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^ I. OPKN CONFINEMENT SYSTEMS 
I awrence I ivcini iMC I aho ia lo iv 11 I I I h.is p n m a i v national icsponsihi l i tv l o i magnetic m i r i o i p rog ian is . 

,111 apptuach p inncc icd heic since the cailv I '(fil l 's. A goal nl 1 I 1 's ma^iiL'tiL' I usion energy ( M i l I p i og ram is io 
pi ovule the tcchnologv in develop a cont inuous ly operat ing lusion tcac to i . I lie heart ol I his reactor wi l l he a 
plasma ennl ined hv magnetic mi r ror geomct iv and cont inuously sustained by in ject ion ol beams ol cnc igct ic 
nenti . i l atoms isi ieh is deuter ium) 

I here are three eonl inment systems now in opera t ion o i undet eonstruct ion at I 1 I . the 2XI1H. the I andem 
M i u o i I xpc i imcn t I I M \ l . and the M i r i o i l u s i o n l i s ; I acility I M I 1 1 I 
• 2 M I H lelies on pulsed magnetic helds to eonhne a hot. dense plasma lo i a sho i t t ime. It leaunes (.-shaped 
magnetic eods that l o i n i the conf in ing magnetic f ield I heit unique shape ( in what is known as a y in-vang 
geomctiy I stahih/es the eonlmed plasma by creat ing a magnetie held (a magnetie well) that inereases in e \er \ 
direetion t rom the plasma center 
• In l ^ h . we proposed a new idea the tandem n u r i o i eoneept. A tandem m i r r o r reactoi would contain a long 
solcnoidal magnet terminated at both ends b> convent iona l m i n o r cells 1 hese cells would act as "end p lugs" to 
prevent plasma leakage out the ends ol the so lenoid. I he I M X is being constructed to : -si I he principles ol this 
concept. 
• I he M ! I I now being constructed wi l l br idge the physics and engineering gaps between present experiments 
and an exper imenta l fusion reactor planned l o r operat ion by 14911. the M l - I I' w i l l use a superconduct ing 
magnet ol y in-yang design (similar to the 2 X I I B experiment}. 1 his magnet wi l l be capable ol con t inuous 
operation 

2XIIB 

I he 2X1 IB magnetic m i r t o i machine was hui l t to study the scaling ol plasma conhnemenl wi th inn energy We 
have laised I he mean plasma ion energy to 1.1 keV and the peak energy con l inemen I parameter fir, 1(1 cm .s. 
U t c i reaching high betas (,i * N-ii\V B'..„), exper iments at tempt ing to achieve l ie ld reversal reached a l ic i t ) -
reveisal laclor AH H - ().''. I xpcr imenls a t tempt ing to improve the mierostahihtv o l nnrro i -conr ined plasma 
and to lur ther increase beta are underway. 

Field-Reversal Fxperimcnts With Variable 
Ouadrupolc Magnetic Field Strength 
M '. ( '. Turner 

Field-reversal experiments were conducted hv 
varying the quadrupole magnetic field strength. 
Results indicate no rapid increase in ion losses with 
increasing quadrupole field strength. 

(lilt field-reversal experiments with variable 
quadrupnlc magnetic field strength were motivated 
by work at Cornell using the relativistie electron 
compression experiment (RFCF-Bcrta) electron-
ring (l-ring) device. In those experiments, anom­
alous electron losses were observed to increase 

l inearly wi th quadrupo le field strength. Also I - l i n g 
decay rates up to l ive to six times the rule lor r ing loss 
due to eol l is ional d i f fus ion on background neutra l 
density were measured A l though our 2X11H exper i ­
ments were conducted at even higher quadrupo le 
field strength, they showed ion loss rates w i t h i n a 
taetor of two ot electron d ragand they did not show a 
linear dependence on quadrupole field strength. We 
conclude I rom these experiments that 2X1 IB ion 
losses are not enhanced by a quadrupole magnet ic 
field as are K l C I -Bcr tn electron losses. 

In the 2 X I I B exper iment , we can vary the ra t io ol 
quadrupole field strength B^ to total field strength Bo 
by varying the rat io o l the current in the y in-yang 
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I',..; M- I.n l . . | n: |H ( i . 1 l l . ' ' I . , . ' i l i . l . -.Map.Mil,- l l n l ' . 
I l k i| u.n! l ii p. MI I - l ine i \ p. Mm i nl • I u ; i , , i j . i i n . l . . 
,' . I i .m i n i l . l i l i k i l I h.il A l l l l i.'ii l " , s l - .in mil 
sini i lalh. enhanced h\ a q u a d r i p o l e mae-mlk l l i l t l 

I xpcrinu' i i ls wi th th l ' S t a h i l i / i n i ! Stream I m a t e d 
at tin- la lcr ' i f the Plasma 
/ ( S,„.l-.|, ,, , , „ , , / / / / . . , :, 

I vpiTinii'iiis ni'rv in i l i a l id " i lh a sial i i l i / ini 1 

plasma siri'ain supplied In llic plasma liuiimkiri 
I luxe experiments shun t ' l l that tin- plasma stream 
can hi ' lucal i /cd In a radius of 0 cm. that at this 
locat ion tlu- slrt 'am can stabil ize the d r i f t - i i i l o t r o n 
loss-cont' modi ' , and that the electron temperature 
increases rrom 411 c\ t: i 14(1 c \ . 

\ \ c l o . l d l i c l i i l I k-l i l-H-Ml sal i xpi l i nil-ill-, ill v, in i 11 
Mir st. i fnl i / l l l t ! plasma s lu 'a in '.las Imaled ,il I hi- i k v 
.'I l l u plasma i ,ii hi-1 ihan in I In i c n l i a as in p i n 
i sp i ' i i n i i -n is I In-si- i - \pci inn-i i is i n i i - n i n i u a i i i l In 
mi l ik'si ic In in, nasi - i -k- i l ' iHl l i -mpi - ia l i i i f ill the 
ccnlci i'l the pi... in.i am! In thc l cb i n d t l c i the 
c lcc t ion-d ia i : n u l l u m nl Inn mils in tin- m i l c i I in 
t i n i i , n i l s ul IIR-SI- i-\pi-i i n i i i i i s . u h i i l i uc ie 
i imil i i i l i -sl a: ihi- h iMj inni i i i : . ' ! this i j u a i i i i . si-i- Ki-I I 
In sni i imai i . I n ia i i nu tin- s tah ih / ine plasma s iua i i i s 
a! Ihi- i-iliic n! : hi- plasma a l lnucd 1 In c lcc t inn 
icmpc i . i tu ie In [ i - i i ih 141) i - \ .ni a nnisisi i -ni hasis 
Wc rccoldcd a le l l slmls as Inch as I M I c \ I | „ - ho l -

II in 111 ct i nil' dul n n i i nil in i n In i m pi • n i - a h m i - Hill 
i ' \ , ' I , alMihuli.- ihis in an lu i lcasc in inn - ic loMon 
a i t i i u i 

In an attempt in i educe l ln-si mi l i i i l n l l ' i n 
l l l l l l l l . l l l n n s . i n - I n s ! I n c i t e d 2-111 - i l l ,Mil . d t ' l l l l ' l l l l l l l -

l i iadi-d-Mianinm uashci puns i ia i ln - i than the usual 
I 2-in -i)I.':n punsi a! ihi- mi l i m Ihnia ls Oin a im 
was in suppl i ad i i i l l nna i sl i i -anuni; plasma [n 
i i np in i i - u i i iMin iahi l i iN. a mi- ihnd i i h n h hail been 
siiivi-sslul m Ihc past Ih i - f - i n - i l ium plasma linns 
bmKi- i ihi-n l inat i -d in-.ii l ln- n n u n th i i i a t . 
p i i ' sun iah l i hi-ciusi- nl the m i v l u i i n c i l s l i n i i 
imp.i i t i -d In iln- puns i i hen i ln- \ m - \ . i n p m.-i-iii-t was 
lni-d \ \ c l l i i - i i l i u i - stopped usinp :lu- l.npi- J-m -
i l iam ri- i-nl iai i l puns 

We then slutted exper imenta l p n . ' i i l i In exatu in-
l l l l ! the use nl edpe sl leanls l in app lna lu i n In 
espei i inenls \ i u h l ;Mpi-- i l i . ini i iei plasnui I lie 
expenmental ni i lestiuic c i l l s Ini eieal inp plasmas n| 
sl/e Kp a, a In III A l l l nnp I he expell l l le-l l l . l l 
nhieel i ies nl these expei i i i ien ts aie 

• I n create Lncei plasmas h\ beam ai i i i inc and 
sireammp-plasi iui loca t ion , ani l 

• I n then mies l ipa te nuei osiahi lu . and inn ami 
elect ion l i u i l l t l cn ien l in lai cei-d iamelel plasmas 
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I i£. •*. ( nli ula Ui l prujeclimis In the mid plane 1/ - II plane) of Ihe emit t ing areas of the \arious selecUd streaming puns. | B O.fiH I at 
the magnetic-well center, which includes II.211 1 f rom the guide field.) 1 he circles are laUulated \alues. I 'rojectinns are tint quite s\mrnelru-
w i lh respect In llie w r t u a l plane because nf i iswmm-triei it) Ihe >in->ang cnil windings. 

Streams ( u ) 

"Mr - T 

l i g . ?. \e r l i ca l posit ion ul midplane o f center uf plasma gun 
projected f rom Ihe easl end i.f 2 M I B , fo r gun locat ions* and I ) . 
>s guide-field riiaiifiitucJi' l>in->ang pulsed field is IMS I al Ihe 
center of the magnetic well). 

Neutral beam 

Streams 

Neutral beam 

l i g . tS. Schematic (if t u n measure in cuts of streaming-plasma 
gun mapping: (ul spatial densit} prof i les o f hor izontal streams 
least guiis) are measured w i th a vert ical arra\ of heam-
a l lenuat ion detectors, and l b ) spatial densit\ profiles nf 
vert ical streams (west gunsl are measured using horizontal 1 i t 

radiat ion f rom neutral-heam a t o n e f \ t i l e d l>v I he streaming 
plasma. 

4 
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usine p .u iso l si icamine'-pla-m.i . juns.i t L' . iJu-i i i l MI 
- M l h Hcain-al tc i iuatnin mc.isi i icnicnts m.t.h. u n h 
! . - i n - d i u i u iccu t ian l - U c i m i n c ( ' J M ! M e im- i " 
c i t ed .1! posi t ion I) n[ I ic. t . I IC s l i ' i u i i in i IL' 
I me iicn-.it \ auoss the n a l i o u d imens ion o! the l.in 
i- I • In • cm I IK- l i t enidc held u . i - II 2 I ,i;id 
I lie pulsed held » j v l l 4 " I | he ill.l Ml t l l l 111 -"c-.l l l i 
is located .11 - 4 (.•in,i ml h.Sfin M i lie del,i i lcd I wn.ni-
o iml i . i I inn cans I h i ! '>( h i | i i h , . slu.w ih. i l I he pe-.i k-
it etc sepal a led h\ I 2 e m I. ak i l lat ions s lum n HI I in 
^ mdie.i le ,i pe.ik scpalal ioi i ,,| I s •'- cm I he pi. i-m.i 
sue.mi.. , i ie ccnlcied 2 i in ahotc , i \ ts I Ins i- ,i 

I I nisisi cm i disc! I H I wlni.li i n h.r. c no c \p la nat iona l 
the piescnt l ime 

In-. , ,pn. 

1 1 
10 21 
Shot 5 
4 ms 

i 

77 

i i V ° i i 

12 

111!- ?. Beam aid ruiatiiiii tine densio pnifilc f'ir ' -in-(limii 
rccnlraiil slrcaniin(!-plasina iiiuisul (Hit ciul i il 2XIIII. 

We thus conclude the l u l l n u i n i ! 
• S t i c .mun i ! plasma can he led to the cdre ol thi. 

plasinu alone mai inctu l icld lines. 
• it dues nut l l l l tc inwatd In the m i n i m u m . 

pns l t l i in . p iesimi. ihK bccaiiscoi line I\ mil i d the jjun 
W i th l i nn 2-m -i l iain ituiis located in posi t ion ( 

( h i ! . ' I . the radial hcani a t tenuat ion l ine I I C I I M H 
p in l i l c is as shown in Jit! S. 

10 

0 

1/26/78 
Shot 23 
4 ms 

12 0 -12 
y c m 

t i l l H. Beam atU'nuatiiin line (U-nsil% pnifilc fur 2-in.iiiani 
strramin|>.plasnia guns at luilli cmlv ,,l 2XIIII. 

1'ir [ 
ia I ce 
the :. 

Vnaltsis u l Dsiii i I nun Operat ion id 2X111* 
Mi l -N :i n u Ma «nct Wi th a I Lit I up I I i'i I m i t i n 
Potter S y p p l t 
/ ' S •• II, '. 

l i t am i l t / i ne . earlier exper imental results, we 
lou lid that 2 X11K opera I ion i t i th the s low-r isum i , ,„ 

HI i l ls), f l a l - l op e lcc l ro l l l l c power supph produces 
pLismas l i y i n i a the same parameters as those 
produced t t i th the laster-nsmj! f ie ld. 1 hese results 
encourage us in ou i plans lo operate I he 2 X MK t in 
tuny coi l t t i t h t i l l 1 shut nsini ! pot ter supp l i in 
I N l'17'l. 

l )UI I ! l l ! Iflc p.i-t i j i l . d t . : vl, . i ' i . i ,,'•.,: .!. L '. T 
obtained I n . i n cal l . i .-pc:. i: • ' •'. " \ 11 H 
\ i u - i a i i L ' m.iL'nc! -c: m -s i;.. :. . i . .-.-,: •;:. -i-<< '. 
c l c c l i o U t u Hat-tup p . i iu i -upp. . '..::• i • •'• .: a •• 
the : i l - k \ \ n (• u p j i i t , " h., :• i he - ,:.i '. i .1- ..' 
inleiest because wi p .n . '•• o ; v ; \ 2 \ i l H •• •! .-
mode a l tc i Hank (. ha- r>cc\ ••..,••...-. ,: • •. • . • j , 
stoiasie l o i l a t l i l cm \ 1 u l o i I \ f i , ;•••... : • . I \ I X • r .d 
: X I 1 I I 20 -k \ neul la l he.im- V : . . . t . ,: .: • 
c \pcc! , i n \ d i t t i i iihicv l ie w . l . ;v. — .; : ' . ! ' 
aii.il>sis n| these tests ^utdut i -c i ! '.h. • • . : . , • •. ..• 

plasma p.n .nuclei s t,i ih. ' i::.,c-,,: ;- * .,.;-;. 
A s imph l lcd sihcll i.HK .'I the . ' \ l l l l l • •,.,!!. 

mae'iic' s\ stem is sh,.u 'i a. 1 ,c , J I : . c . - : .> • .:Ci '. 
Hank li lot e.u !' .<: t in ' t i . • •: .,c- -. • . - - M l 
i t t l l l l l 2 - k \ opc la t iou i I 'd .s - M l 
c l c i l l o K l k hank i with J ' I \ , ;.. : . , : . : • • I •-. 
C I C C I I U K I I C hank l . i ' , . u i i . . ' i . i , ' ,

1 . 1 > i l : . ; » . . . 
each com.Hume. I N h o i ' - u l .ap . i i .:.••- \ ; :v . 
picscut l ime, e.uh I P . I W L - , ; -, , •• :, ; •> - \ 
add i t iona l urn oniu i'.cd . . ip . i , :• •- : : , ; : • . ; - • . . . • • . .: 

\ l t c i I M \ i- opciat ion. i « . ;• . ,- :, p . -n, :' . 
2 X I I H t i n - t a r n ; maenct u n h : !u e!n t: o . \ : : . h.ii.s 
alone I hen. Ihc macmcl i !.c.d :;-, :.:•].• - i . ' m-
i. i thci t l ian ihe p ic-cnl r N :--^ .,- H i • | ^ , , i ; r , , ; - , • 
t ime h is lo t ic - ;r, I le ',<'• !•• the c \ p i : .m. i :-
discussed l ieu »c o r . : . i i . e . Ham* e .,• <• k\ i ' ; . ! ! ' ,'.s 
t lo l l l l l l . i l let el l a ml tl '.ci I n C M I i . i i . i i n a! "sn \ | he 
solenoi ik l l mauni ' l k liclit «as o 2 I \ s ve in m I ic 
i t l ia) . tnesi' c oinp.iMsou- t i c n made a! i lca lA l l lc 
same mat iuch i held s t une lh I he nine ih i 
s t icamiug-plasma i!ini H . I - on i- also s h o u n m I ic 
IIHai I he itas Iced wasal I ml I o ' l . a m l the apem l i s 
weie II I I4' 1 m in diamctci 
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D. 19 2-kV silicon diodes in sui ins 

D-, 2-kV silicon diode 

I It! I I'l'MCI Sl|| '( 'K l l ' l l l l l Mil V.lllU Hl.llMlL't. 

I 'i : 11. i k i n L! ihcsc i ' imp.it IM ' I IS we uscel nca iK 
ccjiial beam i'ii11t-iii-. .'.Ml A wi th the electro I w ic hank 
.mil '--In \ u n h H.iiik (. | M X I i t l l i | h i | I h c m i e i o -
el.l'.e dcus iu Was also rlc.il K the same [ I Ig l l l | c l | . 
i l ic ili.uii.iL-iK-tii l imp si g n.i I. i he in m i 1111 p induct ion 
la'e. .mil l he ehaigc-cxehange- .iti.ilv-.is weie also 
-.cr. similar | l igs K lu l i . it-1, .mil i l l . i c s p c c t n c k | 
I t in- wi com. lu.de thai tin- plasmas pn-duccd h\ 

these magnet p.iwct Mipplxs ,IK- rn-.iiK the same 
Ir, die i -peiat iot i i lesenheil l leie. the c e m i a ! pulsed 

magnetic held was II - ' I wnh the c l c t l i o h t i c bank 
ai ;s( i \ \ , 4Sn \ . u . expect II 4 ; I 1 n l i / i n i : I he 
tern,inl ine sapac i lo is could peimn us to u-.nh the 
ptesenl li 4 " - I nomina l inag i ic l i i - I icld l c \ c l I I I 
coins.-, the held would mi l he i o l ls ianl Im III msas in 
piesent opera t ion , hut would dcca\ wi th a 2^-ins 
I K t ime constant . 

Deulopinent (if a Ri'liahU- 40-k\ Neutral-Beam 
Module 

A'. / / \limxri. I' I. ( o r i r / / . I II \ /n /wA. ,//;,/ 
I II Cifiiwn. 

Completed tests of two/crn-effnrt.- IO-kY, neutral-
beam modules haM 1 \erificd that the design meets 
(he T.MX requirements. 

