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»• 

■PJSSAitCH  IN 
THE KE>.55)ftiJfEMT5 AÄ) THK«T OP 

FLASWOIDS AÄ) niEIR APFUCATIOXS TO 
KISS TICS A KL  SATKLLTTE TECHUni/ET» 

i. iifraoDt)CTrn«i 

Th« «xisttncw  of  r^l.itirmly statie cuafiKur.llüna of  iunited gas,   ur 

pl««..,   fonmd uxvimr certain ccndit.cna  In a  laboratory racuu« ch*jib«r, 

was   first   r«pcrt«d  fcy Bestick,1 who  adopted   the   aaae   »plad» Ida"  for 

th«»« plaäima entities.     Using hj s  original  platawk  gxn in a  rather  poor 

va-uuiE  in  the   atsenre   of  ar. axt^rnally  a^iiwo  «agr.nic   field,   he was 

able  tc  obUlr. Ken-cell photographs   'O.S    ^   -«r.  exposure)  of  the  fcrma- 

tion of  a plasacld vnlch  apj^ars  tc  b«   toroida.1   in shape  and which  is 

projected  across  the  T4-;uu« apace at  speedä up  to  2 x  10    cm/»«c • 

Appl/lfW  • magnetic   field  perpendicylar  to  the  plan«  of  the  electrodes 

redu-es  the   translational   apmtd of  th^  plama   (acroai  the  fi«td  lines) 

only b/ a  factor  of abcu .   I   .',   while   the pUsurld  elongatei along  the 

ilrectlot: cf  the  field   into  4  -yli ndrictl  "bruoBstlck-shaped"  pla«»ld. 

Furt, er inyestlgat mrs"" r^ve shtwr. a renarkabie terrierey of tnese 

pla^cids tc ■aintain tneir Integrity In ^ < ..Islcn between twt ur »ore 

pla«id3,   and   rery Interesting  irultiple-s--urce   -caf igurati ona  hare  bean 

cbserred.    Kan^f  ct^r  1 nve «♦-.»-.• :   : •,  hav^   >-«*;   j^*,,   ircludinf  a  »easiire- 

3 
■ent     of  the  Telocity  of  the  pUa^lds   as  a   i-r,-ti   n     f  it.z   direction anJ 

if   *h aagnltade  of  an applied MAffreti'-   field   „p  tc   al--it  "   ^llogauss,     r   t.-.e 

»inirce  Toltare up  to about   lc VT.   and     thar clrcuMtances.     Howerer,   »*sch 

W.   H.   Bostick,   Phys.   3«T.,   IQi,   ?v2   (1'*%). 

1/.   H.   Bestick,   Phy^.   Rev.,    :_> ,    .X   fly1-.?). 

-B.   0.   Karris.   R.   r.   They«,    .r^  W.   i;.   .:-   ni"fc,   Pt-.ys.   Rev.,   IDS,   U6   [1957). 

• •-out    •mate-    »Oü»D»..O-    o»    .ii.eo.»    iMtfirwtl    or    T,CH-:,O<;» 

-  ^   - 
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of th$ b«bATlor of plA»cld9 la not r»t cU&rly mularaWod, and thmrm r«- 

■ains a fruitful ar«* for fUrU»«r inT.«tl«»iUon of th« pr^p^rtles of mich 

plaMM eonflfuratlooa. 

Tha parpom of th« probat project Is tc p«rfor» «dditlonal •x?«rl- 

■ratal and th»or«tlcal l-nrurtlfatlon« to obtala btttr Information on tim 

aatur« of pla»ol<li and their characUrittlc».    In particular,   It 1» in- 

UrvUd to in^ati«At« Uwcrotically tha atablUty of cylindrical plaflM 

conflfttratlona undar i^al conditions,  to daUrmina »iparlÄntally tha 

b^iarior of high anarfy plaMKids at rarious prasauras,   and  to  lnTa»ti«ata 

vhat practical naa mWit ba aada of pla»cida wltfc raapact  tc higb-altltuda 

T^iiclaa.    Thla raport (mtlinaa tha profraaa and plannlnf  of tAia projact 

as of tha and of tha flrat quArtar of tha contract p«-iod  on Aufuat  31, 

19^8. 

n. TTOorjmL nmanmLTio« 

I laarly all  of  tha ailstir^ photographs of pUa^lds hara baan obtalnatl 

In t. ratnar poor racxjaa b^auaa  tha raalduaJL  gas intaracta with  th- plaÄold, 

alcarin« it dcrr. and caBslnf acr« '■«coatlnfeticn in Uia pLaaaa,   thus aaJtint 

It aaslai   *XJ   ..eotoirapn th« plaa«»  by it« cmm  -eco^lnation  U«ht.     rtiun, 

althtm^h Bostlck2 has Intarpratad  aoM of his  photop-aphs   as  ahowin«  a 

conaid^rabl« banding  a«! twlatlng  of tha  flux  tub«  «hlch waa arUinilly a 

cylindrical  plaimcld,   prob« aBa^urÄants    of  thj  profll«   cf  tha  plama 

front,   praaunably ta^«n In a battar  racuu«,   aho«  tha  front   tx  b«   qulta 

