. 0 ATAA ELECTRIC P_ROPULSION CONFERENCE
Broadmoor Hotel, Coloi'ado'Springs, Colo. March 11-13, 1963

& : | N641 20713
,,5‘37% //)f d%@g DP7E/

ELECTRIC BREAKDOWN AND ARCING IN EXPERIMENTAL
ION THRUSTOR SYSTEMS

by

John B. Stover

National Aeronautics and Space Administration
Cleveland, Ohio !

63057-63

First publication rights reserved by AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS,
500 Fifth Ave., New York 36, N. Y. Abstracts may be published without permission if credit is given
to the author and to AIAA. A






T
¥
&

198 3TBuls B UO Aoaadhdn.:ﬂ SI038NIY3 JO JaqUMU 9JI8T B 3BYUG OS . ‘pajosu
~U0D §I03SNIY3 JO Iaqumu aygz 03 uofgrodoxd uy sswaxouy prnoys Liddns xsmod
B U0 S3INOITO IOUS FUTOIB JO 9DUSIINDDO JO 938X ayj ‘aaasamoy sorTddns

Jamod JO JaqUMU UMWTUTW B8 UO SaTupowm Joj3suayy) SupiaTrexsd Aq paaaTyow ag

TTIT4 swegysfhs xamnod Jo L3pxoTdwoo pus 4UITom UMWTUTW 38U% aTqeqoxd swaas
31 -Butxsysnyo Aq PITJTSUSIUT 2q TTTM sWLTqoxd FINOITO-3I0US BUTIIY

*S3TNOITO JJIOYS JBUTOIB JO §309JJ2 U3 09 ITYBISUTNA SIOW 3q

TTT4 A1qequad snyjz pur Arogsrogqet ayy ur quawdinbs Butpuodsaxxod ayz usyz

SUNTOA PUB JUBTOM IOTTBWS 9ABY ATIIBSs90ou TTTA jusudinbs wagshs gomod

axays ‘suotssTu 908ds a03 quaudinbs wagshs xamod syjg 09 3BaIYY JOolBU

B 9q UBO S3TNOJIID JJIOUS wnﬁond,wmmsa *20UBSTNU B UBYJ SI0W OU U3q

aasy ALayy aIauyM ‘AroqeIOqBT 93 UT UYOIBSSAI JI03SnIYj o1svq Jutanp ALrjusnb

~9JJ POII3UNOOUS UI3Q 2ABY JUTOIB PUB UMOPYBIIF °JIO03STIY] dUj3 JO SIpoI)

~09To BuT}BIITa00B 28BTOA-UITY dSYg UsaM33q mmﬁohw quanbasuoco pur uMmop
-¥BaJaq TBOTIZOSTS JO 90USIINDD0 Y3} JO asnwOaq 9sTIB swaTqoxd wagsig

A *sTMaT

18 YUB] UMNOBA SUOT-3J-09 ¢ weTp-3J-GT MSU B UT pajysaado ussq SBY UYOTum

‘ferre J03SNIYY] UOT FUSWPIBQUOQ-UOIFISTS oTnpou-331ys 8 Jo ydsadozoyd

B ST T oanBTg °JI23Ud) UYOIBas3Yy STMIT Y3 38 pajonpuod Juisq Arjussaxd
ST uoT9BITisaAut Teruswraadxe uw pus ‘Apngs JOPUN AIB SITNPOUW JI03SNIYJ

Jo ButgagsnTo 9y} woxJ JUTISTIB SWLTqOXd (T ‘JoI) SITNPOW JOFSNIYG

Jo fLa1orrdiaTnu 8 £q ATUO PauTslqo 9q UBD 3SNIYJ UT £3SBIIVUT 3BUYG

os ‘az1s hOWmﬁhﬂp 01 4TWIT ® 2q 03 sxeadde axouyz asTndut orJioads uaald

B X104 ‘susTqoad wojsds Xsprsuod oq agyslxdoxdds st 41 axaym jurod ayj
uot pﬁmﬁuhdpsop-monpowﬂm Y3 U0 YoIBISaYy

03 passaaBoxd sBY JO3SNIYY

NOILONTOHINT

> o510

3Y3 WITJUOD OF DUI] SIPOIYDSTS 8U3 98 DPIAISSQO S9BIBUDSTP UMOPYBaIqaxd

*SUBUTWRIUOD JO 2oussald
SNOUTUMT  *S9POIFVITd SYJ UO SIUBUTWRIUOD JO sduasaxzd syz 3ss88ns ygoq
SOJ8 JUSIIND-MOT JWOS JO 32UYsTsaad oY3 pue TBTIU290d UMODPHBIIq MOT Y,
‘Butoxe paurslsns oquy padoTassp «hm>wwws Amswm@xdwhp 9y3 Jo a8wiuaoaad
9TQBJISPTSUOD Y °SOJIB UMNOBA O-P JO AJTTTQBISUT 9Y3 UO m%nommn paystIand
woay pajoadxs sB ‘paxanooo Lyjusnbaii sors qUaIINO-MOT JO UOTAOUTIXD~-JTIS
‘umopyeatq BUTMOTTOL “SI0FBTNSUT 2y} JO 98e3TOA PUBLSUITA SU3 MOTSq T[oM
pue ‘Tro dumd-umnosa £q PIYBUTWEIUOD $20BIINS UYTA Fursreds o S30BJ
-INS UBSTO WOIF UOTSSTWS PTITF JASYFTS JOJ maov&wﬁpmw>nﬂ a9yq0 Lq psutw
~I999p STOAST U3 MOTI( PIAIISQO SBA SIPOIJOITe BUTFBISTS00€ aU3 UsaMlaq

unopyealg “JI03SNIYJ UOT JUSBWPIBQWOQ-UOCIZOST2 UB UT vUswousyd SUTos puw

UMODPYBAIQ U3 AJTIUSPT 0% USYBLISPUN SBM urexBoxd TejuswrtIadxs uy
.mOﬁwaasm Jamod JO JoqUMU UMWTUTW B UO $3TNPOW
Jo BurTaTTeIed TBOTI309Td 83U} JO s3B8jUBAP® 9TqBqoxd 8Yj WOIJ PUB STSAST

9SNIY] TNJFISN UTBRQO 04 SSTNPOW I338NTO 09 hwﬁmmwows Y3 WOIJ Y30Qq SISTIB

SJI03SNIY] UOT Ut eusawousyd JUTOIB pUB UMOPNEIXQ JO 2ouBjIOodUT Y,

/ £/ (9T
»nmw OTUQ ‘pPUeTaAST)

UOT1BIFSTUTWPY 298dg pUB SOT3RNBUOIDY TBUOTLIBN
I93Ud) YDIBISIY STMIT

LSOO

I24035. g uyor g

LOVELSHY

SWALSXS YOLSNYHI NOI

"TYINAWIYEAXA NI ONIONV QNY NMOMIVEME OIMIOETH



?

paddogs 38ysy wuwommo JUSIIND B OJUT PasSBIIOUT uayz ssaooxd STYJL *SUOT
&m>ﬂpdwm= Jo uotpgonpoad ayz Aq ‘apoyzso ayq 38 TBATIIB JTayq uodn ‘paostd
M ~3I UBYJ 9JO0W aI3M SUOT 9AF3Tsod 3BYq Os ‘suoqredoxply Jo IsfeT Jurysur
M ~urgquod B £q PaISA0D 9I9M SIPOIFDSTS aY3 JO saoBFams ayj 98yd pus ded

3U3 Ul PIULIOF aI8M SUOT aAT3Isod 3BY3 Pamw $1098873s9AUT ayy, -ded um-gz
3Y3 SSOIO8 PILINOOO UOTFBIP DISW-0F INOQE JO SIUITSUBLY JUSIIND erl-002

‘umopyeaxq 03 JotIxd ‘AY 0¢ ¥ °(¥Iom qussaxd ayj IOF Pasn SITFTTIORF

unmnowA ayj3 Ur ST 3T S8 “wnmmmnm TTO uMnoBA npﬁkv.smpmhm ummowA padumd

ATsnonupauod B8 Ut
AY 00T JO 22U2X3IITP adﬁpnmpom B pm nkouxdwhp mpho&wh ¢ moﬁmkmmmm

nSOdemhp UMNOBA U DPRATOAUT op o3 hdmmmw hwanhmp

UOT30oUNJ }JIOM B SSOJIOB UOTSSTUSUBIG :onpuwaw oTduts uwyy I8y3zo sassavoxd
‘sny], °sooBJIns passedno Atxood xoy Afrenorqasd ‘fTTequauwTIadxs
PaAII8qO 9BUL UBYZ SS9T 3q O3 PUNOJ SBA moﬂmWﬂEw UOI309T2 TBOTIDIO0SYUL

STUL ‘2 9oUdIsIAI UT pajuasaxd Wﬁ JI5TIIBQ UOT]OUMT HIOM B USnoIysz
UOT30BIIX2 PTTF-UdTy Jo gdeouocd o1duts ay3 woxg wﬂﬁpastH UGTSS TUS
UOX309Te 9YJ, °SpouB 3yj} O} TOABIG DUB a0BzaMS Y3 JO (uot3oung IIo0M)
JsTaxeq TeTquatod ayz ydnoxys vwamhwammud aa® mﬁthumHm ‘apoysed B I83U
syjpBuaays PTaTS UBTY ATIUSTOTIINS 38 ‘383 PUSTIqEYsa usaq S8Y 31
*SUMODIBAIQ
PaAIssqO 9yl JOF dTqrsuodsax aq gsnu sassaooxd xay3z0 ‘(UOTSSNOSTP STUG
Jo sosodand ayjq JOJ umnoBA B) MOT2q puw saimssaxd yons 3y paonparx ST
sanssaxd s® 9889TOA UMODPYBaIQ JO JJO-BUTTSAST B MOUs sjTnsax Tejusutrad
-Xg -oTgeqOoIdwt AIsA SoWODdQ UMOPYBaXq o.mssaxd-smoT xoJ Teordf3 sssoouad

UOTSTTTOo-£Aq-uoT3eoTTdTa AW 843 ‘(9s®d jquasaxd sy3z ut BH um ¢-0T jnoqe)

‘qaxede &E N.uoudﬁm.nwu@OHPome Hmaﬁmwwm mqwam:nwwrvmp

suotsusutp snysredde sy3 JO ISpIO ay3 Jo ST ygsed 99JIF UBAW UOIFOSTD aysz
38U} IBJ OS DPIVNPII ST SOPOIJOITd USIMYIQ SBR B JO aanssaxd ayy uaym
unnoBp Uf wko@xmmpm