H\ Oc tober , a 4 l ) -k \ gird set w i thout electrostatic 
steering o l i on heamlets m the d i rect ion perpendicu­
lar In the wires had operated lor mure than l l l l l l l 
shots at 411 k \ w i thou t signs ol damage I o establish 

-"•!•' - --n: d. :.. . r l .al these .-.sal's , , , , , | , | In n n . , l n | 
" i . ousi: ,,. IC.I an, ! I.--.ted a see or id /c Use I end 
I IH i.i'.tei has neei. t i n . lor 1'nil shots , ,ho\ e : " k \ 

and ''OH a! 4n k \ I 111;-, we know Ihal we ha \c 
alennl ied and e i im i i i au d design pi ohle no. lans ing 
e. i lk l. i i lure " I pre\ lous 4 l l - k \ g l id sets 

based on Ihe measured nut p i l l . ncul I al beam 
modules using the 4( l -k \ grid sets tu lh l l the I \ l \ 
4D-k\ beam leq l l i l einenls We an- e o r m m m i g m i l 
el I o i l lo lu i I In-1 im pi ove die pei lo i inanee ol ihe 4ll 
k\ modules In eeo i i ieHi i .dk I 'easing die ion 
he a 11, lei s I he gi ..Is w ill he i ur \ i d in r w ., di mens ions 
'o p ioMde b. ' lh I ial ls ielse and paral lel I o. a I 
ptopei lres 

I mergence i if the I ' roh lem. I " i !ow nig die sueee-ss. 
lu l 40 k \ opera t ion ol a "" • <s em three-gr id 
c M l a e l m assemble al lawielKe- l te lkele\ l . i h o i a -
Imv i I HI I. 11 \ e si i l l i | , I I mi l ls w ei e hui l l a l I aw icncc 
I i n m I a h o i . i l o i \ i I I I i and inslal led in Ihe 
: \ I I H expe i i n i i nl d i n i ng lanu. i r , I ' T l , l Y i l o n n -
ance " I a m one ol these units ne,el e\eeeded U k\ . 
and ivpie. i l u p d a t i n g poieriu.ils d in ing : \ I I H I U I K 
i.urged l l o m .'II lo i l l k\ I n i i i i l c . ie i i lueeled 
l re UI u 1-Ilea 111 ell l len l m l " 2 M 1 U . lo in ol the 4 l l - k \ 
units wete replaced wi th JMi-kV units in \ug i i s t I T i , 
I lie t i l th 4 ( l - k \ unit was retained on J \ | | H to 

eoi i l i l iue deu- lopmen l ot hoth the 4 i l - k \ m o d u l a l " ! 
and the 4 l l - k \ ion aee elelal l l lg s l i m l i n e l l l l o u g h 
i innoi mod i l i ea l io i i s ol ihe powei suppK. con t ro l 
circuits, and t iar is inission lines, we obtained I . I I I K 
lout ine opc ra l i on ol ihe single 4 ( l - k \ uni t al 
p,Hernials between i l l and '• • s k\ I hese mod ihca-
irons unpioM- i l l e h a h i h n ol die p n u e e t i u - m i e n np i 
and l educed p i n hie ins caused he el nsslalk w il h o lhe l 
nei i t ia l beams and wi th the e " \ l l B machine 

H\ . l . i ini i i i > l - i " . ihe npeiat ing puiei i t i . i l ot dns 
unit was l imi ted h> 1.1 l l l l l cs wi th in the gi id si i nc l i ne 
railier than In powet suppK pmhlems Because the 
p ioh lem was mdependenl ol the - M I H ssslein. 
dcu- lnp inc- ' i ol die 4( l -k \ l l l . idule was l ians le i led In 
I h e - A tesi si,i m l . w here mod rile mod 11 real ions wou ld 
be made w i thou t m i e n upnng 2 \ I I B npe ia l i on 

fai lure Mode Identification. A l t h o u g h 4() -k \ 
operat ion was achieved in M a \ 147"'. ihese grids 
e|iuekl\ deter iora ted, yielding onh ahou l l l l l I shots at 
41) k\ Ihe damage pattern was simi lar to tha i in 
modules used in j " \ . H B : that is. the damage was 
conl ined to wires in the end regions l - requent lv. we 
Inund burncd-out arc chamber f i laments al the 
pos.t ion o l Ihe damaged wire's. In al l eases, the 
d isco lorat ion and warp ing ol grid wires in the end 
legions was indreatne ol c\ccssi \c heal loads on 
these elements 

He-cause ol the i iatuie and the locat ion ol the 
damage, we suspected that a t rac t ion ol the 
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In \ , , - . , mil , 1 \T • 'A. , . . i r - i i i i , 1,,I .,n,l 1, -,i, ,1 ,, 
s- , . . I l . | / . ' ! , , . . l i s - I iM 1.1 ' „ • ! . . I I I . M i l l -, l | ,, |s w, ,,-

i, .p in. ' . ! !,. ,,. In , " . - I l l I \ ,ip.-i.1111111 I liis inul s,-i 
!;.,- I... n 1,pi l.ili il In ! I .'MM .I1..I-. . i l l , , ' , ,- I ' l , \ .i lhl 
Mil l .il HI I \ I . i l , , i nn , Mi'. - I , , ,wMh.H i l i r , i nn in m l , . 
111.' I \ 1 \ l . l l l ' l ' l .I'.'.l I- , | , ,WI, III ' . ' " I I III,- h is ! 
/••!.. ..II , I r i i , I hi|i lh.it 1! i- - i l l •> \ ,•:, .,1. 1 l l i . in I I . . 
in \ .,ssiini.-,l 11, , r ,-,.n , I..1 I \ 1 \ 

< IMH ' l l lM I I I I . I , i l l l ' l l l l l l l I I , l l l i n l is Iv, m i l l i i l l s . l 1-

, . . I I , , p i l l . i l l ' , s i l l i p l r l l u W r . r l I I I , ' MM' I I I , „ l I' 

i l i l l i , till 1.. us,' I,,1 hn/li , i n i i ' i i i ,1. n , i i \ .,, I.iir, ,11,-.1 
" I I . I -,1s ,.p. I,llr.I l l l l l l ' l l p, . I t l l l I.I I s. I,,-, ,|||-,- III, 
;•',11:111 ,1 l i . l r l . l l l , . ". .,.,' , l l l l l , lilt !,, .,, Ill, ','' .111,1 
in . I I I I I ,m i 1,11 I.,!,,' p-l mils ,,l , ,p, 1.ill,,1, 

\ \ , l,, i\, ' - I IMWI I III,11 I,,,III Ihr i , l i , i l , i ! i l ' , ni i i l l it, ' 
, Nil, ' III I, ' ,pil l . ' I I.,I I \1 \ , III l l , ' .1, III.' V .-ll W i l l ,1 
l'l 1,1 -.,"! us 1 111- . Ill '..',1 w I l i s I, ,1 I, „ Us in ,,,,,- t i l l , 1 11.,:, 
l i i l l .n i l .m l n l l i - l u l l v l h. tw.- . i i Mi- m i l s in 
, in-..Hun I.. -.I,'vi III, ' l „ ' . i ln l i ' ls ,. ill,- i l i iv , 11,111 
11,111s,, | s . ' , , , Mi r s l u t s .. I Ml . " M l . I , l . i ! I'l 1,1-, 

Olh.i.'l only 

0 1 K i l l W i l l i I ' !. l l l l l . l l l . ' l l Sll'IM Mil] 

I i[;. I I . 20 U,-\ I'Xlrm tur wilh II IKIll-m. , iffsi'l ,,f i-nlim,.,- urul. 
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O I l M ' l c i i i l v 

f j l l ' , 1 ' 1 ' .V i l l i I ••.! II t . . 11 • -r I ' . I . 

1 , j . 12 40 k i - \ . v i m . h . i w i lh II 111*; ffs.-t ..I , i . n . i n , . JMI.1 

I inal Opt-ratimiiil Minus I ist ini; uf 1111- : \ l l l l 
Ni'iilral-Hi-ain < umpiilcr ( nnlrnl and Muniiiiriii i; 
S\slt' iu 
i, i;.n,..k 

Witii tin- t/iHllpk'titni nf n scries til tests anil 
lU'i imnstraliuns. we hase nfTuiallv. eslablislual the 
fulh operat ional slalus nf the i-timputer ini itrnl and 
munilurini! s \s tcm used mi the 11 2 X11 It neutral 
liiiims. 

I In- s > ' inpnts ' l ' mil i "I .mil in. u n l m MIL' -,s -,I, in i i .n l 
mi l la -1 . 1 . \ \ IIH un i t Ml hi'.inis l i a s , , . iiiplrli-d .i M-III-S 
ul ts-sts aiut sk-iumisti , m a n s (.. uUistaUs. s.-st.,ih|tsli us 
lulls, . i pi-la initial st.iins -MIII.IIIL'II t h r d a t a . ulli-, i nm 
.mil il.H.i t i ' dus t imi modes .>I . i p r i n l i o n had hiu-n in 

i r U l l l a i U S f I m INI II I' i l l , I I I , I \ f . l l . ,U IIS 1- . l l l l u l l l . l l K 

m u l l . , I ul tin- In-,mis li.id In-i-n mils Its llu- di-siun 
l-ll^HR-CIS .lllll [S|l.^I,llllllK-lS , | | l l | .IlllS III ,1 lIllSL-K 
1.1 mt i < i lki l ik' i i i i i i islMliiin i - i i s i imi in rn l MtlimiMli .1 
S i ' l S S U L L I . - S S I III i k - l l l n l l s l M t i m i «»t l u l l s .1 HI i n i l , 11K 

nili.-i.lm cniiililimiiiit. ' "I i.-• tup le In.-.nns ss.is lu-lil in 
M a t e l i I " " . p ioMeuis in ' i . m a n u a l s , , n t i , , | sssu-m 
anil i n t e l l . n e e-k-itninu s pi i s en led I In1 s i m u l t a n e o u s 
.ipetatlon ul all \2 beams Subsequent fSi Insist- usi-
i l l t i l l . ' h t . ' . t i l l s I m p l l l s l t s t l ' s i a l t l l L 'H . l l s d l ' l . l \ e d l l l i -

l inal l e s t i ne until \ n i i i i i h r i 

I hr I. -.lllii' p i ,„ i'i .1, .1 .1- ,-s p, , •, ,1 I 11, !. ••! 
•„s ,-ml . l . iss ssrn- -.prut I,ml,hi- .,...( , m i , I;-,,- ;h. 
last h,i, ' ss .m- and ,-l'ss n • ' : • ! • • I: ' •' i, ' M I , ! 
ss.m- ass, . i i.itr.l ssnh . .,ia Iv .m - !:.,,! -,-•' l'. •:• :<:.'• . 
i - s r u i s r i l Ml t i n - p . I ,| . m i l l l . i d ,| i • •• ••;,'. , i : - . , - i : - : ' . ' ! 

I In- u h i r i tisi-s ul tin- I: -i -i-.pn n, -. si, u ,i. tin : 
,,li«l tin- I ' ills in,is I', M,i'.::„ii .", .1 ,,- ' ,- •• ss 

• \ n .lain sun . ! : ••:..:::• ss ' • . • •-.,.' •• 
.I.-I11..IU11.|U-,I in II.i- Spun:- is.,- . ' i .- .s • '. • . ss, .•: 
all I .' hi allls sntiuil.i m , ii,• !'. 

• l lu- . o n , I m m u n e .il i tmitliin \ , n . ! , i , M i U i.m 
iln- he .mis ai ,i | p -,| [.•,,•! lli.-u-lis , m. ,n . ,u :u- ssli.il 
p l ' S l n l l s l s ssas an . -nl iujs s, p.ii . ih .p. Minn- n:,i,l. 
and u-suM mi' HI , ,,n.i,!,, i,i*.,, iii.p ill, ,,! i,,;i lui ; In 
o p . i . i i . n 

• I lk ' s i m u l t a n e o u s u p c e i l i m i , . | llir : \ I I H 
in,IL'nets did n. it a I Us l ill.- s mi ip i i l r i s 11 nt in I s\ st i-in 
Al lh i 'nul l sunn- .-It. t IOHI.IL'net i. mli-i li-u-ii' i- -,-tl--, is 
t mild hi- s e n uit sum,- i n s in inn - t t l a t i un , h.nini-ls the 
s u n l i n l sssts-tn .is,-i,i!'ril thr i l l <se i t IK- puis,-
i l l l l a t inn a n d ss.u i m a l l i , Ir.l 

• I 11,- ss sir in . an hi- used lis phs si, s I t , l inn I 'lis 

ss itlt ni i l i ini i ini 1 i . inimi ' 
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1

 1(> • e u d c n . - u d :.• . i w . ' J !•'!. :m ' ( : - p L -. - i ^ -
: v "m-. ..in *.< *n\ •'!,:,• .1 v . - : t ,p . ; ! / : >m i a t o : I he 
'•*• .! : s ,ii.- p i . : : : .n iK - m e t a l e d !:-•: ; iMe MUI mi! 
. . • • . • * . . I - . \ - ! e : ' . • ' . t l i :! t h e , ( ! ! ; p i , l r ! ; - d " ! t i r . . h e 

.•--.:! i'!i nii; I Mi . . m . p m e i u ,i.is I Ik- *.. >nt i. '! -i-n . IU-S 

' " :<'-U;t Hi' . Ml ; et;ts I he ,. -Hill "i >..lK »1 l.il I < U1 v ,nc 
;> <bu mcd ;n n >. !-e •-.• lh.it the v., r i.»i: . p a ' a m e t e i -
si.M . n e l t M e r N lh.it n t a l k ma ' .u . i lk i k ' v i ' K ' IHMIII 

. ' i n M l i n n . 1 1 - d i - \ . ' ! , M H ' d h \ " b - r i > ,P,L' M i . l l . l i . l l 

• • p r a t i o n I o p ! , u r .1 I v . i n i U H t l e t < . " I i p i l l i - ' > " T i l t «>l. 

' I. . ' p C M l o i I ' l l I ' U S . U K ' s V . 111 'l I ' i . • . ' t ! . p |M : ' h ' . M l 

. • [ ; d : t l o | l s I h i b e a m . M l l i M U . l l U a i l ' . b e i J U t m i . e \ w ! h 

" ' r , , a s t o p e t a l i M L ' p . ' M i l i i N f t l h \ i h e h i m i j l : " p e t . l i o i 

• b W u d b ' . -•>, - • , . . ; . , : • , . p ( - ( . I ! . - ' , » . . M l t n l w t ' . k • I l i e 

i-p» i.ii.'t MM'. :; •, ;•. A M I . !: A e iv .nt i h.uk and :..Mh 
'v : \w< ,, .;•;'.-::•,,••, - „ ! ::,.;..•.,,: . o m t > ' : I ,,. l; t im. 
M ! . i l . i : . l ' , i I",!!- >: i I s e d t h e . " M i p i l U I . l - h I ! ; 

' ' ^ l ' " . i ' . ! b - ' » 'P ' .M , i ! H i l l ,i Mi] a d , W s k i! • . I l l e i h . l I 

p a i a i ' U ' b T s ! !,'.' C U ' . - L ! I - ! l l . t ! 1 h i " I ' P ' M . i t M l I n t e l a-. N 

;fs; - >.Ji'h ,i him mat med ium, t Mr CMMHIL: M i. I n t I : I i 
n ' H l M ^ ,1M<1 - e l i l - M I l 11 ,1" I n . i p p M ' . H . 11 t h e t o l l l p l M e i 

W ' ' f . ' d ! i l l > i l ] l f l ! , | U - VL'J V l , l ^ \ l - l SIM' . l l l l ! t o I'.Mil i i . 

am] . ' | v : , i l i i | s • epl '.1 u a d i k 
i: .>. ,! :! tKnl! :>< (,*j.(ni:!<*--!v .i--e--. ;lu qt: , i l i l \ nl 

the a i i b u n a j k ^i.:Kt.!ii 'li,Hi: 1 IK- tv-.mis ,.,1 ; \ | 1 H 
h.ii! seen . . o n v d c a n ! - , l i ^ a m ! \\: n- wrll b i t . k e n in 
I * * I ' t i l ' m o s t p . I I * ' l l e U ' t i M e ' h i - \ l r . l v l i e d t i k l l 

II itul 11 it'fit rii.' . pl'.i\ :,". e :ri I V M ' to ihe m i n i m u m 
i m m h e i ^1 shuts pi^viSii,' 1 oi IIIM-.^ beams lli.it Innk 
l o n e e i . it u.i-v vlifhti i) ' m JiMil ii)%:.(n(.cs uJk'U- !JIL-
hiiiu.in i'jx-i.ili»i nm^lit h . r . r in.uk' l i i lk ' icn t i a mi 
hL-l'ci) L-IMHU'J ik-t.i-.it iris Mif rc.u I e n <d ilk-
cnmli t ionini: . i l p i n t l n n l " s l u h h o - n bc.nn^ u. i^ .-.•• 
C X p L - C t L ' d . l l l l l - l t | s ( i U , l M | \ 

in ciuii ' l i isi t in. th- 1 t-'iMiipuk'i i . t tnii . '! s\sU'iii is 
i ipcr . iUnnat h n .u i ion in tk - c a n t i o l .is <.y,i:ll .is Uu 
tnttnii t i r ing. In I he tut i n c . we h n p c tn see it K-IMII.U \\ 
used m this ciip;iLitv a n d . t h u u i u h its a i c h m n u nt 
u p e r a t i n g d a t a , td l ea rn n i u i e a b o u t the b c l i a \ u n nl 
n e u t r a l b e a m s . 

Status (tf ( niitinuiriK Dt^t lnpmi ' i i l s 

l ie ld-Kt'MTsa; E x p e r i m e n t s . II ( Iwnri. ( 
I I . l/iinnnm. J. / (. hiuw. titid H I I . Stalhni 
l i e t d - : e \ e r s a l e x p e r i i i k ' n l s h a \ e been l e m p o i a n K 
i n t e n u p t e d bs t h e l a rge-d ian ie l ' - i p lasma e x p e u -
men t . I n t e r i m les i i l t s a r e beini : a n a h / e d We a t e 
d u e u m e n l m i : ex p e n m e n t a l lesiilts tn da t e ini 
d i s t n b u t i o i i at the M i t t m I e ague W o i k s h n p 

- H I : , . . i l l ' I N S i ^ . ' . - i - . l - . t ' l . -p - . l .it I I | t|,.. ( „ h . , , 
.i pi.(Mil.i tjuft i l eve ' . ' p t t l h\ I ).ih \ t I \r-tii: "1 the 
i m \ e i s i i \ "I s .mt . i ( l .na 

Mu Sa'it.i f l.ii.i pl.iMna u'hfi (I.IS a In k ' ck\ If k.j) 
M;pp| \ U • .!'•• .iik-rnpiiML' i f . m a i ,HIHN- ihe 
ni.itinelk th-id ,ind ir . ip the LMIII pLc-di.i ;n ^ \ 11H 
I his u'111 t t i a ld jH.iMde an anUMinl <i| eik-iL'V 

v " i n p j i j h k ' hi ihe l - k l e h a i a e t e n s i a ( f | (JIL-II lu-ra 
. X 1111 pl.i-Mi.i-> It silt, i e- si ul. a i la \ s ()1 a 11 ii l.i i IMHIS 
.. nidd be " iLp l t -Mdni i -1 \ K H l n ,.:.•. i t r . t,ai>ie-\ . i l umc . 
hiL'!: hi't.i pi.isni.i I.M iM.'lr, ! f \ e i " . i ! c \pt.-i itiiein -
1 ! v t ( ' .iti' .i i ihinbei *«( ( ( m ' - i i. MIS 1.» be .uiv\\i i n l u-.-\ t 
.;•...tilei .ili.fii LMin . ' l l k n - i k ' . . i n i c t l h ' n . u m s s 
n!.ii,Mn'!h ileitis, .unl u . ' p p i n ^ e l l u i e i k \ 

I he / t - r t i .a i i tii.iL'M' isih. i h e l.isei lm meas tn mi: 
."AIIH ni iLi'.elu he Ids is \\it\\ tipci.UiiiL' ami v\i- a t e 
i :.\A\ t • :•.'-! n ine up m e l h n d s I he dcIeLt'Ms ai -
biMl! ,n,ti ie.id\ i n i i i - t a l h u i . A I I M I he he S: urn - lie.i n • 
p . , : - - . . i - b.-.m.' a s s e m b l e d 

Install m a n fl ilk- I n d n t . u r n o . i t i i t k iasLi mi •; 
MinmekM I a i . id . r . lu la lHUi tliatintisiu w.iv mi i i -
pleted this .p ia i te i In iml ia l t e s | - . ilk IMMI.M m . ) \ e d 
w hen ihe u n vane ma-jik'i was tired i M enab l e this 
di. i imiisik' l>> W'uk . \.\e -hal l install a m i n e I I M - V I U ' 
uiiMinl lm the lei W\ \i\\\i m n h n 

l .U'ctnm-1 rmpi'raturt' Sealinji ! xpcrinu'iiis. ./ 
/ ( <au\< > A' A ii<»>xhnan unJ h \t \ffhr. 
\ n . i l \ s i s ,t| e l e e l i n i i - l e m p e i a l u i e s t a l ing e \ p e i i-

men l s has e iwi tmued I ur f i t tme (.•xpcrmjemS. u e 
bind \\\^\ -< ven-si. i :menl d» >. in • s LII;I e n d - I n s -
i a im nriel ers ami insral led (Mem i r i e a J i e n d d . A I I H 
1 he e l e t t r m i k l e . u b m l e i r t - iu i i \ is a b u i e a d \ I .K 

t a h b i . i h o i i I n n n e s t i u a t e the axia l dedsi(> a n d 
cK\t iMn J e m p e i a t i u e p i n l n e s alie.n' wi lh in . ind 
belniid the L\I- h n x . u c desi tmei i a h \ e - t i p I anumMir 

p i n b e 

Stuhili/iiif< IMasmu S n u r c e s . H / \ r \ u n H d 
I "Ktin. }>. !' dtuhh. >i>hi .1 I. i hiu r 1 x p e i i m e n t s 
\Mlh inir e n t n e n l u i u a l s t a b i b / m i i p lasma iiuns were 
deset ibed e a d i e i in this t e p m i Hiu mij ihis q i u i l e i . 
initial expeiuiiLM's w e t e p e i l n i m e d with p,i-.-led 
plasdt.t iiuns I Ik-st' as well as h u l h e i lesu l l s will be 
devenbei l i k x t t. |tiailei We expe r i enced d d t i e u l t i e s 
with -in - d i a m d e u t c i H i m d o a d e d u a s b e r JMJJIS 

I ests n | imp i i> \ en i en t s a t e u n d e i w a \ and will a b u be 
r epor t ed next q u a t t e r I i i lh iumj i Ihe rnc in i i a^ inL ' 
M l ! results usmi : a n I - b e a m tn s t a b i b / e n m -
c \ t l n t ' n n t i eq i i em. \ I l u c t u a t i n n s . He ha \ e t les iuned 
an I -beam earn a n d p n w e i s u p p h sui table I HI IA11B. 

