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INTRODUCTION 

Activities on our dense cold gaseous plasma program during this 

reporting period have centered around two aspects, the preparation 

of gaseous plasmas of higher electron densities, and the measurement 

of electron concentrations in both the liquid and gaseous states. 

1.  PURIFICATION AND LII-'iETIME 

The objective of this phase of the program is to enable us to attain 

higher operating temperatures and/or longer lifetimes than attained 

to date, i.e., 190 C for short periods and 52 minutes at Ilt50C, 

respectively, in order to obtain more gaseous data on the cold plasma. 

Two approaches have been taken in the past reporting period.  One is 

a modification of the ammonia purification system to improve the 

purity of the ammonia as well as to make it easier to prepare the 

sodium-ammonia solution.  The latter is accomplished by splitting the 

time-consuming purification of ammonia over a period of two days with 

low temperature storage over metallic sodium overnight. 

A second approach is being initiated, namely, an independent method 

of determining the effects of (i) the various purification procedures 

for sociium and ammonia, (ii) the glass cleaning procedures, (iii) the 

compositions of the various glasses, and (iv) the seal-off.  The 

method cltosen, that of I. "awshawsky, measures the hydrogen liberated 

at low temperatures by, e.g., traces of water adsorbed in the glass 

surfaces.  The presently employed procedure of testing effectiveness 

of purification, etc., by behavior at high temperatures is more time 

consuming; in addition, it is more difficult to assign the sources of 

failures to particular causes.  For this reason, we have designed and 

are sotting up a modif ic-)t ion cf Wawshawsky's procedure.  In this 

system, we shall evaluate, independently of the present conductivity 
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tochnique, the effects of the various procedures, treatments, and 

conposltions on the stability of sodium ammonia solutions. 

The revisions of the method of purifying the ammonia during the latter 

part of the reporting period follows: The initial purification is now 

accomplished by passing tank ammonia of 99-99 percent purity through a 

U-tubo containing activated charcoal to absorb organic matter (e.g., 

hydrocarbons, aromatics, and their derivatives).  The ammonia is then 

conJonscd over sodium in a dry box and kept there overnight at -78 . 

The purpose of the sodium is to reduce oxidizing impurities (mostly 

water).  Even at -78 C, there is always some reaction between the 

sodium and the ammonia, a process which liberates hydrogen.  With 

reasonably good ammonia as a starting point, a minimal amount of 

hydrjgun will be formed.  It is possible that dangerous amounts of 

hydrogen may be built up if impurities are present which can catalyze 

tho sodium-ammonia reaction.  Therefore, as a safety measure, we have 

instilled a trap containing 60 grams of spongy palladium to absorb the 

hydrogen as it is formed.  This amount of palladium is sufficient to 

absorb the hydrogen liberated from about 10 cm of sodium.  Before at 

now batch of ammonia is purified, the palladium is heated to about 

100 un^or vacuum, and in this manner, rejuvinated.  To date, our 

experience has been that the amount of hydrogen build-up overnight, 

using the palladium, is negligible. 

-2- 
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2.  ELECTRICAL CONDUCTIVITY MEASUREMENTS 

Conductivity measurements have been cxtenddd to the concentrated 

solutions in an attempt to produce gaseous plasmas with much higher 

conductivity than obtained previously, namely, greater than 100 mhos/cm. 

In addition, studies of the effects of pressure on electrical conduc- 

tivity of liquid solutions zt  constant temperature have been initiated. 

Also, conductivity-tempernture dnta are now being measured at constant 

pressure throughout most of the liquid range. A theoretical study of 

•he electrical conductivity measuring technique has been carried out, 

and the behavior of the conductivity measuring system has ben accounted 

for quantitatively.  The method therefore has been reduced to an 

absolute method of measuring resistance so that, in principle at least, 

it is no longer necessary to standardize by comparison with known 

res istances. 