-KTa98IRdoS P3ISPTSU0D 8q TTTM BUswOUayd Bujoas pus UMODP{BIIG *90UdITITP

Terausjod TTews ® pm ‘s9pox30aTs PEEYLEL anhhmb Mo UuoT3OoNpuUODd qusnbasg

npzm ayy st Buroay .mmcoapomam 9Yq ussMlaq. wwuwhmMMHu TBIjUa30d UT 55BOIO
-ap prdsx wnﬁhummsoooa ay3 u:m umtpau wqﬂﬁwﬁﬂmnﬂ hﬁmﬂ0ﬂ>mnm B hp pajeaedas

wm@Ohvowaw nmmkpwn vnmnuzu 30 pmmno osp mm nawhws @wnahm@ ST :kouxdwhm

“..‘,“h_ pzaomomo<m

..

p:o vanﬂom wnd mommm ut wEwpmhm nopmsMSp uof Jo uotgwiaado mapwﬁawh xo03

mzoﬂvwoﬂameﬂ a3 @nd cwmm:omﬁv whm mwhﬂvww% Tensnum Jo sasnes ‘9TqBqOIg

A
2 e

.wmaaamzm xamod uwpdaoommm msp pus’ mhoumznzp uoTt pcwsﬁnmpson|=0HvumHm

8TduTrs Ul paagssqo Fujogs @cd nsouxmwnn Jo saanyeag TBISUS3 pus whﬂvmu
wsp U3TA PBUIaOUOD sBM Iaded STY3 UT poajrodal UOTIBIT]SSAUT ElehA

*gusuwousyd Sutoae

PUB UMODYBIIq PIIBTFTUT-IOISNIYF 8Y3 JO JUTPUBLSISPUN UB ST SUOTJBISPIS

-0 3s3Y} O3 TeJUSWepUNZ ‘suwayss I03SNIY} UOT STQBTTSL pur oTdwis JoO

UBTSOP 9Y3 UT SUOTFBIIPTISUOD JOfBW oq T4 ‘A7ddns gomod auo uo sI09smLIYY
T31TBIBd JO IBqUMU STQBMOTTB 9U3} PUB ‘SEINOITO 3JI0US BUTOIE PUB SUMODYBIIQ

TedTI309T3 BUTTpUsy Jo poyzow xadoad ay3 ‘snyy “AJTTTQRITSI DUS SWTI0ITT

wajsAhs mwsuou 0%.spusy BulToLd JJo-uo pogwaded ‘arouwIsylamy . *gat1ddns
Jo 39s suo uo TaTTeBIBd UT SJIOISTLIY] JO ISqUNU SY3 Y3TA ISBIIOUT PTNOYS
S3TNOITO 3I0Us BUTOIB JO SSOUAATJONIALSSP aY3 9BYY OS £1ddns xsmod ® JO
£3708dB0 SU3 UITM 9SBAIOUT TTIA FUSLIMD JTNOITO-4I0US STUBTTBAR UMWIXBW Y7

‘OSTy *sWT3 9Y3 JO UOTJOBIJ 99IBT B aatyeIadour aq Asw satrddns xsmod jO




YOTYA ‘(®) UD39YS UT PIYBIYSNTIT I8 S3ITNSSY *STOAST JUSLIND SNOTIBA

M 38 saqny ( “UT-¢) II3SWBTP-TTEUWS UT STETIS}BUW [BISAIS JO (SPOI ‘WBTP °UT
W.@\mv S9POI0ITS PassBIINO ‘UBSTOD UISMY3(Q UMBIP OJ8 U8 JO 9STOU HdOthomHm
Buiwrg £q paInsBoW SBA UOTIBIND OIB 9 3DUSISIDI JO squawtiadxs ayg uf
foha JuaLIMd
-#0T B £q A37qusndb quUaTOTIJNSUT UB UT poonpoad sBm hO\dnd uotdax oxs ay3
woxy pasngytp xodea apoyzed ayj JT doyo pPTNOYs OB 9YJ ITBUOSBAI g
03 3797 s®BM aanssaad JH uml ¢.QT MOqB 03 BuTpuodsarrod onuTeBA Y "3STX9 03
0IB UMMOBA B JI0J paltnbax aq gsnw apoyywd oyq wWoxy Jodea TeBoW JO L3TSUSD
UMWIUTW B 4BY3 SISBQ 9Y3 UO PIUTBTAXD SBA (3usaano Jo uoTyessad 3dnaqgs)
Furddoyo oxm quUaxIN0-MOT JO uousmousyd PaAISSqo SYJ 9 S0USIBIAI UT PaUTB]
~U00 9J8B SOJB WMNOBA 9-p JO A3TTIgqBIS SYY mo.»@zpm B JO S3INSSI ayf,
"9pouUB BY3 4B SIIFAUWTIUID TBISASS PUB SPOYIBD dU3 3B WO o 0T UdsaM3aq syjed
99IJ UBSW UOI}09T® 03 JuTpuodsarIod SITFTSUSP JSFUNOOUS PTNOM SPOUFBD Y
BUTABIT -UOLJOSTD UB 4BYL (G "JOI) POIBUTASS U29q S§BY 9] ‘S9T3Tsusp xodsa
OTTTB}SW JO a8UuBI SPIM B UT 3NSdX TTIM SUOTTaI aanssaad I380T quaoelpe 2yl
oqut syods apoyyeo ayjy woxy Jodsa oyl Jo moﬂmstHQ. ‘ySty Axan s1 A31Susp
JUaIIMD Y3 aIaym ‘opoyqed ayj Jo Jodea ayj ur ATaenotqred ‘ssposqosTs
ayg Jo xodea ayj ur poonpodd aIB JUSIIND o8 30NPUOD 04 pastnbax sasatx
-180 a8xBYo aY3 48U3 9TqBqoId 23TND ST 4T UMOUY 30U ST SOPOIIOSTO UIIMYL
-9q sosds quUa0B(PB BY3 PUB ‘OTUOIFISTD ST MOTJ JUSIIND YOTUM UT ‘opoylyed
aU3 U2aM38Q MOTJ JUSIIMD JO WSTUBYOSU 20BXS oYyl *(aangeradmag Suryroq
$4T 9B 9pPOULBO Y3 WOIJ UOTSSTWS OTUOTWISYY 03 PIINGTIje 8q 03 YIty

003 ST oI8 2Uj3 JO £3TSUIP JUSIIND 3Y3 ‘'2°T) oIB ,SPOUIBD PTOD, B ST 2IB

*  uUMNoBA 3Yq 3BYZ SUBSW STYL ‘WO wm\mew gOT I0 0T mo I9pao ay3 Jo sdeyxad

‘(s *Jax) Y31y ATBuUTpssoxa ST oIB UMNOBA 3Yy3 JO spousysd mnw 18 %PWmcw@ quax
-In) 88 TENPTSAI 9Y3 UT pajwIsusd aq JOUUBD UOTJONPUOD JUSIIND OIB JOJ
PoIInbas sISTIIBO 9BIBUS 3BUY SMOTTOI 3 ‘snyeredde ouy yo suorsusutp syq

Y3ta paxedwoo 98x8T ST umnoea ul yged 9317 UBSUW UOIFOSTS SYq 20Uty

umnoBA Ut JUuToIy

'SpouB 3Y3 U0 $BF PIQIOSPB WOLF PIUTEIQO SUOT 2AT4Ts0od JO TBATIIR
ay3 £q pejeTdwoo sBM wsTUBYOSW SU3 383 Pa3s938Ns UOTIBRISPTSUOD SWRS ayL
'POAIISQO IdM 1BYJ SOIB UOTFBIND-3I0YS SU3F JO UOTIBIFTUT oyg UT PSATOAUT
SBA WTTI-3Y3 JO 98BY3J JIOU T®I3W 3POIFOITS 9U3 JOo JodeA 8y JIayqTau 98Ug
pagsadsns nmsaawoaaﬁomo.hp UMOUS SB ‘SOIB PIAIISQO S JO UOTFBIND DU
soseyd 9Y3 JO UOTIBISPTSUC) °3POYRBD BY] WOIJ SUOJIJD9Td JO UOTSSTWD
D3T3 pasned PIaLTy smws STU3 38U3 PUB 30BJINS SPOYIBD 33} 98 PTOTJ
Y31y B UT PI3TNSAI 9POYZBO Y ButxaA00 WTTJ BUTIBTNSUT SYJ UO Buigsax
SUOT 3AT31s0d 98U} sBA PajeTnysod wsTuBYoSw oYy Jo deqs aUQ)  *SuMOp
~¥891Q PIYBUTWTTS FUIIIND moﬂ dAT3Ts0d 9U3 IO WTTJ Y3 IDY}Td JO 90Uasqy
‘i 0°G 03 S'0 Jo sBuromds apoI3OITS IO A 0002 01 $$ WOIJ STBTUS]
-0d 38 PaLmMD20 ‘soxw Aq POMOTTOF ‘SUMODPYBAIg *2pPOY3BO Y3 9B PIOBITP
ses due o QT JO I9DPI0O 3Y3 JO JULIIMD UOT aAT3rsod y ‘pagTsodap ussq pwy

%wwmﬂ&oﬂsp\soum10ﬁ JO I3pIO 9U3 JO) 93BIBIYS UMTIBG JO WTTF BUTFETNSUT UB
UOTYM UO ‘5pOy3BO B UO SUOT 9AT9Ts0od Jo juswsSutdut syy Aq @mpmﬂpﬁzﬁ.mmk
BH wm ¢-0TXS 38 483 uMNOBA 8 JO UMODYBOIQ 38U} $310d91 $ 00USISIY

*Ia£8TOUCW PSQIOSTWSYD B YJTM DPIJBUTWBIUOD SUO
0% 22BIMS PIYBUTWBLUOD ATSSOX8 B JO UOTIONDAI YUY SB SI03RITISAUT oUj
£q pazTTeNSTIA SBM Ss900xd FUTUOTYIPUOD ayuy,