I hese m o d u l e s will be built next q u a r t e t a n d 
s u b s c q u e n l K tes ted mi 2X1IH 
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I )n</ : , i . i l ; . c ; \ . ' I t i c l c n ! M H I ! ^ . • ! * 1 : . M i i i m i : p l a - a n a H c a i ' t i o n I n n x u . t l w i i 

M s l . i h i l i / c III , ill ill L \ L l u l l > MI I I I^N . o n e i I >< I ( i | 'C! I. i! m a I K i' " I ' . ' • ' : i. ' • , . ..• 

m o d e u i m i d h i ' a l .n c c - a i c a l o w - . , i l l a g c i< in s . > u i c c IIIL' W e ' i . i v . • • 'i-. r . ' .1 ~ ' - M V ' 

a l l . l l l g i d I n l i n e d 1 1 ' m i l s o l c h c l g v si n v e i t in- M c \ 1: 11.. 11 - i. ii.1t-: !:, , - ' • . , • • • . •. 

a m h i p o l a ! po t en t i a l in and a long he ld h -s I oi this p icscnt a p p a i a i u - u . i - ! , - . : . ; • . . ! t ' , . . . . . . ' ; . " : 
p u i p o s c . ^ i - a i c deve lop ing a nevv n p c ul test i,MI pu ' l im i : . 'i v !::i,iMi;-.-'i:ai:- :i ; '.: .•,.•,. . . . - : - . - i . 
M i m a ' Willi a In m l • I s cm c x l i a c l o i a i e a P l a s m a p m h a h i h t \ r Ii.it the I K \ l i \ II •: , . ,M. . • ,, • . : . 
i l i -nsi i ic . ,'l iIn- needed In cm i . ingc have been p i o d i k i c a n a l . , , hi- 'h-.a . . .1 •,, <,-,'•- ,, • ..- ; . 
o b t a i n e d a i c i t h i-. a i ca using a 2(111--\ ic l lex ;i r L K- lo tc ilk- t l c t c c ' m thai ,- :>":i i m u c h : • i. A :i ; 

iliM.haiL'i- I I IMII a I s - c m - d i a m o x i d c - s u i l n c c tic Ik- ion-, t in ni igh in N , .HID: , - , ! I,-. t in - . ! . • : . . ' •> ' \ 
c a t h o d e a n i l a l l l i - . l l a l l n i k ' n i l a II I - I a x i a l l l c l t l [ l u c k e n o u g h I . . a l M a i a l , . i , l c . ; i ; a ! , ' ! ' . •• h . h . , , . 

W it Ii ,i s i ic lc lu-d m o k h d c n i i m vvuc accc l -decc l k m - g i o u n d s ignal thai r " . . H M J - . J m . . l e t - v . ' 
vo l lagc c x i i a c t i o n gei iniclrv. we h a v e ohtai iu-t l a clccli .MIKS S\ -.ten: t i ' h c : ' I ' J V . , . :n n i - - . . h i a . ' i ' , ! ,i-. 
I n l a l i l l a l l l U l l l r n l n ! n v c i -<> \ t u t I l l - I l l s p u l s e s l l i e d e l i c t o ! p o s i ' . m ; - . . ; " •••.•• '. : . , : , , , : . :, ,_: ' 

Mcum di . tgni is t ics . inc lud ing an a n a v ut 1 a t a d a v i n t u i i i n g i . i lcs t• <i l i t II .HI,: I ...->-, 
cups .mil a la ige ca lm n u c l e i . null , a l e t ha i at Icasi 1 i i^iit t ' t ' r iny l ) e \ t ' l np in t nix. i, i. \ - •'; \ p . : 
till ', nl >lu i l l .mi t_.ul hi: . u a l l a h k as i isclul he.ml M k t c s s l u l o p c i a l i " : . .a tin- ' . . . , : -;: .-a :"i nc -p!as;:;,: 
I Ik a p p a i c n : high gas c l l i c encv nl the s o m c c lesul is uun p.>\sci s i ippiu- . ,•.;•,., -•... . p a N c ' . , : M.aic 
ill pel 1,11 mal ice h e m e vei . s ens i t n c t.i gas dist i ibti net .. ,M k . ( l>t \ \ i ;, > s::pp . :;-. -nm - \ ; , .• .-;:•: \ti 
l inn ami t iming I ui a i cpn i l nl p i c l m i i n a i v \ . o i k . have l a h i i c a i e d an,! ,i,'-ia... ,i .:'.: :.. I ;••,::.' *..-•, 
sec KL-I 5 I l l l th r l WiMk lii n p l l l n v r Ihf i;as i h s t n - I M S " , ami I.MI: I . I . I I ; : . MI., ' , ! : . , : : -...• a ' V ':• •.; 
hut i . ' l l ani l h>\\-\i,lta,i:t' i ' \ l i . u t i i i n Lk-,,iiu-li s u iui l i l h n a i i K \ \ ilh I hi' a l s >'., . , . ! . ! ! . ^ \K . .: : , . • 
hr ,1c- i .i hi..- I l i i u n i ' i . In spt'i'il up n-sis | HI pnss ihk ' i lali inn m i l , a t , Mill, in. it;, • . ' ;;• : .• . . . ' • .' 
appl i fa t i iMi. I Ins pi i n i it \ pi- si'iiK'i' is h i 'mj ; itistaik'tl MiL'amini;-plasni, i nuns i-i t . k I, a! In ' l i s , ;,: a . . . . ,-
mi 2 \ I I H t o .ukli'. 'ss pnss ihk ' iiihci lu i i t lamt ' i i ta l ^ msi hut a l s , , ntlk-i LiMiihnia'a.'ns 'h , , - , . : \ 
pi i i l ik-nis that iniuhl ic'salt l n t u i 2XI1H p l a s m a in - than i g u n s . 
Liiuiil '--isiK-aiinng lulu tlk-t 'Mi.iL'tiii g i l d s . l i ' l l n w i n g a hiicl pi ' iaM ,,| siiiii,:, u : • •. ,: 

' M I . c m h e r . o u i att i ' i r .pls at "pi 'Mi'-i. .- H.r s ' 
iL-sultL-d in t ;n l ine nl - t l ' . .'I the di .nk-s ". vie : : . i 

Measuri'itn'iits nf Impuritii's in 2 X I I B . K / ' t n p p e i uni t h e e a u s e nl a . h m t t,, C U M ; ; : , ! n a - t h e , -asi 
lhuk> \ n evi l erne nil i a \ i i ' k ' t inoiiiielii i i inetei l i i im \ i ' i - \ a n g ennipi i -ss i i in ma e net I " r i e \ i , ] ^im!..: ' 
luhi is l l i i p k i n s I i m e i s i K \ tas ms t a l l e I mi 2 \ I I H lu t t i l e l a i l u i e s . u e h a \ c uis ia l l i i ! a n d i i . . :e . ! a ll .n:s i 

and init ial n i eas i : i emen i s l i .uc been t a k e n I he ei o u u d - l a nil de tee ln i alii 1 a p ie l . i . - , : . . ! - . : . I 
i lis u u m e n ! u a s installed alkl a h g n e t l . a spa t i a l -sail a d d i t i o n . In e n s u r e m o l e e.Misisiiin . pi : a: • •. . •: - ;a 
was used to lm,He the m a c h i n e ccn te i We h . n e Hank (' scr ies ignil i ons . « c a K n i . i a i, nc ., ' J , a.i n •-.• 
idei i l i l icd the emiss ion hues ot o w g e n . n i l ioc 'en . de l ec to i tha t will p i ' .M.k ' ... :.>u;::u : ' . , ' ' . . ' . ' .a 
c a i h o i i . a n d t i i a n i u m d e l e c t u v : an t l remcti\ inL: hank : n : s i : ' i . 

Tandem Mirror I'xperimenl 

I he I u n d e n t M i r r o r Kxpcr imont I I M . X l «i l l test a new p r i n c i p l e lot i m p i i n c d p l a s m a c n n t i n e i n e n i in 
m i r r o r s y s t e m s . I he basic idea is to r e d u c e the p lasma loss ra te In c l c c t t o s t a t u ' a l h pluggine. i he e n d s ,. | ,, 
Mi lenoidal c e n t r a l c n n l i n c m c n t reg ion us ing the high posi t ive a m h i p o l a i po t en t i a l genci. i tci i in ni ini i i iui i i H end 
p lugs . I : a c h end plug will he d r iven hy the inject ion nl n c u t i a l b e a m s l i o m I? sou iee m o d u l e s , m a m a n n e i 
s imi l a r t o t ha t used in the 2.XIIH e x p e r i m e n t . 

I he I ' M X has three l u m l a n i e n t a l o h i e e t i \ e s 
• l o demonstrate the establishment and maintenance ol a potential well between lun minor plasmas. 
• l o develop a scalable magnetic geometry, while keeping macroscopic stabilm at high beta, and 
• I o inves t iga te the m i c r o s t a h i h t y ol the p lug- so leno id c o m h t n a t ion in un le t to m a x i m i z e the p ' l i g d e n s i i v 

miec t ion -povver ra t io . 
Poss ib l e secondarv n b i e c t n e s tha t h a v e i m p o i i a i r i c a c t n i i m p l i c a t i o n s inc lude I he stiivlv ol cnhniKTi l i .ulial 

I r ansp i i r t in the solenoid,i l cell and the a c c u m u l a t i o n ,,| ihci m a h / e t l a l p h a part ic les m the c e n t t . u p l a s m a 
I he key phys ics p a i a m e t e i s p ro i ec l ed lot the I MX e x p e t i m c n t a r e listed m I able ? 
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1'itble 2. Key ph\s ics parameters for (he I M \ exper iment . 
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Magnetic H e l d Design 

Opt im iza t ion of the Solenoidal Sect ion. H. d 
I,,nan. />. /-.. HuUhun. .1 II In,,if. I k. (l-iiixm. 
K I.. Ilinklf. K I) / / i / m i / i e . ami ( ( Ihimin. 

A n improved design for the t ransi t ion coi l between 
the solenoidal center cell and the end plugs provides 
for a f ield- l ine con f igura t ion that meets the physics 
objectives o f the I M X . 

( on lmu ing t ic l i j calculat ions tot the I M X magnet 
have led to an improved transi t ion coi l design ( r - ig . 
13). In this improved conf igurat ion, the quadrupo lc 
lof le-har b i nd ings desenhed in our conceptual 
design 1 are replaced by a pair nl ( -shaped coils in 
each t rans i t ion region. I n c h ( '-coi l pair is augmented 
by an oelupole w ind ing to smooth the r ipple 
structure. 

Op t im iza t i on ol the cuirer.ts m ihis improved 
magnet set leads to a f ield-l ine cont igura t ion w i th a 
central so lenoidal region that is un i l o rm in f ield 
intensity to w i t h i n KI'V over a 2-m length. ' I his f ield 
design has suff ic ient f lex ib i l i ty to meet all three 
physics object ives of the I M X exper iment . ' 

Plug Orientation and Single-Particle Adiabaticitv. 
H. (i. l.r'Kiin. P. A". HaUlwin. ami .1 II l-'inm: 

By orienting (he T M X plugs at 90 with respect to 
one another, we obtain almost circular drift surfaces 
for the ions trapped in the solenoid and reduce their 
nonadiabalic scatter. 

1 he mu l t ip le -c i cmcnt co i l set lo r the I M X al lows 
considerable f l ex ib i l i t y in the details o l the magnet ic-
field shape. O u r e l l o r l to make the solenoidal po r t i on 

as i im lo rm as possible by proper choice ol current 
elements' is mot iva ted by our desiie to clcarlv isolate 
the bad-curvamre por t ions ot the so leno id-p lug 
transi t ion regions. Because of the degree to wh ich 
these regions can be isolated, the plugs can be jo ined 
to 'he solenoid w i th the plugs oriented at either (I 
or l)0 wi th respect to one another We summar ize 
here the considerat ions g iv ing rise to our choice ol a 
411 o i i cn ta t i on . ( Note: the I) or ientat ion shown m 
I ig. 1.1 is I r om an earlier layoi : ' ) In hr iet. we t int] 
dr i l t conf inement in the solenoid to be the de te rm in ­
ing laclor. 

I he choice ot the sM) or ientat ion preseives the z -
zandM -4() tt symmetry lannl iar in n i i n i m u m - H 

mir ror machines l o r ibis reason, one wou ld expect 
this o i ien la t ion to have the weaker l ine-averaged, 
bad-curvature dr ive lor instabil i ty in the t i ans i t i on 
region. A l t h o u g h we f ind this to be the case, the 
differences arc not s igni f icant, given the dominance 
ol the good curva ture ol the plugs when pressure-
weighted. Because ba l loon ing modes are local ized, 
/ j - l imits due to these modes are even less sensitively 
dependent upon o r ien ta t ion . 

Because of the relat ionship between the solenoid 
and the plugs w i th the plugs stopping a po r t i on of 
the magnetic loss cone and the solenoid supp ly ing 
stabil izing low-energy ions to the plugs bo th must 
occupy the same f lux- tubes; i.e.. they have s imi lar 
dr i l l -sur laces. I lie dr i f t surlaces in the plugs are 
nearly c i rcu lar , and the magnetic design has 
rccircularized this f lux - tube in the solenoid, inde­
pendent of the II or s>() or ientat ion of the plugs. 
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Inn i ' i t r ans i t i on C c i i i i 

BilSL'hilll COil 

Hi;. I 1. I M \ mucin'! M I 

l l o w e \ e r . w ' 'h the plugs in the I) or ientat ion, wc 
t ind thai ihc d u l l stirtaccs ot ions uappc i l in the 
solenoid arc ellipses n! about 1 2 c lhphc i t \ I oi some 
in i t ia l condi t ions, these suilaecs i an actually 
encountel the solenoldal magnets \V ni l the plugs m 
the stll o i i cn ia l i on . Ihc d n l t stti laccs ale alniosi 
c i rcu lar , being n n h shgh ih " s q u a i e d - o l f 1 \amplcs 
ot ihc d n l t s m l aces in the tv o or ientat ions are shown 
in l i g . 14. 

F ina l ly . »c ha\e examined the question ot adi. i-
bal ic i ts ol ions in the nomina l held (Sec \ p p \ ol 
Rel . 4 tor a detailed discussion o l the ad iahat ic iu ol 
ions in the plugs.) Hccause solcnoidal ions h ;mng 
energies less than the p lug- lo-so lcnoid polenl ia l d rop 
are elcctrostal icalK con t incd . ad iahal ic i iy i l 

considerat ion on l \ tor ions exceeding this e i ie i t 

par t icu lar , in the magnetic op t im iza t ion whcrei, 
solenoid is made as un i t o i n i as possible and I I ' . 
t rans i t ion cor tcspondmgK shoi t inagnet icaln 
conf ined l()0-e\ ions do experience a small-angle 
sea Iter on each retlection I t on i the transi t ion 

l l o w c v e i . the lesuhing ail sc . inc l ine l i n e > iong.'i 
than that due lo ( ou lo inh col l is ions, so that 
ad iahat ic iU is not l imi t ing ihe l i lc i in ic ol ihe ions 
K o u i n l m g the n ails11ions h\ a It c l i ng trie- u l l icnts in 
t h e s o l e n o i d . l l l O i l s l i n t h e t K ' d l K C s t h e M . H i d i n g 

. In. ' lo nonaitiah.it i i cl lccis I he 'Hi s c a n n i n g tunes 
toi i . inot is Lt i i ienl sell ings, noi n i . ih /c i l to that 
i csu l i i i i g 1111m classical se. i t ienng. .tie shown in 
I ig I s 

Results from ( aletdations of Drift Surfaces ami 
Detailed Particle Orbits in I M \ . ./ / / /no; , ' 

I t ) help ensure that the eompie\ magnetic-field 
I'linfiguidtinn planned for 1 M X is cutnpalihle with 
the ph>sies ohjecthes of the experiment. «e ha>e 
carried out a series of calculations of drift surfaces 
and of detailed parade orhits. 

•\ d u l l suit .tee is the three-d imensional extent . n c r 
wh ich the guiding center ot a pan ic le confined m a 
magnetic l ick! mo\cs as the part ic le is retlceted hack 
ani l t o i t h between mi r ro r regions and as it prceesscs 
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Hf>. 14. C aleulaled dr i f t surfaces at midplane of Nll-eV ions 
tru|)|ti'd in tht' I \ 1 \ solenoid for I) and SMI or ientat ion of Un­
plugs. I h f fms i lhc anil itri>atiH- swnhoK refer l „ (lie sign i,f the 
asial velneio. 
la> Port ion of driM surrace for 0 plug r i r ioulul inn for inns 
reflected near tin- peak of the field. 
|h) Port ion of dr i f t surface Tnr tl p lu| ! or ientat ion h i r inns 
rcf lecl inKsotiu'whal inside the peak of the field (the dr i f t surfaeeis 
nol eonfined in the solenoid I. 
I l l Dri f t surface for SMI p lu | ! orientation for ions refleeliup near 
the peak of the m i r ro r . 

around the magnetic axis 1 he characterist ics ot the 
dn t t surtace not onl> depend on the magnet ic- t ie ld 
conf igura t ion hut also can vary w i th the radial 
posit ion ot the part ic le as it passes th rough the 
midplanc and the value ol its pitch angle there. I he 
conclusions I r o m our calculations ol d r i l l sort aces of 
particles in the solcnoidal magnetic-f ield section ol 
I'M.X are summar ized as lo l lows: 

• The dr i f t surfaces of particles conf ined in the 
solenoidal section appear to he closed and wel l -
hehaved. I he quadrupo lc end-plug regions tend to 
cause the surfaces to have a squarish appearancc[see 
Fig. 14(e)] and thus to deviate somewhat f r o m an 
otherwise c i rcu la r character. 

• I he dr i f t -sur face results were the de te rmin ing 
factor in dec id ing to orient the end-plug magnet ic-
field regions at 90 w i th respect to each other rather 
than to a l ign them (see preceding art icle). 

