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On the Kinatics of Disrupting ;
Superccnductivity by a Variaole Field

by ]
I. M. Lifshits and F. I. Tsikovich
Report by 1] contains cjuationu , dctermining the kinstics of .disrupiion of
superconductivity of a cylindrical sam;ile by a iongi‘:udiual mgnetic field, and the
case of a constant field is discussed in detail, In experiment [2] were -obtained Lasic
results for a variable ficld with consideration of the relaxaticn effect. This report
has the purpose of givirg 2 more thorouéh explenatioa of tf:ese results with considarae
tion ¢ sample curvature and thermal effcets,
. rfar.l, Baczic Zguations
In the plane case, when the thicknecs zete of the normal phrese layer is omall in

coarparison with the radius R c¢f the sample, the process i3 described by follcwing

eguat {ous (3”[3"[2.] )? ;PH ’c‘ H

& =i 0<2<8: 0
C(te) = 0; ()
H oo = Ho (1); 3

. ’ 1
Heew= 1+ 595 0
oH 4: .
B o= =B 0. (8
Here s - spued of light; § = ncrmal conductica; Vo = relaxatioa coefficisnt of speed
dizension; z-distance from surface of sample; H(t) = out:r Jfelds H(T) - critical
field; T « tauperature ‘cn houndsry of phases, walch is concidared so far as a definite

function of time; ¢, = :éoment. when the outer field, as it rices, it att_aine for the
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firat tims values !!k('rb‘). where '.“o = T(%o) at ¢ ¢ t, cho seaple it in supirecnductive
Stat')c

The outsr fisll H;(z) =H, +H, sinwt (&

is periocdically a‘cquirilng values, highcr and lover than the critieal
(Hy /B To)=Hy /) , :
Tharks %o ths additional boundary ccndition (5) teking into considerat ion tre |
effect of supercscaductivity zons in disragar&ing the depth ‘S‘o of £i<1d%s ponetra-
tioa into ths superconducior (at tenperatures not very close to critical, &,~ 10-5 :cm).
the combixvlaticn' of equations (1l)= (5) s;/non.ymcusly detarmines the mapnstic field in a
normal layer, becaﬁse tt;e kin‘etics‘ of phase transitlion dces note éepeni upon the oclee-
trodypamics of superccaduciive state. The vue of tho Ohm law in equatiors (1), (5)
requires that zeta shculd be greater thon ths leugth L of the fres migration c? else-

' trons (2t temperstures under consideretion LA20"3 cm), Cona'equently’. the plane‘ approxi-
maticn has a zone of applicability nt R ) L (in the kaown t‘q usA experimmts R~ 107} -
102 cm), . l

The machanisn of._ superc_onductive' transition for Amrther agtion is non-essential;

itlis oaly sufficiert to t-sﬁ_mr.a tﬁat superconductivity succesds in fully recovering i
within a part of the prriod, when Bj £ By, This assumption needs ex}>>ivental counfir.
mafion, or it is principeliy possible , that at H,{ He on the :eurface is forasd a
thin supsrconduciive film, 1solating lthe magnetic flux 1n‘ normal leyer and preventing
in this way further re'st;n'at ion Of cuperconductivity.

Equetions (1), (35. (4) and (5) can be written in form of ono integro-differential
eé.uation. By determining the clsctric field E from oquatioas of electramagnetio ia-

duc t:l.on ani substituting the currert J =453 in the Maxwell equat 1on for rot_ﬁ we have

<
. -...!g;j,;;fﬂdz / ¢)

Footrote to eq.T)...l....at zeta " o' which in casze of low suporcrtthalmsn u

et fucties foee 8 ms..mm | .
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Integration of this eguet ion by 3 by the use of boundary conditicus (3), (h) gives
From Bere it is easy and physically descripthely to derive an equation of motion of the

rhase boundary in case of small supercriticalness, if we would write approximately

Be B(T)% _ Hy—p(TY) (u _H=I@y )
T T Hh(Ty ¢ M(Ty ' max]e
Ha (T)— 1, (Ty) (T~ T4) din/dT - t 2
o= Hx (T t= UN A A S L ®

l('l I

e\
E:T :=l-’-'- Tl—a‘—‘—a' lﬂ_v‘.‘.o .)