*38I8YDSTP SYJ UT PIATOAUT

B3IB 3POIIDST3 SY3 WOIJ PIACUSI SBA UOTFBUTWEAUOD 3Yq JO UoNW Uaysm ATuo



*XI3FTI89 2998M OOT 03 ST °
WOII PIYSTXS 3BUJ IPNITUBBU JUSIIND 3U3F 07 FuTpuodsariod 48U UBHE JIIFUOT
Ou 9q DPTNOUS UDTUA ‘swTq UsATS Aum 98 UOTyBIND oBeIoa® STqBloTpaxd ®

aABY pPInOYs ‘a8xeyosIp I03708d8d B Lq poonpord SUO SB YONS ‘QUSLIND OIB

Stovee—~A4

Buiswaxoep ATprdex B8 ‘snyj ‘uorBax 9pOJIFOST3ISFUT ayg ut godea oﬁﬂﬂdpuﬁ
Jo A3rsusp ayj uodn puadsp Y3BULIls OTIJOSTATP JO AISAODSI PUB UOTIBIND
ox8 Ujog SWT3 U3TM LIBA Op 9BYYJ SIUDIIND OIB O .msﬂu U3 L1sa qou
PIP 38U3 S3USIIMO UJTM DPIUTBIQO SIaM4 YO FUA ‘9 qumhmmmh Jo dpdv UoFyBIND
0x8 aBexanw ay3 FupLrdde ug stmmi aT® Y3Busiqs OTIFOSTITP JO AISA0D3X
PrdBI 2Yy4 UC BV 2SI, .mo@OWPomww 3Yq ussmgaq YjBuaays oﬁnpmmamﬂ@ Jo-
Lxsnovax pydex ayjq paonpoad Awnoﬂmmh.wmwwmohm nm;bw.ov Jodea Jo xnTiye hﬁv
ded spox3o9TaIajUT dYq Uy hﬂﬁmnwﬁ JodeA OTTTBASW UT 9sBoID8p prdea msw
3843 PIUOSBAI seM 3] JUIIIND ox8 9ToLo-JTBY ayjz JOo sanTea yead mwkoa ays3
x03 ATxremnotired ‘poprooal aIeM SIWT] JIIQIOUS YONW S3SeO AUeu ur -oasv g
uBy} $83T UT PaI3A00ax sT deB ayz JO UY3Busizs OTILO9TATP 9Yj3 JO 3sow 4BY3L
ST G 3JUBI3IAI JO s9TNSdI dYY JO Arsuwms y °*SWI3 OI9Z-3UdIIND SY] I93]®
SPUODISTTITW TBISAS 0} SPUOIISOIOTW MSJ B WOIF FUTBUBI TRAISUT SWTY
B 19978 poTTdds svm asTnd ssasAuf wwmvao>nswﬁ£ B puB ‘swT3 oan|P:wHH50
aTo£o-ITRY BY3 4B PIJOSUUODISTP SBM 3TNOITD TBUIIIXS SYJL “JI9WBIIq FTND
~IT0 UMNoBA ‘TBRUAWTISAXS Ue uf (onTeA Wead ‘sarodire paIpUNY TBISASS 18)
JUSIIND oIB ITVAO-09 JO oToho-ITBY ® Buronpoad £q pajsay sem de¥ ummosa
_3U3 JO U3Buaigs AISA0D8X YL OTIJOSTSTP JI9WBIIQ-3TNOITO B SB UMNORA
® JO 3sm 3Y3 JO 3593 A3TTIAISBOJ ® SBM UOTIBITISOAUT oyg

‘G 2ouUaIITIX

ut pajrodad SI8 SOIB WNNOBA JO SOTJSTIDLOBRIBUD AISA0DSI 9F8ITOA AU

‘UOTIBIND OB SBBIGAB PITANOP FTNOITO aYg
UT YU ¢ JO 30UBIONPUT UB ‘g 90UIISJSI UT Pojaodas ‘qsaq AIBTTIXN® UB UT
‘oTdwsX® J04 ‘UOIIBIND o8 STBISAB 9SBSIOUT O3 ST 4TUDITO 8Yq UT 9ouwy
TOTPUT JO 303779 BYL SOTYSTIIIOBIBYD FTNOLID JO 9snBOSq SUOT4EoTTdWOD
J0 juspuadeput ATSATIBTSX 9q PUB JTIS3T OIB Y3 JO £31T198%8 BUg 3097F
=31 PpTNOYs BYepP dY3 ‘snyy ‘4Inoxts Lyddus 9y3 uy sduejtordeo jumys puw

3oUBJONPUT SITIIS TeWTUTE Y3TH USYB] oIoM (®) uogexs Jo ®ywp auy ( xypusd

(®)
 duwe ‘quaxangy
05 0z OT S 2 :
T—9-0T » .
T | T 1 2
S , &
" —g-0T Am
. 0T m
UNuSpPqATON i ide o
b
tlm.lo.ﬂ Tﬁm
[o]
3
Taddopy [2-OT 2
— @
10T 3

-dB ayq UT PIUTISP aIw sToquAg) *TIAST JUSIIND USATIS B 3B (uot3samp
afBIaA® 4S9qI0US 3U3) £0IB 9TqBISUN 3SOW sYq pwY ‘sanssaad Jodea PETN -]

® aonpoxd o3 saanivasdwey 3sayITy oyg sarnbax yoTyum ¢(unuspqliou pus
ua2qsduny) sTejsw ALI030BIISY *TYTL93BW SPOILIITd oY) JO oanssaxd rodea
Uy £q psjoszre ATBuciys sem L3TTTIQBIS 01y 3 PIPISOXe uoT}BIND SSOUA
$0IB JO UOTJOBIF 8U3 ST oZ\z PUB UOT}BIND OIB 9BBISAB 9U3 ST 1 oIy

ap\pum = 02\2 MBT TBATAINS 3] PaMOTTOF ‘QuUsiamd usAld B 38 ‘UOTYBIND

91y  "RUILIND UFTM UOTYBIND OIB 9FBISAB JO 9sBaIour dosqs AIar B SMOUS




ST USIIND Y] “(0) Yo33¥S UT UMOUS SB ST 9suodsat quUaramd TBIFTUT 3Yyjf

(a)

Steven-S

. T

3 90T = Holﬁ-

3 -0TX0T = 2D L.

1 -— I
VA —
ST = %4 wot = Ty
oo
on
ap
hOpmthwuu<(\U D/hmmhum

*(q) uyo3eys ut nsw:m 8T asuodsax TBIFTUT aU3 STOIJUOD 3BYZ 3TN
=IT9 TBIIed 3y ‘WAY3 U28M}Sq 30UBYSTSaL oY4 pus satrddns xsmod yzoq Jo
8104 T0o8dBO I93TTJ au3 £q pauxaarcld sT asuodgad FFNOITO-3I0US ayg LTTBTITUL

Vo pue Ip poyasu mmOSP.mhd pmwhmpnﬂ Jo soryddns xamod sy3z ‘¢ aam

-813 ur -pajussaad aq TTTA 38U} SwWBIBOTTTOSO aYJ PUBLSISPUN O} JISPIO UT

ArBS8909U ST JO3STIYY 3Y3 JO s298Td J03BISTS00B PUB USIIOS JYJ UIDMIAQ
S4TINOITO 4I0Uys 09 satTddns xamod ayz Jo asuodsax wﬁ# U0 UOTFBULIOIUT

sqTnoxt) L1ddng xemog

*9ATBA UT-ZT ® UINOIU3 U] dY3 03 pauado

38Y3 TB( TI9q ‘WETp-°UT-0Z B UT IO IUBY Y3 SPTSUT ISUJTS PIJUNCU SBA

JI03SNIYY YL, “TT 90USISFSI UT TTBIdP I9383x8 UT PaqiIosep ST AGTTTo8F ayj

‘uotyeIado Jojzsnayz Juianp pauTBIO x4 dFuex asxnssaxd Fy wm w-oa Elo

uf saangsaxd yusq ‘sdumd psuotquaw ALTsnotasxd ayz yjms uotT3ouNf{uUOd UL

posn Fupdumd otusBolrso yatM dumd Teotusyosw ® £Lq pamoTToy ‘dumd 10g3909(d

Uuoumod ® 03UY Furpasy sdund uoTsSNIITP TYO ‘UT-Z¢ S2IY] SBY WUBY BUOT-1]
=97 ‘'weTp-3J-G dyy “4A3TTIOBJ UMNOBA 3Y3 JO YOIO¥S ® SMOUS § omSTd

£31TT084 SUEL WNBA

‘¢ aam
=813 ur usoys st sorTddns gomod s3T PUB I03SNIYY aY3q JO WBIBBTP OT}BUWAYDS
V °T993s SSaTuUTB}s OT38UBBNUOU JO PI3BOTICBI ST JUAWETTJ PUB TIOO PISTJ

orjeudew ay3 Jo uojzdedxs ayg Y3TM IO3SNIY} Y3 JO J9puTBUSI AYg,
‘(A 000T L1TB0TdA3) PUnOId 09 qoadsax YA
TeT4uUa30d sAT38IoU I9SSST B 48 PTOY ST JOYBISTS00B oY ‘(A 008 ArTBOTdAR)
punox8 o3 joadsax yjra TeIyusgzod satjrsod ySTy B 3® pautsqutBw ST ‘qred
® SWIOJ USAIOS dY3 UDTUYM JO ‘Lpoq JO3SNIYY SYJ °S9POIJOSTd BUTJBISTIO
-0® 8y} IO “I0JBISTSD0B PUB USAIDS SYq POTTBO OIB wmwsa *sageTd auj3 Jo
£L1sydrasd ay3 948 saTOY POTTIIP-UD9BU UT Pajeas sTTBQ I03eTnsur astyddes £q
pogeredes axe YoTUm ‘sa3sTd UMuspPqATOW PSTTTIP-UYOFBW JBTOOITO 18TI OMY £q
POWIOI ST UOTTox FurysIaTs00® Sy, weaq UOT 9Y3 OJUT PIFBISTI00B 8IB SUOT
3Y3 pPUB ‘ISqUIEYD UOT4BZTUOT 8Uj UT Buse[d Y3 WOIJ 9SNIITP SWOIB TBIINSU
SWOS PU®B SUOT SATRISOJ °*QUSWBTIF sU3 sB8 TeTquajod swes sy 4B Spus
asayy Buryeaado £q pajusasad sT JoaqWBYD SY3} JO SPUS SY3 O3 SUOILISTS JO
adeosy ‘PTaTJ OT3ouTBw TBTXB UB Lq pajussard ST spous ayy o3 SUOIFOSTD
Jo odsoss prdey “-Jsqueyo SY3 JO STX® 3Yq UO JUSWETIJ 30U B WOII PaITUS
SUOI309T3 hpAum@nmpaop ST 3T oJ9Uym ‘Ioqumyd UOTJBZTUOT UB O3UT Paonp
-oxqut sT Jodea Amoasy ‘g aInITJ UT UMOUS ST PojeFT1SOAUT JOFSNIYI oYg
JO yo3ays AemBINO y QT 03 L S20ULISISI U pajrodal 218 UOT]BITISOAUT

STU3 UT Pasn J03SNJIY] UOT JUSWPIBQUOQ-UCIJDSTd 9Yj JO SUOT}BITISOAUT

Jo3snayy,

HNCED0Ud ANV SALVIVJddY



puB 92UBLONPUT SITIIS ydnoayy afxsyoax Arddns aamod yow2 JO 8103T08ABO

9

loraoadsax syg “‘samoo0 sTU3 USYM *SABM SUF JO TTB} SU3 UO JUSIIMD OI3Z 0%
W doys 01 DPIAIISQO US3Q SABY SQUALIND OI8 S8IBYISTP I03708dBO TBIFTUL
‘aguodsad quUazaInod ay3z 04 IBTTUTS ATydnox st ssuodsax
9884 TOA 23BWI3IN pus TeT3TUT 3ug, punoxg 03 3T8RTOA 94BUTFTN SATFBIU
B UT USAS - ONTBA JUSISIITP B UL DPjmsal aaey pTnoo sar1ddns Jamod oug
aY3 u2aM3aq 90UBYSTSAI JO jusuuoryroddeex vy *(000T = YA Pue 00SS = IA
JO sanTBA TBIZTUT I0J) A OG8 INOQE SBA cqzonw.ow 98e3T0A 33BUTITN SU3
‘YI0M STY3 BuTamp pasn pﬂzVHHo 8Uyq Ul ‘PUNOIF PuB SPOIFOSTD YDBd UIAMJIq
20UB}STSOI JO SaNTBA SATIVTAI .2y} pus patrdds hadmﬁuﬁnw.mwwdvﬂo> okw ayg
mw sanTeA 9ATYBTaI 2Uy3 uodn wwumnou punoxd o3 pomewh UITA S3POIOITd
Wﬁp JO TOAST 98831TOA 33BUTFIIM YL .waOHPowHw ayz o3 partdde saBevgros