Measurments of conductivity vs temperature along the vapor pressure 

curve have been extended to the more concentrated solutions and the 

results are shown in Figure I.  The temperature coefficients of 

conductivity of these solutions are smaller than those of the more 

dilute solutions.  In all cases, there was a peak at about l60OC. 

A possible explanation for the peak is evapoia«-ion of NH, into the 

VoluM of gas above the liquid solution, ths making the solution 

more concentrated.  Either decomposition or decrease in volume of 

the liquid due to further evaporation of NHA, thereby .pening up the 

toroidal circuit, may account for the finrl drop in measured conduc- 

tivity.  We did not produce conductinggases even at I X) C for the 

concentrated solutions.  11 is for this 1eason that jur procedures 

arj b^ing modified to get to the higher temperatures r.iore rapidly 

since w-j would liko to produM gaseous plasmas of the concentrated 

solutions.  To do this, wo have modified not only the purification 

procedure but also the experimental conductivity system to reduce 

■3- 
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oror~ t ional :'dHf lcu'tt: ii,\s: ~,t h lgher tomp~raturos. ,. 
tn tho case o't" mcasuromcnts uf eond~et~~:.~~·· VI prossurO,..flt con~Unt 
tump;..r.,turo, ;;;~ hyst'orlls Is 'off oct has· boen obsorvod ~' shoWn In , 

< , .. :,..,;.a.,. 
Figuru 2., Tho sourco .>f. this hystor_osls has not y ... l. :.. ... "'u · .. =-'-"'"' ,~»;,.,~. · 

'. ~'J j : •• ,··;.. _'-;.· ' •• ...~,.,· ~·~ 

T:J d .. torm!no.Whethor tho hyst-:lrosis Is due to solu :bll ity of. nitrogen 
' . \ . 

in thu liquicfsodium .-,r\'1\v.mi,:t solutions,·~ havo·modl1.iod .the condue· 

tivity cull's'ho~ .. lnc~~uu thu diffusion path length~·: I~J.ho.n.aw' 
culls, the ~rossurlzin~ o,,, wi II hnvo to dlffus~ f~rtho;r':·through liquid 

bilforc affecting crin'ductivi tl~.!s. ,· · · . 

In Figura j,~;'tho.,rasult ..)f a conduetlvl'ty YS tGtilporaturO:':'llt constant 

pr.,:Ssur~ ;~~~~r~nt Is ·c~l!rod to 1.1 slmil'a~ mocsuromo~lttt th• 

vopor 'prossu,e. ;· 'fheso rosu 1 ts oppf.tar to' bo ,;., 1 id, but ~,,nru ;. th• 

holding jud9ment,on.·thls unti 1 we le~rn.more .about tho eeuse of the . ' ' , .. :'.~ .··-,: ~. '·. ~,;_~~ ,. -~-,·· 

hystaros is ,affect notud 'abova. "' /!: 

'· ·-'~ ·.. .· ri . 
ThO rnoosuroftwln't ,of 'tho' H:lll Effect In;; sod I&Mn Drm!On Ia so t'~t tons. Is of 

· lmPo~tl!nc:o "1 ~ that 't't offo r!: us on I ndopendont method of.:·do tor! In I ng 

. clocfron densities ctnd a1,uctron ~robllltlis.: Attempts reported tn 
· th~'- Tit~~~turci t~ · mhosu~~ thoso, us t~'!{elass l~o I ;homi~ 1 tochn lques, 

\ .. : ' ~; :;_ ·~·. ·:,~ •.•• ~---~ ;.. ! k; ~' +·; . . . ~ . 
, hcvo•cneountor:,ed unreso 1 vod d Iff I cuI t los. Thu H::! 11 llljJi!suromen t, os 
·:,:~;· '' .-~·\·:r·:~ ::): ·'~j'.'.',~ '·:~~-~·,-···;~t _< ',J{. · ·, : -~'· : ..... , . ''· , · 

wa l'iru. sottlng i,t,UPI should not only .. solvo this problom but nlso 
. ·-- ,.,.. ,, ; ... . : ·- ., ~"Y:··. \( . '".-t. • . ·:. .: ' . 