' 2etal
and disregarding member Axi'4 of second smallness mgnitude (delda xi' = ¥ L 1,

<4

v{u&l), ve obtain i
< < de ( e+ A =u—0, {0 =0 (; ___Z: ,

©
W+ = . Tl =0 (¢ =5).

Here u describes the change in cuter field, causing a phase transition, the remaining
membera - internal phencmena in the superconductor, determining the rate .of the boun-
darys xi xi‘-electramgnotic.'braking * (Foucault currents), lombda xi‘erelaxation,
v=thermal effects.

In inertialess (Vo— oo, 1 = 0, = 0) and isothermal (M T,, v = 0) cases (9)
coincides with equations, obtained in(l]and [’2] by decomposing into steps of small pa-
remeter. If for the obtainment of these equations the field distribution in normal

layer had to be approximated by a linear function

"—/lu(To){l -Lu-—(u—v—l." -- (q a,)

. then in this report it was found sufficient a more rough approximation H = const,
This is expléined by the fact, that in (7) fhe field H stands under the sign of the
integral, so that its values are *used * over the entire thickness of the normal lay
er 0/, szeta. while in (3) ~ (5), appoaring as the basic ones m[l.]andtz_] the
bcundary values H only 'participato'.
o TNIEIBTNTA was epplied inf4] to.the exceptional case of a constent field ,isothermal
_ condition and insrtialess motion,
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| Par ;2 elsothermal | C;ac
This case takes place at surficient heat transfer eithe into the surrounding me-
dium (eege when flushing the samplo He-II) or 1n the doep areas of the sample,having
considerable specific heat]' Since it 1s experimantally realizable, it permits full .
mthematical investigation, and that is wlv it 13 of most 1nterest.
In the role of basic unit it is proper to aeleet a period of the extarnal field,
t) = 20U /& ; then ry = "'}6‘ » Where

_c
V?..

(10)
depth of penetration of tic varisble field of frequency ( anto normal phnc”
(*skin depth®), The equation of motion of the boundary

5+ =u, {()=0 ' (n

is integrated in general form

‘E=‘;1/2j:ud:+_l'-—-l, HaN C=l/£—_§udz +8—1 (12)

% ' AN
Thé normal layer réaches mamem thickness s = ryxiy. . at the moment 7 , deter
minable as the first one different fram Y, root of equation u(Y) = 0 (Hy(t) = H.),
afterwnhich starts the restoration of superconductivity, If it does take place by reverse
motion the bMaries in conditions of "magnetic® supercooling the normal phare‘ withe
out formation of new nucle:l.z. remain in force the equations (11) ‘and (12), Thenm, if the
constant ccmponent of the outer field is greater than the critical yalue (no>0)‘ the
result of each cycle is irreversible disruption of superconductivity in the layer of
definite thickness, so that during the periéd of the final number of cycles there is
total disruption in superconductivity. In an opposite cass Hy L. Hk(b--uc> 0) toward
the 1n1tial moment of the socond cycle superconﬂuctivity succeeds in fully restoring
itself, and the process 1s periodic. Uhon B,)Bc * B (especially, when thore is no

l.Isothermicity criterion see par.l. ' }

2, For sufficliently high frequencies this hypothesis is Mehlv Pro\:lblo.bocnuu tho : j
origination of a mol{us requires finite time, . S . L ;

FTD-T1-62-1716/192 3 S o - | l




ccnatant component) in easch ceriod appears a cycle of diaruption-re_storation of s\;por
conductivity by the field of opposite direction, In the discuuod case gL.l. both
cycles do not cover each other, .
From equation (12) are obtained two specific cases:purely electramagnetic at zeta '
) 1 and purely relaxatiom at zeta £ 1. It can hardly be expected that 1 should be
- too mch greater than the length of the fres run of electrons (because Y, by ti:e order
of magnitude is not smaller than o2/4K6L'~ 10° cm/sec)); 1t 1s most probable
that 14 L (1~ 100 » 10'8 ecm), Consequently, the purely relaxation ::ase takes pl..ace,.
apparently vhen zeta Z_L, 1.6, not in the zone of applicability of equation
(12); consequently, the actual condition of realizing a purely relaxation -case dif-
fering from zeta((-l. obtained from (12) ‘

