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ABSTRACT

5w
The,nreas prapersies of o hiph-dansity (o = 10w ]).ﬂnallmfadius,

{t = 10
clasaical processcs.

») gau-lebeddod 3 plach bave beep examine? considering enly
The rate equation using enly oheie heating aleng

with bromasteablung and radial heat eranspers ahaws that ohele haating
wili rapldly ztake the plneh to thersonuclear temporasures for corrents, .

* 1 MA.

The zadial heat less for the pimch 6 very s5ell for § o+ 0.5 W5,

Thin sugpests that the plach could tolevate be.ag driven to o neachy wall

by at o e ) kisk,

The laser technology for inlfiation of the smali-dianeter filament
and the highevoltage tachaology for piving 3 30eus rise to 3 %A of sore

e avallable now,

Some rearter consideratfons have been Included.

1. INTRODUCTEON
The density vopion of 1007 277 has been Bhuan

viery Htile aetestion da CTH, 05 gppoare thoi o=
cont deveioptonta in technolopy would make this dere
558y repton worthy of serfous consldorstion for ox-
perimentsl and theoretseal atudy., For these vory
tigh donsitics, the prohiens o censider ave thone
annociated winh nhort Cimes amd amakl radfl, «hich
mply vory hiph=voleage, highmcuyrent densizg sy~
tems.  Modern highevoltage techalguues cosbined with
anpr Qodt bat ien could possibly supply the short
tine seale and nmall dinepnions requitod e put 3
denne 2 plach into the reactor veglow,

For this roport only gross Jestures are conside
eved,  Priory consideration {n given o a 2 plach
with the parametors of particle dunsity a, planmw

radius &, ploch 2orrent §,and lengih i

TABLE

27 -
a,¢n *ne 10?7 o7
r e !0-5 o
T = ) MA with a LIR of 35 ns
1oty
plach time » 180 as

Ansuming enly elassical procosses, an estimste
of the temperseure reazhed by the 2ixcharge i3 edw
tadaed by considoving ohmic hesting, bresastrvahiung,
and radial hoat loss,

REGUIREMENTS 708 MAGNETIC CONFINEMINT

Too get an Idea of the cutront vegeited for the
2 ploch, first consider only ohmic beating aund
bressstratklong.

ii.

2 wiy
[ Sl Y0 WL I I |
d{--?lzm'g-.’ﬂ {E’
i5 the oksic heating with int ser equal o lﬁ.‘
The bressstrablung radiszien loss is given by
- ] Ik fr - -
$oawn 1w AL 5

When these are cquoted with the gas parzicle
wneegy ) nkT, the temperature rate equation is given

by
at _ 3.3 000 47 2 1/2
18 CT M e 3 10 b/
prrgd W 3~ 10 al (93]
1
.
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Sith T i keV and aks undte are used athetwise,
Par presgure ogubdibrius slih 1he magnetis Field the
Beanete rolarfon fn ussed:
2 5]
ET I S R 15 |
1 the eprrent e progeamesd to glve prasiure
balanee #% ail thmes 4. {1 bwcomes

z“”* (T AL s {4)

L
P -«.w.-.

The solulion far ehta equaties iz

e Ay
TR s 4 h;ﬁ in -":kptm-z
. % \Uﬂj” o

Y -»\z - "23
with 4 ¢ S50 IS B {*) [

e

& plot of T ea & s ahown o Fig. 1.

The wquilibeion tenperature fe found by settisg

~;m e 03 p“\’sﬁﬁ
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The corrospendiag coevent iz

teta - wa
This evrreat, » copstant for 31y giaches under the
shove anaufiptbudy wap $Lest sutad by 3’&'?3#1?-3 Fer
barzer cuttents the plach vallspies, while for amall

eutrenis the plach blows up,
5 5 prowem— 2 M e
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Fén. 1. Loreeat and \t-ycfﬁtyff‘sm. e¢w$i&h¢.um

pitieh, 6@ a, 10 g = 1D

o

883, WAMEAYL HRAY CONDULTEVITY
The wleustion ia alieesd for o ;aﬁ-:a&odlcd
pleeh bacaune of the cadlal hoat nse.  Yakiog dbe

radlal bear conductisdsg 2o be guven by :un—tua cole

Simicnm She maat fiow as given by ‘,Nmm LRz OWES
I
ic ~a 31
i ow B2 R LT = e} oem -

whegw ﬁ‘ o tagmiy Pathun
”1# w opefoy colliaien tloo,

For dhe tenperatuee drvap aceonn the radius of

Sl pined st aguald te the piocd teupetatore

. . e e 33 wl -t
O, AR SLAEL e 151
3 ¢

t

W oEx duwrey per selef. wwd T oix §0 ke Whes thie loas
ba added 2o B, {83, the Beaneld egudliboiow can s
Yongesr b watisdied., Wi thenn estiw es of catew,
Bhe ohade inmd dx est abos? equal o the eadis)
test ss whes pressutse bhalance s akwuped.