343 JO UMS 3Y3 PUB S0UBRSTSII 3TNOITO TBIO03 aYj £q PITTOIFUOD ST UL

(2)

-IND 9Y] JO ONTBA 93BUTITN oYL ‘osuodsal JULLIMD FINOXTO-IOUS PanoTduod

a3 JO pusaay TeILudl ayjg sMOys () Uo3d{g ‘09sw QT qunogqe st dnpTrng
JUaLIND 9Y3 JO JUBRSUOD SWTE 9Y3 3BYJ UONS oIB I0UBZSTSSI PUBR S0UBIONPUT
.v:u JO sonTBA 3YJ °30UBZONPUT PUB JDUBESTISSI SITI8s B UT dnpTrng 3usLamod

JO WIOJ TBJIAUSE Y] MOTTOF S0P ‘IoAMOY ‘QUaIInd 4INOITO-3JI0US PauTelsns

-t +—M
voetT = Yy \ﬁ S
> —_—
qg-g =Yg —% o= uge=1I
w.s, — woog = Ty
K s A N
oo
oo

hopﬁ&wamuo«\\d U,rnoo.nom

.oayg, wamo&mon ay3 poWMhd omaw ‘UsxBetp 4TNOITO quaw>ﬁzww muvamEoo a3

\n@v sopwxm.qﬂ umoys saryddns Jomod Y3 JO 90UBISTSII PUB SOUBIONPUT U3

s® asuodsal TRTTUT aY] J91J8 Po7BOTTAWNOD 3JI0W SSWOD9G JIOTABYSq SY
*faoap

quaxams ay3 s® adeys asuwes 33 ATYSNOI JO ST PUNOIZ OF SIPOIFOITD POIJIOYS

9Yj WOIXJ QUSTSUBI] 9383TOA TBTITUT aUJ

(@)

*(°) yo3axs UT UMOYS aq O3 IOUS

-1

009 ST UYoTys ‘oesn QT JNOQE ST SWTY SSTI JUAIINY *D9SUW F Q) OB ST
£B03p quUalMO BY3 JO JUBISUOD SWTY Y] ‘sAedsp usyy pus anTes yead B 03

Arprdea S9STX quUaIand dY3 ‘uUMOpIBaIq 3Yj BUTMOTTOL °OI32Z IBaU ATTBIFTUT




~ axam pus A1ddns Jamod apoazoeTs BurqBIST008 9B83TOA-UYITY YdBD JO IPIS
W PUNOIZ 3Y3 UT SIUNYS JUIIIND SB UwAHdpmnw 9I9M SJ0}STSaI UNO~JTBH
v . *suoxjoate Arddns 03 398183 9y} WOIT
SUOI309T® JO UOTISSTwe AIBPUODSS 3] PuUB NUBYG dUJ UT STBIJNOU SUIZTUOT JO
§9s59001d TBINIBU 5Y3 UO pPIpuadep ng PITTOIJUOD 30U SBM UOTIBZTTBIJNON
*qULLIND UOTSSTWS JUaWBTTJ 9Y3 BUTTTOIJU0D £q TSAST PAITSSP ayj 03 385 SBA
‘c aam8t1y up Hp poaToQBT I93oW UIMSI PUNOIT oyq £q PSYBOTPUT SB “QULIIND
weaq UOT °s998Td I078I9T3008B puUB U9aI0S ayjg 04 patTddes azam saBeyToa
JurqBIsTa00y *TBTIU290d SPOUB PUE JUIAIIND JI998aY qusweTl Jurdrddns
£q JaqumByd UOT]BZIUOT 3YJ UT PIa3IB8lsS SBA SBIBYDSTP B PUB ‘33 SBM JUSI
-Ino PTITJ oT729udvwl aYJ °IOTJTIO ISTTOQ pPaqeIqITEY ATsnotaaxd ® smzon:m
JodeAa Amogsw JO MOTJ UMOUY B UTBlqO 03 a3ed I938A °‘UT g 4NOQB 48 dJ0S
-saad uajs 3oTuT Burlies £q PajaBlsS SBM Jojsnayl 9yl ‘uorjexado xojsnayj
TBULIOU BuTtanp ATsnosusquods PaXINOd0 3BYJ SUMOPYBII] BUTMOTTOJ SUOTSINOXD
9881 TOA 9POIROSTS PUB JUSIIND OI8 JO SPBU OSTB aIaM SWBIZOTIIOSO
*STOAST 9882 TOA ISMOT 343 2B
Iaj9wyTor 3TqB3Iod B Y3TM pue (AoBINOOB quUavIad-z) zagoupToa L1ddns aamod
23 U3IM paanseau sem TBTIU930d umopyeaag ‘o9898F UOTYBZTUOT UB pus ‘a3eld
3TANOdoWIIY Y ‘2888 uopanog ® uo ATsATsSsaoons paJansesw sBm I8 TT3q ay3 Ut
amssaxd “fem sTyz ut pauusds SBM SIPBOSD SUTU LTIBIU JO aBuma axnssaxd
vV °ue3 ayj3 0% 2xoudsoure WOIXJ MBST PITTOIFUOD B YJTH pajzerado aIsm
~sdumd uoysnIITp 9U3 ATTeutd -pappe sea dumd x0303(a 8yj3 usyg pue ‘suU0TB
pajexado sem dumd TeEOTUBYOLW POTFFOIUY dYF 4SITL B um g-0T 3nogs 03 aams
-saxd otxsydsowje woxy sdsjs ut paonpat mmz.nmn TIToq ayy ut axnssaxd ayg

*I3TTOqQ JO3SNIY]L -3U3 UT Amogaw OU sBM 3J3YJ, ‘ITB SBM SBI PUNOITHoBQ Y]

UI 2 SBA SOPOIJOITI JOFBISTIOOW PUB USSIDS UMUSPQATOW 9y3 uasmyaq Sutosdg
‘ToAST aamssaxd yosd 98 LBM STUJ UT PO3BTITUT oIam SUMODPYBAIQ TBISAIG
*I9¥BAIQ 3TNOITO B PuB ABTSI B JO UOTGBIado Aq JJO qnus sBA AL1ddns xamod
3Y3 puB ‘paaamodo JUIOIB paUTBLSNS TTIUM vwmwwhouﬁ.wms Tetquazod usagos
sY3 ‘popunodd apoIx3osTs J03BISTS00B SY3 UJITM *yuBl ay3 oq uado xel TTaq
SU3 U3TA YUBY -WeTDP-33-G U3 JO I8l TTOq 3Y3 UT paansedu seM Furjesado
30U I03sNIYY Y3 Y34 saamssaxd snoTaes e Terusjod uMOpIBaIg
aanpaosoad
(89 fausamo
ueaq JO fem £q) 1031oBdeO 8Y] JO o%xwyosip TeTared £q ToAsT Teurdrao S9T
0% uIn3ax ATUO UBO 9FBLTOA SPOXFISTH ‘SIUSWITS JISTJTF09I 9SaYg £q sxasyy
paddsay st 103708dBO SUJ 09 DPOIISATTOP SFIBUD UMIXBW SY7 asnedaq sisisaad

9881 TOA WNWTXBW SY, .wpnoﬁmam I9TJTI0aI JO sdussaid oYz JO asnBOaq JINOD0

()

—_—— — — _f _ _ _b1 A
= | A F

xdE~H>

haﬁmzuod 30U S90p UMUWTX®BU FSITF 93 puoksq aass ayz Jo aed paziop syg
"UMOUS ST 9ABA Axar00ax aB8aT0A UPIOs ayy ATuUQ AIsA009X 2881TOA J038B
~I3T2008 aYj UBY] IX93S8BJ ST AISA0D0X 988RTOA UIBIOS oﬁp 4BY]} SaNTBA Yons
JO aaw sxajauwersd 3TNOITO SYJL °(J) UO3I|S UT umoys s® Lrageurxoadds st

quaxand paddoyo B BUTMOTTOF WIOFOABM 988LTOA SUTQINSaI JYJ, *O0UBLSISSI



40U §BA 3T YInoyzTe ‘I03snayj ayjl JO JI9qWeYDd UOTFBZTUOT SU3 SPISUT LTqTs
Mnmomv way3 PUTYaq IO §238Td I09BIITIOOB 9Y3J USMFIq JIDYFTS SBA 3BIBYISTP
m ay3 98Yq pue jussaxd 308 U sBM MOTB anTq ay3 38Yy3 pasoys sydeadojoyd
JOTOD aansodxa-swy] *MOTT paaxssqo Lsnotasad ayy usys wwuwpnw ssaT
SBA 4T 98NBO3Q 4T O UOTFBVOOT O1JFoods Auw uIyss® 03 FJTNOTIITP SBA 3T
‘pPaaIssqo sBM MOTS onlq TINP ® ursdy Burpsol Amossw Jo AIOpsSTY OU pPsy
UOTUM ‘HUBY UMNOBA BUOT-3J-09 f “WETP-1J-CT MU B UT pajunou nmpmdhnp Ma3u
¥ UO IpBU X954 3FIBYOSTP uUMOp¥BaIqard JO sUOTQBAISSQO JBTIWS ‘wexBoxd
TejusutIadxs J038NIUG UOT 843 WOXJ MGHUGOthHdohm& Aagay Jo LI01sTY ® pVY
FUBY UNNOBA Y] ‘I9A3MOY {opBU SI3M mnoﬂwm¢hwmpo 3s9U] SWTY 9U] 38 JIITTOQ
JO3SNIYY 9Yj UF AmMoJsu Ou SBA 9I9YJ ‘punoxld mu pus mo%dam PELTLET]
(ew Tv) juaxzamd TTBWS B Aq PIOUSPTAS ISYLINI SBA 4] ‘IPOIIOSTD JOJBISTIO
-0®8 8y3 JO uojjaod STqIsTA BY3G JaA0 ‘ATuIozTunmuou ‘MoTd anlq TINP ® 8B
paxsadds 91 -ATquesss 9poI30aTd Sl UO pajunow £pog SUTIUS SYJ FNOYFTM
PUB Y3TM 30Q PIIINDD0 3BIBYISTP STUJ °SPOIJOST3 J03BIITI008 Y3 JO
20BJINS 33 38 PIAIISQO §BM 9BIBYDISTP snoutumy Apwajs B ‘oBusx aansssad
By um g-0T 9U3 UT 28B3TOA UMOPYEIIq 3U} MOT3Q JBUMSWOS S2883TOA 3V
*aans
-gaxd Jo souspuadsput sIYg smMoys “3JoT 9U3 U0 ‘g aanBiy JO dawvmwm auyg,
raanssaxd Jo quapuadspul sswooaq 2881 TOA UMOPYBIIQ aYy3 pus ‘suswmousyd
UMOPYBAIQ 9YJ 99BUTWOP $903JF9 208FIns ‘suordax aumssaxd ISMOT ayjz uy
*IT8 JOF 9AIND uayossd yged-oTdwts ayq sa0p sB ‘premdn suamg aAImO Y3
‘pagsnByxs sowooaq syjed Buol Jo a8usx 8y3 Sy °sapoxzosTe ToTTexsd
ayg usamiyaq syjed 309ITp JOJ WNWTUTW aYj 03 Jutpuodsariod 9soyyz MOTaq