• A n amb ien t . few-Gauss magnetic f ield trans­
verse to the so lenoida l l ie ld . as might arise f r o m 
magnetic mater ia ls sur round ing the exper iment . 

does not destroy the calculated d u l l suvlaces. I hey 
become dis tor ted but sti l l nest and close on 
themsehes '• 

In calculat ing a detai led particle orb i t , one l o l l o p s 
the particle t h rough Us gyrations around magnet ic-
field lines as well as th rough the reflections and d r i l l s 
o l the d r i f l - su r lace calculations. If the orb i t 
gyroradius is large, this method provides a more 
accurate representat ion ol the particle m o t i o n . ( But. 
because of the more detailed in fo rmat ion ob ta ined , it 
requires considerably more computer t ime.) A lso , 
nonadiabat ic behavior can be detected w i th the 
detailed calculat ions hul not w i th the dr i f t -sur lace 
gyroper iod-averaging calculat ions. Nonad iaba t i c be­
havior is caused by too rapid a change in magnet ic-
field magni tude experienced by a part ic le over a 
gyroper iod, and is evidenced by jumps in the 
magnitude of the magnetic moment (W B). II these 
jumps are large and frequent enough, they can cause 
particles to be lost f r o m ihecon i in ing-magnet ie - f ie ld 
region in a t ime comparable to or faster than other 

14 
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part ic le loss times. This is to he avoided. Sum­
mar iz ing the results I rom the calculat ions of particle 
orb i ts in the I M X solenoidal sect ion, we have: 

• The magnetic-f ield con f igu ra t ion must he 
designed so as to avoid sharp dips and other ahri ipt 
spat ial variat ions in the magni tude ol the magnetic 
f ie ld. Otherwise, large magnet ic -moment jumps can 
occur. 

• f-or the coil con f igu ra t ion being constructed. 

nonadiabat ic behavior docs not appear to be a 
serious problem. We have investigated the orbits o! 
IV ions in a (1.05-1 solcnoidal magnetic held, w i t h 
energies up to .1(10 eV. and ions in a 0.2-1 solenoidal 
magnetic f ie ld, up to 20 keV. Nonadiabat ic cftects 
are l o u n d . hut apparently a p rope l choice ol currents 
in the various coils can keep these losses under 
con t ro l lor the ranges o l parameters in the 
experiments now envisioned tor I M X . 

15 
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Mirror l u s i o n l e s t Facility 

V .1 ii.--.iili nl majoi experimental successes in the I I I mirror program nn startup .nul stabilization n| 
plasmas m nuninuini-B magnetic gciunetrv. .1 Minor Fusion I csi lacilitv 1 M I I i ) was proposed I he Ml I F 
will he used to bridge the gap between present dav small mirror experiments and I in u re lusion leactor activity 
ha seil on 111.1 Line lie mirrors. I he Ml I I vull investigate ad v a need engineer! nil pro hie ms sue h as those associated 
-Mill supeiconducting niavincis. neuiial-he.ini mieeiors. plasma-wall inicra. lions, disposal nt neutral parueles 
and ions escaping Irom -.,.e plasma ehamher. and high-speed vacuum pumping techniques 

•\pptoval tor the proieet has been given and both operating and line item tunding has been authorized 101 the 
M i l l Const met ion ot ihe taeilnv began on October I. I S> 7 "7. with completion scheduled lor July I4KI I he 
pioieet is pioeeeding o. -.chcdule 

Technical Support 

I he ohieetives ol the Ml-I I- I cchincal Support ( i roup ate 
• lo monitor the Ml- I 1 design loi consistency with the physics requirements 
» 1 o provide lesearch leading to improved perl urira nee ol M i l l auxiliary com pone ' i s such as startup 

iieutral-be.im souices. plasma streaming souiccs. vacuum accessories, etc 
• I o analv/e the phvsies ol Ml I I 10 ensure that the completed lacihtv will achieve the stated scientilic 

goals 
• lo keep ihe Ml II system -equuemenls consistent with the current understanding ot minoi lusion 

physics. 

Streamiiig-l'lasma Requirements 
We have analyzed the streaming-plasma require­

ments for both the target plasma and the stabilizing 
plasma in MFTF. The target plasma will he 
generated with plasma guns as in 2XIIB. How­
ever, in MFTF these guns must he located far 
from Ihe mirror throat in order to reduce the power 
density incident on them. If thev ETC located on the 
end domes of MFTF. the plasma must climb a 
magnetic hill with a mirror ratio of 13.1.I'esults from 
Baseball ll-T and 2XIIB indicate that these guns 
would be very inefficient when operated in this mode. 
We have made an initial design of a pulsed magnet 
that will increase the magnetic field at the gun during 
the buildup phase, thereby increasing the efficiency of 
the guns as well as providing a more uniform target 
plasma at the midplane. The stabilizing plasma for 
MKTF will be generated with a gas box. Scaling from 
the 2XI1B results indicates that a gas input rate of 
1500 Torr-litre/s will be required. This gas must he 
pumped by the cryopanels in MFTF. 

Targe' Plasma Production. (>. I>. I'nrier. Our 
experience with 2XI1B and Baseball ll-l (BBII-T) 
has shown that streaming-plasma guns do not 
perform satisfactorily when the plasma must be 
injected over a large magnetic hill (i.e.. where the 
mirror ratio is large). If located near the end domes 
of MFTF. the guns would have to overcome a mir­
ror ratio of 133. The heat load from the escaping 
plasma precludes one alternate possibility of insert­
ing the guns near the mirror throat. A second 
approach would be to increase the field near the gun 
during the plasma-buildup stage by installing a 

small, pulsed magnel It is conceivable that this coil 
could he used as the inductor in the power supplv and 
hence not i-eprescnt any additional expense. Ounng 
the quarter, we completed some simple earlv 
calculations ol the lield requirements and potenhal 
coil shapes 

I he held at the 4-m spherical surtace on Ihe end ol 
the Ml II tank is roughly iinitorm over the surlacc 
Assuming the plasma Hows adiahatieallv along llux 
lines, the area on the end tank \ , . which must be 
irradiated with plasma to cover a midplane plasma 
area A . is given bv 

H , I \ I 

where H, and 11. arc the magnetic lields at Ihe 
midplane and wall, respectively. ! his area tnusi be 
covered by \ stieaming-plasma 1:11ns. It the held 
generated by the coil surrounding the streaming-
plasma gun is given by B,. the radius ol the 
streaming-plasma gun is given by 

|_N (B, + B„ I 

where R,, is the midplane plasma radius 
Consider the coil geometry shown in Fig 18. 

IX 
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I ill. 18. \ niugnilit-fit-lij-i'iihaiufd. tarBel-plHsnta Run. In this 
design, the i-uil is located outside the MK'uum unci the nun nrednoi 
be inserted through the isolation lalw. 
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! nc temperature : IM; in ! he v 
v\ h lie assuming no too l ing ! he 
.1 ,> . where ,. iv i he e i c l r k . i : •; -
. iturc rise is . ipp: o \ ima te ! \ 

i ' U l e » . p . 

where / i - is t he densit\ .•! the Loru i iu t >M . - is : he puh i 
length, .itui \ is I he packing ' K u t i o n .'! Mi-. 
conductor We assume heie thai \ M ^> am! 

5= • in > 
I igute JO is a si i tnmaiv graph ot the temperature 

list- \s mass lor \ ai ious coil geometries I; is <. icai I hat 
h»ni*cr coils tend to he more massi\e i and hence mote 
expensive! tor .1 given lempc ia tu ie use -i I h we 
a i h i l i a n h specilv that .in aeeeptahle len ipe ia tn ie 
rise is 0 ^ k Mhis allows some r o o m lor longer puKe 
lengths), a leasonahle eoil shape is K lit t n i . 
I > e m . I l l .5v.n i 1 Uv>e at CM he d \mens ion-o t the 
eoil used in J ig i^ Note that the held at the gun is 
2.5 I I he ctlective mirror rat io lor the streaming 
plasma is thus onlv 1 <\ .1 \a lue comparab le to that 

I 1 ' 
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Symbol Values 
(cm) 

Values 
(cm) 

R L 

0 5 5 
* 5 10 
A 5 15 
D 10 5 
0 10 10 

H(. 2(1. The temperature rise in the field-enhancing coil as a function nf the mass nf the cuil. 

used most successfully in BBIl-'l ' The inductance ot 
this coil is upprtiximatcly 

Ujulll = O t f N ' . 

where N is the number ol turns (see Ret. 9. p. 110). 
lypiealh. the power supplies for the .streaming-
plasma guns produce about 2.5 kA; therefore. KlkA 
cm implies 4 turns cm or 2.10 turns total. Hence. 

further study. 
One problem inherent to the coil geometry shown 

in i-iy. IK is the requirement that the field must 
penetrate the vaci.um wall. II we treat this wall as an 
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minu te , single-turn solenoid w i ih icsispvitv ,» and 
thickness t. the 1 K soak-thioue.h l ime is 

- ; r u„I 

I lie resistivity ol .1(14 stainless steel is 7.2 • 1(1 
ll-m. hence the soak-thiough time is 

n u g i . c l . gun lib HI UK-, .i IH! p< '\U'i -.u p p i . .i;iiI tesl it 
tho iough lv 

Siabilizin^-Pla\mu Production, t l i Wc'i/A i n 
dc tc im inc the gas load imposed mi the M l I I 
pump ing svslcm bv the gus-ho\ s t . ih i l i / . i tu i t i . vvc 
slart w i t h a c;ili.ul.iMon ol the rcqunc i l stabi l iz ing 
cu i rent I he mu io i - loss CUMCI I I dcnsitv and thcic-
tote ti le requi ted stahilizing-st i c o n densi t \ a ic given 
hv 

I m m I iy. 14. it is cleat thai a ; (1.115 m is possible 
w i th in the co i l , imply ing that a thickness t 2 .1 mm 
wi l l have a souk- through t ime ol 1(10 /js I Ins seems 
acceptable. I mite length ellecls wi l l icduce this time 
fur ther. 

I he existence ol this conduct ing wal l w i l l put a 
les t r ic t ion on the n^e t ime ot the c u n e n t . It l lus rise 
t ime is too last, the \acuun i wal l w dl exclude the l lux 
I ron i the in ter ior , creating a pressure between the coil 
and the vacuum wal l , l o est imate this o i l e d , we 
assume that the wall and coil can he Healed as ln l in i te 
solenoids and that (he wall is a perlect cond i i c to i . 
1 hen. the l ie ld between the vacuum wal l and the coi l 

is given by 

I) s . ! - 0 _'V 

[ K l u I I - , - ) ' • | - 1 

m i n i M l / - l e \ I 

I , l koV l 

Note that this is the c in lent densiiv i cqun cd on each 
end ol the machine We assume thai the M l I I 
plasma has a Hal pi ol lie and that it Ihere lo ie icquucs 
stabi l izat ion onlv in the houndaiv (.tssnnieil to be 
4 1 ai ino i i ad11 thick ) I he plasma p .n .mu leis in this 
leg ion are I 20(1 c \ . n 5'•. Ml o n .1 25 ke\ ' . 
and /i 0 12 1 he total st tc. tmmg-pl . isniu . u n c u t 
requi ted is then 

R- B„ (0.0) 

R- - a" 

l ( 1 - 2 - | ( . ? 4 r - I 2 M -
'I 5 ' - 10 2 M U ) 121 

| 2 ( I -D . I 2 I 1 -'| - I 

where H,(0.()l is the desired held at the gun. I he 
pressure is then 

Ii- H; (O.m / R : 

-Kn -^ii U - _ a -

I sing the geometry in t i g . IM. we can calculate the 
pressure: 

„ = (2.5)- / (0.1) 
1 1 \ ( 0 . l | - - ( 0 . 0 5 ) 

4.4 . 0 " I ' a l ( i 4 0 p s i l . 

C lear ly , this pressure is not acceptable: therelore. we 
must require that the rise l ime ol the power supply he 
about equal (or greater than) the souk- through time 
ol the vacuum wall . 

The presence ol this pulsed field w i l l require other 
mod i f i ca t ions ol the present t i t an ium washer-gun 
design. r-or example, the copper washers that arc 
used to con t ro l the field gradients must be split to 
al low the field to penetrate. Prudence then suggests 
that we bu i ld a carefully designed gun system 

10' (2001 

or I - 75.; .\ 
Results ol expeimients on 22XIIH indicate that the 

gas box is app ioxuna teh I I I ' , et t ic ient . i e . a gas 
input rate ot ('50 A is leq in ied lo ptoduce a 
s tah i l i /mg-p lasn ia stream ol M A Assuming the 
same efficiency lo i M l - I 1 . we I mil the gas input late 
must he about 750(1 .A or 15(1 I o n l i t re s. 

Neutral-gas requirements 
We have assessed the allowable gas densities in the 

M I TK heam lines and end region. We find that the 
allowable gas line density in the beam line is set 
primarily bv engineering and economic consider­
ations if the resulting beam loss is 10 ' i or less 
(neutral-gas line dcnsitv n I. < b \ 10" cm ; ) 
because the loss of this much beam has only minor 
impact on the physics of the experiment. Buildup-
code calculations continue to indicate that the 
neutral-gas density in the plasma chamber must he 
less than 10" cm '. Neutral gas in the region outside 
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d i i l m c d p l a s m a in. iv l u i t ' s , i n d M I I I I I o l w l i k h a l e 

v i l l i u n d e v e l o p e d I he l ist has heen t h e bas is o l a 

d e t a i l e d e s t i m a t e l u r c o s t s a n d s d ' . - d i i l c 

I he * p u e a n d s u p p u l r c q u i >ner !s l o i t h e 

d i . o j n i ' s l a s s ' ^ U ' i i : a I . ' l ie u i l l ) t h e i c q u u c d i o u p h n g 

l , . ; ! ic ^ ' I I I I M I s \ s i e m . h a \ e been used l o m a k e 

p r o p o s e d i . i u i i i i v .a ^ n n t i . i ! . i n d d i a g n o s t i c s a l c a s 

Mia! d e s i g n a t e I h c a m o u n t a n d n a l l l l e o . s p a c e 

• . . n n ' e d a n d h o w I h e a n o u s p u \ i s s h o u l d he 

• ',,1 .! ; ' l , \ - i . , i i l \ 

Design and ( ' i ns t ruc t ion 

I \ A.;-/-, . ;* , . 
I he M l I ! const ruc t ion project is DM schedule. 
Magnr l Sysleni. I Ik ris.tu11e I s\ stem ;. a ma im 

s \ . ' r on the pnucc t i n l u . i l palh \ igoi.uis sieps 
w; i t : . i k i i ' ;. ' in i t iate pi >i uieineni H I long-lead 
.'•i.:s as .,!>. as possible \ n on lc i l.n l l le 
s ;qv: . a idavlo! , . a e us placed ahead ot sehedule 
.^n^. \s j ! In i , : U planned . osl envelope Spccihcat ioi is 
t,n :!ie u ianulact inc " I llle sla Kl l l /mg she.llh have 
h.-en completed, and an o idc i has heen plaeed w i th 
Nils. I'M l l le design o! [he conductor assembly 

product ion line 
Ihe coii vvindci. leel suppon . p la l lonns . and 

salclv i.nis were c icc lcd in Hide 4? I Acceptance 
I e sis .m i lk coi l w i . idc l I see I ig 22 ) wclc completed. 
and inc machine is u m i lu i ie t ioning piopcrlv 

We have expended c on side i a hie ell H I I in e\ a Ilia I -
me and choosing a s i inpht ied eioss seelior lo i the 
magnet coil I wo d i l le ien t c iu i l igu ia t ions weic 
considcicd \ eonv en luma l . icctungulur ernss scc-
Iion was appioved that salishes magnetic I lekl and 
neuiial-heain accc-s tequi tcmcnts. avoids complex 
eonie surluccs on the eicket and ease t thc icbv 
smiphlv mg the w nidi rig pi oc'ss and tool ing rcquHe­
me nisi , and pi m ides improved reliability at a l oue l 
eost 

A request lor proposal < K I I * ) lor analysis and 
detailed design d iaw inus ot die superconduct ing 
magnet c stem has been compl ' led and ,s being 
prepared tot release to quahl led e 'ntraclors 

luxion Chamber System. A detailed prel iminary 
dralt speeil ieation was eotnpleted lot the luston 
chamber system, wh ich nieludes \aeut i in vessel, 
external vacuum, and cryogenic systems, and was 
mailed lo eaeh company expressing an interest in the 
competi t ive procurement . 

I he t in i) 1 K M ' lo r the lusion chamber system is 
scheduled lor release by Ihe end ol January l')7S. 

We have located needed equipmeni al the Nevada 
lest Site | \ IS ) . Purchase ordeis were prepared lo r 

earlv removal and t ransport to I I I ol a comprcssot 
that would otherwise be one ol the long-lead i tems in 

nee L r . " : - ' . i i u system Sixiv high pussur c sfoiagc 
h o l l i e s a n d a n o v e i l l e a d c l a n c w e i c a l so l . i e u l c d at 

N IS 
Power Supply System for the Sustui i i i i ig Neut ra l 

Beams. We have p iepa le i l the p ie l immaiv d ra t l 
pei toimanee speed K a l i a n ol the power-supply 
svstem l>M the sustaining ueut ial beams \ n 
i in nat ion tor cxp icss io l i ol mleiest was sent out to V"1 

companies in November I h,e package included a 
qui. si ion nan e. sy stem i eq l inemen ts. tile p iehminar v 
d ia l l speeil ieation. a list ol available technical data 
terms and condi t ions, and a wotk statement Ihe 
companies weie asked to respond he mid I leccmhel 
and to comment on m . h id ing as part ol I Ins conn a el 
the 2HI-k \ l <> . - k \ s i ihs ia l ion and the site prepara-
l ion lo i ihe aceel i\ij power supplies () l ihe I -

companies ih. i l responded with inteiesi. u , n c 

inleiested as pnnu ' con t iae lo r M i suggested a 
separaic cont i .u ' . l o i the 2H l -k \ M s - k \ s i ih-
slation 

•\ sue locai ion lo i ihe 2 ' n - k \ sulistution and M i k \ 
lecld ie i suhsvstcm was chosen and appi ov ed I his 
locat ion salistics both the 1 I I mastel plan and . 
pioiecl lequi lemenls I inc luding cost I l i g u i c 2 ' 
shows a model ot the M l - k \ powci supply 

Powel lac lo i co l l ec t i on and l ia imome noise 
generation studies aie underway 

\ K I P lo i I he power -supply system lo i the neu l ia l 
beams is scheduled lor release by ihe end ol next 
quartet : considerable e l l o i i is vet to be expended 

( nn l ro l and Diagnost ics .System. I he spccil ica-
turn lor the loeahcon l ro i compule i waseomp le led 
and loivvaidcd lo i a p p i o v a ! I hesc a p p i o v a k mav 
take longci than the t ime we have al located 
Howevei . wi th ic lease ol ihe K I I' cover i ng puis base 
ol nine ot these computc is now expected by late 
January theie should not he any de inmen la l ellcct 
on the dchveiy schedule 

BUIg.-12il. I he architect engmeei I \ I I selection 
process has heen complc le t l 1 he ma|oi d l l l rcul ty in 
re lmmg criteria pr io r to negotiations w.is in decid ing 
on ihe locat ion ol ihe con t ro l room. Ihe o r ig ina l 
location was discarded because ot a hostile magnetic 
environment; the required shielding cost was 
considered excessive I he northeast corner ol Hldg. 
4.11. where the magnet ic lunge held is w i th in 
acceptable l imi ts , is now a prelerred locat ion. 

Demol i t ion work in Hldg. 4.11 progressed on 
schedule, wi th ihe ma in ael iv i ly centered in the vault 
area and the removal ol exist ing rool trusses 

A three-dimensional analyt ical model ol Hldg. 4.11 
lot structural dynamic analysis was completed using 
ihe pioposcd f loor loadings tor M l - I P. Ihe results 
wi l l he used lor guidance dur ing design and 
modi l icat ion e l lo r ts . 
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I i(i. 22. Ml I 1 i-uil HimliT [2 (ti-(!rtTs nf fri'i'dnm |. 