»tralxht  o»«r a  lanfth of at  iaast  Hi c».     Thaaa lat*, tand   U   ar.pport  tha 

hrpothaals1'  that  tha pUmoida aay bs cylindrical plaana   c.r.flÄuratlon. 

which woQld t* coaplatalj  atabl«  In th« absanca of   los» a^hanlaas  such 

tha pa-aaanea  of back^nygna ga1«. 

S.  Chandraaakhar.   prlT»U cowunlcation. 

I    -    0    :       f I     ,      S     t     »     • »OU«<^*»'OH     Of      liUMOII      IWtT'TuTI      o»       -sr-^Okoa» 
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rbm tiMp^tst am om «i^ht poptuUt« i*«iLd t« *  »titic  confifnra- 

tlon 1B »Men  tbm Inlarn*! m*«^tlc   fl«Id  of ttw cylinder  ii  forc^-fr««, 

!.•.,   In wMrh th« Lor-nti  fore«   ( ?    x    if ) TAni»h«i.     (H«r«    ^ r»^«»«nti 

th« «AitiÄtlc  fl«Id »»ctor a«l    T - j~ curl 1    !■ U» cttrr«nt d«n«lty. 

ewrl ^    i    f    - 0 , 

Ctt/ 1 1*    - .    I    , f1) 

tfh«r«  * »ay Ln g.^ral b« »x^ «cUar roiKstlon of potltlon,  bat h^i aijrmr» 

bMD zho—n constant mraly for tha  aaka of  «lÄpUcltj.    Eqaatlon  (1)  ha« 

h*m  »clTad  for  tha c*aa of an Inflnltalj loaf cyUndar,  aad tha  »tablllty 
c 

of tna aolntiorva hai b«an axamlnad by Tra^^n,    who aljo notlcad  (prtrtf 

co«aaic»llon)  that thar«  axlrt  nc  wn-trlrlai   tolationa rf l^iatlon  (1) 

vlth confUnt  a which  aatlify tha boundary ccndltlona corr.^porJlnf to  tha 

caaa  of  »  forca-fra«  cyllndar uf  flniU  liinrth  aab^ldad  In a Oi.ifora ax- 

tarnal •»gn.tlc   field.     T^mrmfcr*,   It vts  orlflnally proi,o»»d   ^   Inraitl- 

Kat«  on thli projact  in*   «clutlona  In  trt   Uttar caaa   1-   «hlch  a It  net 

cor^tant,   but   mmm  fuactlcn   -f  poaitlon which   ▼a.-uah.«  at  tr.a  •«!•  of   xi» 

cjl^^iar   (Unii  Jclnlr^   »othif rlth  a ccnatant  exUrn*!   'laid,   lr which 

carl  H    - 0,   I .a.,   o - 0). 

R»c,nt w^rk   br Wt.tjar.*   hc^T,r.   \a-i   irtio^  tiu'.   o^t   condition for 

■daUaa emrtj  In •  fcrca-fr»*   field  if  tn*t  «  om  eonatjnt.     Ir  th*   light 

of   thit  daT,lov^nt   It   a^as  ur.IIi.lj  t^t   •   r^M«  ccnfl^-.tior.  toul/  ba 

^S.   I.   Trahan,   Artrcpf./..   J..   127,   ■. ^   C^). 

^ Vtltjar,  irtrc^yi.   .'..   Is p-r«»». 

atneut    «ivjitc»    fou»o*»«o«   o»    •ii«ao   »      -»•   »w»!    o»    ♦•c-aoioa» 
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found in vhlcn a is not coastAnt,  and Prcfttaor Ghandrao^khar snggastAt' 

that it «Ifht ba mcrm fruitful to consldiur a aore ccatpltJi situation in 

vhleh th«r« wdrt intaractiona cf intarral fluid aotiona with tha intamal 

■afoatic fialda.    For tha tl»a bainf,  hovavar, va will ratain (as in 

rafaranoa S) tha  sixplification oi  consldaring tha pl&flM a« an incoa- 

prataibla,  inriacid fluid of infinita ».lactrieal coadti.'t1.Titj'. 
■ 

Thi» problaa has baan inraatifatad by Chandraaakhar'   for nora ganaral 

axlally annBB»tric fialdo, and ha haa »at forth aoa» ganaral ralatlona vhioh 

■oat ba aatl«fie»d by any aolntiont to  gaoh a probUa.    Tha aquationa of 

action for thin problaa arat 

TT - carl  ( ^   x   If ) , 

| 

f _|| . -( ^ .  gr^i) V   ♦ jj-i^ curl f   x   Ä    - grad  (| ♦ T)  , 

| whara    ? 1» tha  ngloclty fl«ld,   p tha  fluid danalty.   p th© prassura,  and 