a4 gousrse, Alere §a oo taguliecaent for exacely
sazisieing che Sopnets owlstion so $f the cureant
rises somenhst favter than that shows So Fig, I the

sadial Gaat laas $a tedused Below the ofmde beatiog

vata., MLl eadial hest lass inciuded, ¥q. (3 bee
(%2t
a7 e’ “31 42
&uv - -ux;n:;x:»;:ff:w» “ % ov 30 8 ¥
M thy
o ¥
- :'._.‘.:W'v‘,;ﬂju?,ﬁ?.iij:
4 .
13

Foom ¥, 1% £2 §o svus thar the cadia’ best loss ts
foss thaw the Dremssirabieap boss far §o- bLb MAL
The eemperature viee pivea by £4. (B la showt fa
Any daplosion
Usltamy and topedance requited

Fig, I fug ths patamsiets of Table 1,
heating L2 fgasred,
o pive 2N sufeand ISy assd 2 awatlable ia aa-
ehbGes aow B0 wse st Baadis 454 38 e Ieiore 3% e
Sietutan, LAGL.

Thi Bl aeuteon pleld for thias case would be

[ !‘3!" =T pleld Tor this coso would he aboye
W vimen on larpe sad would sive 3 nuclesr yiald
of [.6 - ot oulen,  The lesses to eadial bear
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Fte. 2. Tempeature and curyent for cosogutlibrilen

phach ﬁz:mag b i—ww.;:*ﬂﬂ ine.
fnow JIEC w7 ¢ e 307 g,

2
eogduel fot and tresasteakleng aze o 107 joules and
¥ . ,
Fob 0 307 puwiva vespestively.  The plogts encrpr
e esoras Yoo the driviag

in G o !E) [ N

Sine im oabanr OB B,

W, INED RALIVIES

The oaky tustabilities fo he coanidered will be
Wih.  The tun fusien which ars 1he tmat danpetons
e o & 0 aud o = J.

1o she 2wpica) "l =dennily pinch expevioent,
e enveent Forss §o an implediog sheath and this
ot SRurat fan E4 subdwel te 4n oo« § gauxsse farkye
tion. 1, Gmvewey, a sore peplle diszeibutbos of
proastre can be formed the o o § wit] e seshilized,

The gpteseedntinn foy atabibity s

¢ b o o a 4 4w 39 . 4!2’2 i
- g e with ¢ 3 appfl ., {7}

For v o 571 the presgare fynt aet §all of§ mars fape
oty than oY quer, e,

Thn eureant will bo Sisteiluered thruuptiont the
phaeh bezguse of The afsid radies of She piach amd
the Tavy thay Jhe porrent iu established bofore the
highest Fempersinres are eeached,  The resuleant
sroasure disteibutfon vonld very well be within the
atahle vepion.

The & = § problem bn quite different. For this
fapzabilizy, wwo favorable offeces are of i(mparzance.
The €lest §8 the slovieg of the kink growidh hecause
of the surrcundiop dense gas,  Thif prodbien has bees
cxzamined by lampe, HMachelmer, and Boris,” The kink
groveh Lo slewed by shock wave production in ghe
suerounding gan. It &g propoucd here, hovever, rthat
the most 1osarzant affect 85 thae for large ! and

sl v, the heat loss as glven by Bq. {3) s

szsller than the ohmle hesting oven when the dise
eharge in rosting aspalnst o celd surfeze. There-
fare 3o the frabscwork of classiesl processes it
appears that che kink could be tolerated. The
wink will grow slowly and the plasza coluzn will
Féinally rect apainut s neseby walld and stiil sain-

tadn dilovell tedperatures,

Yo BLECTRON ORIFT SPEED

For the parvaseeers of Table [ the sonduction
eloctron speod will be of the order of 2 x 105 n/s.
$hin puts ft wel) below che average thermal electyon
spred.  The olectroens deife only 2 em during the

Will=as tine of the discharge.

V1. BATA FROM BIDH-DENSITY EXPERIMENTS

The twa osporirants which ave of tntorvest are
chose of ﬁ:@va.ﬁ atd the NRL a!cup.’ Hareman 6
sendurtdon o high=deasity, gan-ichedded plmch exper~
izont, butl uslop tebpanm iﬂ!t!a:ion.a The experieent
of Susen war 4 slow cdpericent dn 1 ate of Hz at
!ﬁs A. It shoved anly the o = 1 kiack fnscabilfey
which wan jahibiced by shocks driven fn the sur~
raunding pas.

