-
itive system from Vegard-Kaplan bands. Measured quench-
ing and electron excitation rate coefficients agreed
with those of Leglerz. A cross section set consistent
with these results includes vibrational excitation cross
sections derived from,Nz(Asﬂﬁ) excitation rate coeffi-
cients and C3N, state cross sections based on Finn,
Arts, and Doering3.

*Supported in part by DARPA/ONR.

lg. A. Lawton and A. V, Phelps, J. Chem. Phys. 69, 1055
(1978); D. Levron and A. V. Phelps, Bull. Am. Phys.
Soc. 24, 129 (1979).

2W. Legler, Z. Physik 173, 169 (1963).

37, ¢. Finn, J. F., M. Arts and J. P. Doering, J. Chem.
Phys. 56, 5632 (1972).

NB-6 Electron-Impact Excitation of Triplet Electronic
States of the CO Molecule.* A. R. Filippelli, F. A.
Sharptont and Chun C. Lin, University of Wisconsin.--
The emission bands of the 3A system (7l + a31), the
Third Positive system (b3T+> a3H), the Triplet system
(d3Ai +_a3n), and the Asundi system (a'3p+s a3n) pro-
duced by electron excitation of the CO molecule have
been studied. Beam currents below 60 pamps and gas
pressures less than 10 mTorr were used in ‘the measure-
ments. The excitation functions show a narrow peak near
the threshold, characteristic of the triplet electronic
states. From the measured intensities of these bands we
have obtained the excitation cross sections for the elec-
tronic states by using the Franck-Condon factor approxi-
mation. At an incident electron engriy of 20 eV3 the
excitation cross sectjions_for the b“I™ and the d7A;
states are 2.4 x 107 cm? and 2.5 x 10” cm?, respec~
tively, in reasonable agreement with the theoretical
values based on the Born approximation with Rudge's
modification for treating electron exchange.

*Work supported by the Air Force Office of Scientific
Research. . .
resent address: Northwest Nazarene College, Nampa, Id.
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NB-7 Long-Lived High-Rydberg Molecules
Formed by Electron Impact. S.M. TARR,

J.A., SCHIAVONE, and R.S. FREUND, Bell
Laboratories, Murray Hill--High-Rydberg (HR)
molecular states of Hp, Dp, No, CO, and CO
have been excited by electron impact. While
previous studies focused on HR atomic frag-
ments formed by molecular dissoclation, this
work finds that a small fraction of the HR
molecules does not dissociate and survives
the 107" usec flight to the detector. Time-
of-f1light disftributions, principal quantum
number distributions, and absolute cross
sections for excitatlion to HR molecular states
have been measured over a several eV electron
energy range near threshold. The energy
dependence exhibits a sharp peak near thresh-
0ld, simillar to that previously reported for
electron~-impact excited HR states of rare

gas atoms, but very different from the
behavior observed for formation of HR atoms
by molecular dissociation. .
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