f tha  grurltitlon*!  pot«ntlal.    Wiu«,   In ordar for a  atatlonarj »oluticm 

to azlat, 

cirl   (?    i   t ) - 0 , (2) 

curl   "h    J    h    - curl ?    x    ?    - fj-id  ocf • 0 , (3) 

whar« w« h*T« aada '±»  subrtltutlona    h •    R/ KlTw p  *nd   z? »   (% * m \ T      ♦?), 

and  naad  tha rmctoT  Idantlty   (  ^  •  grmd)  t    - carl V   x    / ♦  gr»d   (■    T X). 

Tt-.«  flmt   »p*:ial  CAM  tc  b«  conaldarad w»»  that  of  an Inflrdtaly  Ion« 

cyllndar  in which »11  procattaa ar«  not  onlj »yaaatrlc  abc-at  it* uda  trot 

7S.  ^aadr*»«khAr,   Aftrophr».   J.,   12k,   ^3?   fl'?^). 

.I.      »    iitcatca    «ou-«e*»«o»   o»   liiia**!     «»itMuTi   o»    vtcaao^osv 
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al»o lal«p*nil«nt of trin«l*tion alon« th« axis,  thus dtpflndlng on m tln«l» 
0 

ooordlnat«. ?hli !■ th* probl«« coniid«r«d by 3chlnt«r for the »tatio 

forc»-fr«« O&M. Introducing a cjlindrlc«! coordinat« wjwtm », 0, %, ^m 

imiiBiil that all flald eoupomttt» would dapand only upon •, tha perpen- 

dicular ^J.»taaoe fro« tha tod» of «ywiatry, and *ai able to glT« ar. ax- 

preealon for the field co^onenta In terae of the enargy denilty In tha 

field,  q/8 w .    B/ definition,  q - H^ ♦ H£ .    TW: he found that 

R    - 0 

Hj - -{•/2) dq/d« 

H2 - q ♦  (9/2) dq/d« - d(i2q)/da: CU) 

wltA oartala rertrlotlcna found for the poaalble forwa of q. 

lov »t thin labürttory the probl« vaa coi^Uctt^l «llfhtly by addlne 

a etrlctl/ roUtlonaJ fluid action  (again depending only upon th«  ■- 

coortilnate).    HJweTer,  Jt vaa  eoon noticeö that th« reatrlctlon to  a- 

depHWlence only was a rmrf eerer« on»,   and that In fact Chandraeekhar " 

corelltlona   (Iquatlona 19 through U2 of reference  7)  u-a  aatlafled 

trlrlally by ag^ function of  s onlj.    Therefore,  vm went  b*cH  to  thr = 

equation« of action   (2)  and   (3). 

If    h -   (O,  h^,   h )  accordl-^f  to l^atlon  (U),   fctai    * -   (0,   f^,  0) 

becaaee of the raatrlctlon to rotational aotiott,   then    t    i    h -   (rftt  
0i   -) 

ami  alnce botu T§ ~ai h    depend only on a,   and  alnca  the # <tnd  t coaponent« 

of   ( ▼    i    t)   nLni^.,   Iquaticn   (2)   la   »aUafied  trinailj  *nd   fir.« a«   oc 

Infcn-aatlon abodt  the fore of    r or    h   . 

A.  »chllter,   t.   latarfcr »ch«.,   l^i,   S^   (1957). 

itttatge    »Oü«»*««©«   o» ■ 011     ■ t T i T U M    o»    »ic-noioo» 

- I - 
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! Looklng no« at Equation (3)» 

curl h « - 
d 0 

d h 

0 

- Q0' - -jr ' ; Ä (• V] 

I 

! 

trvrl h x    h - 

H 
dh 

0 

0 

- if    I lr ^ V 

♦ _»-• ^        d ' 
Slmllarljr cuil  TX    ▼-    i_     j--t    7--(9 Tw) 

»o, 

grad '." ■ 
dh        h. 

Ai ai 

I 
j 

1 
! 

