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PROPAGATICN OF MiXED'SEATE PHASE BOUNDARY
IN TYPE-IT SUanCOVDJCLO?

R. G. 'Boyd
Inorvanﬂc Materials Research Division, -

Lawrence Radiaticn uaboratory, University of California
Bermeley, California

Octobe* 1965
Reoenuly R B Fllppenl renorted s ame measurements on the velocity
- of magn retic field penetratloq of thlck-waITed cylindrical. type IT saperu

\

conductoref'AIn”thQSVIetter wve derive‘an expre551on for the.ve;oc1ty in
thick slabs;?'" | | |

'Cepeidef a semi-infinite solid extending in the positive x-directien
vwith?ite‘eurfecevat_x’é 0. We turn on at ¥ = O an external magneticifield '
H‘parellel:to thé surface,AWith constant sweep rate g; Flux initieally
peneﬁrates”ét & field which we shall cdneider to be negliglbly low, eﬁd
thereafter,the mixed‘sfate phase boghdafy prépagetes to the riéht with
some #elocity §L‘ We”shall»assume‘that'the external field H‘is less than.
H02

__normal phase chaSihg the mixed state Phase.

during the time region of interest,'to avold the appearsnce of a

As in fhe typeEI_eu@erconductor case)2 the motion of the phase
“boundary is centfolled ?yvedd& curreﬁts in'thevpart of the metal which
is pehetretedfﬁy'fluk;g We shall assume that the ielation-between current
J and elecuric fleld E geven by Xim et al ? is oﬁeyed;,

J =,J (5, E)/(OT) o (1)

Thls relation fails. to hold vhen J or H are too large, tat the limits of

"

applicabllity must at present be established exnerimentaily for each

specimen. In general, it holds over the widest range in K if T/m < 1,



H ., ~ O, and the H , of the specimen is not paramagnetically limited.

cl c2
The limitation on current is still an unknown guantity.

Introducing the vector potential A, we get from Maxwell's equations

in our one-~dimensional case

aca b T I Ho aa/at | (2)
2°¢ |TY% e &/&
ax

To make the problem tractable, we assume that the resistive critical
current J is constant, as in the naive form of the Bean model.
The equation is non-linear, but has a simple wave solution. If we

assume A = A(x-vt), then we find

b /. HcQV‘\ \ '
B= -7, + = ) (x=vt)a _ (3)

The magnetic fleld is linear in x and translates to the right with
veloclty v. The current is wniform throﬁghout the mixed state region.

When HG is not negligible however (as at fhe phase boundery itself),

1
then physical intultion suggests the presence at the phase boundary of
a "surface current" of order of megnitude (chl)/(hﬂ).

It Jc = 0, then

o DC2 o . )_!,
A | ()
c2
whereas if Jc is large, then
9 .
cH '
A - (5)

Since the resistivity eppears only in the ratio p/HcE, the veloclty v

is independént of resistivity in the dirty limit, in contrast to pro-
pagation velocities in normal metél vhere v « p,.

No de%ailed comparison between our results and‘Flippen’s data is
possi?}e. We have been unzble to solve the equivalent equations for a

thick walled cylinder. Furthermore, in his specimen of Nb we cannot
i




consider Hcl to be negligible, nor can we assume that only the mixed
state phase is present, since it appears that the external field may

have exceeded Hc2 bYefore vthe wave front reached the interior of his

cylinder. Nevertheless, our expression for v gives the correct order of

magnitude for Flippen's results on Nb 25% Zr, and we have accounted for
the fact that phase velocities in his experiment on Nb depernded only
weakly on resistivity.

We suggest that subsequent experiments be performed on thin-walled

> H
c

cylinders of substances with negligible pinning and with Hc2

3
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