TToM saanssaxd 98 ‘9A0QB 3BUMSWOS JO ‘TeTIUs30d UMOPYBOIQ UNWTUTW Y3 38

Janod20 03 safxeyossIp yged-Buor sgturad sTyf, *S9POIQOITS I03BISTIOOB puw
U3SI0S dU} US3M33Q SB TToM SB ‘9POJJOIT2 JI03BISTIVOB PUB JUBY PIpUNoId ayjz
03 spuajxs Lpoq J03SNIYY vwdpﬂo>|smﬁs aY3 JO PTSTF 9Yg Isnwoaq saansgsaxd
JISMOT O3 PIPUIIXS 3q PTNOYS WNUTUTW Y3 3BYJ STQBUOS®SI ST 3]  *JOISNLIYYG
SU3} JO S3POI3O3Td FUTIBISTI00B aYj Usamjaq 38UZ sB Juroeds sumss ay3 IoJy
IT® JIO0J 2AJND USYOSBJ JBITIWSF U3 SMOTTOJ aAmd JO3STNIYY SYF UMUWTUTU
343 JO JUITI 8yl of “-aanssaid JO UOTIOUNT B B JOISNUIYG UOT JUSUDPIBAUO]
Jﬁoupuuﬂw Buryerodouocu ayq JO 98B3TOA UMOPYBIIQ SY] SMOUS m,whﬂmﬂm .

*uotgsIado J03sNIy]} waﬂhww.om>nwmpo
3q J0UUBD 3BY} SBINYEIT PUB SPUSIF TEIAII UBD 2I03a1ay3 Loyl ‘pajexado
. 3Qq U®Bd SJIOYSMIYY YOTUM 38 9sSOU3 UBY3 sammssaxd Jo aBuel JIopIM yonul B
ISA0 w@d& Sq UBD S3jUSULINSBIW UmOpIBaIq Buljzersadouocy ‘pajyeTal 3q ¢ JIsad
-ds sTBT3UL30d 253yl 3BY3 PUB SINDD0 MOTI JuwTT2doxd JO UWOT 4NOYITA UMOP
~¥B3Iq YOTUA 38 8SOU3 MOTIq 9BUYMBWOS sTETFUs30d 38 8anoo0 moTF queTradoxd

PUB UOT U3TM UMODYHBAIQ 3BY3 ZT 9ousiagal ur pajrodsaa usaq sBY 31

J03snay], SuTyBI5dOUON UJFTH UMOPYBIIG
NOISSNOSIA ANV SITNSHY

°S$98BYTOA SPOI40aTd Jo asdeT00 ayz £q uByl
IYYIBI USIIND OI8 JO 3STI 9Yj Lq L[Tensn ‘parsddray ATTBUILUT ‘UOT]
-8Ixado dsams-aTButs oTjewoqns goy odoos ayj Juiqyes Lq PIPIODII BISM SUMOD
-¥B8aIq snosusjuodg *SISTITTAWB TBTIUSISIITP Y3Ta paddrubs sadoosoTTroso
U3 ~TBUP UO SpPBUW dI3M SUBIFOTTTOSO aY3 JO 2SO °*SUOTSINOXD TBIQUS]
-od Teu3Ts 03 5dOOSOTTIOSC UB OF P3OSUUOD 2I9M SISPTATP SYL ‘Punold pus
83pOJI303T® BUTFBISTIOOB U29M3( LTFOO9ITP POROSUUOD DISM SISPTATP TBTIUq0d

WYOFIU-UST, *SUOTSINOXS JUSLIIND oI8 TBUBTS 09 2d0ODSOTTIOSO UB O PI}0aUUOD




-s3xd ay3 UT aI9A3s dx0W 2q 03 I8ddR UITUM ‘SIUBUTWEIUOD 9SOYL °SIPOXy

o

ATTeIsuaf ‘XogswrBIp UT °‘UT T 3noqe alam sqods asayf,

-09T® BUTYBISTI00B SY] U0 SHUBUTWEYUOD BUTsssFIno Jo osoussaxd ayq 3ss%8
-8ns parzesqo $aBIBYOSTP UMODPYBRIQeXd SNOUTUNT oyf ‘9889TOA UMODYBaIq
oy3 FUT)TWIT JI0F oTqFsuodsax play aq Wed S3pOI3oaTe FUTIBISTa00® oYg
Ul 89T0Y PITITIP 9Y3 £q PIoNPOIJUT §STFTWIOITUNUOU PTITI dYJ IOU STTeq
Buqensut axtuddes ay3l IsyzToN ‘sweqsAs umnosa padmd L1snonutquoo
ut pa3oadxs 3q PINOYS 38U} TIAST aY3 M0Taq ATqBISPISUOD SBM IOQSNIYY

uoy Burgeradouou ay3 JO 9F8LTOA UMODPYBIIQ UNWIXEW oyj ‘Arsumms up
‘P 9OUSISISI UT DPOQTIISIP UMOPYBAIq JO odAq ayjz o3 pesT 03 89897 Burje
-xadouou ss3y3 JOo 238Td I03BISTS00B JOISNIYZ BYJ 03 STGBTIRAB 9IOM SUOT
aaT3Tsod yBnous JT umouy 30U ST 3T ‘ISASMOH °9pOUJEO SU3 JO S0BIINS
9y3 uo jussasd wITJ BUTIBTNSUT UTYZ ® U0 POBUTAW] JUSIIND UOT 2ATTsod
TTewWs B JT um G 03 dn sBupowds spOI3o9T2 IOF A Q002 MOTSQ SIOUSISIITP
TeT3ua30d 48 Parmad0 ‘goas Lq PaMOTTOF ‘sumopysalq 3ey3 sitodas § osous
~I8jax ‘Arsnotasxd paqlaossp SY P 9OUSISISI UT POUTBUOD ST SaF8yoA
UMOpYBaIqaId puB UMODPIBIIQ UT SOOUISIITP aY3 JO uorgeuerdxs slqrssod y
*AY 00T %8 uMopy®aIq Y3TA ‘wagsfs umnosa padumd ATsnonuiquoo B up del
um-Z 8 SSOIOBV AY O 38 SHUSTSUBIY qUaLIND Juanbaly sqrodsi ¢ o0UaIdISY
*S3POI09TR PossBINOUOU Y3 Ta umnosa ur ded um-z ® J0J AY 0§ JO 9883TOA
UMODYBAI( WAWTUTW B8 S30Tpald ¢ 90UaIsIay °JUSWSSITBSTD SWOS SMOYS

¢T PUB ¢ S30USISIAI WOIJ YIOM snoTaaxd yaTa sgTnsax ssayy Supssdwo)
*sagetd
Y3 JO SJI89U3d dYJ WOIJ SNTPB wmms B 9NOQB 9B PIJBOOT SISM PUB ‘puUNoOI

*dB? umnoBA 9Yq SS0IOW

JI9430 YoBS PIOBJ 3BYJ SI0BIINS 9Y3 U0 sqods usaTd ‘AUSTaq PBY S9POIJOITD

J09BISTID08 3U3 ‘59837 9UjJ I93FY ‘UMODPYBAIQ UO 409IJ2 aT33TT pey Arjuaxed.

-de saToy sy3 pus ‘s3s93 OM3 SUYY I0J owes 3U3 ATI83U saM PTOTJ OTI99To
usopyeaxq ayj3 ‘snyy *so3sTd Pa3BIOFIad BU3 YITM UBY] I9983IT quadxad Qg
S9p0Oa30aTa usamgaq Jutosds B UqTm I9yBTY jJusoaad Og 3nogqe sBM YUBY
WNnoBA ‘WBTP-3J-G dU3 Jo I8l TT8q Sy3 utr aamssoxd 3y um g-0T 98 uostxed
-WOD 38BYTOA UMODYRIIQ 98BISAY °G SINBTY JO SAIMO 9B8ITOA UMODYBAXG BU3
SUTULISYSP O PIsN JOJSNIY] SY3} UO PIquUNou sBA 8998Td PITTIIPUN JO 955 B
‘ToAST uMopyealq ayy uodn saToY asayy £q pasnporquy LyTwroyTunuou preIy
OTIIOITD JO 303IF3 dU3 3893 O °JOISNIYY U] WOLJ PIISNBUXD PUB PTSTI
OTI309Ta ayg £q saToy ayg ysuoxysz Pasnoog 3q Asuw suoy justradoxd 18U2
I9pJI0 UT PITTTIP-UYI3BU I8 $9POLLOITD J03BISTS008 ay8Td-98TI ayg
, ‘TeTjusjod umMopywalq Surgwasdoucu 8y SUTUTWIdLLP UT
a1ox Arsutad B fe1d qou op 8TTeq Xo3B8INSUT 9Y3 jey3 sxwadde 37 ‘sousy
‘(B98P VSYN paysTiqndun) AY 9T TTI3S ST Tet3uajod puwlsylTA SU3 g o0%e
W aamyeaadusy woox 3® AY $2 BUTPUBRISYITM JO oTqedBO oxB £auq qweyg
paMoys FyY uwm g-0T JO wmnosa Ut (3geds um ¢ g noqe) ss3e1d 98T uUsoM]
-3q saTOY Butyoew UT pauotitsod sTTeq saryddes ‘WeTP- *UT-9T/c JO sysoy
aqeredag -s39BTd J0qBISTO0O®B MWASUHﬁo I8TI ay3 wo Azsydiaad ayg 3B ssToy
SUTUOIBU UT PI3BIS ‘53599 UMOPYBOIq OTFBIS O3 ut .s.pmsﬂc ur -ur-9T/g
qnoqe ‘sTTeq axryddss Taeraras Jo wnwwa.hp pauorqrsod pus paoeds axe
$9pOX309T® BUTFBIDTIVIE 9Y3 J04SNIY] UOT JUSTWPIBGUOQ -UOI103TD a3 U
. *aTqTs
-uodsax sq TTI3S PTNOD SHUBUTWEUOD SPOILOSTd ISYL0 swsospad ‘POATOAUT
Jou a1en s31s0dop Lmolsu PIBTMUMODE 9BYJ PIYBOTPUT YUBYG DU JI03SNIYg
43U B JIOF SITNSIX IBTTWIS SYJ ‘uwll T JO Buroeds apoIyooTa UB UGTM