! 

d rrf ^      1     d    ^2      ^2        2X       1^2        2 
da    * " ?    Ji Ch_ ♦ hjj -  rj)  - -   (1^ - TJ) 

a/id   finally 

f55 

»o»«   if  w«  ccnsidar  th«   «p^clal   c«»»  ir. which  Urn   fore«  t«rm»  g:r*4 * 
P 

,12 ♦        1     d    ,   2, 
ir*d   T  Taniiri*.,   wt   f!f«3   t^*',   gral   'T^   -   fr I4   '»  ▼   '   •     I     •   j    j-   (▼  ), 

• •"Out    ti%»*ic-    »OW»©*T«O«    o»    •ii)«o>»    lattltiifl    o«    »ic-^o^na« 

•    O    » 
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Than Equation (c0 radncr to 

or 
w2   2  ■  d fh2. (6) 

Since UM only rwainln« condition on th. thra. ftmcUona iy  h^  T0 is 

that h2 - hj * h* , w,  — that w. hara Äntrodur^ ^ *xiditlonal infinity 

of .olutiona  fbaLsa »qu.tlon  (2) ylaldad no inforaation) and ara unabla 

to raali.- our a^ition of findln, axpras.iona for tha thr- functions in 

I«, of . »ingle pareaeter,   in an^oßr to Schlitar'.  «cce» in the  Impl« 

ca«.    It  is .lac interertin« to ccpare Ration  (6) *ith SchlSfr«. 

•^uation for t^a  suparpo.ition of two  solutions H^ and H(2) to his prob- 

1 —T 

2 , CDx2 ^(2)^2 

H; - a1(H; ;)   ♦ 'jCH,   )   . 

H2 - ^CH^^)' ♦ »2(^2))   »       'r a2 a^  P 0   , 

E^ution   (6^   than r^tUn  th*   ^^rpcsiticn cf  th«  ^o^oent  of 

^.tlon   (u) with  the w.ll-kr^  a^cial   eolutlon7 of Equation»   (2)  and 

(3),    h -    / . 

Ihl   eclutlon of Equation (5) could  h*.«  t^n con.ldT,d at   t-his 

.   t     twt  u ¥.s   i0Cti-   m ccnaaltation with Pr^fesr-r  Chandra«ic^ar 

U-ut  U.i,   —   -.a     f   -     ^ —^   i'^-nc,,   —  "'   -r'^    n'   Cf   M^r": 

»p^'al   c.«.. -M^-h   ^^^-     ' sldarad ^ntually.     ^„r.fcr,,   .t wa. 

i   .4««-   «#  ««n.tlcna   (2)   aM   '•),  without   t^«  r«- d»cld*Kl   t     1  ^k   r--r   »r#   * --:tl   r.s     .   ET^* - •      » 

- lrae»*t     '   i-lr#,#p»rid»ric«.   Tt.ls  *   ri 

^I'   '   *'• ,».t.o.   ot    .li'.o.»      •»'   »«tl   ••    Mc-.Oioa» 

-  7 - 
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.^^^:......     :..^.^ 

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited. 



r 

i 

i 

i 

In the ■Bmntime, we have been exart.ning a mviber of other German 

papers which appear to be pertinent to t^e question of plasnoids« Nona 

of the« take into consideration the Interaction of the «agnetic fields with 

internal fluid notions, though soae hare considered fields due to currents 

9,10,31 
on the surface ot the plaasa« 

These three papers *    *      are 9m   omed principallj with toroidal con- 

figurations and probably shuulu be examined in more detail at SCIM later 

ti»» for applications to the proble« of the toroidal plasaoida;  ^it we 

shall continae to concern ourselrss %rlth cylindrical coufigurationa for 

the tim» being.    Hain,  lust, and Schlüter      hare written «n Interesting 

article on the stability of a plaa»*,  girlng general consideration« which 

hold for any hydroaagnetic equilibrit»,  still aseoMir^ «ero rlscosity and 

infinite electrical ccnductirlty,  and hare  solred explicitly the case of a 

plasva cylinder with zero Inlörnal field, 

■ Mil 
Especially interesting,  howefer,   Is tha article b.y Lost and Srhltiter  " 

on "axially syMBetric  aagn^iohydrodynamic  equilibrium  configtu-ationa». 

Their baal: equfctlon ccrreaponds to the present Sqaatlcn  (l) without  the 

ter«8  in    ^,   zni  \htr haTe used  a Bathed   siaMar  to  that used by 

Ovandraeekhar.     T^^ v^Tk planrse-'I for  the  next quarter on this project, 

therefore,   corresponds  tc  a  gwneraliiatlcn of  their work. 

L.   Blermenn,   I.   Hain,   I.   jSrgenji,   end  H    lost,   2.   »aturfcrwch^.,   12a,   ä?6 
(1957). 

10S.   ilpp«nhahr,,   :.   latarf .rscrsf.,   13*, '.'   '). 
Ul.   J§r|«rj,   I.   Ea'.urftrsht.,   1_3*.   u93   (1958). 

I.  Hair-,   R.   list,   and 4.   Schl'ter,   Z.   Satcrforsch^.,   12a_,   :33    'l'*^). 
l\.   Lost   a/id  A.   Scnl'ter.   Z.   «a t-ir f ir so hf.,   12M,   *-"   ': •■"'*. 