· onablo us,. ult hmstely,; to <l:ttl)nd tho Hnll moasurem<)nts throughout tho 
. ~~-~·.,': ..... ~~-h . ' ... J_< ... ';,.- -~·~ •· <~ ,• "~i ,.: . ..;:.; ' '_ if" ··-· . • • 

. wno•~·t iqu,d· range ns wol1 e5 Int.:>' the. g.:~s. . . 

:A K~tl~mci~~~r:(ng\I:t~~hnt~~u COmpl)tlblc with tho strin!Junt. requi;ements 
,.,_,',~.··.-~ •• ·.·.·~·-_~t .····-·.' "'' . ! i' • ~ 

'·~bsod'by~,thcl'e~IJIII,tcal 'b~ttavior of s6dium ~rr.ironle solution. has boon~' 
'd~'sig~cd:> tnt\l~:H·y~:·"·tinit.wlll b~ f~brlcM~d thot will oporato in 

:~ tr;~~'t,~ii'th~~\,\~i':~~~ :~~~~rno l ;,; r~·,i-~tt ~nt \o~ • b:>mb. It~ r-'ngo; of 
usofu·1~os1s' ..;iYI-b~. f~-"~b:iu~ ··00 to>.t2o6c.·; One~ tho opcrlit ing,' · 

. .~t{ ' ". 'j 

' ;\' 'd i.~ 

.. 
•' 

~- ~~~·lf 
~-;.!~?/~· :{ 
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eharaetorlstles hav~boon ~11 ostobllshud~ th!i:dovi~o moybe ro• 

do$lg~d for ~~~~reincnt. t;J. high tomporo.tur~~·~~~ld<t 4 b~~· ; · .. i: 
• \• , I ·:' ~- l . , .'1' · __ ... .... .' ·:~ >"' • "•' ~ ~ •, •• ,, • ',: • .: ' 

Since tho t'lt·•l coli wlllb~.J ~tjbrlcotcd fr~m'~lass, tho porpondleular 

nli!Jnmont of tho arms rn.l~sur:tng the outpuf slgnal eonn(.lt be controlled 

aeeur~toly enough for useful rosults. Thorot~ro, a ' 1boM11 toehnlqua 

will bo used to scparotu tho lf<::ll signal from tho mlstJilgnrnont voltage . ' . . . 

~nd othGr background. 
' ' 

Tho tMgn\ltlc flold giving riso to tho H~tll t~f,foct _wltl be 5000 gauss 

·;n th>l prototype systum .. enJ .ih froqueney.~Jtt. ~o 60. C:>S. ~~ samplo 
vott.:~go wilt be:ot a·;:froquanc:y·of 46o eps'~O"'t~t thoJt_,n sign..,, will 

·.' ,.;_~_,--. ;~·;, ·· ... · -·~---.'; ·.·. ·:>- ,';~··-::· .. 1 .... ~ ... :' .. -· .· .. .·•·. _·, -

occur .n" frequoncy.::of 4()() cps. Thls·stgn~l,,wlll,.bo possod,,through 
,· ., , .·-.,_ '_ · .: :· J: . . .-,~~~- 1' :' .. • ,' •' ~·, ·, ~i(' _,.. _•/,;~' , : ; ·: ' .. ' , $.~;f -~ I 

' , i I tors tunod to: th rs 'r"c.tqucncy to romove'fth~' 60 cps; 460 cps, and 520 
<~ . :; '"' ·: -. . . ' :·"/ >---··· ':f~ · .. ~--\:-.. ' ·. >- .'. :,~:-. . 