AY ¥°% SBM 9SBD STU3 UT 538} TOA UMODYBIIg *(s9897 asayq Juramp Fupqsaado



0 Jo f31susp umMuTXEW SY3 FBUL STQRACIAWT SWIIS 3T ‘BI0FJOISYJ < 9FBITOA UMOD IO soxy  tdes/md OGS FN0QB JO peads OTB UB $39BOTDUT USTUM 098 /T mogs

§
w -yBaxq uy ‘xotxadns qou JT ‘ITB Y34 oTqBIBdWOD sT Amogsm qurod wMWTUTW S3SBT 048 SY] ‘WO QT JNOQE ‘3OUSISIFUNOLLO SY3 JO PITUS B JNOQR STOABIY

“ *1S9I99UT JO ST

uayosed 3yl Jo 3391 wzp 03 38U} ST 930u 03 qutod ayf
J03B819s2AUT aues ayj3 Aq LIMOJswW PUB ITB USSMEAQ UOSTIBAWOD 403ITp 23U
‘unoys osTE ‘B98P JI9Y30 Y3TM 93IFB 30U Op ITB JIOF B8P :msos#aﬂ * Lmogou
PUB ITB Y30q JOJ SAIND USYDSBJ Y3 JO BOT IoMOT mﬂp.w>ﬁm yoTUA ‘BT oouw
-I9F2X JO ®IBP 3Y3} 9I8 G IMITI UO UMOUS OSTY °*AY QT #0Teq nkouxdopn

Ul 3TNeaX 40U PTNOM I8 JO mhdwmwhn 1TBIaA0 mﬂzw L-20 0 mSOSm m ohdwﬁh

$-0TXS JO aamssaxd 8 03 mﬁﬁd:ommmnnoo ded wuonpumamﬁwpnﬂ wsu ut

*BH wn

£Lqysuap Jaqumu B SPTITA nopmzhnp Edﬁunso-oa ® oIy msd m o mo pﬁwnnso

usaq B8 Y3TH MOTF (BH) TeInau 0H9Hmmo& umuixsw 3a3ys3. Jo uoﬁdeSUHdo
‘punoJ svm MOTJF queTTadoxd. TsIgnau wo mpdh
uodn J0 ToAdT Fuaaand umaq uodn aFB]TOA UMOPYBIIQ Mo muﬁm@ﬁm&w@ Hdpmcmw
ON ‘2DpOJI3O3T3 I3U3Td JO 9889 TOA TBNPTATPUT 9yj3 uodn ueyy meOﬁpomam
usamlaq 9883 TOA TB303 9yj uodn juaspuadsp aI0W sBM UMOPYEDIg (2T °*JoI)
5998Td J09BISTI008 PUB UI2IDS Yy Uaamg3aq dBB Jo yjzBusT ayj3 U3zTm 98B3T0A

UMODPYBAIQ UT 9$BAIOUT TBISUSE B MOUS UYdTym pajrodax useq 2ABY BIBJ
*I3YBaIq FTNOJITO oYz poysxado 3BYZ SOIB SSOUYJ UBUYL
QUBTTTIXG $soT ATTensn ydnoyzTe adLy puooas syz Jo sAemre Arquaxsdds
gBM ‘ATddns Jamod oya JJO JMUS 03 I9NBIIQ 3INOITO B JO uorysrado ayjz ut
4TNSaI 30U PTP SI0J9I5U3 PUB ‘pOUTBRSNS 30U SBM JBUY SUTOIY *ISUBDILS
UTYg3 B UBYY} JI9YjeI OI8 JUBTTITIQ JJIOUYS B ST STYJ °SSPOJIJOSTd JI03BISTI00B
puB UsaIOs 3Yq ‘Ussmiaq Arjusaedds pus s998Td I09BISTS008B 8Y3 JO I93USD
*I9YBaIq

3Y3 JIBSU SaNdd0 ‘umopywalq BuTMmoTTOoF ‘oas Jo adhy puooss ayg

aTnoxTo Arddns aemod sy3 Jo uotgsaado Lq pomoTTOoF sABATB axsm adly sTUL

" ax® asayg

L1Tensn J1swesals oY ‘POSISASI ST PIOTI 9T3oufEm 3Y3 JO UOTIVaITD dYY

USYM SISISASI UOTIBJOI JO UOTROSITP dYL °TIoo 3auBsu ayy JO PTSTI Ul UT
. JI03SNaY] SY3 SITOITO JSWBDIZS STUL *sa18Td sy3 Jo Lxsydraad ayj woxg
PIBAINO 3BUMSWOS JUTAINO §938Td I09BIST3008 dyj3 Jo Lraydixad sy e ded
aya mwcﬁha 03 sxeadde yoTym ‘SuoT °‘UT T 4NOQB JSWBIILS B Mn Pa3BOTPUT
sT suQ | “UMOpPYEIIQ SMOTTOJ 38U} O48 Sy} JO 3dA3 ouy Aq pausTnBUTISTP
. .hammzm.thOQ ay3 uo mnﬂohm paurBlsSns 09 peIT wwsw UMOPYBIIq
Jo sadA3 omg pmmwa 48 ais mwmsw.pmnp‘wpwoﬁunﬁ aoﬁvmﬂmﬂw‘wvvmsnsp wnw
-anp uotdax 298Td I03BISTSD0B @nm PEER LY vsv Jo mnoﬁuw>hwwpo TB0STA
| “UNL 3DUBINPUS IY-OST ® Juranp 1y gz ussq sBVY mwkmq
38 998p 03 PIUTBI}B BUTOIB PAUTBISNS JO 22XF potxed 3s88u0T oy ‘oans
-saad otasydsowse 03 pasodxs Buraq I93J8 PILIBIS ST JOJSNIY] B SWT] YOBD
‘utw T ABs ‘worgeaado sqejsun Jo potgad xaqaoys ® ST ax1ayq potaad
BUTUOTHTPUOD TBTFTUT STY} I93JY *s948Td I03BIST9008 MoU UITA Teotdhy
a1 uorgeaado JO INOY 3SITI SYL JOF dNUTW AISAS SIINOITO FI0US FuUToIY
'sTeT3usq0d uStssp ay3 38 LJTTIABIS JO 9aaFop AUB UZTM PoyeIado aq UBD
£3y3 3®U3 BUTUOTHTPUOD-OIB JO POTISd B 19978 ATUO ST 3T °998BITOA udisap
ay3} MOT3q ATQqBISPTSUOD S98BITOA 4B OJIB DPUB UMOD WBOJIG SOPOIJOSTS JI0}BISD
-T500B M3U 4BYY UMOUS SBY SIOISNIYY UOT UGTH sousataadxs Teuotgexadp
uoTq8I3d) JUutang uMOpYBIIG
.thpswﬁumm>cﬂ Iayzo £q

PauUTB1qO TAAT SUJ MOT3Q 98BYTOA UMOPYBAIQ JOFSNIY] JO UOTIONPaL sUj JOT

aTqisuodsax A1qeqoad aa® ‘QT PUB ¢ SIOULISIAL JO 950U, U UBYJ Wa1SAS qua




B 07 UOTQTSUBIZ B Ul 4INSad 40U PIP PUB juaxand Mol 48 paddoyo 48Ul

oa8 3BIBYOSTP~I0qTovdBo TBUTJ B £q POMOTTOJ UMOPYBAIQ JO SUOTFBUTqUWOD

Stoveg—t!

TBI2A9S IO SUO PALINDI0 YDTYM UT 3BYJ ST SOIB JO SSBTD PUODSS Y]
*2X0W JO USZOP B 03 ‘ITB 78 JNn000 STUIMS 8883TOAISAO IO
Buiddoyo ou 8sBO UOFUYM UT ‘U0 WOIF SITIBA UOT3FSUBI} a9yl Burpsoaxd soxe
a8xeyUosTp I09ToedBo JO JaqUNMU Sy ‘JuToxs PIUTBISNS UT JTNSAX 38U SOIW
s8aeyUssTp J09To8dBO JO SSBTO 9yz JO TeOTdA} axs g aanBiJ Ul SWBIZOTTTOSO
ay3 £q poysaysnTTT Furoxs pur umopysaxq oyl A1ddns asmod sy3 Jyo qnus
98Yg IIBAIQ FTNOITO PuUB ABTSX ® JO uopyvIado £q pajBUTWIag sBM BuToas
pautwisns YL °OI8 PSUTELSNS B 03 UOTFISUBIY B JuUamIspun qugq doyds j0u
PIP PIMOTTOJ 98U3 OXe 28I8UOSTDP JO03FoBd®BO 9yl °A 00$S GNOQB 948 PIaLIND
-D0 USY3 UMOPYBAIXq PITY3 ¥ °paoddoys urede yoiym ‘oxs s3reyosTp X03108vd
-80 PUODaS B Aq PaMOTTOF SBM STUJ ~90UBZONPUT A1ddns Jomod ayz ydnoaysm
pafreyoax seA J03T108deOo PIBIBUISTpP 9U3 S8 Ip 10 BuimsIanc ayz U0 A QOST
qNOgB 38 PAIINDIO0 UMOPYBSIQ PUODSS Sy ‘*pPauUTeBISnS aq 09 dI8 3Y3 JI0F
ATprdex 003 suofFex oangsaxd Jo2MOT OJUT POSNIITP OXB SU3 JO SOUIISTXD U}
I03 paxtnbax xodea Tw3aw aYg asneoaq ‘ATsnorasad paeqriossp s8 ‘paramooo
Bupddoyo stuL due 2 JIapun 4BUMSWOS TOAIT vnmhhso.d 98 paysTnIuIl}
-xo sem pus paddoyd qusIINd OIB STUL .oww\QSd gOT JO JISPIO 83U} JO SBA
S9STI JUOIIND JO 93BI dYj3 0s ‘oestl ow qnoQB $BM SOIB 9JIBYOSTP X03T10Bd
-8D 9Y3 JO SWIq 9STI oy ‘9 8nITJ Jo 90813 xaddn suj uo sasadde yorym
‘oae 98aBUosTP J03T08dBO B £q PSMOTTOJ SBA UMOPYBAIQ TBIFTUT IY]
‘I Jo suolsanoxs ayjz Buranp A Q0G PIJOXD JOU