• •-ou«    «ittitc«   tow«eaf>o«   o*   '*.%*mo*%   i«ttifi»ti   o»    tic»«Oioe* 
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B?»   itSBift AfiD QOilSf&UüTlOH ur aXFEKPSKluL AFPAHA7DS 

fix» OT«r-*ll physical syste» has b«en planned and is shewn »chÄBaticallj 

in Pigur« 1.    Sereral parts «u'e in various phases of design and fabrication 

and are treated in the following, 

A. Magnetic Field 

" fte magnetic field will bs rariable with 2,000 to 6,000 gauss 

needed fcr the initial rar.ge*    A method Mploi-ing a current pulse through 

a solenoid has been selected and the necessary calculations made.    For a 

solenoid of 25 c« dlaxeter and  50 cm leng*,h,  the magnetic field at the 

center is giren appror.imately b/ 

B IL1?—       2.25 r 10"2 Id gÄUBB, (7) 

VUr ■ ♦ £-c 

where r is the radius, J   the length,   N the nuaibsr cf turns,   I the current, 

„^    u   f.h»- n*.ri"»',"ibilitT cf  the  iBediu*.    Tt»en,   LT --'fe w^l B   -~   6,000  gauss, 

»bstltuting  the  ralues  In Bquatlon   (7),   we  get, 

jri  -     2.6/' x  10'"   ampere-tuma. 

Aasuming  a  large  «ncugh wire  Is  -sod   *=  that  the  resistarxe  is  m^ilglble 

conpared with  tho   InJuctlre  reactance,   U.e  indueULTK«  of  •   slnflf.   layer  coll 

of round  wir«  is   plren  apprf xl.tÄt #: y  'j 

2 -   r       d       1 
r    -  f  IT   d   ai^ro'henrrs,     wh^ri   f       .   .   :   r   -» »   n  . 

o / t 

TTien,   for  i  crll   'f OjumfJinr * '   1 '  l--h«i, 

!.   - .: w? . 
o 

T^e  dl»charg«  circuit  fc;   R    •     L c»r.  "••   »» ä r> 14.»*t*<i   tj   ar   U'   -»-rl#f   '4.r-.lt. 
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« 

^    aln   1]^ t mil)« 

fhe mnHIHiil ±n giran by A - T M I   swaps,  tlva period by T - 2tt  '/LC', and 

ihm fr«qaoncy by f - i    .    Vs are only concerned with using the first 
2if\/LC 

half cycl» for the field supply since the operation will be single-shot, 

I reqaireaent for reprodncibility of the «Agnetlc; field    * that the period 

of the BÄgnetic field discharge be «ch larger than the ti»e variation in 

the plaiacid crossing the solenoid; e.g.,  if the plaaaoid is going to see 

an idsntical aagnetic field fcr each shot in a serias,  the rariation on 

the Ml product curre «ost be aaall compared to the III ralue at that position. 

For a tinusoidally rarying Ki: Tunction, as in this situation,  the rariation 

is reduced oy increasing the inductance and operating WUt tti pe^L of the 

ctirre where the  slope is a»all,    A calcu:ation Mtf =^de for If - 20 turns 

and a time delay in the plaamold  syste« of 0.1 K sec  at a slope of 1  ar*l 

the restlts Indicated a rariation of about 0.1  per cent in the ■agr*i;io 

field Tiilue. 

The  capacitors to be used to  supply the  energy for  th« iiagnetic  field 

a-e  rate^   at  175 nf and U,000 rolts.     There  are  8 capacltora  iTÄilablo 

and h will be  placed  in parallel  for  the  original energy bank.     Since 

3   -*   2.25  i 10"    Kl  ganaa and  ÜI    ^  " ^ If    •   four  of  the9*   :a^«cltor,i 

»i    foil    TOltAg«    COtild .J 

i m ZJ$ ML If* i  k * VPVQ        "W'vGTi    *     '^a) S^ss- 

-^^  ,»--rw   Tigor*  ii   larg«-  t/.*/.  ..r-.;...:,   but   th#   c«|:*cltors cannc i   Ftand 

r \t»ft  re^r»*!  it  ... »*    ^ Its  ♦•    tn«! *flli have tc  be oparated *'.   * 

r*A c »'i   "»"r-1 t*f *   r «1 i r ^ . 

aaii^wi    ■ttftai   -    'ow   •»♦ o«   o«   >ii>eo*t   lattitütl   o»   ticwüoioe» 
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To handle tha large currents Inrolved,  a triggered-gap switch ha» 

been designed and fabricated.    The triggering electronics Is In lilt fabrica- 

tion stage and should be completed shortly.    Figure 2 shows the trigger 

circuit with the outpnt to the t rlggering electrode.    The operation eMploys 

a 15 K7 poise to the trigger to bre»Jc down the air gap between two 

spherical, electrodes.    X. Calllngton and tseoclates     deroloped the basic 

switch design and report excellent characteristics for the low voltage 

region.    Thej report satisfactory operation as low «s 1 kr for single 

ahota with a tl»e .jitter of about  .l^i sec.    Thi* represents a considerable 

Improveaent over conventional switches where the time jitter la usually 

unacceptable at this roltage.    Tests will be ron on the trigger as soon 

as constmctlon of the electronics is completed. 