The eenult which o most pettinont for tho ex~
peeizeat propancd in 1hin report is thar of
#. E. Parhu:e&g with o laser-initiacud Bigh-density
plch,  To this omperizeni, a2 pinch Jdriven by a slow
bahk > e vise) woas fnitiated over a 60=m
lengih by 3 70=leule ncodeaiun gloass laser. The
expevinent wan porforzed with l=ste Mz. The oriz-
inal discharge diameter was prohably abouvt 10D um
fa diamerer,  The discharge rapidly grow in diap-
eter an wanid be expected from the slow rise in
pinch vurrent.  The small radius in the early phase
of the Pochacek gaperinent {5 oost encouraging snd
of prest importasce for high-densdty research.
Siseharge initiation in 20 arm with & similar diam-
exer dfacherpe whould be possible vith similar or
grightly nmmaller lamer power.
VI,  ERVERIMENTAL PRUPOSAL
Fhe coadittens of Table I sre zallored for o
high=voltape line sueh as Hydea at Sanafa and an
fnftiation laser pulse from a 70=joule acodymiub
glans loser. The configueration is shown in Pig. 3.
The size of the palvethylepe cylinder iz that de-
rived feom the J, C. Mortin notes for these experi-
mental conditions, ft.c., ! MV and 100 as.



.. n
MRERE—

a1 Dy 5%
MATLYANLEN S ATON
L GLASS
s P
Lo, .
3 -
ONNER 2w b
COMNECTEEN | W1QGYN a0-
G ASS LASER
A
} MR, CRAIRDEW
‘o FIA OUTER CONDE,TOM
] - -
LT Y ON ; rem
e STIn
COMAR TOR
$ we WMy
ko

Fig. 3. Possible pinch configuraticn for 1-MV line.
The simpiicity 2f the experiment i evident;

however, many important facts could be Jeterwmined

from this modest effere. Of great importance are:

i. Initiation of the discharge and resuitant pinch
diameter

2. Stabilicy of the pinch and particularly the
effect ¢f the kink on the discharge

3. The heat loss from the pinch and the resultant
coronnl1 gurrounding the discharge

4, The cffects of nearby wall on pinch containmeni

3. The many surpriges at this denasity.

HEACTOR SCALING
A very rough idea of the current required for

Viil.

break-even can be found frem cquating ohmic hrating
«ith beemsstratilung loss since che rate calculations
[Eq. (&)) show that £n small radii the temperuture
will be approached within the assumed pinch time.
The radial heat loss is ncglected above 1.5 MA,

This gives the ralation between 1 245 n with o ree

quired tetperature of 10 keV.
2
ol y2- 0%
T

The nuclear yield for D-T is

Y= 172 n2 (ov), (energy/reaction) vol ¢t

e 172 n° (11.107Y . 107H)

? vol * ¢

<19+ 10% . 1.6 - 207}
-8
2.2.10% 2

[

The input energy goes primarily into the in~
ductance of the pinch. This energy is given by

2

W, = 1/2 L0 [ 2L

In
Thie makes a Y/"tn ratio

1.6 - 207 ¢
, .

r L

i
“[n
[+]

For r = 1074 @, L, = 0.7 ull - .

X, 2.107 t .
In

The yield to input ratio being proportional to time
is the result if the pinch is crowbarred at design
current. For energy in the fleld equal to yileld,

t = 50 ns.

Using the scaling as a guide, the following
sample reactor parameters were cal:ulated.

0w 2.5 10% o)

r= 10.6 o
Vw5 MY
luax = 5 MA

tength » 50 cm

The results of the actual caleulation for the
teaperature, yield, ctec., with actual circuit condi-
tions are

T = 13.8 keV
Nuclear yield = 6,5 MJ
Plasma encrgy = 17 kJ
Energy in field « 2.5 WJ
Radial heat loss = ) kJ

Bremsstrahlung loss » €.5 kJ

£nd loss by streaming in the 0 field is slower
than a fleld-irece streaming and perhaps a few per-
cent end loss {n to be expected in the 150-ns con-
tainment tiee in the 0.5-m pinch length.

This report cannot give reactor design consid=-
erations other than the most clementary comments.
fertain features can he tatulated:

1. The yield to input ratio is very fsvorable for
this small-radius, high~density pinch,

2, The 5=MV, 5=-MA high-voltage sources assumed in
the calculation do not require a great advance
over those now In existence.

3. Radiation damage problems ere not severe because
renewable parts are reasonable in such a small

volume.



4. Reactor feasibility experiments are not greatly
different in sfize from reasonable first experi-

ments.

IX, CONCLUSIONS

The great advantage in CTR of an ohmically
heated, high-density pinch is evident. Of course,
many questions on the feasibility of such a system
cannot be answered with present data, The experi-
nerts needed to {nvestigate the high-density pinch
are not expensive and do not require extraordinary
advances in technology. The laser initiation phase
could be done on a modes: scale with ncodymium
glass lasers now available at LASL. The firsc
phase of a high-voltage discharge experiment could
also be done with a slight modification to present
c~beam power supplies at Sandia or even at LASL,

It is felt that t“e maln questions (can the
small-dfameter pinch be established and can 1t sur-
vive the kink by means of magnetic field insula-

tion?) will be answered only by experiment.
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