In purely electromagnetic case .
{= l 2J ude {13
. % . '

the frequency dependense of depth and rate of disruption of - . superconductivity

c~71_3, V~Vo {/J,,)

is obtained from deliberations of dimensionality and is not connected with the small
ness of supercri‘l;icalness (see[?] Yo We will underline, that these ratios take place
only upon disregard of sample curvature, by a change in its temperatur.e and relaxa-
tion, thaﬁks to which the nondimensional forrmlation of the problem does not inelude
R/r1 and )\, dependi:g upon e The obtaine;l frequency dependence correspands fo
the time dependence for the case of constant field (see[I]), if it 1s assumed that

t~ Vo '
_'me maximm ‘depth of superconductivity d_isguption

SGCV!.;—: nvﬁ;a; . (‘“

l.Here.a;.-.-en as for all other numerigal evaluations and calculations, the conduc-
tivity value was taken for tin,gy= 5.1 0 sec=!, For a majority of pure metals g
_is the sams, . -

FTD-TT-62-1716/1+2 o 'S




Here'p = Ty = Y = fraction of the period,uhich constitutes the time of disruption
in superconductivity, K Rf 0,65 (ses (18))- mean value of the. function wh 4in this

interval, 8 = smaller or of thc magnitude § , winereby its.ratio is:not disrupted even

"at greater supercriticalnesses, when “;{; changes into Vlne (see[2])'.‘ which grows
. extremely slowly, remaining of the order of 1 at all real values & The proportiomality

" of the depfh s of skin depth 8 indicates similarity in the disruption of surerconduct-

ivity énd pengtration of the field into normal metal, The fact isy, both phenomena are
described by one and the very same equation (1) and the boundary cendition (39) on the
surfacej only the iriitial condition (2) and conditions (4) and (5) on the phase boun-
dary differ from the corresponding ccnditions’ H/i-, 0 and H/z- 5 O for the case of
normal metal, However, if the field in normal metal decreasea.’avs' it gets a;vay farther
from the surface, quite rapidly, as is the case with the skin-effect, it is possible
to mtroduco by the order of magnitude thickness values zeta of the layer, in which
the field 1s localized, and then the phencmenon will be described by equations (1) -

(5). where it is only necessary to write H = 0, The .latter explains the dependence

_ of s upon the supercriticalness ¢ .

The rate of the phase boundary
' ) :
) , V=tat- (15)
The inverse dependence of V upon zeta explains the basic experimental result -
divergence of orders of speed magnitudes at total transformation of the specimen in

to normal state (ses[5]) and during disruption of superconductivity by a high frequency

field in a thin surface layer (see g] )o Pnysically this can be interprated, as a mich

measier *reduction® by the alectr‘mgn‘atic‘ field of a thin normal layer, The aiuraéo
rate ' e w . ‘
. V t...—l. I:VJ Vﬁ;“ ' "6)

To give an 1dea about tae order ot 'vanu- s and Y".z. at varieus freqnonciu ve

present the fonowing tablu

FID-TT-62-1716/1%2 6




o S
- cex—! 10—+ ] 10 108 10 108 108
sl}/?li;*oal-
=05 17 s . y
= :CM . 41011 1,7.10~1 15 4. 10~ 1,7.10~2]5 4. 10~ 1,7.10—
V‘,/ é—'“=
_ —ca |1 7.10~154.
=054 y/= 4 [17-10-50 10 ] 17 54 |11.10 5400 [17.500

Thée range of frequencies in which form.las (1)) and (16) are applicable, is limt-

‘ted by requirements LLséR. i.0, Omegu (R)éwé Omega (L)l'. where

2z Ge
as s (cu)
the frequency at which maxizum depth of superconductivity disruption equals s, At

2(s) = cex—t . | an

Rnl0"1. 10"'2 cm, L~ 10 -3 em, it glives
10 -+ 10° < w (cex—Y)/7¢ << 10°. ﬂ7a.)