A 6 kr power supply Is being constracted for charging the magnetic 

field capacitors.    The output will be unfiltared and controlled by a 

rarlac  input. 

B* Plaaroid Source 

Th#  pInspK la   acmrn* will   Initially consist of  two deatarlum 

load#d  titaniuji wires  In a »ratton-type arrangement,   »s  sketched  in 

rigvre  3, 

riiXLT*   i.     fhittoR flMmkM. Source. 

k  ■»/;od  of  ^•rAring   the  wire   is  tmirvg   * ^nt   :y   'arr«sK r.isr^-«  with  the 

"S:. :. ■DBiiinftc^ «t   :. i:«-tr r.ics   i^r.  ::.  '.'"), >. *■'-. 

»i-O^t       IH.»C«     tOumt»**Om    O*     • i «. • ■ o < t       -»•      --i    o«    »«c-«oioe» 
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tftiiTersity of C&liromia Radiation Laboratory.    Nw configuraiionsä and 

■atarials will be investigated at a later date. 

As «entloned prerio^sly, the discharge to the source wust be of 

0,5 paw or less duration for the first half cycle to provide satisfactcry 

conditions for the formation of the plasÄOid.    In addition to this,  it is 

d«aired to transfer a WUCJJRUJB amount of energy into the source,    !he period 

of the discharge is proportional to VLCL    Therefore,  if the capacitance 

Is increased in order to get higher energy,  the discharge tl«8 is corre- 

spondingly increased.    An alternate way of increasing the capacitance 

energy (j CTT) is to increase the voltage.    However,  this 1» soon Halted 

by practical voltage handling considerations.   Also,  the back emf of the 

plasBcid is considerably less thvn the capacitor voltage so that a highly 

underdiusped condition exists.    A high voltage,  low capacitance coabination 

la needed for a fast discharge,   yet low voltage and large capacitance is 

desir»ble for lapedance «»tching.    The capacitance energy Increases as the 

jqcare of the voltage while the  l«pedance  is InTeroely proportional to the 

capacitartce.    fro» first order calculations it was indicated  that a high 

voltaje,   low capacitance  source  seeas to  be deslratC.e,    Further calculations 

will !>• Bade  tc  learn the dependence  of the energy deliTered  to  the  source 

on the external  circuit conditions  after  the  Toltage-current character!»tic■ 

of  the button pla«K)id  source  hare been determined. 

Tl^e time delay circuit  far  thf  triggered-gap  iwltch has been designed 

and  is  currently being  fabricated.     It  Is  a ■iltirltraU.r-type delay 

▼arlable  U^   3 «illieeccnda   ind   11  aht-wn ir. rir-n  ?.     Tt.m  trlgg«r«*d-|ap 

•rl tch   for  the  plaamld  gur, cirralt   Is et|,ect#<i  tc   're   a   TarlatUn cf  the 

-•  deai^ned   fcr  thm  mmgimtlc   flild   m^ly  *it£ »odiflcaUon wmtm   for 

• Oci      .tit.»--     t -  . . : . ,     0, .    mo.%        .,       |     .j     0,     »tf.,0400. 

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited. 



cp«ration to 1;0 kr.    Insal&ting and corom probiwae will be conslderabla 

in this rtgion of opGr&ticn,    Sine« tha capacitors hare not been selected, 

the exact range is not known and these problems have not been considered 

in detail*   At preRent,  it is expected that operation will be between 

10 and liO kv witi. the lower TO]tage as the starting point.   A 30 kr power 

supply is arailable and vill be nmtd until highsr rol&ages «re required, 

C. High Speed Photographic Methods 

The plasMoids that hare been produced travel at velocities up 
7 

to 2 x 10   centimeters per seeund «nd ere about t oentiaeter in diameter. 

This mans that if thej' are tc be pnotographed in IHght at a standstill, 

an expoanns time of lea» than 0.1 adcroseoonds mit be used«   At the 

present time, there are  Uro postdble ■ethods for attaining photographic 

exposures as short as tMa.    This is hj the use of the Kerr cell or by an 

image conTerter.    An elnctronic ■sthod of at^.lnin« uhe light Intensity 

diatribntlon across the p.ajusold has also - aer. described.        Although it 

is highly wnsltlT'«,   It do««8 not hars  tha resolution of the photograph!: 

methcla, 

T^ia light outf-jut from p la a» id« aada   in th* past waa act reported. 