cps bllckground liS ,wal I OS harmonics g~;;nur~ted.,by·.,saturc.titm offocU in 
:; -~ . .::., -.... ~- _.··: ·. •· ~:~ ', :·. ·.,,_' .• ~: .·'. ~-~·~· . . : '•·,;i't-\' ' ', • .. , . ..: ... ·.; 

thu' magnet. "The· fi 1 torQd s igM I will bo<fod: to:'~:.·phoso.::sanstt lve 
·I . ~ v .~~ . .., ,.., _ · ~ . ~) .:: ... ··:·: -·.·!,:··.· •. ~,: ... ·,· ·:~?<(<,1 -,';. ·. 

d~toctcr "which wi I I providaifurthur 1 dlscrimlno.tion ogoinst unW3ntud 
'" . \ 

·: :· '.:{f_-:~:L :_: . _,, r~~: :F~-· -~----_?i·:_: ·· 
DENSITY MEASURING sySTEM .. 

.... To dotorminu t'ho~~ttrlttdon; ir; donslty wit~ ·{cmpbrotura chongo of "· 

·."·~ .•• ~1~,--~n:o~on his buu~ fllbrle.~tud td housci tho s<~n,rlo while tho tom· 
~-~..,- h• <;-.-:?:·.. . .. <".' ... ·- :~~ "·;. .·.: ~-- ~:. .: . 

· ~-· portrtoro::ls changed.t>vor;41 wide r.onga.· Tho;ch"ngc in donslty of tho 
':..·\_ " _::'~ ._.-, .. ~. '·,·,--.;.: ' -···:· · .. ·· · ... · ... ~ .. ~ l' so~Jo.wi11 ·re'suh .. ii{ttio ris~ of the 1o-iol -of tho. s:~m1du in a tube of 

·.~ known rJiM,ot~~. 'fh();,hc:Joh~·;~;f thIs r ;'sa ~I j 1 bo mo~$urod by monns of 

:~' n ee!~~~~tor~: :\,;.. ~ 
. k ~- ~~'IY ..... ·~~PHf~:t~~~·~. his oofn mado ond -~~ ;~is <10 ovun hos been fob· 
.·',~ rieot~d:t'Th~ ~vc~ t.s s\ipi'lra.tod from·tll~ 'tablo.by supp~ .. rting legs and 

~._fl .. '."' •. " ~:-~···"":> t.;,_,·' .. :· .. ,_,;:"" .-., .. ~·. : -~J~ ·._. i iJ' : 'it> 

. ;~· tho_ scmpJo tn'the•; .. oYQn l.s support\ld separt!lt~tly by inv:1r rods.;· A 
·''~.-. -:·,; ... . i•-J:-;i(. ·.~· ~~f:.~.-+:<.;·~·:>;."_:.f :t11_ f.;.J,t,·t''.:'-. ·, .•· ·';, 1 -~· ,.:; ••. ···~ .~:.. ~-_...·.• • " 

-,>: cnthat~tor,'~'mOunt:cd on. tf1'! tnb lu, ·,.is usud; t•i Moll sure the r ;so: in 

· ;: flui,i:YC.v~t. i~~s\d~ ·~a~~.~,:,·/; 1\ .flubro~~o~tll ight 'is pleeooo'n tho fnr 
.. ~ . .. ~ .. " ... ,;, .. ·, .. . . . ,, . !:: : '.v?. .. ~ 
·:L ., 
:::r-

;., ,. 

' .,.,t.i.~ ~·· ' •. ,.~·-'• ~ .... ~· . 
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A :.:iroct I ino of sight. : 

l\ nici,r->mU he3ting wir~ i,r..~·ddos thll hottt to r:.:~tso the nvon temporoturo 
.. ' ' i . . ~ .. '! • 

\'lhll~ o sohtno~l~<e?n~':,.:lllod l lqutd co2 lnJ~et'lol"' "sy~t.um f'lt'ovtdos cooling. 
• . .,., : ' ' ~ \.~.· , f . . . >\< ., • - .... ) • • ·"'· ' • " - ' 