The dependence upon relative values of constant and variable components and the

critical value of the field (i,e,upon b and¢ ) is contained in Y 9 and @ In this case

»

£
¢ and Yare the function of & = b onlys
1 1 ~{ V%= @<, .

o ACCEITERT 12 ok 1) a8
142 2 0667 (0,
X CIUSNUIPSY 35 '
ucea-l-—_‘_—; ’ —;=0.537 @>>1)

In fig.l are given graphs of functions a/m‘l 125‘.7,'.? and vaver/itwsa ‘XIZW%. :
The dotted line shows asymptotic curves,The correspén@ing epproximated forrmlas:

See page 7a for equasions 19 and 20

1, In addition to isothermal conditions, which alsc represent a frejuency limitation
(see (53)s (55)4(56))s The conditions of inertialessness s § 1 {,e w L. Cnega (1),
in confomity with above made statemonts, apperently, is coversd by requirement s) L,

FTD=TT=62-1706/1v2 =~ - . 7




Vﬂa b <), Vi; wd (b<e),

s Vep =< e e (19
V—V'Z'—,—‘ by | Vs ehbhwd (B> 6);
. f:‘—s, ® <o),
| (e | " o -
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In purely relaxation case
- t ot .
E=%—judz, ;=V.;fudt. . (1]
. % .
The physical sense of this approximation is explained, if we computs the rate
of the boundary ' Vo=V, Lot @

"Hfz=zeta Mg ' :
A comparison wita formla YV a V4 of ordinary case shows, that equation

(21) disregards the difference between the values of the field on the phase boundary
and on the surface of the sample.
Maximum depth and average rate of superconductivity disruption are determined oy the

following formilass ' . -

v | |
e Y VombVe @

il (R D H

Actually, the dependences upon frequency, supercriticalness and parameter ?e-uaé‘ Obe
teined different, than in purely electromagnetic case (compare (14), (16), (19), ine
stead of the dependence upon conductivity a dependence upon V, appeared,

In general case (12) ( zeta,., 1) the rate -

FTD=TT=62-1716/142 8



" (¥ gvem T : ~
f
V=VTW__$_TIW?)'(“PIMHM ()) | @0

(see (15), (22)). Maximum depth and averags rate

3""[[1/‘-;0(——2:—1—1].#‘,:2'—:-?-[‘/ L:.-(-Q+l—vl]=l~

= neVn [/ 1 1) @) = 16 W) @
st G/2keyg
Sg‘. a:‘ v ! ) .
| 4 : .
ofit L ,’ /, — :
s . NV AVe
\‘ I/ 4
2} .{\\\ : o2t ]
] \k‘ el
[ o 9
[ 62 o6 Q8 o8 10 Y} [ @ o4 06 08 10 o9

are presented graphically in fige,2,The dotted lines represent the above discussed spe-
cific formilas (1), (ié and (23). The dash-dots show curves, approximately considering
relaxation correction .( < l'./am -‘f‘;lﬂ (1)) to forrulas of purely electromagmetic
instance, The relaxation coefficient, presemting considerable interost for the micro-
scopic theory of superconductivity._ can be determined with the aid of measuring s or

Vaver in the range of frequencies, pemhiible for the present theory, provided it will

be possible to meke then quite accurately (summary relativ'o error, incluung also the
érr&a §f the experiment as wcil' as the Maq of our forn.nhl. should be, in any
event, mich lower L/L)e ° _ . o iy

