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Flux Jump Size Distribution in Low-K Type II Superconductors 

C. Heiden *t 

Department of Physics, University of California, Berkeley, California 

and 

* G. I. Rochlin 

Department of Physics and Inorganic Materials Research Division, 
Lawrence Radiation Laboratory, University of California, 

Berkeley, California 

Abstract 

The size distribution of non-catastrophic flux jumps in cylin-

drical specimens of Pb + 2 at.~ In alloys in an axial, homogeneous 

linearly swept magnetic field has been measured as a function of 

field at 4.2°K. The distribution was found to be of the form 

N(¢) = N(O) exp(-¢I¢), where the mean bundle size ¢was of the order 
. 2 4 

of 10 ¢ to 10 ¢. The fraction of the entering flux participating 
~ . 0 

in the jumps was found to have a field dependence approximating that 

of ¢. When surface superconductivity was present, the jumping per-

slsted up to H 
°3· 
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It is well known that the magnetic flux entering or leaving a solid' 

cylindrical specimen of a Type II superconductor in.an external, time 

varying axial magnetic field may do so by means of "flt& bundles" composed 

of many individual fluxoids. Previous papersl ,2,3 dealing with flux 

penetration have reported primarily the occurrence of giant jumps of the 

order of 108¢ (¢ = elemental fluxoid ~ 2X10-7 Gauss-cm2), which arise .
o 0 

from thermal runaway. 4 

We wish to report the measurement of the size distribution of flux 

4 jumps over the range - lo¢ to - 10 ¢ as a function of magnetic field o 0 

for low K (-1.5) specimens of Pb + 2 atomic ~ In at 4.2°K •. 

The specimens were in fheform of circular cylinders approximately 

60 mm long and 1.2 mm in diameter. They were prepared from 99.999% pure 

-6 metals by melting for several hours in a vacuum of 10 torr, quenching 

in liquid nitrogen and cold drawing through a die. They were then 

chemically polished and stored at 77°K until used. The samples to be 

measured were placed in a homog~neous axial magnetic field generated by 

a compensated copper solenoid. Flux jumps were measured with a small 

tightly wound pickup coil as the field was swept. Fig. l(a) is a 

schematic diagram of our apparatus. The voltage puises induced in the 

pickup coil by a flux bundle entering or leaving the sample were first 

electronically integrated and then converted into a narrow pulse whose 
. 5 

height was proportional to the number of fluxo1ds in the bundle. The 

size distribution of the bundles was then obtained directly by means of 

a 400-channel pulse height analyzer. In order to accumulate good 

statistics over any narrow region of magnetic field, the field was 

{I 

'I 
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.•..•... swept'· up and down linearly from a~nlail·initi8.1;valuebelow H~ to 
.' ..•...... ' ";."'.' .. '.1 ',' 

, ' .. :: .. , .... :' . field~above Hc • 
.' " 2 

Since the magnetizati'on loops were closed, We could' ...... . 
J...... . T' 

. . 

repeatedly take data over any. convenient narrow field interval, using 

.' :"a gate to block the analyzer in all but th~ .preselected region • Our 
.; .. 

·basic sweep rate was 10 Oe/sec.; the data were not altered by raising 

this rate to as high as 100 Oe/sec. The lack of dH/dt dependence in-

: r· •. 

dicates that thermal relaxation effects due to the heating produced by 

a flux jump played no significant role in our distributions. The size' 

of a jump thus appears to be determined primarily by the pinning. 

The results of a typical run are shown in Fig. l(b). The size 

distribution asymptotically approaches the form 

(1) 

which defines the mean bundle size, ~, for each curve. The two dis

tributions shown in Fig. l(b) were taken on the same sample at different 

values of H. In all cases, we observed deviations from a true exponen-

tial behavior at low values of~. Some of this deviation can be ex

plained by the finite length of the flux bundles.6 As the pickup coil 

is 1 mm in length, there will be a geometrical factor tending to in

crease the number of counts at low ~ values, due to having a bundle 

linking only part of the coil. Amplifier noise and the presence of 

very small bundles having few fluxoida will contribute only to the 

first several channels, which we have omitted from the data analysis. 

It seems very likely to us that, even after making the corrections 

above, there are still excess counts (with respect to the exponential 

distribution) in the low channel numbers, which are most probab~y due 

to the small jumps taking part in 'flux flow and creep.7 

.... , (]II" 

'. ~ :.,". 
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From the mean bundle size, ¢, defined by Eq.(l) and the intercept, . 
NCO), of the extrapolated exponential distribution, we may derive the 

fraction of the flux which enters the sample in large bundles. Defining 

the total flux which entered the specimen up to a field H by 

H 

~T = f , (2a) 
o 

defining the flux which entered the sample via the jumps which followed 

the exponential distribution by 

(2b) 

and ,noting that:; ~T and ~J can be determined from the magnetization curve 

and the jump size distribution, respectively, we can then determine the 

contribution of the flux jumps to the total flux entering the sample, 

d~J/d~T' as a function of H. 