Primary [•.k'ftric Power. I he I i m i o n m c n i a l 
Impact Statement was r c u c u d hy I I I . ictut t ied in 
I K i & ! : . Jn i l ti led wi th the City ol I i i c r m o t c anil 
A lameda County. In a second con t ra i l reuew 
meeting wi th l ' ( i& | - . we discussed a schedule, power-
lactor coiTCction. and ha imon ic current in iei le ience 
signals. I H a t l has agreed lo a lower powci- tac lot 
cor rec t ion requirement at reduced power levels. 

I 'C i&I provided the l o l l o u i n g schedule lor the 
230-kV power line work contract signed 3 ^S. hid 
materials 2 Ml. start const ruct ion S Nil. anil comple­
t ion I I SI) A l though the contract date ictlecls a t-
mon th slip m our scheduled milestone, the comple­
t ion date is 4 mouths ahead ol the complet ion date 
lo r the power-supply system lo r the sustaining 
neutra l beams 

Ullildi no 441. I otn I inns weie m i n i icwed h\ [ae 
•\ 1 selection comini t tcc I lie i lc - ien cmcn . i uc i c 
completed and dc l i vc i c ! lo the I V t l San I i . inci- , o 
1'ioiecl (Ml ice ( oip'.uiiing Hide 44 1 \ I ,nul 
cons t iuc t ion coui iacts wi th the "1 .we I" hu i ldmg 
should icsult in a uMisideiahie a M - .n ine lo the 
pioject 

I'riijei-t Mutumi'iiU'iit. the M l M l I I I ' IOICCI 
Ott ice reached '111' , ol the planned p to i c i t stall level 
m the Inst i |uaitei o, I *i | n " s 

lechn ica l e l lo i t « .n conceni ia ted on . .omplci ing 
the speci l ical iou ol the i c q u i i c m i n i s to i the lusion 
chamher system, part icularly on specifying the gas 
loads, i he 11 i n panel a tea ami loca t ion , and I he added 
thc ima l loads lot ihc civosiats Incieased pumping 
c a p a h i h n wi l l p inhuhly lesul i in the tequ i icd hel ium 



• £ - ' , 

\ ! 

ifjpswS* T e 1,6 B 
»~-̂ »* 

r - I K l ' E ' . ^ 

s \ \ I A-. D . 



MuHMi ' t S \ s l i - n i s M i l l i 

Vlp(Ti.i[nIlnTlll!! M.t!!lli I I > r \ r l i i p m r n l 

/ ' \ ( • • • 

I l u I t ' i ' l i n u l i i j ! * o f M i p i r o u n l l i t I m s . n n l - . u p i r 

I ' l i i i i h i r l i n i ! t i i a u n r i s is nf u i a l n n p m i . u n i i n -In-

I m i l i l i n l ! "T p r c s i i i l i l . lv p l . t M n . i | i h \ M I > !.!• ' h i d • . m i l 

I " I h i ' p l a n u m i ; a i u l • - ' ' " I ^ " I l i m m r » p i T i u n T i i . i l 

m i r r i i r I I K H liini- 1- - i iu l U- ;M I- K •- \N *• , m - J i v i !- >|i in: ' i 

M i I i r i i l l i l i H l i i r f , , i 111, M i r i ,r I I N H I I I . -< I in i l m 

l M l I I I " i n i l i n r . m i l M i -MI i . i n . l i i i ! " • • . i . n ' i n i i . 

m i i r T i l i \ i , , * 

http://il.lv
http://piTiunTii.il


s n i d e : h n n d i ' i g n n r . l . il i n d i v i d u a l ' l a n d ' .Hi a l l I n , I I 

sides ,.; the I . ' I I . I M . !.M an,i :,, call nut anv land lai l .ng 
l i i m e e t .1 p i c d e l c ! m i l l e d l l l l l l ' n l h n l l d c d s m l . i c c I he 

' ..son n ,.! . i ' ! i d ; k : . ' i i i ' i l i /mg I 'U IC m.iiL'i ial l i m n 
\ I U I > . SupeKnt. . and I l i t has now been saiis-

Incmnlv st.ihili.'i-d .tin\ shipped in I I I l.n winding 
m i . . the M l I I us ! . . . i l 

1 In- . ml In i in .Hid i nan a ins 11 l.i i i.i n 1,11 i he M l I I 
lesi i .n i hu.c heen l ah iua led and .tie assembled .MI 
thee .M1 wn-dei . winding hcean in lale I Icccmhci 

We have developed a inelhud nl icplacing the 
s lah i l i /e : a i -Miu l a ..- id wcklcd i. i i l l l in ihe -.nil-
d iR i . i i . , n . In 'h.s ; iu-| l i , i . l . Hie -.lahdn-i i is applied 
,'i ' » . - l ight allele.! piCic> .'lie app i nMlnatelv S-
.n i.Hie. and I he .Mhei l " i n long, l l l i ls slaggei mil Ihe 
,-i l i l Heinle Ihe sl.ihih.'el is appl ied I,' tile luint. Ihe 

-,n ! , u - .wnh , .i.MiiiL- J ia imels is su i i . j hh masked, and 
s in:;-. ,>l ' in I'h I'l s n i w l I snldci IS eleel I . ipl. i led 
, 'Hl i , lite lands ( lamps ,il l i cq t l cn ! unc i v als seem c 
I I : . ' - '.ahill. 'c! In ' he. me I hlee sels nl I he i nine mi pies 
al ia, lied In li ie s lahi l i /e l ale Used In l O i l l m l [he 
I c i npc ia lu i c nl ihe l l l lee sections n l the -..ddcling 
oven A\)^\ In give a L.ni t i l l i inns l e m u l nl Ihe 
v i HI , I lie In l lempeia! in e dm mil I he s. ddel me pineess 
Ihe snldeied mm! is h'si nil lasnine.i ih. le-ted l m 

qu. i i i lv n! hnnd and then I I [ ! I . I S , H - , ; I . I ! , \ L ie .med m a 
weak-acid hath thai is tn i lnwcd h\ ,. Icat.-watci 
l mses 

K.idl. l l A\u\ asial ei.imps h a w heell l ah i i . a l cd In 
keep the winding light d i n i n g w ind ing and while 
in: ills a le heme made \ con! ! .died Ic l ls i , ming de\ kc 
a d d e d I n I h e m e e h . t l l l s i n e i H l t i n l l l l i e t h e . n l l d l l e l n t 

si ippK d n i m wi l l n iamla in lensinn d u i i n g wind ing, 
while ihe s\siem is s i . t i inn.n ' . . and a'sn dunne 
unw ind ing 

High-Held lesl Iacilitv 

I he U.iseball II hq in l icr has heen le-mslal led in the 
( i vogemes I ahn ia to rv .and si nee its i e-ei nn mi ssi o i l ­
ing, has Idled the III.IIIHI-hirc storage Dewar 

Ihe 2-m-diam crvostat lut the l l i g l i - l i c i d lesi 
r . ie iht> I I I I - I I ) has heen installed and ennled In 4 2 
k . and several thnusand hues nl l i qu id He ha\e heen 
i r ans l ened in tu it. Dur ing this lest, we eheeked the 
per to i mance ot the 5-k A \apnr -enu led leads Inr the 
M l - I I- tesl end. 

We have received the new 2.IIII0-A power supplv 
Inr cne rg i / i ng the Inst u m H I 1 I backing emls. 
requi red l u r use wi th the M l I I test coi l It is being 
ins ta l led : the icmainder nl ihe equipment , e.g.. 
water -coo led d u m p resistors, h igh -eu i ien l bus-bars, 
c i t cu i i b reakc rs . and all the electronic components 
lo r p ro tec t ion and coi l d iagnost ics, is now being 
lubr ica ted and installed A l l this equipment is needed 

li '. the M a i , I: I ' l ' s s i ,m dale l m lesls ,,| ihe M i l l 
test m i l 

\ b , S n ( (inductor Development 

I he a l l emp ls In \ u e o in establish a ino ie ich.ihlc 
and ei nnnmiea l met h ml nt l l icni p n i a l i n g la ba i lie is 
in the N b S n i .Hidl ie ln ls wclc nnl cnt i rc lv satis-
lac lo iv \ i i u i was also unable in m e t come the hasic 
p i oh lem nl bini ieness ol the whole comlue io i b\ 
adding cv.lcin.i l coppc i . the "ee i l l e i - hu i s tu lg " was 
p i o h a h h caused In llle s igni l ic . in i d l l le ience ill 
haldnes-. nl l l ie hnm/e cole aiul the sm inund ing 
cop pel We believe I hill this d i t te lence can he 
n v c u n n l c hv inucas ing the nuu lbe i ol anneals and 
changes In ihe dies II was agiccd tha i A l ien shmild 
pmcecd wi th a p io tn lvpc . lul ls s l . i h i l i / cd . s-k V 12- I 
e o l l d l l c l n l as n l l l h l i e d 111 K c l 14 

( i n icul-et i i i cn l ineasii ienients mi samples ol 
Supe icn i i nn imn. i l ' ^ - k - N . 12-1 \ h Sn eoiuluelois 
showed l l iem to be lesistive H e had expeeteci tills 
because e\a l l l in . i l i in i al S i ipe lco l l had shown the 
l i la inei i ts to he seveielv b ioken Ihe unusua lh high 
i cduc l i ou l a l m used tn i the cs l i us io r i was probahlv 
ihe cause 

I ' le l inun. i i v wo ik on S n - m l i l t i a t e d . smieied \ h 
cni i tmues at M ( A Results of this in i t ia l phase aie 
nnt expected unt i l I4"S. hut thes are having some 
i i oub le obta in ing a low-enough vacuum i ^ l t l 
I o n ) w i th available equipment I his problem 

app.uent lv adveiselv attects the hardness ol the 
c imd i i c i n i and ihe leasibihiv ol d i u w i n g it 

Plasma Kngineering 

I I I I Bl Neutral-Beam Development 
l< I / ' i /c 

lhc I I I I Bl Neutral-Beam Development (.roup 
has (he responsihilitv fur developing neulral-beam 
injection svstems for mirror and tokamak experi­
ments. Modules with beam energies of 20 to 4(1 ke\ 
have been used on (he 2.MIB and Adiahatic Toroidal 
( ompresson ( A ' K ) devices. Current near-term 
(lev elopniciil efforts are directed toward XII- to 1 2(1-
k\ in jec tors for the M M I <X(l-k\ I. Douhlet 111 
lXI I -k \ I. and I I I K H 2 ( l - k \ | experiments. Ihe 
total beam power from each accelerator module 
» i l l lie li lo 7 M M . in 0.5-s pulses. I he users want to 
place orders for production models in about I vear. 
Development goals for the longer term are near 
stcadv-stafc operation, higher energv. and better 
effieiencv; this part of the program is centered on 
uegalive-ion production, acceleration, and neutral-
i /a t ion. We hope to have 2011- to 4(H)-k\ injectors 
based on negative ions developed in time for appli­
cation in the mid- to lale-l'Xv'O's. 
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b e e n T lit- pa t MIL: i t e m s in . M M JM . ' c : A ::. \ ' ' he .-';>! >'' 

t h i s q u a i t c i . s u i t a b l e t a c i l i t k s i , u u i i i w n i ; o u i M K 

near - I c i i n p. i i l u ] n i l i p i i 'L: i.i i n h a d been i. - . n i p , , ; ed 

leXLCpt t i n L! c 11 \ L- i \ n l a h i ^ h - \ o i l a uc s u i u h m o d ­

u l a t o r t u h c I..i Hit- I 1 I M i d i \ u l t a u c K s t M . i r d 

i 11 \ I S i O n e . » ! i h e - . i e - t s t . u i d s i I S 111 V I .'i i k \ . ; n 

\ . II ^ s i l ias b e e n ( . [ H ' K I I M I I ' I > H a h . m l I s e a ; i t M i i i i ' 

I k u h o n . i , a iea M» i n I / ' i i h,\ . i n . . l i iu -s a m ] h , , ; i ! 

l i ne f H i i p M r i e n l - I S l l l H i I _'n k \ ' ^ \ ;i> M I - . f ia-

b i en i ipt. ] , i t t i i i . 1 l o t a tew m . i i u l i - . w i l l a h i l l ^ a i e 

I N K . o l i U , . all.1 Is - I I I ! . I t i d u . U . . ; : , - : i , : : , n u h : 

I v . i m h u d -

( ) i n [ i t i s i l i \ e I t ' l l ' u - e d w o l k l i l i l i l i L ' f i le q u a t U ! 

u u \ he s i i i n i n a i i / e d as t o l i o w s 

• M l - k \ l i . u l i i n . a l ; i t e . i m o d u l e s h a \ e n o t \ d 

heen o p t i m i z e d , h u t h a u ' u p d a t e d * \ i ! h I v a n ; - -

s u i l a h l e t o ! M i l l a n d D o u b l e t l l h c x . c p t " o i ; o i . i i 

L U i i e u i l a l M l k \ . M \ . a m i 11 '• s 

• l l n * Mist l u l l s i / e . i : u - k \ . 1 1 I K m o d u l e t . a-. 

\ U ' i i ' s t a l l e d n i l I S I I I H ( ) p c i a t i o n wa-. at hi) k \ a l 

th.e e n d o l I he q u a i t e i \ u i o n S O I I U C p i o h i c n i s w c i c 

o b s e r v e d . N i l we a i e d c h h e i a t c k l a i s m i i I l ie \ n i l a l ie 

s l o w h . w h i l e st m l \ n i t : p o w c i s i i p p l v - h e a m m o d u l e 

i n t e r a c t i o n s , a d p i s t i n u t u n e c o n s t a n t s , en. 

• 4 U - k \ . ""D-A H ) - m s m o d u l e h l c t i m c i c l i u h i h p . 

t e s K w e i e e a r n e d . m l m i I S I I I H to d c m o u M i a t e 

o p e r a t i o n l o t h u m p u l s c -

• \ " M a c k e n z i e b u c k e t " i , i n , i k i j u t n h e i w i t h 

m a e n c t k m u l l i p o l e h e l d - , o n the s i n h u e s ) w a s h u d ' 

a m i i n s t a l l e d o n [ S i l l \ 

• \ I S I S S K n e u l i u i - h e a m d c u l o p m c n t w . u k 

s h o p w a s h e l d at I H I 

• O p t k a l s t u d i e s w e i e s t a l l e d t o m u ' s t i e a t r 

p o s s i b l e f x - a r n - p l u s r n a i n t e r a c t i o n s , ,n n e n t r a : ; / ! . t •>. 

i hese m i e h l i n u e a s e t h e a n e u l a i d i \ c i e c i u e (>l a 

n e u t i a ! b e a m 

• W e c o m p l e t e d ph, i - .e I o | a p i o m a m t o 

" m d u s t i i a h z e " t h e l a h n c . i t i o n o l m n - s n u i e e m o d ­

u les . I he p u r p o s e o l t h i s p r o g r a m is t o h e l p p r e p a r e 

r n a n u l a c i u r e i s ! o h i d i n a r c a h s t k w a \ o n n e u i r u ! -

h c a m s \ s i e n i s . i ' h a s e I w a s a s t u d \ o l t e e h i u q u e s . 

s e h e d u l e s . a n d a p p r o x i m a t e cos t e s t u n a i e s IMiase 11 

w i l l he (he e o n s t r u c t i o n o j o n e o i t w o ] 2 u - k \ . f O - A . 

0 .5-s s o u r c e s w i l h h a r d sea ls a n i l c e r a m i c m s u l a l o i s 

O u t n c g a l n o - i o n b a s e d w o r k d u r i n g the q u a r t e r 

m a \ he s u n i m a n / e d as t o i l o w s ; 

• A n e w . l o w - c n e r g \ . a c c e l e r a t o r s t r u e t u t e w a s 

d e s i g n e d a n d b u i l t t o m a k e be t te r l o w - e n e i g \ i - I -

k c V ) D b e a m s f o r d o u b l e c h a r g e e x c h a n g e t o D 

i o n s i n the ( s \ a p o i let 

• A new s o u i c e o | i o w - e n c r g \ D i o n s l o i t h e 

d o u b l e c h a r g e - e x c h a n g e e x p e r i m e n t w a s b u i l t a m i 

tests w e r e s t a l l e d . I b i s is t h e m a g n e t o p l a s m a -

D i r i - e t ( u n w - r M M i i 

S u p p r e s s i o n o l Mi> . i l ( o i n l u i t i M l v - i nd I h u t I 

t IUTH> ( f i l lUTSl i rH l o i 'h i - I l|i|s ,,[ I M \ a m i 
M i l l , t, M / / , - < i i .< /;... ... /•• it 

U .< 

M r e t r o s l a l i e ^ r i d s t i r i n g d e s i g n e d h. r I M \ a n d 

NM I I w i l l m i l o n h s u p p r e s s h i ; * ' . . i n d i u i i \ i( v bu r 

a l s o n i ; t \ t ' \ l t ' i i d t h e h l i ' l i n i c -i\ l ow - i•net i/-,. 
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K m p e : a t : i " . • . ' . " - • d " . • • 

a n d o t l k i e l 'ev \- I l ie v. • d :: • , - • : • ' . •• • 

I r o i n L I , I V i o i u / a : . . •: < !• • **..• : . • • • • • > .. • • : 

i i Ml m i p a i t . .' l i d ' •• ' M 1 , : ' ,i ' ; 

a l the e n d t h a t w ; l ! 

« I h e t i l l i o n k e e. !• , ! - \V " . • :• A 

t l e n s i i \ i>. j i r e a t e i t ha ' i a h o : : * ] > | ! ' W „ :• ^ A "•.. : • . 

, a s e :n M l I I . e n d - o u i d • - . , . .,, . ,. • , ,, • • 

d t M i i i i e d w i t h s i i l l k e i , : :•-..••-• y • _•• , : • • . 

l e t i i a i r i b e l o w em i - s , , - ; - , • . • • ! • ; ' . : , , ' : . - , , : . - • „ , A . • 

p u K e 

U e a i e d e s i e n u i L ' e i ; d - - ' .•• :,••. .•: 1 \ 1 \ i ' .'. 

M l I I Hcsulcs M i p r k - l l i L • . . ' • , - > t ' : ; n £ •-•• 

c a n •• ' i \ e t h r e e p u t p*->es 

• I he e.r i d * r n a \ he u - e d t o : . \ \ , t : >v. : . 'w O U - L " . 

- . t i ean iM i i : p l a s m a i c q i i i i e d t o i ^ M i v a / a ! : o : ; . . m d 

( h e r e h ' , e x t e n d ilv..- J d e v r n e o l these low -i-iu*r L;\ K W I -

l o m o r e t h a n O : K t t a n s i r 

• 1 he e n d s n i a \ be si--cd as a i h a e n o - t ie d e \ k e t o 

n t e . ' s u i e the s |> . i t i , i l l \ - i c s o U e d Mux d c u s m a n d 

e t ; e ! i : \ o | the s t r c a m i n e pa t i c k ' s 
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m l ; tn Ihu cnci ir. -u I he elbow tit ihc t oom- l cmpc ia tmc iMtlal inn vake 
idc. •mis icduc;n i i the heal load and .il lhe -..line thai leads In a t inbnmolecu la r pump 

. i . . . . . i i . . i i i ML' 'Hit d i u \ l enciuv u i i n c i s i i i i ] 

\ acuum I echnolog\ 

( n o p u m p and (tetter Pump Development. / / / 

1 he I I 1 crvopump lest stand with which we are 
studying new teehnit|ues for handling large gas loads 
has been used tn determine (he following: 

• I he baffle Iransmissivitv, 
• 1 he crvoirapping rale for He and how it varies 

with the \ r He ratio, 
» 1 he relative effectiveness of ( O: compared to 

\ r for lie trapping, and 
• [he heat load placed on (he crvopanel because 

of \ r (crvotrapping gas) flow. 
\ bulk l i getter was successfuilv bench tested. 