PTP PUB JOMOTS SBM YY) JO UOTYBTIBA 9U3 98Y3 O0s ‘g aanBLJ UT uMoys sT

UOT]BTIBA 2SOUM ‘00aNOs 288]TOA USSIDS 3] PP UBYJ 9OUBZONDPUT ISBI8T B

yBnoaysz xo31oeded 831 PIBIBYOSI 92JNOS 988BITOA JI03BIST2008 Y, ‘9ouUBaIDT

-JTp T8T3u330d A-Q0GH 3B UMOD 9YOIq SIPOIJOSTS Usamzaq d8F ayy -punoxd
0% goadsex Yy A 000T~- 38 (VA) I03BI9T500B U3 DUB A Q0SS+ 38 (In)
us2I108 ayg UYszn dws ¢T°0 Mo JuazInd weaq 8 38 Furgerado sBA JI03SNIYY
8Yj 80uBlsSUT STY3 Ul *BuTod® PauTslsns oqUT padoTaAsp 3BY] UMOPYBAIq
B J0F w@oawumam U3aJ08 3U3 JO SUOISINOXD PUNOIF-03-988LTOA SNOSUBTRUTS
PUB JUSLMD SPOLIVITS JO WRIBOTTIOSO UB JO JuUToBI} B ST 9 oInITg
Buoxy
‘u0T488T480AUT JoUQIng X0F sTseyzodAy Buiiior B sB pasodoxd sy pus
uot1e1sdo BUTIND UMOP S¥BaIQ JOJSNIYY SUJ YD TYM JISPUN SUOTFTPUOD oYj
U3TM FU23STSUOD smass ¥ 90USI9ISI UT P99S989ns WSTUBYDSW UMODPYBLI] YT
*1ITP PUB 3§BaIP JO SWTIF ‘3s8aT 98 ATTBTQTUT puw .mmm PoQIOSPB8 JO SWITF
3Q OST®B UBD AIYL °$9POI409T8 3YJF UO W[TI SUIBINSUT SB quasaad sam
9pPTX0Ta3 unuspqlTow 98Y3 3o9dxs 03 wanmnommmw Sweds 3T D o062 INOqm
sT uoygerado JO3SNIY] BUTMP S9POIFOITd Hoamnwawood.mo aanyeiadusg mne
‘(ST °Jox) s3ex uorjeIodBAs 83U} SPIOXe TTT3S UOTYBPTIXO WNNDBA JO 34BI
ayq qngq ‘9 oST¥ 0% pejesy uays 3H um 9-0T JO umnosA B Ut a98I0dBAD 01
sut8aq Eaﬂm.@wEhom LTsnotasad Y ‘D 0002 JO I9pI0 3U3 JO goanyeIadueg
98 USBAXO I0 ITB UT UMUepqATOoW uUo ATTpBal WIOJ SWTTJ] SPTX0 *2O0H ©PIXO
-1a9 umuspgATow st WTTY BurgyeTnsut L[SYTT 3S0W OYJ *SOPOIFDITS a3 U0
a8utdwT uBO SUOT WBaq pasnool Afxood pue a3uBYOX9-93XBYD. U30q USYM UOTY
-Ba1ado Joasnayl JBulanp UMOpPWBaIq UT aAaTgeIadO ww § 20UdI3TaX UT poarsafsng
wsTuBYdSW WTJ SurysTnsut ayl 98U3 L3111qIrssod Buoxls ® ST agdyy,

“uMop

-¥8aIq 03 peaT TTT# ded 9pox3odTa3199UT 3Y3 UT 3q usd 38U3 (JH) sTBINSU



*oJa®
Esjwaw.w UTejuUTBU O MOT 003 JIBJ ST JUaIIMO BuTweaxls-yovq aTqfissod ayj3 jo
spnytudeu ay3 ahmwmxom,,”ohw uB WOXJ AISA0OSI BUTJUp JNOD0 UBD 393I897 Weaq
-uot ayj woxy wnﬂsdwhvw.xowp uoI309To 38Y3 yons axe sarrddns Jomod omy 3y}
Jo uoapwahmpoWkdﬂo £X9A0031 9883TOA 89U} ‘4SITJ ‘UMNOBA UT S9POIFOITD
Aad:mwphaoev £210908BIF91 9Y3 UO SFUAIIND MOT JO adouajsyszad syjz uretd

-X9 09 89T3TTTqIssod omj aq 03 weas mhw:&. ‘gasisaad dnuamy ayz ‘anoo0

§30p OIB POUTBASNS B USYM ‘ISASMOY "JUITI JISMOT 8Y3 UO «moaw>wv q0u $30p

OIB POUTBYSNS B SIYM PUB 908I] 34JST JISHOT 3U3 U0 ‘sdoTarsp ATayeutym

. OJB PIUTBISNS B SISUM 998D U3 UF UIOQ DOAIXISAO ST quazInd oxe wkaQQWﬁv

,uhOPﬁommdw ay3 jo dnuani ays pdnp Mmoys 7 aamBIJ Ut mwsﬂodhw.ewhmoaawomu Jo

sated OM3 ayJ, °OI8 PSUTBISNS B SIUODIY PUB dn SUINg JUSIIND OI8 3JIBUD
-gTp 103708dBO PITUI wﬂp aIaym ‘9 9anBTI UT Pa3BIFSNTIT ST 2ouUdlstsaad
STUL ¢BUTOTB PAUTBISNS 03 PVAT 3BYF SOIB pﬁmnhsonzoa Jo aouagstsaad

ayy o3 vapﬁmﬁommmh ST J040BI BUM :SOSTIB 2I0J3ISY] UOT3sanb ayy,
*(spuoodss
-oxoTW JO susg aswos ur) ded ummoea ay3z £q ya8usays Jo ALrxanrooasx prder a3yl
PUB TIAST FUSIIND MOT B 38 JUaIIND mhm Jo Butddoyo ayjz st Juloxe 23IBUD
-sIp I04iovded jusnbasqns pus UMOPYBIIQ JI33J8 Po3oadxs aq 03 uouswouayd

07SBQ 9Y3 3BUF § PUB G SIDUSISISI JO BIBP SUF WOIJ IBSTD SWeads 3T
‘(3usoasd Qg ar0qB TTo4) USTU seA wond.@wnﬁmpmﬂmqoa Jo uotgxodoxd sy3
18y, ‘IaAsMOy ‘PoAdITaq ST 3I  °“BY8D £I030BIST38s PISTA 03 padoTaadp TIaM
ATHUSTOTIINS 90U oIam Ppasn sanbIuyodl ayjz 4nq ‘SIIUNOD DTUOIRDITS FUTST
£q oa8 JO §SBTO YoBS JO JaqUMU SATY}BTII 93 SUTULID3IP OF SUOP SBMA HIOM
auog

*(Butoxe paursisns jusnbasqns noOYITM Supreato-IT1as) adf3 puodss

STU} JO oIoM UOT4BITISIAUT STUJ SUTIND POAISSUO $0I8 dU3 JO AUBR

(8)

: . oosm ‘SWT]
ooaomomOFOwomowom,omoﬂ o

AT /i

I ] AT NI
iy o 1 A
\ - lllw . \ \ 7 8 m

- - S -(8) uo3oMs uy suyt
TPe330P 3UR hn P33BITPUT 8B ‘AY G SBA A_<>_ +Ip) 30 anTeA ﬁwﬁpﬁwﬂ UL
.wowd 2318YoS TP hOpﬁudmmw SUTMOTTOJ 9883TOAISAC SU3 PuB3SUZTHA 03 UBnous

guoags aq SUTJIWOS few ds83 umnowA oYl 48U} S9398OTPUT 3T °(8) yoloys
UT UMOYS ST OI8 PSUTBISNSUOU B Yons BUTINP UOTSINIXS (|¥al + In)

29889 T0A 3Y3 JO 90BIY EmAmOHHﬂomo uy *JI9SUspuod ayj} Uo 98B8LTOA JO JUTMS
-IaA0 ayg Burduep Aqaxsys ‘Buroge paurslsns ojut dOTaAdp 30U PIP IBUL
SoTIes UOBD JO OIB 38BT oY} pajsururag doyo Tenperd 8 yous 38U} IIqTS
-sod sT 3T -qu8ta xaddn ayj uUo WBIBOTTIISO 9Y3 UO ,doud,, 2y Jo sanjsu
Tenpsxd sy sT 9jo0u o3 jurod Jurgsaxaqui uy ‘gutos pauTwISNS UL JuUTyns
-ax pzonuﬂs.Umhndooo qu8TI aya uo assoyy (Lrddns Jamod sy} JJO MUS 3BUL
I9YBAIQ FTNOITO puB ABT3X B JO uotyeIado Aq POJBUTUILISY SX9M PUB BUToLB
pauTegsns ojuy padoTaasp 3J9T 8U3 WO BSOYL Iy T Inogs Jo potrad ®
UTYI M JO3SNIY3 dUo JO uoryexado. ays utanp usyey mﬂmw sSwBIBOTTTOSO INOJ

agay] °S9SSBIO Y30Q JO SUOTSINOXSD JUIIIND X8 TBTFTUT Y3} JO S998BIY

weIFOTTTOSO SHMOUS [ oInBTq +L7ddns aamod 5Y3 UO FINIATO 4IOYS PIUTBLSNS

.




*§9T]TTT08I PUNOIZ UT SOTESTJIS30BIBYD TBSPT 2I0W 9S3YJ
uTB338 03 USYB3IAPUN 3 PTNOYUS UOTHBBTISIAUT Iayjamg - padoTsasp Usaq

aA8Yy sanbluyoeg Butuo}TPUOD-IOgsNIYg YounsTysod pue younersxid sTduts

STove- 3

£ToAT98Tax 199J8 quswuoxTAUL d0eds SY3 UT POZITeaI 2q TTITA SOTISTISIIBIBYD
Fupoas pus UMOPYBOJIQ TBIPT SJI0U Pmmv.maﬁﬂmmom ST 9] -swajsfs gamod™
I09snay3 uol Jo L}TTTQBITSI pus AL3ToTTdWTsS 9Yj 03 83NgGIIFUOD UBD ‘Indao
Op 38BU3 S9J8 JO SOTFSTI930BIBYD BuTysTnduigzxs-JTas ayz Jo uorjowoxd ayj
pus LE»ouxwwno, JO 90US8IJNDO0 JO 938I dUj3 JO UOTRONPSI TBTIUBISANG
*S9pOoI}09Te BuT3BISTSD0B Y%
U0 SQUBUTWRIUOD JO SWIIJ WOXJ SISTIIBD 98I8YD TBUOTFITPPB® JO UOTFBISUSS
U3 03 PanqIIfd® 9 UBD SOJIB JUSIIND-MOT JO 2aoua3sTsIad 9BY3 Pajsald
-Pns ST 4T -FUTOIB PAUTBISNS UT 3TNSaI pus 3sIsaad 4BYJ SOI8 JO Jaqumu
9818T ® OSTB ST aJdYy) 4Nq ‘PoAIasSqe Us9q dABY SOIB JuTYs TNIUTYXS-JT99
"S3INOITO IDUBLONPUT-MOT UITA ‘unopysaxq SUTMOTTOJ JNODO0 PTNOYS SOJIB
JUBLIMND~MOT JO UOTJOUTIXS-JTOS PuB AJTTIQBISUT 38YY IBSTO SWIdS 3T
‘UOTYBITESOAUT J9YLRINT JO AYJIOM SUIDIS IPOIJOATS 3BYJ UO WITJ JUBUTUR]Y
~u0d JUTLONPUOSUOU UTYZ B UOC SUOT 9AT3Tsod JO UOT409TTO0 a3 woxg But
-3TNsax 9poys’d Y3 3B PTOTF UBTY ® £q posned sT umopyeaxq eyl LITTTqQIS
-god a9y, ‘UMOPYBAJIQ STYZ JOJ FUNODOB O3 MOT 003 I8 UOTBoI 9pOIFOaTs
-I99UT 93 UT BUTISTXS SITITSUID pmdaammoam 4843 93BOTPUT SUCIFBTNOTBY
*paonpal xayjang sT TeTausjod umopyearxq ‘rojsnayz Surqerado ayjz Jog
*TeT3usqod umop