It is knCTrn,       howeTer,   that  anear photographs were  obtained of th« 

plaamolds hj means  of   4 Kerr csl_ camera e^loying Polaroid high  speed 

file which has an iM rating of ÜOO.     Photographs war«  not obtained of  the 

plaamold  in still   fllf^it  bacauw  of  th«   lack   of light.     It was,   how«T«r, 

thought  that with  a  higr.ar   ip««d j-hctegraf^ic  •i^lgl'-'n  mch pil-togriphs 

iro^id   b«  pesslbl«. 
 . _  

'ü,   iftuaexsteln,    J.  A.   Sawr»!-,   and  T.   T.   Strattcn,   FhjmlCf of  flalda,   \ 
188   (19^8). 

1  ¥.   H.  ^orttck,   prirat«  -•-«•ajjücatioa. 
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I«T coll caaaras har» been reported in tha literature in «any 

places.    *    *        Ifiectire expoaare tlaes of 0.007 ■icroeeconda ^iare been 
17 

reported.        The lerr cell is eseentlally a rassel filled with a liquid 

which exhibits uniaxial birefringence when stressed by an electric flaldU 

Two (usuaJly plane) electrodes ore iwersed in the solution to which  j 

high Toltage is applied,    Wien such a cell is oriented between two polarlaera, 

crossed for ainün« transBission,  the arrange«ent con?titutes an optical 

Atitter.    With no roltage applied,  there is no tr*na»i8sion because of the 

croseed polariaersj howerer, with an applied rolUf» the state of the 

polarisation of the light passing through the B*/ cell is altered and it 

is passed by the systes. 

18 
The basic arrangemnt      of the eleaerts of a Kerr cell eajaera is 

attown in Figure h.    IHe two polariiers are arranged with thalr axes of 

polarl»a-lon at 90* with respect to eacn other.    The axis of polarltation 

of the first polariaer is oriented at US' with respect to the electric 

fjeid LLnes in the Kerr cell.    In prectlce a high Toltage pulse of short 

oration is applied acrosf» ♦h« K«rr cell plates which appll«s «  flelr< of 

aomm 16,000 rolta/c» within the liquid,   thus opening the  shutter  for a 

given duration of ti*«.    Th« «ffectire exposure tiae of th« cell,  however, 

ia lesa than tha daraticn of  tha  puiea because the warefona of th* pulea  ia 

net  rectangular  and  the   tranamieslon of Uva  lerr call  ia  not  a   linear 

i 7 

i.  K.  Zara»  and  F.  p.  M^rahall,   R«T.   Sei.   Inrtr.,   21,   Sll*   (1>S0). 

18 
1.  Ä.  Zmj-wm,   r.  R.  ntj-xhM^'   Bjt\ f.   L.  Pocl«,   flectrlcai  InglnearLi^, 
iprll,   1959),   p.   ?82. 

19 W.   Q.   mzhc^m-f)  ».v.     .   Rcsi,   »l.r-   Cell  STrntUr   fU« Äitmlcr ^a^cal  ajs«^». 
tleCUronif-s,   '^-m,     o^),   p. 1     Tii 

.•-<?.»    •tti*«c.    iow«s»t,o«    o*    iitieeit    •etvitvTt   o«    Mc-aoioe« 
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function of the irolUge across the cell.    The transaisaion of the Ken- 

cell far e hSm orientation of U*J polarliers with respect to the E-field 

of the cell »ay be written 

fen f - 50    sin2 n 
5 

per cent. 

Mhere ? is the applied potential needed for »full open«» of the cell and T 
o 

is the applied roltage to the cell. The -full open- potential in Yolts 

of the Kerr cell can be calculated fro« the expression 

v - 300 d (a**)  " 

' «here d is the distance between the plates, / is the l.n«th of the electrodes, 

I and I is the lexr constant, all in c.g.s. (electrostatic) units. For the 

.7 
CSM of »itrobenaene,  K - I4OO x 10    . 

Th- optical tran^iJPsion of the F.err cell  »totter syste« can be 

^ted .« the product of the trar.s«!salons of the Indlrldu^l elects or 

To • TLI ' T:2 • TK '  ?P  ' % 

irhert» 'I      la th«  tranailislon of the firat colIUatln^ lens 
I»* 

T      la th#»  tr^nmla.-.ion cf the ctmmr* lens 
H 

?      la  the   tr-n».»Mon ci  ti^e Kerr  cell liquid 

T      la  the tran« »'Ion of the pol  .-leer» 

T      la the  tran»« sil^n  of  the  glee» ^nrlo*8  of  the  lerr  c«ll. 
I 

-Y*   trwi«la«ion of eefh    .«ß«  u m be  consilered  te  H  ;*r c«nt.     The 

rutro^awn.   fC^iOp   ^^«lelor. charecWl tic   it  ü«^  in  ngur.   5 

a. 4  ratios  =f  «ireLsa.th.     n.   tr*i«la.loR ^^«t^ri ttic a   ., f  MAT. Id 