< ryupumping. I he e ivopuu ip lest stand heuiL! 
used lo evaluate pumpinu techniques lt»i laiLc i;as 
toad appheal iuns is s lmwn s L hcmalKal lv in I IU 24 
I he ins t rumenta t ion (not shown) include*' 

• I wo nude ion iiaue\ wi th in t he l i qu id -m l t ui ien-
nu i led l I \ - c o u l e d l enclosure, and one ion uaiic in 

I wo quad iupo l c anak /e rs lot mcasurmu 
residual g a i . one w i th in the I \ - coo led enclosure and 
one in the elbow ol the isolat ion \ a l \ e 

• A number o l carbon resister thermometers on 
the l iquu l -he l ium-coo lcd ( I He-cooled) panel and on 
the chevron tha i is cooled h\ I He ho i lo l t . 

• An e \ I e tna l i:as-handhng s w e m for Ice-dine, 
measured Hows o| gases to ilie chamber and to the 
ci vo l i ap man i to l i i 

I he s\stem can be used in either the crv ocoiulcnsa -
l ion mode, in the c rvo t iapp in i ! mode, oi as both (as 
a compound pump) 

• We made l o i n separate runs m this cnn l i uu ra­
t ion In i un - 1 . we measured the batt le t tans-
n i i ss i \n \ I he pump ing speed lor deu te r ium was 
measured at How rales up to 5 I o n l i t res [2 S • 
ID I n n h u e s em l l S e e lip. ?M | hL- average 
speed is S[ .OIK) l i tre s (C h I . .n •litre's u n . I his 
would indicate a ha ti le t ra i iM i i i \ s ivn \ o| I) 21 tor the 
1-U-dejJiee chevron However, since we don ' i know 
ihe deuter ium temperature, and have no pract ical 
w av In measure i l . we pla n lo repeat run •'•' ] on a hare 
I He-cooled panel ot known area to determine the 
!•. iismissiv i t \ and ( ind i rec lK I the I) temperature. 

Vac n u n tank i i r l —, p Ci yn t u [>p i t iq q.is in let 

/ / .- LHe b o i l o f f exhaus t 

L \ I I I O i " d ion / / 

/ . / 

, LHe inlet 
I on (Jdgc 

LHe boiloff line 10 chevrons 
. — LHe-coo led surface 

Cryolrtippinij q;is 

Vuctium tiitik w;ill 

Chevrons cooled hy 
He hoilofl 

-He (|Hi inlet 
H i : . , 

.1 ittiii? 
. ] • : " • * . 

MB. 2J " ' • i-tri;lril|l|lin|! lias is oinlinuciusU spra>i-cl ..rK.. Ihr I lli-miilrcl mnpuiir l sinTarr. < hrvmns coiilrd h) Mr huiltiff causr an. 
rimlrappinB B"- <hat d.irs mil ailhrrr lo Ihr I Ill-t.i.il.-d surfarr I" ...mhwisr. Hi cas alums rnlrr Ihr s.strm and ilifrus.. In Ihr c>r.i-
IrappillE. Ras-malnl siirfair. ulii'ri' lhr> adhere and an- Ihus punipril " i l l "f llli' s>strm. 
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Piuclictccl 

H 

D 2 f low -

1 

Torr • litre • s 

1 -i(.. Is. I'rr . Pi. fur di-uliTJum. 

In run - 2 . » c m e a s u r e d the p u m p i n g speed ol He 
c r v o i r a p p e d with \ r . a n d d e t e i m i n e d how n vancd 
u u h the At He ra t io I he r e su l t i ng e u t \ e isee I in 
2d) sugges ts the tollovvmg 

• I he pumping speed up to the highest point 
measured (.1.1)4 litre- s -em I appears to be limned 
by the sticking probabihtv ol the I He-cooled panel 
and not by the chevron tiansmissiv itv 

• I he two dist inct s l opes t o t he c u r v e intersect al 
a n \ r to He ra t io ol 10 .1 . 

• I he slope is alwavs positive. 
All three observations appear to he related to tlie 

geometry of the cr\o trapping arrange merit, thai is. tn 
the Ar impingement area on the cryopancl. We 
observe that the He sticking probability on the 
crvopanel is small and dominates the pumping speed; 
however, it increases with the Ar He ratio. At low 
Ar He ratios (less than 10:11. the helium sticking 
probability (lor a given Ar impingement area I is a 
steep lunction ol the Ar He ratio. A ratio of .1(1:1 
appears to he optimum. litis accounts loi the 
initially steep slope. I he second shallower (but siill 
positive) slope reflects the diminishing cttcct ol the 
increasing Ar He ratio and the conconimilanl 
increasing Ar impingement area on the crvopanel 
that results from gas scattering at the lugliei \ r How 
rates. 

As shown in I ig. 24. there .ire now toui lubes vvnh 
nine holes each blowing \ i on the I lle-eooled 
cryopanel. Increased coverage ol the cryopancl with 
argon should shilt the curve upwaid so thai it 

1 i(j lt\ V nnni i i i i i in Ihc | i i in i [ i i i iu v | i i f i t M1 Hi ir^[»ii<a \* nli V' 
. o l t i t h e Vr Mr riilt'i . w h i r r rmt xirniirn H r flu*' " 1 ; I m r -
l i l r e s . s '. iimf i i i i ivitni ini Vi fluvs 12 < I .ir r- i n n . s 

asympto t i ca l l y approaches - t he v t . i , . ••' 'Ml:,. 
: r a n s m i s s i v i i \ We in tend to test this h\ i ioi.n, .uc t in 
i i u m b c i ill \ : lubes and holes 

Kim - 1 was o u r second a t t e m p t in test the cllcc-
Iiveness ol CO as a Cl v ol i.ip pine Ci* loi He 
p u m p i n g Out Ins t a t t e m p t had l aded when the t r i 
cjiucklv l i o / e and plugged the d i s i ; i bu t ion mar . i loa! 
Hv s u p e i m s i i l a t i n g the m a n r t o l d tor nil'. ' :'• » i 
o hi a i ned live da ta poi nls he lm c : aga.r . '! •'.* ! : : . . . 
i n d i c a t i o n s are ill.it the t i l .- aboi . t I n : . , as 
e l l ec t ive as Ai toi ci v o t i a p p i n g He V* e at . ' now 
p u t t i n g n i c h i o m e heaiei wires in each d M i i h i i t m i : 
t u b e . It this t e c h n i q u e p i o i e c t s t he m a i u t o l d so that 
l u r t h e i lesls subs ta i i l i a le t h e c l l e c l n c n e s - o l (. n . w e 
shal l siginlicanllv icdi iee the let i i t e r a t i o n eosi o! 
cr v o u a p p i n g 

I he r e l r ige ra i ion cost ol i i v o i i a p p i n e with V was 
m e a s u r e d in run :-'4 We de te i m i n e d the base heal 
load I t a d i a t i o n and c o n d u c t i o n i to the I > m 
c r y o p a n e l hv m e a s u r i n g the 1 H e ho i lo l t rate with a 
wet - tes t meter at the base p i e s s i i i c ot the -vs tcm ip <> 
• 10 l o i n I he base heal l oad was 1 2d \ \ ill S4 
\V m ) I he i nc remen ta l heal l oad d u e 10 llow mg \ i 
on I he panel at I Ml k las i n d i c a t e d by a t h e r m o c o u p l e 
on the ma nil old 1 was meas i i i ed at How r . i t e - t i o m l l 2 
In 20 I o n h u e s I he a v e r a g e heal load caused bv 
Ihe \ t How ovei l lns l a u g e was II e>21 W 
l o i r h u e s . with a s t a n d a i d d e v i a t i o n ot 0 01s 
W, I o n h i r e s 
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(.flit i rum/'ini: I ! i .b i . ' . t I . c. ."v; p . ; - : , | ' -I.. u : 

R e a c t o r M a t e r i a l s 

K I ss-ll 
< i / • . 

l l u ' H I N S I I laci l i tv » i l l provide th i neu t ron -
rcquircd I " determine the response (if pott-iiti-.il 
fusion r i ' i i r i t i r mater ials I " U - M t ' \ nt-utri in i r rad ia-
t iun . \ r r . i s uf research In lit- explored wi th this 
mai 'hi iu ' include rad ia t ion i fleets nn superconduc­
tors, damage-rate studies, changes in ohscrvahlc 
micros l ructurc. and changes in phvsical propert ies. 
\ major emphasis o f this work wi l l In- to develop Iht-

knowledge and methods required In relate data f r om 
other radiat ion sources to the fus ion-neutron 
environment. \xc ant ic ipate some t-ffort in meaxur-
ing neulrnn and gas p rodu i ' l i on cross sections. 

I k i m i c the I : I M quartet o l I "l l'l~*s. out c l l o i t on 
the K I NS- l l proiccl u . i - concent laled in I wo a ica-

• I o h i i i .c ! , ' . i p p i o \ i i n , i k - l \ ' ) ' ' • kompk-t ion t l v 
pkv-ae.i: p'. in: ol Mv new lacdnv. and 

• I ,, . . . n t p l . - t c i l \r a - c i n b K o! o n e o l t h e t w o 

d e i ; t e l o l i a c c c l c i a t o l - l h . i t w i l l he u - c d t . n l u l l - s c a l e 

pt o. > ! - o t - d e M c n i f •.ts 

I he ph \ s i L i l pl:int " I the new l au l i r . is n o u 
complete in . i l l icspccts wi th the exception ol m ino r 
exter ior paving anil landscaping •\ssc-nihh ol the 
p ro to l \ pe accelet. itot was eomplelecl dur ing this 
quartet and opera t iona l tests ol all nunor subsystems 
uere begun Mechanica l xxstcnis such as vacuum and 
cool ing lor the h lgh-vo l lngc terminal and the heam-
Irat isport svsteni were tested succcsslullv. as were 
electrical svslems such as the 4lll)-kV hi.icjh \ ul lage 
power supply, the ion-source power supplies, and 
g round- lo - te rm ina l and t tTmmal - io -g iound co tmo ls 
and tc lcmelrv . 

1' fOj irammit ip o l the ca lcu la tor -conn n l k d data 
recorder thai w i l l scr \c bo th the neutron sources and 
the exper iments was begun dur ing this penod M l 
terminal s\ stems uere operated, and the m u l i i p k -
aperture source I M A I S ) r c l l c v a t c ion sou.ee-
sucecsslulK del ivered HH) to 200 t t iA o l both a tomic 
,.nd molecular h u l r o g c n beams to the posi t ion ol the 

v o l u i l l l l i l . T!, s. i.-. •.' . . l i . i l ! . ! w 1. t e l 11..I1.1',,. i . . : . \ I i , - o l 

i h e p i . . ; . ' " , p. a . , - . • ' . • •a to : 

I Inl ine t in- . n i a i l e i . w. a h - b ••.,,, u,..,,,: ;..•.. ol 
the -0- . u. so'HI : pn, : . . ! , . : 'he 'a lih 1 1 •; o. k . j o. i...-. - .;, 

I , on . ' I t a i c j 1 i o a d f , . I . i . d . ' . c - l o : • " • - p o i c l .,! ( l ak 

k n k v N a i l . n. . . I at-... i o o i . i I I K S I i « . - | - a p p i o x 

- .-d',i-.- a n , : , ..-,: . - I n n , ' r - I.'I ' h e p i . . l e v ! V> c 

•. x p c . i . m l . a , . . pe ; a ' .• u. o ; ' h i ' l e u ' - o ! - . . . , , i . ,.-. ' i i 

l i , •: l''~s •., ; ! i . . , , ; ; - . ,ah- e>.pei,in..-nt,i. .K ' . ' .n .e-
heci ' i 'n ' .e .;' I k! .»••: ,.l I I ~-

l- l -SltA Neut ron I r rad ia t i on Studies 

( orre la l ion ol Neu t ron Damage with Neut ron 
Sources. / /> !//.', //,. '; /•' A' I , ;• ; / , • •„• ,in,i 
I I : , ; ' ' , > • 

I he high-euergv neut ron sourees" planned for l l ie 
radiat ion effects p rog ram are lilt- Rota t ing l a rge ! 
Neutron Source IK I N S I I ) currentiv under con­
struct ion at I I I and a l i j d . n ) st r ipping • mrcc. 
which is in the design stage. I hese sources are 
expected lo provide a neut ron flux of f rom III lo 
III n in • s. 

\1 the present t ime. '»e are usinn low- f l ux 
prototypes of these sources: 

• H I NS I at I I I has a n iax i inum f l i n of I I I " 
n m : - s . 

• Beld.nl s t r ipp ing sourees — one of these is at 
the I n i \e rs in of ( a l i fo rn ia a I Davis and has a f lux of 
7 • 111" n m-'.s. 

Mthouyh rad ia t ion damage experiments on these 
low-f lux p ro to t \pe sourees cannot produce the h i ^h 
neutron fluence (.- I l l ' ' n m ; ) for exalua ' in j ; the 
structural intt'Rritx of mater ia ls for the first wal l o f a 
fusion reactor. the> can provide a basic under­
standing of the nature and magnitude of h igh-cnerg i 
neutron damage effects. I hex also allow direct 
comparison and cor re la t ion of high-energx neu l ron 
damage effects w i th ion and fission-reactor neut ron 
damage effects. 

Ih is quarter we report the results of some 
exploratnrv studies on the nature and magni tude of 
radiat ion damage effects produced h> high-encrgx 
neutrons f rom the K I N.S and Be(d.n) sourees. 

I anadium urn! \b-Iwl'i / r . Icnsilc specimens o l 
vanadium and S b - I wt ' , ' / h weie i i l ad ia led w i th 
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neut i iu is l i n m K I N S .i;n! ".••. .. .; e ;-" -. : > pv 
R - . K l O l I I I ' I R I 1 ,1c M l l l l - ' K ' l l L ' l ! , v C l s i . s I l i ' , . ! ! . ' I . 

Ilucnec is p inned in I-it - 4 ah-ni; wn i i p n v , . e . - i \ 
untamed J.u.i In : i i inh i i im ' I hesc icsults v .mimtie 
In support •.i icii inln.-i i i i i i : tu ' iuK picvmuslv i r p u M n ! 
t in K I N S and I l ' l K i i i .n iu i i i . i i i s .il i i i . i h ium I l i . i ! 
IV. W e l d s l r c l l ^ l t . - I l l e l C . l s C .IV .1 l l l l 1 l . t l i . T l . ' I H C t l t l i ' l i 

l lucncc. .mi l hiuh-f iu- iL ' j ncu l im is I m n i the K I N S 
.lie enns idc tahh nunc cltcci ive lh. in l iss inn- ieaetm 
ncu l i iu is in st iengthcnine these matct ia ls 

'lypv-.llti Stainh'w Sterl. I lie 1 K-p.uunci i i ni 
I 11 c i u > Hicci ic i React.u i )c\cl i>pincni I ' l u f M n i l i b 
p m w d e d cot isidciahlc data .ni i lu- ht-l i . i \ i.ii nl 
M.nnli>s steels in a i . tdiat inn c i i v i i nn i i i cn i ( H I K 
q U c n l h . s l . l l l l l c s s steels l u v t h c c i l p i n p n s c v l ,is 

C a i l l l u l i l l C S 1(11 l l l s l . U I I C . U l n l 111 st W a l l - I l u 

hchavini nl s ta inless siccl in ,i I usnui - i c i c l m 
c i n i r n i i i i i c n t is hang investigated 

Spi-v.-inn.-ns i l l .inin-.ili.-il a nil cn ld-v.n i kci l Upv ' l l-
si,n n less si I T I wi l l he n i.ul i.i led .il i v Mini leni petal me 
ami elevated lempc ia l i i i e al the K I NS ami the 
Held, in s.Hiice \W- wil l iclalc i luci icc ami damage 
encrgv, i n changes in tensile pmpe i l i es ami use 
ek-elnm iincinscnpv. in au . i lwc ihe si /e. v lensin. 
d i s t i i b i i l i o n . ami nnirplinlngv, n| lad ia t inu- ind i i ccd 
delects St rcnglhcn ing nieehainsnis gnvc in ing vle-
I m m a l m n hehaun i wi l l he dc tcmnned and the 
results i n ie ip i c ted in terms nl the damage in iem-
s i i i i e lu ie Data l i m n tensile tests ami e k v i m n 

We wi l l then v mi l pa it the ;-. : . i ' : - . - . .iaiuagv •.! h . ! u 
ness . • 1 neut i i ins l i n n ; .11 i! e i '.• :i l : , i . l . . i ' ; . a - . . . i i . c -

I W I I ; \ p c s ic . s ta in less - l e c i s p e c i m e n s . . l ie 

a n n e a l e d a m i n n e c n l d - w , n ke. l w e ; -. i • i . id i . i t e . ' ' ' l i e 

B e u l . n l n e u t i m l s . n n v e I he , he n s i p . , , n d h , - : . , v , >: 

these s p e c i m e n s has heen i c p i ' i l c d I t ie h c l v i i n . n 

t a i e e t w a s hi i t n h , t i d e d w i t h h i \ k \ t k - . . t i . e ' n - W i l l i 

a n a \ c l . i g c h e a m v u i i e n l n ! .' - ^ \ I h i . l . i M e i . e i 

h c . i m w a s i . i s i e i e d n n l l i e h c i v l i i u n : i . n c e ! - " . I - ;>• 

p i . iv luv-e a n c a i l v i i n i l . ' t n i i i c u t i m l i ; : - . e . !hv C . IC I 

s e v l ' . n i n l t h e s t a i n l e s s - s l e e l t c l i s i i i s p e u M i c i i - l i e . 

l i e i i l l . U l s p r v l l a l l l l v le l these c n n d l l l . l is h a v e h e e l . 

d e l e n n i n e d h'. I . ' l l a c l u a l i n n a l i . i lv .ses i . e - ( l i .n 

a v l e i l / a l n m n l a H c l d . n l N e i l l n u i S n u H c " a n d K e ' 

r i I he i i i . i d i a t n i n .vas V . I I i iev! . ni> at i . - . a i 

t e t n p e i . i t u i e. a n i l I l ie c \ . p c n m e n t a l set u p ,s s h , . « n :;: 

I ig h i I l u e i i v e I.M the a n n e a l e d s p e . m i e n w a s ? i 

I I I n i n . a n d l h . i t I n ! Ihe -.p.-. u rn li v v . d ' . h i e d : • 

w a s I s . p i n M : \ v e i a c c t ! a \ v v . i - . i h n u ! -• • n 

n in - s 

•Ni le i i i i . i v l i . i t i . u i t he s p e c i m e n s w i i c t e n s i l e tes ted 

a n d t h e d a t a w el e v. m i p a : ed w i t h I l ie ies i d ' s , . | l e u - l i e 

test-. ,111 t \ p c - - ! ( - s l a i u i e - s - tec I s p e . i u i . : i - : 11 ad l a te . : 

W i l l i l - 4 - M c \ n e i i t i i ' i i - a : the K I N s I li-. s t i c - - -

si r a i n e u n r - . . : . -h. iw n it: I .g : I I t ' a . ! la ' , . . •;; . •'• 1 he 

c n l d - w n i kevl s p e c i m e n w i t h H c i d . t n m e t - •: • v a a - c d 

2 0 

£ 16 

S 14 

•I 12 

Sri 1 0 
V R T N S 

25 C 

N b - R T N S 
25 C 

N l i - l Z r . R T N S 
25 C 

N h L P T R E - 0 1 M e V 6 5 C 

- N h - 1 Z i LPTF 
t - 0 1 MeV 

6 5 C 

V L P T R E - 0 . 1 M e V 65 C 

1110 •. 