Fare3e.Calculation of Curvature

In the case of a cylinder it is suitable to adept as basic unit '1ts radius, =
R; then t;= 1;5'(632/02 .k = 1/R, In dimemsionless variables the peoblem acquires the

form ofs

FTD-TT=62-1716/1+2 9 | ' !4_



Yall(e¥). vo<egh: )
Ul'_l=ll(‘!); (27) .
Ul =0 =1 (9 (28)
F o= — 0% @9
%(%) = 1. ) 30
Here
U, 9=t l) A= g @

r-current coordinate (radius in cylindrical system), a=e(t) = radius of supercondue-
tive core; disregarding the very same items, as in plane case, '

To derive an approrximate equation of motion of the boundary in case of low supercri-

ticalnesa we are employing the method[i’J . Transforning in equations (26) to independent

variables ?1‘,‘ vwe have

_Eliminating the nonlinear menbek ¢ dple=9 ™ 22 and by integrating twice with

consideration of the boundary conditions (27), (28) we obtain

e TRt S
Now (30), (31) give . S
iny—A)n = u—o, 7(zg)=l. @

. The very same result can be obtained by the method described in par.l of this re-

port. . ' : :
Confining ourselves to the isameric case, we integrate (33)s

l—at(l—=2In7) + A0 —7) =4 fude’ @9
: _ !

As it actually shoul be , at 1 -1 dal (33) end (34) are converted into equations
(9) and (12) of the plane approximtion, as discussed sbove, If 1 =7 ~l, as Af 1

FTL=TT=62-1716/142 ' - 10




the relaxation member can be disregarded, Consequently, if for a sample of ordinary

dimensions (R A\ 1) arises the need of considering the curvature , we have then a purely

electromagnetic case : . :
=W (4fuc)=weel) - @
LS . ’

+ (see (13)), Qhere \}J (v) is determined by the raéio

=Wt (1 —2h W) =w. ~ (36)

The, graphs of functions Cmega(w) is shown u@] » It decreases monotonocusly from
latw=0to0at'v=1, d0mega/dw at w = 0 and v = 1 transforms into infinity, anl at .
1
Omega = @ = 0,37, w1 -ﬁa? = 0,59 (bending point) has a min, equalling e/4 = 0,68,

Maximm thickness of normnl layer- .
S—R(I—WQEs/RY = R{I—V[22(R)e]} G

301id curve in fige3) is obtained greater,than in the plane case (dotted curve), In this
respect there is an increase in Vyyep.The coefiicient of 1ncrease rise monotonoualy
from lat S=0 to-ﬁ at S = R, Total disruption in superconductivity within a period .
of one cycle takes place at fre‘qﬁencies .smiler than

2R)~ R"“."m—l(b<"‘ 5;1 . >
, Ty e >0 ( 4-
(see (20)), ’
In a purely relaxation case ( R £ 1, 1) .
‘ r,=l——5udt. (38i
which coincides with equation (21) of plane approximtion in conformity with the
'plwsioal nature of this case., Total disruption in superconductivity occurs at fre=

quencies, smller than - <
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' Par JlyoThermal Erfects
As result of enormous electrowand heat conductivity of a majority of pure metals

at discussed temperatm:ea ( x2 =47 eV R~ 1074 - 105 where D « heat conductivity
coefficient), the changs .in temperature can be detemined from the thermal balance
equation, The fact iss by solving equations of neat conductivity, carried out by\’}l
for the special cass of semispace, it becomes evident, that a change in temperature
is practically localized in a layer with a thickness es.X zota/'{_u- and is insigni-
ficantly low; consequently, at zeta »m the temperature within' the limits of the
sample is practically constant, and at zeta <Y uR/x, when the thermal balance
equation gives an understated value v, this error is not substantial, because tlwy

are all equal to Véﬂo

In this wvay ’
da
L~ = J‘(a’_ 20 &r ~ 2RKG (T ~T})
=T m'c.-i-WEiﬁqc. T(l.)=T. (40;

Here in the numerator is given the amount of heat. liberated per unit of time
in a unit of sample length thanks to phase conversion, Fcusault w.rrbntl 1nd heat
exchnnge with cuter mediun (for the latter vas adopted the Newton Law ‘g“\,, sR e
g('l' yap © To))e in the dencminator - specific beat per unit of length; q = Qaqg)

FTD-TT-62-1726/1%@ .




m‘dﬂkld'r - heat of superconductivity disruption per unit of volume; K « heat conduc~
tion coefficienty Cg and Gy = cpecific heat per unit of volume of superconductive and

' normal phaa;a respectively,.

