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The Abrikosov-Mendelssohn' theory describes the hard superconductor of the second 
kind 'in the mixed state as a multiply connected structure of supercurrent filaments 
orthogonally penetrated by an array of flux vortices of diameter o f  the coherence 
length. 
through the "hardening process ," which made the surface energy for boundaries between 
the two phases negative. On the one hand, this has improved the current-carrying 
capacity in these materials to such a degree that superconducting magnets became fea- 
sible. But, on the other hand, it also enhanced their instability since no positive 
boundary energy inhibits the propagation and growth of the normal phase zones propaga- 
ting as "flux jumps" in the superconductor. . 

The coexistence of the noma1 and superconducting phase has become possible 

With changing field and/or current density, the density of fluxoids changes and 
the vortices move through the superconductor in or against rhe direction of the Lorentz 
force. This flow is not a continuous movement but an erratic one, since the vortices 
display an affinity to crystal defects rind lattice imperfecrions. Within the course 
of this discontinuous, rapid movement, joule heat is being dissipated, heating the 
superconductor locally. If this heat is allowed to accumulate, it can form macroscopic 
normal zones -macroscopic in terms of the coherence lengths -which propagate as 
"flux jumps" through the superconductor until their propagation is impeded by the 
rapidly rising specific heat, or until they have driven the total superconductor nor- 
mal. 

The condition limiting the formation of macroscopic normal zones is that the 
electromagnetic diffusivity has to be smaller than the thermal diffusivity. 
portance of these two quantities was first discussed by FurthZ in connection with 
pulsed magnets. 
magnets. 
ible with the coherence length. 

The im- 

Kim3 discusses their relationship macroscopically for superconducting 
It is also essential to secure this condition on a microscopic scale compat- 

One approach in this direction is to divide the superconductor into very fine 
filaments embedded in a metal matrix of high thermal capacity and thermal and electric 
conductivity. This approach finds its limitations in the Wiedemann-Franz l a w ,  which 
governs the ratio of thermal to electrical conductivity in metals; the low strength of 
ultrapure metals used as stabilizers on superconductors., which introduce severe mechan- 
ical support problems in high field magnets; and fabrication technology, since a metal- 
lurgical bond of higfi electrical and thermal conductivity is required between the 
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superconductor and i ts  s t a b i l i z i n g  metal. 

d e n s i t i e s  within the superconductor i t s e l f  , at t h e  same f i e l d  and temperature condi- 
t i ons .  Voluminous c o i l  windings with t h e i r  inherent  mechanical and thermal problems 
are . the ,consequence. 

This approach usual ly  l eads  t o  average cur- 
. r en t  d e n s i t i e s  within the coil-winding body, which do 'no t  exceed 10% of the current 

There appears t o  be a second in t r igu ing  p o s s i b i l i t y .  W e  have seen above t h a t  the 
bas i c  problem of s t a b i l i t y  i s  the heat of d i s s i p a t i o n  associated w i t h  t h e  discontinuous 
movement of the fluxoids.  
fore  i t  can accumulate i n t o  macroscopic normal regions.  The p r i n c i p a l  questiorf, there'- 
fore ,  i s  how t o  ex t r ac t  t h i s  heat most expediently.  It has been pointed out - f o r  
instance,  by Hancox4 - t ha t  the thermal capaci ty  of l i qu id  helium is  more than one hun- 
dred t i m e s  g rea t e r  than tha t  of NbgSn. Several. experimenters4~5 have demonstrated 
tha t  porous s intered cylinders of Nb3Sn could be s t a b l e  against  f l u x  jumping f o r  f i e l d  
changes up t o  50 kG i f  l i q u i d  helium i s  admitted f r e e l y  t o  the pores.  Within the  s in -  
tered material, Claude achieved 150 kA/cm2 current densi ty  at  50 kG i n  such a s intered 
cylinder by c i r cu la t ing  l i q u i d  helium through the material, without any f lux jumps oc- 
curring. 
c r i t i c a l  helium, but w e  believe t h a t  before one should proceed i n  t h i , s  d i r ec t ion ,  one 
should f i r s t  invest igate  the unique p o s s i b i l i t y  nature  has provided u s  f o r  t h i s  very 
problem. One should at tempt  t o  e x p l o i t . t h e  unique heat t ransport  mechanism of super- 
f l u i d  helium, which can set up heat flows of several W/cm2 over temperature gradients  
of only mill idegrees with very s m a l l  losses ,  and.possibly even no l o s s e s  at  a l l .  

S t ab i l i z ing  a superconductor means t o  remove t h i s  heat b>e- 

These resul ts  should encourage one t o  attempt s t a b i l i z a t i o n  of Nb3Sn by super- 

One has t o  separate careful ly  the above e f f e c t s  from those which are due t o  the 
increase i n  current-carrying capacity with decreasing temperature. 

We have s t a r t e d  experiments aiming a t  the observation of He I1 microstabi l izat ion 
of Nb3Sn. A s  a f i r s t  s t e p ,  we have constructed two iden t i ca l  solenoids ,  consis t ing of 
two counterwound s p i r a l s  of 100 tu rns  each. The ove r -a l l  dimensions are 2 i n .  i .d . ,  , 

34 in .  o.d., and 1-1/32 in.  ax i a l  length. The first solenoid w a s  wound with RCA-R-160322 
s i lver-plated 1200 A at 100 kG niobium-tin vapor-deposited superconductor. This ribbon 
was wound interleaved with a s t a i n l e s s - s t e e l  r ibbon of 0.001 i n .  x 0.4 in.6 
second c o i l ,  w e  removed the s i l ve r -p l a t ing  completely - by chemical means - laying bare 
the niobium t i n .  The space vacated by the silver and s t a i n l e s s - s t e e l  ribbon was f i l l e d  
by f ibe rg la s s  c lo th .  The f i r s t  c o i l  w a s  i n i t i a l l y  operated a t  4.2OK i n  boi l ing He I. 
The c o i l  could be charged up t o  about 50 kG a t  a current  densi ty  of 40 kA/cm2. 
the charging process, "flux jumps" could be observed with a magnitude of up t o  50 mV. 
I n  the second experiment, the c o i l  was again charged, but at a temperature of 1.85'K 
i n  superfluid helium. 
w a s  the  noise reduction during the charging process.7 Only small " f l u x  jumps" with an 
amplitude.of abbut 1 mV could be observed. 
t i on  below the l ' i m i t  of d e t e c t a b i l i t y  of our system,. which was about 10 &I?, during the 
charging of the second c o i l  a t  1.85OK i n  supe r f lu id  helium. 

.w i th  the second c o i l  any higher current  d e n s i t i e s  o r  f i e l d s  than wi th  the first one, 
s ince we had t o  leave the s i l v e r  on the  very ends of the superconductor ribbons i n  

In  the 

. During 

The most pronounced d i f f e r e n c e  between these two experiments 

This noise  l e v e l  experienced fur ther  reduc- 

We have not  ye t ' a t t a ined  
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order to solder the joints and possibly because the superfluid had access only to the 
surface of the vapor-deposited layer. 
ed from "flux jumps" propagating from these joints into the spirals, but we feel that 
the most significant observation of this experiment is the complete elimination of 
"flux jumps" propagating partially through the coil during charging operations, which 
suggests to us that we may have been successful in preventing the development of macro- 
scopic normal zones. 
interpretation is justified. 

We have evidence that the second coil was quench- 

Further investigations are in progress to clarify whether this 

The author is greaely indebted to J.J. Davids and R.J.  Diaz €or their skilled 
experimental assistance. 
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