1 09 ":-

55 C 

;-s 
• i ! C 

28 I 

1-1 ?. 

j — 1 — . i 1 1 

10 20 1 0 ' 10 7? io- M 
10 ' • ) 

N e u t r o n f l uence n 111' 

I id. 2 1 . ( t iniparison nf tlli-iiH-ri-ust' in 11.2'; offst-t vu-ld stn-ssfar in i ib iun i . v mmdi i i rn . anil N h - l / i vrrsiis i iv i i l rnn ftuv-nvt- fur lilt- Is111u 11n]̂  
larut- l Nvu l rnn Saurc i ' tK I NS). I iqui i l I ' ini l I vpt- Ki-avlnr l l I ' I R l . anil Bt-Kl.nl lu-i i tninsourvv's. I livsv nt-vv rvs i ihs l i i r vuna i l i i in ian i l M i 
l / .r arc ciinsisli-nl vvilh llu- rai l ial inn slrcn^l l i t -nin| : (rt-iuls prt-vjuuslv n-porli-d fur n iuh iun i 

http://llll1l.tli.Tl
http://Spi-v.-inn.-ns
http://inin-.ili.-il
http://cnld-v.ni
http://ali.ilv.ses
http://Hcld.nl
http://tetnpei.it
http://lh.it
file:///veiacc
http://ivli.it


C o p p e r b a c k i n g p la te 

B e r y l l i u m br, i /e<l 
in pi , I I .e 

Disk i ; i )h ! , i i i i i n i ] channels 

I• • Ji. HI. Spi'i'iim-ii-lurm'l itrrunu»'im'nl fur m'lilrnn irrailialuuis at lhr t . { . Ihois rut i i l ron. till- hiTvllillill lururl 1% ninti-it In walt'i 
passing llifMii|ih mnlinc ilmiiiirls in Ihr tupprr. \ Ml-Mi'\ (Icutenui lii'am inuitt'iil nn Ihr l irnll iuni lururl priulun-il a iinilritn xprt Hum 
wilh a larifi' i miipmirnl nr iieulrntis nt ! ' 4 Mc\ ami is hrini: ulilt/i-il in inn Ml ] latlnilinn ilama^c pronnim 

a slight increase m >icld and ult imate stcnglh and a 
slight decrease in e longa t i on . 1 he changes in tensile 
p iopcr l ics u c i e s imi lar In those in specimens 
i r radiated wi th M - M c V neut i i ins. I lie changes in 
tensile prupei t ies ol the annealed specimen m a d i -
ate'd wi th He ld . i l l neu t rons were nut as huge as 
those produced h> 1-4-McV neutrons al nca rk 

ccjinsalenl l lucnces. hut there was a M)'', increase in 
>icld strength and a decrease in e longat ion I ro in 
70' , lo U2''' w i th respect to the unir radiated speci­
men. However, the rad ia t ion strengthening and 
loss o l duc l i l iH al ter i r rad ia t ion wi th U - \ 1 c \ 
ol Held.nl neutrons are signif icantly greater th . in 
those produced h\ f ission-reactor neutrons "* 
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i l ic i in i ' sni iplcs s u l d c d a l o n e tin caue seciicii "i the matrices!)) interacting with metal atoms via the(n.o:) 
speunic i i Spccinici i i c inpc i a t i i i c i.in he sMiili nlli.d reaction, llt'iiuni gas buhbk's trapped in the 
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I able 4. Hinh-vacuum tensile tests on Nb-l/.r. 
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strength, hut produces little change in tin- ult imate 
stress and the t taetuie strain l o i tests on duped 
specimens at 2.V Will, and Mil l ( ' . u c l d sttcngth is 
increased and elongation decreased s l ighth We 
c i inc ludc that the ellects on the tensile p iupei t ies ot 
the add i t i on ol 2s atomic ppm He in the 
nncrostt uctuie ol the N h - l / i aliov specimens ale not 
dc lc tc i ious 

Radiation Damage in Superconductors. A' \l 

S,,iltin 
I n design the magnet shielding fur magnetic 

fusion reactors now in (he planning stages, we must 
know the effects of radiation on candidate super­
conducting materials as a function of ftuence. 
( alculations for a tnkamak reactor predict a total 
neutron f l u \ of between 4 s l ( ) i : a n d 4 ' 1 0 " n , i n - ' s 
at the superconductor. These f l u \ calculations are 
hased on perfect shielding, and as more refined 
calculations are made that incorporate neutral-beam 
injection ports, etc., the flux values at localized areas 
of the magnet will increase. The magnets must be 
used for mart) vears; their radiation tolerance mav 
become the controlling factor. 

The work in progress has the following three 
objectives: 

• To determine the effects of neutron irradia­
tion (from about 4 M e \ to 14 M e V ) on the critical 
current of NhiSn. N b - I i . a n d other superconductors 
at liquid-Me temperatures and in the presence of 
magnetic fields up to 12 1. 

• To correlate the electrical properties of these 
materials with both initial microstructure and 
radiation-induced changes in microstructure. 

• I n measure the reeovcrv of the changes in the 
critical current during annealing at temperatures up 
to room temperature. 

I he goal ol the piesent scnes ol experiments is to 
l ind the l lu i nee at which a decrease in l t occurs lor 
N b . S n i rradiated wi th 14-MeV neutrons and to 
compare this tluence wi th the t tss ion-neutron results. 

1 H i r ing 1 he uuai lc t we completed baseline mea­
surements ol the supeicoiHluetint! propert ies 11 and 
I I tor tvui Nh Sn supeico iu lueto is (mono l i lamcnt 

wire obtained trorn Hrookhavcn Nat iona l l.ahor-
ator> and mu l t i l i l amcm wire suppl ied hy A i rco . Inc. I 
in preparat ion tor an i r rad ia t ion exper iment on the 
R I NS. One sample ol each mater ia l was then 
i r rad ia ted lor 2 weeks at 4.2 K. At selected intervals. 
we measured the superconduct ing propert ies; we 
observed an increase ol "!V < in c r i t i ca l current at a 
l luence o l S •: 10' n m I he beha \ : o i is similar lo 
that l ound lor Nh Sn irradiated at low temperature 
w i th l ission-reaclor neutrons. I hat is. the cri t ical 
current increased wi th l i ssmn-ncut ron lluence to 

iieeie.isi ng 

[ o . ou ip l c l c I he .o inpa : : soi i dcl inc* ' m the 
e\pel l inen! i;u,il u c mil-.'. e v. lend o'.n :n ad a l i o m 
highci tluences 

( baracteri/ation of the l )a \ is Beld.nl Neutron 
Source. 1/ II I.:,indn JII.I X I \l,l.lt,m 

I he (d.nl reaction on ben Ilium provides a source 
of neutrons that inui he useful in sludving the effects 
of intense fast-neutron irradiation on materials that 
might be used in future fusion reactors. \N e examined 
the spectrum and intensity of the neutrons available 
at the I niversitv o f t alifornia. Davis, cvclntron 

U i ' have ui tas i i icd Ihe m i l l i o n specti. i p i ed i ked 
In bombard ing thick hciv I l ium tat gets wuh ">n M e \ 
deutenuis .it the Davis cw l o t i o n I he > | H \ I M VV IC 
ml l i ed l i o m Hie act ivat ion ol two set- ol dctcc'ot 
lol ls p l .ncd at an anglcf l II t o l l ; , dcutc i on beam. 
.Mle I I I I I I I I - J M I I - ! \ behind the I x i v l h u m laigct h lo ik 
and one -ill mm M the leal We used the s \ M > II 
p i o g i a m to analv/e the I oi l act i ..it ion dat.i to obtain 
the 11 ueIKe in each ot hm enn c\ gi oups I hi: lesii i 's 
ale shown lot hoth d c l c l o i !o ;S in l : g '-2 I lie 
nc- ut 111 n speel l l i l l l iHucncc M c \ i . lose lo 'he Mice ! 
LICL teases Loi i l inuouslv w n h L net g\ n 1 tie :a nci ' [ • 
'-(I \ 1 e \ . wlnle the sped run: 40 T i n ! \ i o ll.o ., 
nn iu l lH im al about s \!cV. ami ... peak a! ab . . ; ! : 4 
M c \ Ihe con l l l h i : : i on ! i . ' ; ; ; n. a:;. ms ..! . " i c . g \ s 
less than 1(1 \ l c \ is i n i kh gica'.ci than ! " . . ' 'on;:.I r. 
previous speetlal nie.isu!i men! - ni.i.!'. o '.oc 
distances 11 om the ta ice! vv c at ! : ibale ! h, . . ! . ' ! ; • : m : 
lo the ne ut i ons that ale C U M led a! iaige .r ig '•. - ' • • '•• 
the deu le ton beam I hc.e obsci v a: :o:> . l o w im, 
i in po ; ta nee ot evaluating ihe nent: on . p o l l ; ; ! ! : m.t: 
the target il samples ol materials j i e to be :i I , I , ! . O . .1 
in this locat ion 

Fusion Systems I\n|>ineerinj> 

Trit ium Control and Handling 

I r i t ium Truce.sing and Control svstems. I ' 
V „ M . ,' 

Proposed fusion reactors will have a large tritium 
inventor) . Containment and cleanup svstems will be 
needed to limit personnel exposures and population 
dose. Also, fusion research facilities prcsentlv being 
designed will require tritium cleanup svstems. 
Trit ium can he removed from effluent air hv calaivtic 
oxidation followed hv water adsorption. However, 
available performance characteristics and basic data 
for the design of tritium air cl<-"nup ssstems are 
inadequate. Our program ha dlowing objec­
tives: 

• I o develop mathematical . dels for engineer­
ing design of Iritium cleanup sjstems. 

http://Beld.nl
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3. APPI.IKD PLASMA PHYSICS 
Applied Plasma Physics is a major suh-orj!ani/ational unil ot the M i l Program It includes fusion Plasma 

ihcoryani i I xpenmcmal Plasma Research. 
fusion Plasma I heory has the responsibility lor developing theoretical-computational models in ihe general 

areas ol plasma properties, equilibrium, stability, transport, and atomic physics I his group has responsibility 
lor giving guidance 10 the mirror experimental program. 1 here is a lormal division ot the group into theory and 
computational; however, in this report Ihe ellorts ol the two areas are not separated since main protects have 
contributions Irom members ol both. 

I rulei I xpcriincntal Plasma Research, we are developing '.!y .iitcn-.e. pulsed ion-neutral source I I PI \ S I lor 
the genet all on ol a ic\erscd-lield conliguration on 2X11H V. •„ area No studv ing the leasihilitv ot utilizing certain 
iieulion-delection techniques as plasma diagnostics ip. me next generation ol thermonuclear c spcr irncnis 

Fusion Plasma Theory 

Quasi-linear (odes for Ion Transport in Mirrors 

//. / . Hrrk. I. A. Culler. Y. \tai.\mla. i l> 
Koxtilicn. and J. ./. Stfwari 

Work continues on comparing the results from 
quasi-linear codes that include empirical damping 
terms with experimental results from 2XIIB. 

Our work with the quasi-linear codes for Ihe dnlt-
cyclolron loss-cone (IX'I O instability has focused 
on testing several empirical models lor additional 
damping, which we find is needed to produce a 
reasonable saturation level lor the instabilitv in the 
presence ol a density gradient In one scheme, we 
assumed that the electrons were responsible lor the 
additional dissipation. I he power extracted from the 
waves by ihe damping term was therelore used as 
input to the electron energy equation. I his resulted 
in large periodic pulses ol rl and electron tempera­
ture. I he magnitudes ol the pulses were too large in 
comparison with the 2XI1B experimental data, 
indicating that the additional dissipation does not 
come from Ihe electrons. 

We ha\e done some comparison with time-
dependent results from 2X1 IB. When a constant 
damping factor is used, we lind that we can obtain 
reasonable results for one portion of the experiment, 
e.g.. alter the stream is turned oil. However, this same 
damping lactor does noi yield good comparison with 
the time when the stream is on. the damping then 
being too large, lo compare well with ihe experi­
ment, the damping must change with time when the rl 
amplitude changes; we therelore conclude thai ihe 
damping may he nonlinear in origin. We are also 
investigating ihe work of Auniodt et al.. '" which 
considers non-linear frequency shifts. 

We have also progressed towards modilving the 
one-dimensional (v-'l code to make the r.,'y"-a l-bcam 
absorption valid for both iheihick- and thin-plasma 
eases. We have checked out the version ot this code 
that considers the lirst generation ol neutrals; the 
etleci ot multiple generations will be implemented 
in Ihe luture. 

Monte Carlo Neutral Transport (Ode 

/ H. /suiVr 
The Monte (arlo neutral-transport code briefly 

described in Ref. I continues to he developed as an 
interpretative tool for the understanding of experi­
mental data. Toward this end, a version of Ihe code is 
being readied for incorporation as a standard 
diagnostic in SI I'KKI A M R . 

An illustration ol the kind ol inhumation 
available from the \Umte Carlo code in its 
present form is presented in the accompanying 
figures. The SI Pr'RI AYf R steady-state particle 
distribution from run Rh P . which simulates the 
2!X11B shot ol 4 14 " . was used as a target plasma 
into which neutral beams were miected with the 
boundarv conditions 

dj I, 
keVl = 

-1 , , 1 - M l - l h 
- t. '.v I,, I . ' V I , , 

/-
:<•:./i,-,J 

-\ vxp 

-V\ v'\p 
l.v + > „ 

: i . ' . \ i , . 

with l„ = 4(10 V I i, = IS ke \ . 1 Ay i h = 1 I,; cm, 
( A / | b = (i.23 cm. and v h = .' 5 cm Hie geometry ol" 
the simulation is given in 1 ig }i.\ 

In fig. .'~. the tlux ol neutral particles into the 
detector is plotted as a lunction ol detector scan 
position, x. The code results are plotted as plus signs, 
with one-standard-deviation statistical uncertainties 
due to finite sampling indicated I he circled data 
points are from ihe4 14 "" 2XIIB shot, normalized 
lo ihe total flux computed by the code. The mean 
position of the charge-exchange event responsible 
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fur the detected flux is plotted in f ig . IK. which 
clearly shows that at the densitv used, the charge-
exchange analyzers are probing the central region ol 
the plasma. 

Hgurc :W gives the average energy in the obser\ed 
llux as a function ol scan position, with the 4 14 "!? 
data again superimposed lor comparison. Also 
shown is the mean plasma energy at the mean charge-
exchange "source" points ol l i g . .Is), plotted as open 
diamonds. 

Fnergy spectra are plotted in Kig. 40 lor two scan 
positions. 1 he solid curve is the observed spectrum ol 
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the charge-exchange llux at the indicated scan 
position. Ihe dashed curve gives 2X1IB data from 
4 14 "T7. normalized lo the same total llux as seen in 
the code, and the dotted curve is the perpendicular 
energy distribution function of the target plasma at 
the mean position of Hg. .IX. It is clear Irom the 
tigures that the charge-exchange energy spectrum 
provides a lairl accurate characterization ol the 
plasma distribution function at the mean interaction 
position. 

Attenuation ol the neutral beams and the traction 
ol beam power deposited in the plasma are given in 
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Fig. 41 as LI I unction of the plasma linedcnsit\ ai > / 
i). I h e S l T l Rl A Y i R ( U P d a ^ a are indicated bv 

Ihc dots, the complete cu i \cs h, i \ ing been obtained 
horn a SL'I k'-. ol code I I , . . wi th a i t i t i c i a l h \ a i \ m g 
panic le weights 

Intormation on the distribution ol neutral parti­
cles in the plasma is presented in ( igs 42 and 43 
I igure 42(a) and (h | show the a/ imuthalK averaged 
line densities parallel and perpendicular to the /-axis. 
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• \ model ol u a r k ! ' . i . \ as ,-. ^ | . 1 \ , <•: ' ka ' . ' a , 
particles 

Slahiliti Studies 

./ I H\cs 
Application of a lint'Uri/t'd code technique to a 

slab model with «ith strong densit\ and field 
gradients in a high-, plasma has clear!> shown 
growth in the Vl\ en iunciclolruii mode despit • large 
fluctuations in the equilibrium. 

I he l i m i t a t i o n here is to develop pa i t ide-
si inulat ion techniques that ate appl icable to a wide 
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• St.i bl I It > i l l ,i held l e v e l e d lip m l In kink 
modes and othci moss m a e n c t u l n d l odv namk 
I M I I D I modes. 

• Siahi luy ol the dnl t -c \ clot ion loss-cone i 1)( ' I ( i 
and A l l i e n mi l cyc lo l /on I A l l ) Hinder lo / h igh-. , 
plasmas w i th t u b m a n density and l e n i p u a t u i c 
e i ad lent s. ami I taei inn " I eold l u a i n n plasma I his 
has app l i ca t ion to the M i i n n f u s i o n lest I acihlv 
I \11 I 1 I and the Iandc iu M n t o i ! . \ p e i i m e i u 

I he model is a qt iasi-ncul ia l D a t u m inoi lel wi th 
panic le ions ami Hind elections - I n Ret 211. m- have 
shown iha l this model accu ia tck icpiod'. iccs the 
linear theoiy p iedic lnms lo i Allvc'n w ines . D( I ( 
modes, and A l l modes 

o 

I 

. Ic . 1 , lui-l I I . .1 • ,1 

'. • If .1 . • I 

e l ec t i on t l m d I • \ v * It I) 

We employ, l i nean/a l ion to enable use ol I o in ic l 
analysis and the csammat ion ot a smele moile 

I • I " < I ' . 

li = U " - H 1 . 

J - J " - J 1 . 

^I ,„ l = >•" • > ' • 

V = v " ^ - ' 

H R . 42. A/iniutlially ayeragi'd neutral-particle linr density (u) 
parallel In Iht- /-avis, and lb) perpendicular to. 

Radius - cm 

H g . 4.V Mean neutral-particle energy as a function of radius. 

We have pteuously used this l i nean /ed code 
technique to demonstrate that the A l t ' mode in a 
f in i te- length model shows s tab i l i za t ion by short 
plasma length.-' 1 We have new results for the A l t ' 
mode ( l inear polar izat ion no electron eflects) in a 
slab model w i th strong density and f ield gradients 
perpendicular to Bn. A l t ' g row th is c lear ly observed 
despite large f luctuat ions in the e q u i l i b r i u m . We l ind 
( l- igs. 44 th rough 4f i | that higher o reduces the 
g rowth rate in contrast to the in f in i te -med ium 
theory, where increasing ii is destabi l iz ing. 1 he 
equ i l i b r i um is typif ied by a sharp density gradient, 
where the density ki l ls to zero over a distance ~^2IJV 

In the h igh-p case, the magnetic held increases by 
a lac lor ol .1 I r om inside the plasma to outside, again 
over a very short scale length. "\-2/j We also see an 
increase in the perpendicular wave number as we 
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0.85 B, 

1 IK. 44 I iiitilihriiirn derisio mill matim-ne fii-l<l prnnles, where 
,-„„,, II.fc unil I I 

inciease ,.. I ho high-, case has k .', • I with ihe 
mode amplitude peaking on either side m the tcgion 
nt ihe peak gradients ol densiiv and magnetic held 
I his result is a stmng dcpaiiuic Imm the intinitc-
medium theory, which indicates only weak stabiliz­
ing elleels I mm tinile k ,,. 

Ixternal yuadrupolc Held in SITKKI..-U r K 

H / ( ,>hcn ami ! ! . ( . < ,,„,/,; 
In a continuing effort to resolve discrepancies 

between results fr:im 2XIIB experiments and 
SI I'KKI \>KK II particle simulations. He haw 
included the applied quadrupole magnetic field in 
SI TK.KI.W KK II: new results are qualitative!) 
encouraging though quantitative!) inconclusive. 

We are continuing the ctloii to resolve discrepan­
cies between 2XIIH experimental results and those 
obtained in Sl'I'IiRI AYTK II particle simula­
tions One ol the principal discrepancies concerns 
the plasma length in high-,., unreversed c o n c i l i a ­
tions (AH H„ < I), which Sl'I'I-RI AVI-R ap-
parentl) underestimates. !-or reasons outlined 
belou. the externally applied quadrupole magnetic 
Held in the experiment (previously omitted in the 
computer simulations! mav he the physical mech­
anism that accounts lor pan ol this discrepancy and 
mav also be responsible lor a number ol other 
signilleant features. We have included the applied 
quadrupole magnetic Iield m Sl 'I ' l- Rl AYI : R and so 
far have found qualitative confirmation ol a number 
ol interesting effects, including elongation ol the 
plasma. However, at present these simulations arc 

Hi;. 4S. I inear einenfunctitin and linear rale nf uruwth fur [he 
equilibrium ease uf Hi;. 44. J „ u v <!.(>. 1 I - • . l i i r a m n d e 
will) k,*j, = I. we measure a linear pniwlh rale - . ^ ( , 11.24 
h -.- n v - i = o..i|. 

quantitatively inconclusive, due piiniaiilv to the 
artificial acceleration ol diag and rl tuibuleni 
ilillusion The lattei precludes the occuiience ol 
certain very impoitam icsouances in the paiticle 
HI hits associated wuh die quadi upolc magnetic field 
isee the immedi.UcK lollowmg aiticlcl 

Our inclusion of an external quadrupole magnetic 
field in the SI PI KI AYl-'R I! was motivated bv tIn-
several known ellects that an externally applied 
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hi|>. 4f>. t.tnvur ('igi'iifunclinn and lint'ur rulf of Rrowth fur an 
[•quilihrium with ^ l n i , , ' ' . H i r a mudt' with U,p, ~ 1. m-measurca 
linear gruttlh ran") ^ , , = (I.I | •> ".,,11 , • - I ll.ti). 

magnetic quadrupo lc l ie ld has on a h iyh- ( i m i n o r 
plasma: 

• Quadrupo le magnet ic fields are necessary to 
s tahi l i /e the dissipat ive precessional mode in 
energetic r ing-plasmas. 

