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Summary
Qummary

The goals of the LASL implosion~heating experiment
are to learn more about the physical procesgses involved
in the initial Implosion oi a theta pinch and to find
wancieg the amount of implosion heating., The
chosen for the experirent are! an
Lcnsit' of 10%% deuterons per cn’, a 40-

charge tube, a coil lenpth of one-neter,
an initial electric field of 2 kV/em applied to the in-
side of the discharge tuse, and a ragnetic field of

10 kG haviny a fast rvisetiuze and lacting {or 500 unsec.
This experiment differs froa rthe collisionless shock
expericents which have been conducted over the past fow
labor.tories in that we have a much higte
The higher density reduces
sma and thus requires

ways of enh

pis
co~diamerer Cise

years at other
er initfal plasma dessity.
the effective impedance of the pla
a lower irpedance current source.

The unusually larye diszeter for a theta pinch is
designed tn allow tice and distence for study of the
implosion process, but it has the disadvantage of re~
quiring a voli.:ge of 230 kV around the discharge tube
in order to attain the desired field of 2 kV/cm. at
the 800-kA design current (10-kG magnetic field) the
plasra jmpudance is calculated (as described below) to
be about 0.3 (i

The design of a high~voltage pulse generator which
meets these requiremencs is described. Systems which
have beceun considered are: 1) Mylar-irsulated stripline
Blum:lein gensrators, 2) simple Mylar striplines, 3) con~
Vidations ui jaylar sleipliues witil Lapaciluls, ) wialel=
{v=alated coaxial transmi-sion lines, 5) capacitors,
and 6) lumped-constant transt.ission lines. The System
finally selected is a hybrid of a peaking-capacitor
system with a curtailed, lumped-constant delay line.

All systems vere investigated by computation, mostly
using the NET-2 code. The calculation takes into ac~
count the changing impedance of the load due to the
motion of the irploding plasma sheath. Plasma dynamies
vere simulated using the bounce model, which assumes
perfect clastic reflection of all ions from impinging
magnetic piston.

The final design employs four coil feed points
with a 125-kV generator at eacih oue, totaling 500 kV.
Each 125--kV generatcor consists of a pulse-charged two
element lumped-constant line. An escsential feature of
the circuit is fast charging frem Marx generators
throush the inductance of the Ma=zx and of the connect-
ing cable systen. The load swit :hes are fired when the
voltage on the lumped-constaat liae reaches 125 kV, at
this time the voltage is still rising rapidly. At the
peak Joad current atout 300 kA is contributed by the
charging current fren the Marx btank and 500 kA comes
from the capacitors of the lumped constant line.

Iwplosion Heating Expericent

The primary goal of the implosion heating experi-
ment is teo study the phvsic.. of the iunitial implosion
of a theta pinch; therciore, 1t is desirahle to provide
sinple reprocducible conditions [or the = irunetic ticld

during the irplosion. We have chosen to u:: »  _early
as possible a square current pulse, raisiug the rmagnetic
field inside a ~ 400-c~dianeter tube to 1 T with as

short a rise as possible and maintaining it for ~ 5C0
nsec, somevhat longer than the anticlpated Lumplosion
time. The coil length has been chosen to be 1 @ so as
noz to lose too large a fraction of the lons through

the ends of the coil during the implosion. The coii

current requircd is then U0 k.

LASL theta pinches have coustly been operated with
an initial electric ficld at the inside of the discharge
tube of ~ 100 kV/z. We hepe to raise this in the fu-
ture to -~ 200 kV/i, so the present experiment is de-
sigred for that ficld strength. This requires ~ 200
kV/m, so thc present expericent is designed for thac
field strength. This requires ~ 250 kV around the
400-tim~diameter tube, dnd it wust be applied to an
inploding plaswa which has a non~linear resistive im=-
pedance of ~ 0.3 i« during the first part of the im~
plosion. The resistive plasza inpedance is actually
the result of a rapidly increasing inductance of 0.3
tifsec causced by the effcctive increase of coil area
acconpanying the ioplosion «f a current sheath separat~
ing preionized uniagnetized Jeuterium plasma from the
wagnetic field. We have assumed, for design purpeses,
that the plasma Interacts with the magnetic pisten by
a bounce wmodel, i.e. that in the coving {raze of the
piston, ions are elastically rcflected. This gives
the maximum possible mowmcentum eransfer and thus the
slowest inward sheath velocity possible. The 0.3 i,
plasma impedance cited above corresponds to a filli‘o
density of 102! deuterons/m3. A snowplow modei for
the imploding plasma, or any substantial amount of
field diffusion, leads to a larger effective plasma
impedance,

Our first idea for a pulse generator to operate
the experimcnt was mylar stripline Blumleis generators,
uJ-.LOuu:b vite jead UL cne LarLiiling bLuUp‘ ana vwLuers
studying collisionless shock phenomena ia theta-pinch
geometry. Our experiment differs L[rom these earlier
ones in that we hope to use 100 to 000 timcs tihe plas-
ma density at several tunes the magnetic field strength.,
The higher density of our plasma gives it & lower im-
pedance according to either tlic bounce or the snowpiow
models. If, as seems likely, field diifusion is smaller
at higher density, this also will lower the effective
plasma impedance. The result is that our generator
izpedance must be several times lower than that of the
Garching cxperiment in order to apply a reasonable
fraction of the jenerator exi to the load. A Blumlcin
generator 1s arranged with two line sections in series
50 that its effective izpedance is twice that of ¢
lines. This is compensated to some extent because ¢
delivers twice the charging voltage. The Garching - .-
periment is driven at four fced slots each ore being
fed by a Blumlein generator using &44-m-leng line sec~
tions 1.5~ wide, insulated with 2 ma of polyester
film, and Immersed in water. 7The lines have 0.29 i
imp.dance and are charged to 125 kV. The total eaf in
tiie circuit is then 10° V and the gencrator impedance
is ~ 2.3 i{» 1In order for this generator to drive 800 kA
through our load it wouid have to be charged to 260 kV
instead of 125 kV. Presumably it should then hove
double the insulatfon thickuess and, to have the same
irpedance, it would have to be 3-m wide. This seezed
difficult, although in principle it could have been
done. An unattractive feature ot Blumlein generators
on our low~inpedance load is chat fallure of preioniza-
tion or firing onto an evacuated discharge tube would
apply nearly all of a ~ 2 MV eut to the coil, so0 as to
make insuvlation flashover and tube destruction likely.

An alternative scheme using simpple transmission
lines, switched at the lower end, suifcrs from the same
disadvantage of bulk as the Bluzlein system. It is not
subject to the voltage doubling problem, but the lines
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