Fig. 2 shows M,¢ and d~J/d¢T as a function of H for flux entering 

8 an unannealed sample with a polished surface. The distribution of 

d¢J/d¢T vs. H is quite similar in shape to the ¢ distribution, which 

indicates that the number of bundles entering the sample does not vary 

markedly as a function of H, although the proportionality factor seems 

to alter ~ear Hc. The rapid rise in ¢ above Hc is believed to be due 
2 1 

to the distribution of pinning forces, las a bundle cannot move until the 
" 

driving force overcomes the pinning. Both the magnetic pressure a~d 
I 

the average flux line density increase sharply above Hc , leading to 
1 

flux jumps whose average size increases with H in qualitative agreement 
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with our results. The rapid drop in bundle size near Hc can be explained 
2 

by toe increasing "rigidity" of the fluxoid lattice due to the strong 

interaction between fluxoids at small distances. This should greatly re-

duce the effect of a pinning site by making it more and more energetically 

unfavorable to create a perturbation in the regular flux line array as the 

field approaches Hc.9 Less easily understood is the observation that ¢ 
2 

rises sharply again above Hc in the regime of surface superconductivity, 
2 

peaks, and falls sharply once more as we approach Hc. Due to the critical 
:5 

role of surface preparation, ~his phenomenon has thus far only been ob-

served in a few samples. 

Fig. :5 illustrates the effect of electroplating -1000 A of Ni on the 

surface of the same specimen used to obtain the data shown in Fig. 2. The 

maximum value of ¢ was reduced by a factor of 6, but the contribution of 

the flux jumps to the total flux entry increased by roughly a factor of 4. 

The disappearance of surface superconductivity as seen on the M-H curve 

correlated with' the vanishing of visible flux jumping above Hc. The 
2 

s~ilarity of the ¢ vs. H curve to the d¢J/d¢T vs. H curve was preserved. 

The differences between Figs. 2 and :5 are presumably due to the destruction 

of the superconducting surface sheath by the Ni plating, which should 
! 

also drastically reduce any surface pinning. 

The .ultimate sensitivity of our apparatus is limited by amplifier 
/ 

noise to -10¢ at present. The actual sensitivity varied from sample to o 

sample, depending on the height-to-width ratio of the pulses induced in 

the pickup coil by the jumps.10 On samples with long low pulses (slowly 

entering bundles) the sensitivity decreases because the pulse integrator 

cannot trigger until the leading edge of the pulse exceeds the noise. 
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This will also tend to increase our counts in low channels, as the inte- . 

grator will then tend to start late and stop early~ Also, for low pulses, 

noise may cause the amplitude to drop below the threshold momentarily, 

causing a single pulse to be counted as several smaller ones •. Another 

",.,~. possible source of error is the accidental coincidence of two or more 

jumps. At our basic sweep rate of 10 Oe/sec, however, the probability 

of such an occurrence is extremely small, as the spacing between pulses 

as observed directly on an oscilloscope is much greater than the width 

of a single pulse. The lack of dependence of ¢ on sweep rate further 

reinforces this observation. 

For flux leaving the specimen, ~ is greatly increased for both samples 

when compared with ¢ for entering flux at the same H values. Although the 

size distribution appears to exhibit an exponential behavior, the small 

number of events requir~s what is presently an excessively long time to 

obtain good statistics. 

Further investigati~n of these phenomena, particularly the dependence 

on temperature and the possibility of size. effects are under way, and we 

hope· these will give us a better understanding of the mechanisms governing 

these effects. 

We wish to thank Prof. A. F .• Kip for his continued interest and advice 

and J. B. Kruger for his assistance in obtaining the data. 
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Figure Captions \ 

(a) Block diagram of the electronics used to measure the "flux 

jump size. For each jump the MeA puts one count in the channel 

corresponding to the flux contained in that jump. The position 

and width of the field region selected by the gate could be 

selected at will. 

(b) Distribution of jump sizes for an annealed sample. The 

data were plotted directly on a logarithmic scale. The hori-

zontal axis corresponds to 40 fluxoids per channel. 

The magnetization, M, mean number of fluxoids per bundle, 

'"CP/¢ , and the fraction of flux entering the sample via the 
o 

jumps, d¢J/d¢T' as a function of magnetic field for an un-

annealed sample exhibiting surface superconductivity. The 

vertical error bars represent the limits Qf the best fit to 

the slope of the asymptotic exponential distribution. The 

horizontal bars indicate the width of the region of magnetic 

field over which the data were'taken. 

Fig. 3· 'The magnetization, M, mean number of fluxoidsper bundle, 

cp/¢o' and the fraction of flux entering the sample via the 

jumps, d¢J/d¢T as a fUnction of magnetic field when the surface 

,of the sample has been plated with:: 1000 A of Ni. These data '~'. 

may be compared with those'shewn'in' Fig. 2. 
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