• Mu l t i po le componen ts ol the \acuum mag­
netic f ield in a m i r r o r machine are necessary to 
prov ide the closed, nested : l i i-surlaces required lo r 
conf inement . 

• Recent exper iments on strong electron rings 
have demonstrated anoma lous part icle losses in the 
presence of an externa l quadrupo le magnetic l ie ld. 

SI I'l K l \ 1 I K II is m m a s i \ -d imcns io i ia l 
phase-space ucscnp i ion o l panic le ions l i . \ / . 
'.. . y . . \ , land d i a l ge-ncilt I a l l / i l l g electrons I n lowest 
order in the quad iupo lc magnetic held component 
o\et the mi r ror held componen t , the plasma sell-
l ields aie a \ i s \ mmctt ic. i c . we igl lu le the seil-
L'onsistent quad iupo le p c i t u i h a l i o n 

.;>.. -^ ... 
V A , .1. I . II 

I „ ' IA ( / s.'n I I , I I . 

dy, ill e in (I • \ • U . I d u e on o l e u m u s 

II • \ • li.'!"" ' : • B !„„, 

1 \ i I .>>| ,'_ / d i i | | . \ „ . l „ l | 

'IH,„,,,l 
" , I , I I , | ' l i ' i v " I s i l l " ' / " I 

d I \ ! . •••V < ' l». | . . , . l , 

,11 | . I ^ dl 

dl.LJ. 

We have earned out the l o l l o p i n g compute i 
expei imcnts using SI I'l K l A V I K II w i th an 
applied q i iadrupnle magnet ic Held 

• Smgle-palt ic le or hi Is t o t a l check the SI I'l K-
1 V l 1 R implementat ion ol a quad iupo le held 
component against 1 I H R O . a single-particle orbi t 
code, and (h i to study panic le orhits in ih iee-
dimensional . m i n i m u m - i l i cont ig i i ra t ion . 

• (Juadiupole cttects on ring-like plasmas lormed 
by neutral-heam miect ion: l a l the V M > B,|U,M! lorcc 
elongates the plasma a x u i l h t in / ) : Ih) the plasma is 
spatially more d i l lusc . and ax ia l and radial loss is 
aggravated: and (c) shal lower sell-magnetic well 
results. 

• I or neutral-heam in jec t ion studies w i th 2.XI IB 
plasma parameters ( H M - 0.7 1. dH ^ dr * 
(1.11175 I cm. m i n o r rat io : 1.2). quadrupole el lecls 
were not as signihcant as tor r ing- l ike cases. 
Klongut ion is less p ronounced ; quadrupole ellects on 
the ion orhi ls and on the plasma loss are somewhat 
masked hy art i f ic ia l ly accelerated drag and it 
turbulence. However, the sell-magnetic held is 
shallower wi th the appl ied quad iupo le held mi 

Orbital Resonances and Anomalous Losses from 
Rings in Quadrupole-Stabili/ed Mirror Fields 

It. II. Colwn 
A quadrupole field in a mirror machine can couple 

the radial, axial, and azimuthal motions of single 
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particles Id product' nrhilal resonances. I siitR a 
model Hamiltonian. we have dt'nioiislraled this 
coupling. deri\ed expressions for resonance posi­
tions and widths in action space, and have indicated 
how these resonances ma) account for hursts and 
additional anomalous losses observed in the ( omell 
Hi ( l -Ber la t'\pt'rinielll. 

I xpc im ic i i l s nil c lcc l inu rings Happed in .1 
magnetic held 111 1 he rclahvishc e lect ion com­
pression e \pe i imen i I HI I I -Hct la I at Cornel l 
indie.i le anomalous losses when an e \ Ie l nal quad! 11-
polc l o t l c held U is added In the ha sic axisy nuucl i ie 
hekl H I he losses inehide ho lh huis is ai i « n 
pa ihcu la l held- le\e is .d levels and enhanced steady 
slate losses between and above those levels I lie 
cxpc r imcu tc i s have suggested thai t he . : losses 
might he d le to n ih l l a l lesnnanee el lccts and thai 
such icsonantcs could alleel one's ahih iv to attain 
held reversal i l l e : \ I IH We have used model 
l l a m i l t o i u a n s to deinonsi ia le that tin- q i ind i u p o k 
hekl is el leel ive 111 coupl ing h a i m o n i c nl the tadia l . 
a v a l , and a / i nunha l motions ol part ic les, and thai 
the ics i i l t ing resonance struct m c can account 
qual i tat ively lot the phenomena ohsctved in K l (.1 -
Heita 

We assume that the chargcd-parhclc l l anu l t o i uan 
can he l inearized in the quadrupole held shc i ig lh in 
the l o r m I I ~ II (p. I./I • I I . Wil l i I I (q UK I 
p A . We lake A II (1 1 I sin 2<l. vvheie H. is the 
quadrupo lc held shcng lha t 1 1 As nut lust model. 
we expand H about a el tc l l la l 01 hit 1 i l p . l . / II 

! ' i : ' ; . I I : ! , , ! n u l ion ,,t p ml 1 ,,. ; a, , -. a 1, . ,,id h.n mma, 

nl '.'> ( niiM q i icn l lv . H n .1 -.nil. n' l , : : : is jnn 
pn in , ,ha ! l , , , , , ,(_,.• • ,,,,', • I-,,;, i. vvhei. l i t. ikes,.11 
all tnlcgcl values l i n i | in un.st b: H | , i K ,•-, , i L ar , i : 
n a n - vvlh'ii one nl h i , ph.is, •• is s;,,«;., v.ov.ng 
i c . when 

I • M. - V 1 U i 

I lie wu l l l l ol the lesol ia lh i Live! in.iv l v | , , , i „ , ! I-, 
mak ing . inn l ln r . . n u ' r i m : I < a ! M , u mai 1, ; I, 
cxp l i t i l i v unh ide the >lnwlv v a i v m r phase ' I ' as 
an ancle ' . anahk . all,! the!: d l n p p i n g all 'apid'v 
O l i v ine I e- r ills, i i . i in \\ \ \^ m \t " lesnnaiKe l l a n m 
Ion ian " II has ihe p m p i m ihat t i le new 1 innicnla 
I ' I • \ p „ : I ' I • M p „ : ale , „ H M , I M S II 

is el lcvl ivelv nne-dimensi,, i iai \ p in ! ••! p„ \ * |- |.,-
a lance nl in i t ia l , mid i ' ions wou ld ex l i .m l l ixed 
points a! resonance. s l , ,s u , ! , , , | . : , , „ | , .; ' ,,,,:..I in , 
l ixcd pniu ls open sinves u u b n u n d i d 11 the 'I 
t i l l ft. I l l il l l l l l l he l aw.iv. and a scp.o. i tnx in l iciwc: 11 
I lie w i d t h n l 1 he scp .n . i ' : . ' and I I C ' M n| h i : 
lesni iani lavci m.iv he Inuiul app i . >v,:',.:! , . \ !>\ 
expand ing II m the nn i i t t iv ia , n.nna ;;!,; :•. '. i : . a l \ . 
ahnul its lesou. l l l l value In t e inn ,,| (',, w, !:::,! 

>i B, 

i S . ' M l i . . . l M ' ' . l H v I1 

- M H ' - . „ L 

I P ' I - C, 
i',. • P: 

11 ' 1 

U v , , ! ! I „ r 

wheie H H J . ' I I . ,,, 1. 
.in,l w hci. ' 

'V V 

where >h ( r , / | is Ihc Mux l i i nc t ion lo r the axisvm-
n ic inc m i r r o r l i c ld . ' I \ , (p, , l d n . - ' '• l | l . .uitl i,, 
l p „ l is determined by the relat ion p „ ' Iq e l l v|>n • i,, 
" I ' l , , I = 0. Subscripts 1 and / on •!' dcnole part ial 
der ivat ives. I he Iullv nonlinear l l a n i i l l o n i a n I),, c;m 
i lscl l couple radial and axial osci l lat ions (this gives 
rise to magnetic moment nonconserva l ion ill 
ax isymmet r ic mi r rors l . I he model I.q. I I . 'I is tisclul 
i l l that il isolates the elleet ol Ihe quad iupo l c held 

We determine the resonance s i i uchne ol the 
l l a m i h o n i a n lol lovving (. hu ikov We h i s i make a 
canonical t ransi tu i l lat ion to the action-angle 
variables ol I k . | | . . I . In p u . ca-. ..'> . cV,l I he 
hans lo r i r i ahon h u m II to the canonical angle ea,, 
inhoduees even h.nmonics ot a, ani l <:> m I I . the 

. l „ , l \ . l . l , I \ , l l ' „ . 

w i t h A . | L | l A p H ' l ' >l'. i | 1 HM' . . . 11 iv* v I . 

I 2cl 1 qi B'l ' 1 . t ."V . (, o Ini nihei 
values ol n l l e i e o . n ' ' L a n d I . I ale the i .ul ial 
and long i tud ina l actions i,u rhe I l ann l l on i . i n 
I I q. I l. ' l I I he most mi pn i t ,ml teal in i s nl I q 1 I a 1 
aie that _ ip„ depends nn Ik and dceieases l.mlv 
quickly w i th M and \ because ot the hcl l . iv in i ol 
K v i \ 

I he .1110111.ilous losses in H I C I -Hel ta a ic piescnt 
l o i all n n n / e i o quadiupole held s i rcng lhs . ihetc is 
appa icn i lv n^ th icsht i ld I his i ules out explanat ions 
based on gloss stochaslicitv ot much ol phase space 
causetl hv ic'sonance ovct lap. since the icsonanee 
widths shnnk to / c m wi th H Instead, we mav seek 
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( ink' fur Warm l'lastna I-low through Mirrnrs 

/ 11 A'.a'/l/a 1: 
\ new version of I hi- a\ial-flnw i-ndi- I'll I <)\\'- is 

about four limes faster than llu' old code. 
We h.iu- icvititlcll the a\ial-llovs e.nle I ' l l l < >\\ 

using .1 I us 1 111 ile 1 miplieii ii'imei 1e.1l .1 leu nl h 111 I he 
lien \eisi.iii is 11.ni vvotking. anil 1. is ahmii luui 
limes t.istei than ihe tunnel e\phcit .i-is;iin ol the 
i.nle using the s.uiie nine slep Since ihe implicit 
\eisinn nl '.he mile shuuKI nut he hunted by the 
( .nil.ilil t inieslep lesli K! inn. lie .ne investigating 
Ihe l.i 1 per tune-step regime tin 1111 e\en glcatcl 
iniie.ise in utile speeil 

While developing the impheit algoi.thm. we ili.l 
eiKuuntef nu/tieiie.il instability I his dillieuilv 11.is 
Hand h.uk in Ihe equation 1.11 the vclocilv. whose 
.liKeeliM- p.ill Is 

I'II 'In , 
• 11 ulliei leims 

.11 . 1 / 

Ihe sii,ujihi-l.ilward ilillcicncing 

.'1 -.'./ 

le.ids to giid-depcndcnt oscillations in 11 I sing ,1 
l .avtypc ditlcrcncing ol ihe Inst term gives ;i stahlc 
scheme; i.e.. 

;n :.i 

I his scheme is known In produce dillusion. which is 
the reason lot its stable properties An attempt was 
made to "upwind" ditlctence the nimline.ii 1011-
\eeli\e term in the lust scheme, bin thisdul nut seem 
to improve stability . 

Startup in'I'M \ 

H. II ( tilwn 
The tandem mirror rate code TAMKAC has been 

used to e\aluatc startup schemes for the Tandem 

Mirror I-\pcrimeiit: the best appears to be one in 
which (lie (jus feed in the solenoid is programmed to 
allow a few ms of injection at several times the 
steadv-stale value. 

\\ i- h.tM- cxplmed slaitup sehemes jm I \1 \ using 
the tandem m m u i i.ite einle (now named I A M 
k \ C | ; I u this end. ihe cudc has been muddied to 
nil hide cvicniullv supplied sue.lining plasma in Ihe 
plugs and tn m l l e e l h ealeulate election end losses 
when ihe lenlei cell is empty 

I Ile goal is lu stall the I MX machine so as tu 
.11 ine at neaih steads -state paiameieisduimg the ^ s 

ins that the 4ll-ke\ beams can he mi \\ e assume the 
billowing 

• I he plugs musi he built up helme the solenoid 
111 111 del to provide M U D st,,bilit. lot the suleno.d. 

• Sue.lining plasma is available tn piovidc 
I Ml (stability lot the plugs timing ilns pi mess 1 hut 
mill l.u about s. ins), and 

• Ihe steads-stale values should he app ios -
imalclv those ol I able I in the I MX proposal -

I he basic sttatcgy is to build up ihe plugs with -d-
ke\ beams and stieam on. then build up the centei 
until end losses 1 losses trom the center cell and a 
niaigmal stabiliK loss rate tiom plugslcan piovule 
the IK 1 ( siahili/ing l lu \ . and then switch to4li-kc\ 
beams and 111 in the stream oil I Ile code is inn 111 its 
"I)( I C option." w heie the plug loss late is enhanced 
to make up the ditlcicncc hetween end losses land 
stream, d on/ and the l lm returned lor I)( I ( 
marginal stahilitv \\ hen the stream is mi. it is 
assumed tnl purposes ot iletei mining I that the 
siieam penetiates nnh in the aniuunt nccess.uy to 
pio\idv lin IK'I I stability, and that each pencil at -
mg stream eleetion causes encigy !.* 2)] • 2t!> to he 
lost liom the plug elections 

I he principal conclusion ol the study is that a 
ncai-sicady state can he achieved within the allowed 
tune scales, but onl> it the gas Iced in liie solenoid is 
piograniined to allow a lew ins ol inieeliun at several 
(5 10 llll limes the stead.-state value. A suitable 
scheme is shown in I able 5 and 1 igs 4K and 44 

1 he problem with a single-level gas Iced is that the 
solenoid builds up loo slowly, to allow the stieani to 
he shut oil allei N ins. II. with single-level gas Iced. 
Ihe stream is shut oil alter S 111s 11 igs SO and 51 I. 
much ul the plug density is lost due to DC I C 
instability, endangering ihe Mil l ) stability ol the 
solenoid I AMR AC ignores MUD instability and so 
indicates ill.11 the system iecuvcrs alter another 25 
ms 

An alternative to programmed gas Iced is to run 
the plugs with 20-keV beams and an externally 
supplied stabilizing 11ux lor a lengthily period ol time 
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t l l l l M II,, I 111 1 ' . 'Ml ' l II l l l l ' V n i ' I | , l k , V I 

II 1(1 ' 

Slrram mi. 20 k e \ l u s i i m . l , II 
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S l rKl i i i . . i i . : i lk iA li.-iini-. I, SIIO \ 

H 4 " s 

SlriMiiiutl 4 0 k c \ In-iiiii- I, M " \ 

: i 4 ' I s 

\4 s III, 
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I 2h in \ . MI our e x a m p l e ) at let t he so leno id gas Iced is 
ni l ned on 11 igs 52 and s i ) I lie s t ab i l i z ing Mux could 
he suppl ied iniliallv bv s t r e a m a n d latei h \ gas Iced 
h o s e s m o u n t e d in the p lugs or in ihe ends ot the 
m a e h i n e . as m 2 N I I H I his s e he me has the 
d i s a d v a n t a g e s id r equ i r ing tha t p«-wei he suppl ied lo 
t he 2()-kcV b e a m s lur a lung pe r iod nl l ime, and ol 
r e q u i r i n g a sepa ra t e gas leed lur Ihe plugs It has the 
a d v a n t a g e ol a smiplei gas leed in the solenoid 

I he seheme in I l gv 54 a n d 55 is s imi lar lo that nl 
l a g s . 4N and 49 . e \ c e p l tha t Ihe p lugs are switched 
I r o m 20- to- l l l -kcV he.mis at the s a m e t ime thai the 
so l eno id gas leed is t u r n e d o n . r a the r t h i n u n i t i n g 
unt i l ihe solenoid has buil t u p . I he s e he me ol lags . 4N 
a n d 49 a p p e a r s to be shghl lv p r e l e r a h l e in te rms o | 
Ihe t ime the 411-kcV b e a m s mi ls ; be on he lo re stead \ 
s t a t e is a p p r o a e h e d . 

Negative-Ion ( harge-Kxchange f ross Sections 

./ A'. /Ii\kc\ uttil Kurn 
New calculations are providing an accurate model 

for charge exchange suited to both alkali and 
alkaline-earth targets for negative-ion formation. 

I h e convers ion ol pos i t ive d e u l e r u i m ions to 
nega t ive ions hv d e u t e r i u m co l l i s ions in ces ium vapor 
h a s been d e m o n s t r a t e d t o give large vields t o r 

e n e l g l e s d o w n lo Ton e V . a u , ! u I ' t i i..> : v . .c >• •: 
lu l l ing V lelds at iowci cnc lg i c s ( ,:: it :;| •,.'!.' ' ' ; , ,i: 
c l a s s sect ions would ind ica te i o u c l vie ' , 1 - i' '!:;.*, 
lowei energies , and e \ l la po la t ion ti• • \v • \s.i: . : 
ene igv is u nee Main \ s a basis I oi p i , - . .d.nt: :;L ^ a i..: 
a e c u i a t e c ioss sec t ions , we have . n i i a i c d , . i . , . a 
l i ons based upon the p c i i i i i h c d si.t t io-i.fv -:.ii . 
m e t h o d taken toge thc i wi th the impac t pai . tnict ,- : 
l o r m u l a e I Ins m e t h o d l ehes u p o n an e x p a n s i o n ol 
t he to t a l wave Inne i i on in a set ot mo lecu la i s ta les 
a n d a t educ l i on ol the p t o h i e m lo a sei ol coup l ed 
e q u a t i o n s , w ith the c o u p l i n g c o e t t i c i c n t s dciei mined 
bv m a m s , e l emen t s ol c c i l a i u o p e i a t o i s l ietween 
e l e e t i o n i c states, I > c t c i m i n a i i o n ,a a c c u i a t e s t o s s 
s ec t ions will r equ i i e b o t h p i ec i se ene iev ievels a n d 
m o l e c u l a r t imc t ions I h e g i o u n d - s t a i c t u i u t i o n s 
a l i e a d v ca lcu la ted ' p t o v u l e an initial K m s lot 
i m p i o v m g eat l iet ca l cu la i io i i s I he set ol l o u p l c d 
e q u . i l i o n s leading to c h a i g c - e x c h a n g e c a p i u i e c i o s s 
s cc l ions has been de i ived in a l o r m s tn iahle loi 
n u m e r i c a l in tegra t ion 

S o m e l ime e a i h e i . we i loicd that the a lka l ine-
ear l l l s m,i\ also be su i t ab le l a i g c t s lot ncealiv c-ion 
l o r m a t i o i i I hese ec | ua i ions will p i o v i d e loi an 
a c c u r a t e model suited to b o t h a lka l i and a lkah l l e -
e a r l h t a rge t s 
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p r o g r a m . 'J In* g e n e r a t i o n of a re*.ersedTu'ld i i i n -
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