:\ f~n circul8tCS tho ·surrounding giu whtto·'lt'.ts boing huatod Or cooled 
< ' __ r<:·-~ ::·.·· __ "_-.-·.· .· -. : ·: . _:_. '· .. '~ .. _.:_·-" : ___ .,~_·.·. ·'·<'". -._. ·,. ·:._.,;_ . ' 

.. · rind baH los ~~~ryo.:to :p·r;vlJ.,} mero uniform 'fJO\ii.oc!ros!l. tha SlimP )e.•:; ... · 
',' . ' .. - '· .. '·1:. ... ",···-. ~-- ··:···:· ·' . _·.:: ,,-'_;~~--' ... ::,.,· .;.·. . . ; ~<·.;._>iK· 

·.J\ t tl~ugh: tho C02 coo 1 1 n:J. ~ystcm roqu I res an o~~o~.fi:cc-ntro llorr t~e 

·'-'hO!It ing oiOmont can bo ()r0)-·Jrt ion.') I ly eontrofl&d f.:>r OCCUrGtO tetnpOI'O turo 
.f 'l. ' .. ' - •·, . 

;, ,· • ·•C 

In :ddlth:n to d~nsity n1.;:o:;uNm-.:nt, _, condu:tlvlty h~;:~u is olso provldod 

·.s\J th.:Jt s imultbnoous G..:ln..iuct ivi ty~~~·:nS I ty-toml)oraturo mo.:!surllmOnts can 

::t,<l mi!du. .. " , "· ;, ··-~··' ' 

This unit is curruntly i>uin:J Nstcd to dotorini .. noh;)Qttno ""d c.)oling . 

:rlltus. An ~dditi~hnl co~·s,,lon;:;id volvo t~ being aJcjoJ to provide both 
. . . c.;. ·; : '· ' 

hi l)h ond low coo 1i ng rn tcs. In ndd i t I on, n soco~d hc<'lt t ng coil Is bo I ng . 

.:Jd'-td Md the system is ~ing cunncetod_ to_:j~ s'ureu ~f ~20 VAC to. P.rovtd<.' 

n I1)J ro r~p'i d .,ea ii ng ro to. 
1

Tho fJ;cscnt heating ~~nd ~..11 trig rates givei~ 5o~~ ris~ G~ drop from rv.:;,m 
. . '~ " ."' . . . ..... ' \ 

t~h1ratur'e. in' t~)irst .. :twv minutus. Thol lowiut t'emr:ior.:tturo att<'linobto. 

· ·,:£~ith .. t.~·:~o~ ~-~~~.' :.!' rh:ehc~ In abuui 9:1rnlnutos .~leh is ovor ,.10°,C 

. :: · ·.:;kP~-~ mln~t~··. tn: 9;~.~n~~uS,'~.of.}h,_~tlng, ,the t.a~·~r.aturc .c.~m bo rnisod }rom 
:J',r~ t~d~~tdr~:·to'::t5o0(whftc 200°C t;,kes ~bOut 2i minutos~'}l" · TtTc 

1 

: • l,"< ... ~: -·~. (-~';"·--·:·~ · ... ~-:,~·.··_;::~, , ~~> ':~: ._·,;':,··~·\:·:- '· . ,• ,_·.:: ·-~~--- :/'·_ .. ,.:~······. ' ' ;· ' ;~ >:,_ ".: 
._.,:: .;-:d:od<iiti~nol h~tlng; coi Is :wi 1 t lmprove this.rhoating rotc cunsidorably. 