Ci—Cpn=— iz [(d”“) +H, ‘:;;'!a!]. C'--‘r-r. ot ep::g'- (4@4

(T - critd al temperature), The temperature change of all introduced values , with
the exception of q, is disregarded, Consideraticns of the temperature dependence T
~A 1 + v does away with the limitation v[z_._ 1 (in this paragraph it wés not assumed
that u /. 1), which offers the possibility of obtaining proper formulas (L4)=(46).

In the dimensionless variables (rj = R, 2s in prev*cus peragraph)

N L j (%) 4+

av = .
&= e (T » Pl =0. “h
Here
_Cn T (dHa/dT)? __ __ Hadllw/dT 8mRKg '
o= C,» &= %, p=— ‘2tCk. » U= o°C, 2"‘,Rg (42

&
dimensionless positive constants, At Ty = '1'(_1:‘ T/u ~ly & ~ 1 (/“’]r = 1 -—2—; for

tn QT = T = 3.7° = 0,67, &/1x go R 0.2)s The Tatio (fur decreases from infinity
et T20t00at T= N [{/g~1at § = T ~T; o == (R=T)/T at T - T4 T,
In case of low supercriticalness > U/b9 = =117 ]g (see (32). (33) and the Joule
" heat ' . i3 given by member 6’71' ql 1n7, of mich higher order of smallness,
than the heat of phase transitions ‘
| LT X AL N ) soegdy . )

Qs s l+4v
Hevertheless, by virtue of its {irreversibility, the Joule heat, together with otbe;

thermal effects of second magnitude, at an 1deal thermoinsulation of the specimen
would have qualitatively changed the process of the phenomenon over a duration of a
greater number of cycles, Consequently, disregarding later on these effscts, we will
(even when discussing an instance of adiabatic condition) assume heat transfer as’

sufficient for the lead out into the cuter medium a small irreversible pars of the

FTD=-TT=62=1716/1+2 13




liberated (absorbed) heat., In case whers u.~ 1 (43) gives - q;/QtN‘ o 80 that
formlas (44)=(46), derived with disregard of Joule heat, are valid cnb at ﬁ/dél

te0eN T & To.

During thermal insulation of the sample ({'= 0)
_d_?-__!_'_"'”)'l o l-o'
dy p+(—pntt 7T (49
l+o=[e+(1—ww] T,
To totally disrupt superconductivity it is necessary. that the outer field should

exceed Hy (1 ¢ rﬁ)L- 0)e Consequently, at an adiabatic condition a second criticel

value of the mg:etic field appears,
”.=HAF m;’-”.('")l+"."’./( . (Q

so that for H  Hy £ H'y tbe equilibrium appears to be a "mixed * state, when the

specimen consists of superconductive core with a radius )
Y l-az . _‘ '
r II-,-! _ ] (0 —
Yo = ‘/‘l‘\a.) P /( " | “5)
and normal cuter layer, .

In plane case (loné 1) vé o(,. né_ Q& end form;ho (&%), (46) aequire the
form of '

0 == af;

£ == . B |
Equation (41) is simplified considerablys
V o’ IE' — 10, ”(td - o (49)
and is integrated in camon form . .
| omef Mrma = 2o — Je"""" &) a} -
%
=='E--7\e ”""’E(&)dﬁ} ‘ (50) .