~¥eal1q MOT U3 I0F dTqrsuodsax 3q Lew S3POI}DST3 dU3 UO SIUBUTWBIUOD BYUZ

383838Nns YOTYM DPOAISSQO II9M SIBIBYOSTP nbovxdmhpwhm snoutum] ‘waqshs
mnoeA padimd ATsNONUTIUCD BY3 UT SUOqIBOOIPAY JO sdussaxd ayy 09 IO
UoTSSTWS PTSTF 03 PINQIIFYIB 8q 03 MOT 003 STeTuajod 4B PSIINOD0 SIPOI]
-09T3 FUT1BIST300B USGMLSQ UMODXBAIQ ‘Iogsnays Juyjysxadouou sy JI0g
*xaded STY3 Ul pajuss
~axd usaq anBY SWa3SAS JOSNIYF UOT FJUSWPIBQUOQG-UQILIST Tejusutxadxa
uT SUTOIB PUB UMOPYESIQ JO S2INYBST TBISUSE PUB 2INBU YL °sSIoISNIYL
TENPTATPUT UT JInod0 3B8Ug BUawouayd Juioxe pus uMOpyBaIq JO mnﬁdnmpmhmunﬁ
us uo spuadop A1ddns gamod oTBuls B UO T3TTBIBA UT PI3O3UUOD sampou
Togsnayg Lusw Y3 sweysAs gomod sTqeTTax pus oTdwis Jo uBisaq
SYMVAEY DNIANTONOD
*sa1Tddns asmod ayz uo
Butogs PaUTBISNS UT 3TNSSI 3BYF SOIB JULIIMO-MOT JO 9ousjsisaad asneo
07 A18S5303U SISTILBD 25I8YD TBUOTLTPP® 9U3} s3pTaoad UOTFBUTWBIUOD YoNs
38U3 LTOXTT SWesS 3T ‘UOTJBUTWBLUOD STBISPISUOD JO sdussaxd ayj 3593
-3ns UMODY®BaLQ DT3B3S UO JIOM SY] BUTIND PAAISSqO SoFIBYISTP SNOUTUNT
93U, °S30BJINS IPOIOIT dY3 U0 jusssxd ST ‘SQUBUTWBIUOD JISYZO IO ‘s8I
Jo Jo£BT xeTnosTow STJuULS B UBY] agow 38Y3 ATONTT o3Tb ST 9T ‘(sans
-saxd 3y um 5_QT Inogs 03 pnwaw>ﬂ:vwv poonpoad aq PINOO JI93dWTRUSD JTAND
. xad $TOTXS 945BT 38 JO A3Tsusp Jaqumu sumToa B ‘0xB UB JO quswaSutdur
pue JuTyBaY 9Yj JISpuUn ISIBWLIUSD axvubs xad g10T ©3 30T Jo £3Tsuap
J3qUMU 30BJJINS B S$BY SITNOSTOW IO swo3ls 88 PaqIOsSpB JO hmhmaocos.< *ox8
28x8yosTp 10310oBdBO 5U3 JO UOT10® JulywaY TBOOT PUB JUTINOCOS aYq JIapun

SI2TIIBO 23IBYD Hw:owpﬂ@vw sptacad Aew SQUBUTWERUOD ISY30 IO S8 Paqlosps

38U} ST 9duaisysaad juszano-moT Jo uoijyeusTdxe aTqrssod puooss ayg



a

A

*296T ‘89TT-Q NI VSYN 393004 UOI 3JUSWDPIBquOg

~UCX}OSTH UB UQ S35 PTIH JIO0JBIST00Y :°Y WBTTTIM ‘ofBTSIOY

*296T ‘S9TT-Q NI VSVN 39300y UOT jUSWPIBqUOF

Stouwse- (4

~UOJX208TH J238UWBTI-I3WIU3D-0T B JO UOT9IBITISSAUT  :°Q Hﬂdm.qhm@mmm
“196T aump ‘( *JTTBD) S9Ta8uy soT ‘BUT3ad FUTOL SUV-SVI 98N 38
pajugsard Jiaded °S30INOG UOT FUIUWPIBQUOF-UOIFOISTH ButLoTduy vwxoom

uol uUB JO 9DUBUIOIIJ Hdp:mﬁﬂhmmxm4 i@ *d ‘xspesy pus ‘°y ‘H ‘usumsy
1967 ‘S8S-0 NI VSYN °39an0g

UOT AUSWPIBQUOF-UOIFOSTH UB YJFTA 39300y UOT n<. iy UHOH@W ~ﬁmEMddM

*5052-9622 ‘dd ‘096T *93q ‘2T ‘ou ‘T "Toa ‘*sfug ‘1ddy ‘amop I

‘A37T1Qe3g oIy JO Apnyg Tejuswixadxg- 'y D ‘IreaI8g pue ‘°q ‘£ ‘PuUTqoD

*296T ‘‘Bug -o9Td ‘Isul ‘uy ‘6¢T-29 IO I9ded sy
umnoep JO SOTASTIS30BIBYY AIS2A008Y 'Y D “Hamhﬁmh pus ‘°q °p ‘autqo)

‘gzz-¢2z *dd ‘0SeT ‘z cou 08 ‘ToA A’y

*gAyg °SOIY UMnoB\A JO UOTFBIFTUI SUj w0 squswtradxy :°F °J ‘YIOMBH
‘gL-¢L *dd ‘16T ‘8 ‘Toa ‘rsfyg ‘1ddy ‘anop
UsIaTIg -swajshg umnosp padumd-ATSNONUTIUOY UT SIPOIJOSTH USIMG

-9g UOTAONPUO) UMOPNBIIg~dXd :°1 °M ‘onosajaog pus ‘*)J ‘M ‘PTOTISUBW
‘096T ‘ssaad "FTT®D

"ATU[ *SOTUOJIADSTH SNOISBH JO SI9S53D0IJ OTseg :°g PIBUOST ‘Qa07]
"296T ‘390 ‘(OTUO) THBUUTOUT) €°O) DTIOSTH TBIUID

puB ¥g04y ‘sqdeduo) ‘doxd paousapy uo umisoduwds pITYL 98 PIJUIS

19 PTOXBH ‘uswyne)]

~ax1g xadBg ‘39)00Y UOT JUSWPIBQUOF-UOIFOITH SUT

SHONAHHLTT

‘0T

‘¥

095 ‘qUaXand USATE B 9B OJB UMNOBA O-p JO UOTIBIND 9FBISAB
A ‘TTOD DPTSTJ-OT}oUBBW SSOJIOB IOUSISIITP TBTIUsz0d
A ‘9poI3o9Td UL3IDS JO Hdﬂpnmwom Sutqyexado
A ‘5pOIq03T9 ULdIOS JO TBTIU930d UMWEXBU
A ‘Iaqueyd
UOT4BZTUOT UT JUSWBTIJ PUB SPOUB US9MY3Q IOUSISIITP TBIIUS30d
4 A ‘Spoazoats usaxos Jo TeTjusiyod
A \hmuwwn JUSUBTIJ SSOJIOB 2JUaIIITP TBTuUsjod
A .‘9pOIq03Td JI098BISTI098 JO TBTjuaj0d

A ‘reTausgod

o9 ‘auity

SuMo ‘s30uUBSTSAI

SO nhwmmsw Janod aBB3TOA-YBTY U9DIDS JO 30UBESTSaX JuaTeAInbds

suryo

© ‘A1ddns xemod 23BLTOA-USTY J03BIITIDOB JO I0UBASTSSI qULTBATUDS

SSOTUOTSUSWTP ‘SOaB JO Jaqumu TB}0%

SSaTUOTS
-uswrp ‘potaad UsATS B UBYJ SSOT UOTFBIND UITA SOIB JO Jaqumu
y ‘A1ddns xsmod s88qTOA-UBTY UI8IOS JO SOUBFONPUT

°

q whﬁmm5m xomod 2883 TOA-UBTY JOQBISTI00B JO 20UBJONPUT

dure ‘quagand uweaq UoOT

dure ‘quaxano qusweSurTdw JOFBISTI00®
dure ‘quagzJamd

speIBl ‘saourjrorded

i

STOGWAS - XIANEJAY

[
0°Ty

'
¥BUTp

Ixw

L\

VA

NO «HO




¢

.,

Stevor~

*BSET ‘rOUl ‘*qng I9A0Q °SJIORONPUO) SNOSEBY UOTTTQ SouwrRp ‘autqo)y ‘9T

‘096T ‘0D ‘and PTOYUTaY

'Saqn, UOX309TH J0F ssnbruyosy, pue STBTILGBN :°H I93TeM ‘TUOY ‘ST

(*oTyo ‘es®Y 20I04 ITY UOSIL}GBJI-JUBTIM ‘QLION ‘d93us) *OJul
*Yo9, “©0TJJO UOSBTT WOIF STQBTIBAB ‘suexl) *8SET ‘peBIBuTuUS]
R MOOSOR ‘*pa ‘p,TaJIBATY °N *g ‘SoT388a9Uy JOF ISNOY *qng

23835 ‘9 °‘ON ‘Bug *0aTE °*3SUL UOTUN-TTY ‘susxy “F(pd) > (pd)

98 S98B) JIBTNOSTON UT 9BIBYDSTQ B JO UOTFBIITUI :°H * ‘BAasny

‘8Te-0T¢e

*dd ‘096T ‘OT ‘TOA ‘“umnoe) °JO}BTNSUT UB S8 WNNOB) :°Y ‘AoTmMey

‘96T

LS9T-Q NI VSYN ‘39004 UOI JUaWpI8quog-UOLOdTH Ue JO JusmaBupduy

J03BISTIDIY 8YJ UO $3097JF 9BuBUYOXT-a8I8Y) :°Y WBTTTIM ‘oyBTSIay

*L9T-TOT “ad

‘096T ‘ssaxg uowsdasd ‘°suegy *yosJ umnoe) Uo umisodmhs 9By

UjUaADg  *SSTRTTTOBI 359 900§ OTJIJ0STH VSYN :°V SBWOYL ‘IaTTeN

s

2T

2t

-

C-62937

- Three-module array of 20-centimeter-diameter electrom-bombardment ion thrustors mounted in

15-foot-diameter vacuum tank at Lewis Research Center.

Figure 1.
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