'• ' ..... ~~~~~u~;tiO'~a:n~~-(~b;~~~c(7& ;~'t~' uf iPc -,~~\'K~ h~~~· tw,:~ Min~tes c:n'n 
-'.·t·•··-. , .. ~a--~·-·,. ~'- ·<--".:- <:.' ,_.. : ... ., .... 1 ,,~,,· ,,A. , , • '';< ... -.~ • 

·~:~h;), .-.tt>~i!'od~, 'rh·l~;,;is'til~'.s"rno rntu tha_t·(;·~" 'ba ohtninud wtwn{coollng . 
._, . 0 ,· ·., . . ,., .• •• . .. . . . 
~; fr:)C'II ~ C. ;, -· " , ;.~ · ·· 

·.·."t'• 

I, 
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PLANS FOR THE NEXT qUARTEn 
Ev.1lu~t ion of the effects prc-c.iucod by th\1 various surf~eu troetmcnts 

:~nu ;;l•~~s t.:lfT1POSitions will bo initiated, Using \J.:~rsho'!'fsky's technique. 

O<!~lld ... n those r&sults ond.tho use of 11 variotv. of ini'ti.:~l:fractlono1 
fillings of tho c.:>nduc,tivit~cclls1 fu.rther ati¢mpts will tie !Mde't~ 
ma~suro t.ho etectric~l,~.(:~.nrl~ctivitlos o,f tho mora c.:>ncontr~.tod gnsas. 

.... ' '-~ " . : ,.··, ·-·. !'.'; ·!.::. ~~:· ..... ~~ ... ; l;'.' ' 

Oa~n~o p~oeeedj~g wl th tho~·~, in s11t ·of ~~~uror'!Onts ~ f th~\ prossuro 
• • • .:~. -:.;,;.: -« .... , • ••• • " ,·· ··r::: :··:.·:-r. . '·~ 

aff\Jcts, tho sou·rcos ·.>f. thll hystorlls is ment lonod .~~rllor will be 
. . .. ' ' . . ,' ~- ' .~· ,.'.,"i.: ... ~·,··:' ." . .;' ' . . : 

studlod. ""'en tho'hystoro:fis is '>~lthor,;rGn\:)vod' .>r bvti:Or l.indorstood, 
• : •. " ' '' .~·i ! ~; ' I ,:· ~:' • 

tho offcets of prossurQ .:.n.t.;::nductlvtty·.:ntic.:>nstant tl}l!lporoturo will 

bo stJdil:ld.' · l~:l!ddltbn, iho conduct1Vitlwll1 bo mo~!:uro~ as" 
" '. . •• !_·' . . · ·-·~ •• :_~.. -:·•;,;,.~1·~'; ~ _·. 

funet I on of t¢mperaturu ~t c,;;nst.:~nt pro'ssu'ro; · 
·' .. ' 

'· .I 
n,~· donsl ty ~~suring 'fly:aoin \IIi II b~. used Tr~>m ·80-' to ~0°C 
witn'~_,mples designod f~r uso lnsldu th·~ bomb: ·Tho uloctrlcol eonduc· 

tivtt)''Will. bo·me.:tsurcp c-:;ncurrcnt1y. A spccl-:~1 sot of s<~mplus will 
. . ' .. . .; t . . 

ba prop\! red for muasudn:) cl-.::n$ i ty ns o :furict I on of t..:mpur<\turo o long 

th.j V.:!f>'.Jr pressur(J"cur~c tiJ ~Jluv~~od te~oraturos. In ~t.ldltlon, our 
.,,, • 4 ' • .,~~·- ~-~. :' ,/ ~;· 

pro! imiMry theory vf thl.i. tcmporntura eoeH lclunt ~f .;,;ns rty wi II bo 

c~~rcd with·~~ :exp;;i~~.t:l dlltft. ; ... ; 
~; • l~f 

··t· 

It is plonncd'td compl~to 'tho f.,bricotl~m ~f thu H.,ll uffoct system 

in ~:.is pcrl.od.·:,ihis :syu~~ i~ doslgnad f.or vpornti..m rroin.$d) t;:> 
. : :·.,, >~· . ·~ '! ,:· 

. +20-c •. Tho high' tOinpor-::~turo H.:-11 uffect u.J bullt',nt o 
li~t~rrd~to~:, v .:~ 
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