.'  prUrl.lnf   fll-  ü   fl'»n  ^  ^r^«   ^     ^  traiva^.^oo  of   U^.e   |.*.« 

,-c..    Itttai   -    iou.»*».o.    »I    Kill     I      •» H    ^,    •«c--oioet 
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HfttF» U.    Co^joMnt» of * I«rr C«ll CaBwa. 
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2 2 
vindowa Is girmn as 1 - (n-«') /(&»&*) for «ach surface, wh-ra n is tha 

rafractlre indax ',t tha »atarlal through which tha light passas first and 

n» i» tha rafractiTa indax of t^ia aaeond aatarial.    For gl%a8 of indax 

of rafS'S'-tion of l.U and air,  tha tranaaiaaion is .97) and for glaaa and 

nitrobansana tha loaaas nay ba nagiaetad.    Tha total tranaaiaaion of all 

aurfaeaa it approxi»ataly .86. 

TTia total tranadttad light ia giran as a function of warelangth ir 

ngura 7. 

Tha iaaga corrrartar is on alactronic tuba that has tha proparty of 

oonrarting an optical Inaga falling on ona faca of tha tuba or cathoda 

to a eorraaponding inaga on ancthar fac« of tha tuoa.    It haa found 

application in «ilitary aituationa whara light in tha infrarad ragion of 

tha spactn» la to ba conrartad to a rlalbla Inaga.    Ita baalc alaa»nta 

ara a phoiocAUioda dap^sltad on a front faca»  an alactron lana systa« and 

a phoajrficr fac«,    Th« photocathod« ^rcducaa an alactrcn pattern which 

corraspcnde in IntaMnlty to tha llln«ln«t«d areas or. tha  phctoc«UKx?a. 

Ms p^otocathod« Is ccnstmctad of phctoaaatlslTs films sraporatad onto 

tha front   faca of th« tub«.    Two typical  pnotocathodas In uaa ar«  th« 

Ca-O-Ag,  mliict* iüi  Izfrir&d rsqpcna«;  And Sb-Cs,  which  raaponds to tha 

rlslbla  «p«ctnsa.     Th« •l«ctron ptttam is a~c«lerat«d by aaans of a 

co^blr-atlon sl«ctro8t«tlc-««gr»tlc   l«na to  «  phcs^ior coatad   a/Kxl« wh»r« 

th«  optical  i«a^«   Is  r«pro^,ac«d. 

IIÄ4J»  ccnT»rt«fft m.j bm u»*d  an   f*it  photographic   ahutt«iri by pilging 

it» acc«l«ratiat rcitaf«  on for  »   ^ort daraiion.     Phctogr«^M"   ahuttar 

fp««d« of   ) x  10       sacondi ha*« b««ri  r«pc;rt«d,*       At  th«  prt»««nt   tl««, 

jo 
"5. 1. Chipp«r*i*l«,   ?ti«  P%iCtogra|ivic   Ifficirt?ic/ cT  Xnag« Z^nrmrXmrt,   &att«r- 
vorths Sclantlflc  Mllcil-r-.  fe lijmm*y~,  Loadon, vT-.?.   a9%); 
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only on« Jjuge oonvrtr is aamfacturftd that respor^ls to rtsibl* light 

and is aaltable for high sp—d photography.    TW.8 io th« ME-lC-Ol Bum- 

faetur*d by th« Mullard Radio YalTo Cosqpany, Ltd., in England.    Th« tubs 

«■ploys a St-Cs cathode and can be ordered with either of two phosphor 

screens - a zinc suli'ide screen or a villaaite (Zn^a ) screen.    The 

willeaite screen has a Iraager decay tiae and thus is better for high 

«peed photography.    la theory the iaage converter ahould be cepable of 

intensifying the laagr on the phosphor.    This is not the case vith the 

Ml-1201 because of the rather large electron-optical ■agnificaticn of U. 
20 

It has been shoirn by Chippendale     that vith standard techniques sen- 

sitiritiet are in the swe range as iierr cells,    lew detelopsMnts, however, 

on a tube vith an electron-optical aagnification of unity vould greatly 

IjiproTc this.    A tube of thia nature is neu- in the development stage et 

ÄillauH and ia not presently available. 

The image ccnv*rt«r,  at present,  doe a not present any advantages 

over the lerr eel]   for high  speed photography.    It Is,   therefore,   felt 

that  the ierr cell   ahould  b« ueod because of  Its leas  stringent requlre- 

■ents  on the  puls«  voltage    »avefora« 

n. LOQBooi anoaacp 

Th« data of this project 40*« recorded  In Ulf Logbook  Boa, C-Ö026, 

03036.   C-3319,   «nd  0-^326. 

7.   COffTRIBr^IH}  FgR50W?gL 

Th«  theoretical  lnTeyti£*tlona ars  being -arrled   o^t by ?al W.   Pratt. 
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