Substituting in (49) v=s u = xi, xi* ° -Imb‘dl x4 (9)s ve cbtain an equatiom
of motion of the boundary with conlidoration of thermal effectss
(u—EE'—KE')'+'t(“—-€€ —i§)—=' =0, E'(*o)-ﬁ('o)'-o- @4‘\
It pom:ltl the first mte@.'ll. . , oo
u—t{'—ké'-{-r(judt:—--;“-é;—kl)—il-O. E(g=0. . L

L)

mmuéz-l.?lé/ha ' . 15




Unfortunately, at finite gamma values integration of (51) in quadratures i{s im-

possible.,Je will therefore confine ourselves to specific cases,

When gamma oe (51) gives ' ke
’ . ‘ud:——{’——:;— ('4-

%
which represents already a known isothermal approximation (12), Considering in (51)

the alpha xi member, we obtain the following approximation:

E=V & + (l + 11”)’ —@k+ al‘f) ) 2y

o This equation is valid when u = xi xi! - lambda xi* £_alpha xi, l.eexi® Z.comm
xi, which is fulfilled within a period including almost the entire time of dis rupting

superconductivity (with exception of the initial stage) at
26R3% : c® T ‘
1> e < S~ (Y5R). . @

It is evident from (52), that the thermal effects are not essential during

1>7 | 54
or gemma ; alpha/xigye The latter is realized practically in time at
° ° ‘RV—' L]
T> “Vase lmuw«ﬂ(’R). (53

In this way (53) and (54) or (53) and (55) present sufficiently valid conditions
for isothermal descrip'tion of the process as a whole on account of heat tr;mfer into
the outer medium,This criterion is obtained from requirement v/ u (see (50)).
The change in temperd ure can be small also on account of greater specific heat
value, by which the absorbeid heat is being distributed, Even at thermal insulation
of the sample v/ u, if xi & xi” (see (47), (48)s The latter is fulfilled witiain almost
the entire period os superconductivity disruption (with exception of the final stage)

at ' e(+R) ("‘2"‘); | -

©> g ]/_AR) '<).)

The equation of motion of the boundary permits integration in general form, when

FiD=TT=6221716/1+2 15



4n (9)e the member xi xi' is less negligible, i,e, retardation vith Foucault currents
is not substantial ' u—2f +y(fudi—i) —at =0, E(=0;
| , | , (57)
E= -"- je“"‘*”““’)‘ [u 0+ TS“'d" ]30‘.
Ty A
Such a cumbersome equation is obtained only in case whers lambda xi'., v (consequent
o ly, XA g lambdq). which finds itself beyond the zone of applicability of the present

theory, But if in (9) the basic role is assumed by one of the remaining members , (57)

r
is simplified ccnsiderably, transforming at vi lembda xi? (purely/ case)
into equa.tion (21), and at v >1qmbda xi? (purely thermal case) into
' §=_-:-(u+':5udv). : 68

Under an adiabatic condition (58) gives xi = xi«, i,eethe process represents a se- :
quence of equilibrium states, The thickness of the normal layer rises, and reaches

maximum value 2xC,Re L ]

s =R = Tanar

it decreases and turns into zero together with supercriticalness, In this case no dif- .
ficulty is involved in considering the cuxvature'Eee‘ (I;G)].
The criterion of the quasistationary process has the form of u'é,@z anﬁ

u' Z ocu/larbda, The first one of these conaitions is equivalend

P . 60,
w<4:cR'lV-l—-§-—?-I:. - ¢ )

the second one is fulfilled within almost.the entire time of superconductivity disrup-~
tion (with exception of the initial and fihal stages) at .
__— e e
Since 4% quwz résee (1‘8',)] , conditions(69) and (1), as it vas to be
expected, are directly opposite (56). .
For a periodie field'with rectangular form of pulse it is possible to examine also

the case of frequencics, intermediate between (56) ana (60), (61), Integration of
leThese frcquenchs lie beyond the zome of applicability of the given theory,

FID=TT=621716/3+2 : 16'




equation (51) at gamma = 0, u = const gives for the maximum depth s = Rxi (2&’7{05

L os

1.0 —— —

v

— ) .

— .
by AT ey e ’
[ 2] '
| . t

° w6 7 33 %0 5 it

Fig.4 '
The fre§uency dependence 8 in inertialess case is presented graphically in fig.hie
The dotted line indicates specific casess isothermal (higher freguencies) and purely
thermal (low frequencie-).
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