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The goals of the LASL implosion-heating experiment 
are to learn r̂ ore about the physical processes involved 
in the initial implosion of a theta pinch ar.J to find 
ways of enhancing the amount of implosion heating. The 
design parameters chosen ior the experiment are: an 
initial plasma density of 10'^ deuterons per en3, a 40-
cra-dia:::ecc:r discharge tube, a coil length of one-meter, 
an initial electric fieid of 2 kV/em applied to the in
side of the discharge tuic, and a magnetic field of 
10 kG having a fast ri;>t;ti.i:e and lading for 500 nsec. 
This experiment differs fro:.i the colli.sionless shock 
experiments which have been conducted over the past few 
years at other laboratories; in that ve have a much nifti
er initial plasr.a density. The higher densiry reduces 
the effective impedance of the plasma and thus requires 
a lower irpedar.ce current source. 

The unusually l.-.rj-.e diameter for a theta pinch is 
designed to allow time and distance for study of the 
implosion process, but it has the disadvantage of re
quiring a volc.ige of 250 kV around the. discharge tube 
in order to attain the desired field of 2 kV/cai. At 
the 800-kA design current (10-kG raagnetic field) the 
pla&raa impt-dance is calculated (as described below) to 
be about 0.3 il. 

The design of a high-voltage pulse generator which 
nieets these requirements is described, iysteras which 
have been considered are: 1) Mylar-insulated stripline 
Blur:]ein generators, 2) sirjple Mylar striplines, 3) con-

iiiTjiated coaxial transni-sion lines, 5) capacitors, 
and 6) lu;n;.ed-constant transmission lines. The systea 
finally selected is a hybrid of a peaking-capacitor 
syscea with a curtailed, lumped-constant delay line. 
All systems i.ere investigated by computation, mostly 
using the KET-2 code. The calculation takes into ac
count the changing impedance of the load due to the 
motion of the imploding plasma sheath. Plasma dynanics 
were simulated using the bounce niodel, which assumes 
perfect elastic reflection of all ions from impinging 
magnetic piston. 

The final design employs four coil feed points 
with a 125-kV generator at each one, totaling 500 kV. 
Each 125--kV generator consists of a pulse-charged two 
element lumped-constant line. An essential feature of 
the circuit is fast charging frcm Marx generators 
through the inductance of the Marx and of the connect
ing cable syster.i. The load swit :hes are fired when the 
voltage on the lumped-constant liae reaches 125 kV, at 
this time the voltage is still rising rapidly. At the 
pe3k load current about 300 kA is contributed by the 
charging current frca the Marx bank and 500 kA cones 
froti the capacitors of the lumped constant line. 

Implosion Heating Experiment 

The primary goal of the implosion heating experi
ment is to study the physic, of the initial implosion 
of a theta pinch; therefore, xt is desirahle to provide 
staple reproducible conditions for the li.-nutic field 
during the implosion. Ke have chosen to u; •• •'• .early 
as possible a square current pulse, raislv.g the magnetic 
field inside a ~ 400-;.i,'-diaaeter tube to 1 T with as 
short a rise as possible and maintaining it for ~ 500 
nsec, somewhat longer than the anticipated implosion 
time. The coil length has buen chosen to be 1 m so as 
not to lose too large, a fraction of the ions through 

the ends of the coil during the implosion. The coil 
current required is then BOO kA. 

LASL thet.'i pinches have mostly been operated with 
an initial electric field at the inside of the discharge 
tube of <- 100 kV/c. We hope to raise this in the fu
ture to — 200 kV/u, so the present experiment is de
signed for that field strength. This requires ~ 200 
kV/'m, so the present experiment is designed for that 
field strength. This requires ~ 250 kV around the 
400-nn-dianeter tube, and it oust be applied to an 
imploding plasma, which lias a non-linear resistive im
pedance of ~ 0.3 i. during the firs.t part of the im
plosion. The resistive plasc.a impedance is actually 
the result of a rapidly increasing inductance of 0.3 
li/sec caused by the effective increase of coil area 
accompanying the implosion ci a current sheath separat
ing preionized uncagnetized c'euteriuia plasma from the 
magnetic field. i>'e have assumed, for design purposes, 
that the plasma interacts with the magnetic piston by 
a bounce taodel, i.e. that in the moving frame of the 
piston, ions are elastically reflected. This gives 
the maximum possible comentua transfer and thus the 
slowest inward sheath velocity possible. The 0.3 i. 
plasDia impedance cited above corresponds to a fillii „ 
density of 10 2 1 deuterons/n3. A snowplow nodei 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 experiment was mylar striplfne BJumiein generators, 
i'oliouung tile lead ui Lite uaLC;:in>; giuup- una utners 
studying collitionless shock phenomena in theta-pinch 
geometry. Our experiment differs from these earlier 
ones in that we hope to use 100 to 1000 tiacs the plas
ma density at several tjr.es the magnetic field strength. 
The higher density of out plasma gives it a lower im
pedance according to either the bounce or the snowplow 
nodels. If, as seeais likely, field diffusion is saaller 
at higher density, this also will lower the effective 
plasma impedance. The result is that our generator 
impedance tuuet be several Lim.es lower than that of the 
Garching experiment in order to apply a reasonable 
fraction of the i,°nerator eaf to the load. A Blumlein 
generator is atrar.gtd with two line sections in series 
so that its effective impedance is twice that of t; 
lines. This is compensated to soiae extent because t 
delivers twice the charging voltage. The Garching 
periment is driven at four feed slots each one being 
fed by a Bluailein generator using 44-m-leng line sec
tions 1.5-m wide, insulated with 2 na of polyester 
film, and immersed in water. The lines have 0.29 ij 
imp-dance and are charged to 125 kV. The total eaf in 
the circuit is then 10° V and the generator impedance 
is <~ 2.3 U In order for this generator to drive 800 kA 
through our load it would have to be charged to 260 kV 
Instead of 125 kV. Presumably it should then h<?ve • 
double the insulation thickness and, to have the same ; 
impedance, it would have to be 3-a wide. This seeaed ; 
difficult, although in principle it could have been , 
done. An unattractive feature ot Bluslein generators ; 
on our low-l&ped.ince load is thit failure of preioniza-
tion or firing onto an evacuated discharge tube would 'i. 
apply nearly all of a ~ 2 MV euf to the coil, so as to 
nake insulation flashover and tube destruction likely. 

An alternative scheme using simple trtinscission 
lines, switched at the lower enu, suffers from the saae 
disadvantage of bulk as Ike Jslualeiu system. it is not 
subject to ciie voltage doubling problem, but the lines 
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