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ABSTRACT 

A s imple  explosive-driven flux compression sys tem i s  

descr ibed f o r  producing. magnetic fields in the megagauss range. 

The flux-trapping device i s  a seamless  hollow stainless  s tee l  

cylinder driven by a r ing of explosive. The initial field is 

introduced by a coil pa i r  supplied by a 90 kJ capacitor bank. The  

' 

assembly is readily evacuated. During implosion, the experimental 

volume is f r e e  of objectionable debr is  and asymmetr ies .  Peak fields 

of 1 . 2  and 4 MG a r e  achieved-in working d iameters  of 8 . 9  and 3.2 mm,  

respec t ive ly .  The usable length i s  about 15 m m  at  these fields.  

Several 'possible  applications a r e  mentioned. . 
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The use  of explosives makes it possible to achieve multi- 

megagauss magnetic fields in smal1,but usable working volumes. 

Previous publications1 J discuss the principles and techniques 

involved. Briefly, an  axial magnetic field is induced within a 

hollow conducting cylinder o r  l iner  by discharging a condenser 

bank through adjacent coils.  A ring of explosive around the l iner  

is detonated on the periphery. The resulting implosion drives the 

conductor radially inward, compressing the initial field to high 

values. 

There  a r e  severa1,different techniques for  introducing the 

initial field into the l ine r  volume and then trapping the flux during 

the implosion. One method is to use a coil internal to a copper 

l iner .  The l iner  must be slotted and the slot insulated in order  to 

b 
admit the flux. This  slot is then closed to  make a good electrical 

contact when the detonation front reaches the l iner .  Some of our 

highest fields have been reached with such a system, and it  is very 

useful for  some experiments.  However, it has ser ious  drawbacks 

for  many physics applications. The presence of the coil within the 

high field volume. gives r i s e  to jetting and perturbations of the l iner  

surface during implosion. Such perturbations may destroy the 

experimental assembly before maximum field is achieved. Also, 

the lighter insulating material  tends to run ahead of the conducting 



surface.  This  debris  in the high field region is undesirable in many 

cases .  The slot in the l iner  causes s imi lar  diff.iculties during 

implosion. Finally, it is often necessary to evacuate the l iner  

volume to prevent gas shock waves o r  to  provide cryogenic insulation. 

It is difficult to make vacuum-tight assembly with an insulated slot.  

, It is evident that techniques which use  a slotted l iner  o r  a 

coil beneath the explosive charge have limitations. The ideal system 

should have a seamless  l iner  with the initial field introduced by coils 

on ei ther  side of the explosive. One can use a dc field with a highly 

conducting l iner ,  o r  a slowly r is ing pulsed field with a poorly conducting 

l iner .  We have chosen the l a t t e r  method since it lends itself to higher 

fields with the energy sources  available. The l iner  mater ia l  used is 

18-8 stainless  steel.  It is sufficiently resis t ive to allow establishment 

of the slowly rising initial field, but conductive enough to t r a p  flux 

during the much more  rapid implosion. 

Figure 1 sh0ws.a typical shot assembly. The 347 stainless  s teel  

l iner  is 4-114 inches in outside diameter  and 4 inches long. The wall 

thickness is varied to suit the experiment. The explosive is a ring of 

1 ' Cvr~ipvsition B , 9-114 inches in outside diameter,  3 inches long, and 

4-114 inches in inside diameter .  Twenty-five detonators a r e  equally 

spaced around the outside in, the midplane. The coils on either side of 

the charge consist of 8 turns  of 114 inch by 1 / 10 inch Formvar-coated 



wire on phenolic forms. The field probes o r  other apparatus a r e  

supported by the Lucite end caps. The assembly is easily sealed and 

evacuated. 

The coils a r e  energized by a 435 pF, 20 kV capacitor bank. 

Peak field i s  reached 160 to 205 psec after the bank is triggered, 

depending upon the liner thickness. With 1 6  kV on the capacitors and 

no l iner ,  the field is 33 .  5 kG on the axis in the midplane. A 1 / 16 inch 

wall l iner  r-educ'es this field to 2 5  kG. A 1 / 4  inch l iner  gives only 14 kG. 

The detonation is timed so  that the l iner  s ta r t s  to move when the initial 

field is at i ts  peak. 

The magnetic field achieved for a given explosive-liner configuration 

during implosion is proportional to the initial field up to the point where 

the magnetic pressure  begins to slow down the liner.  In fact, the theory 

indicates that the pressure becomes sufficient to reverse  the l iner  motion, 

setting an upper limit on the field obtainable. The present systems, with 

initial fields of only a few tens of kilogauss, a r e  limited more by the 

degree of symmetry of the implosion and the diameter into which experi- 

mental arra~lgements can be squeezed. 

It is useful to define a field compression ratio CY which i s  the ratio 

of the compressed field to the initial field. For  the fields used here, 

cr isindependent of the initial field. This quantity & is plotted in Figure 2 

against the time after the f irst  l iner  motion. It i s  evident that the time 

scale of the field buildup can be varied by changing the l iner  thickness. 



The highest fields a r e  attained by the 1 / 1 6  inch thick liner,  since the 

initial field is higher. For  an initial field of 25  kG, a field of 1. 2 MG 

is obtained in a working diameter of 8 . 9  mm. The usable length is 

about 15 mm. For  an initial field of 20 kG, a field of 4 MG is 

obtained in a working diameter of 3 . 2  mnl. This la t ter  case corresponds 

to an a of 200. The.high compression ratio indicates excellent implosion 

symmetry. We a re  increasing the capacitance of our bank in order to 

reach still higher fields in the same volumes. 

There a r e  a number of applications for this high field system. 

At present, W. B. Garn is completing measurements on.the Faraday 

rotation in quartz us ing the mercury green and blue lines. The 

experimental assembly consists of a mercury lamp, a polarizer, a 

quartz cylinder 5- 10 mm long, a second polarizer, an interference 

filter,  and a photomultiplier detector. A s  many a s  two full rotations 

have been observed at fields up to 1.8 MG. Since air shocks cause 

the quartz to luminesce, it is necessary to evacuate the l iner  for this 

experiment. 

We also a r e  exploring the feasibility of measuring Zeeman 

splittings with a sweep spectl.ugraph and magnetic susceptibilities 

with balanced pickup loops. 
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Figure Captions 

Figure 1. Cross-section view of a typical shot assembly. 

Figure 2 .  Field compression versus time curves for  the cylindrical 

implosion of stainless steel l iners.  cu is the ratio of tlie compressed 

field to the initial Eield. Time is measured from the first detectable 

l iner  motion. 
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