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_~--=d=K= of electric field E on the surface of cylirxbical 
aanpleirradiabzdbylowfreplency electrumgnetic wave 

investigated theoretically and experimenblly. Several kinks observed any 
curve E(t) correapad to different atages of a.c. magnetic flux penetration 
into a aauple. The axqarison between experinrzntal data and theoretical 
calculationusingcritical statenrx3elallouatoobtainvaluef1 of critical 
parameters of supermnductorandtofindcnxt the anplitudeofexternalfield 
when Imgnetic flux penetrates into the wble voluw of sample. 

Inacconkwewithwidelvused u0delRTSC I In) 
cer~canheconsidered&asis&nwhich 
amsistsofaupe~' inggrainaconnected by 
wlklinks.Ele&&yns&c_pmpeLtiea of such 
roedilrm in a law mqneti~ field can be described 
by critical state nude1 . It is necessary to 
take into accamt astrong aepenaenCe of 
critical current wty j 
(see. for exanDle. 

). & &l@=&c 22;: 

ubedti~ly& the distribution oAznet$ 
irxbzticm.toca1culatea.c. losses 
for the traditicmal low -ratwe_ .*&u-d 
supercondwbrsasfortheHpsc&ramica 2-4. 

In the framew, rk of critical state n&e1 
itwassbliexla reqcnseofhardwpe~r 
to k&dent electrwmaw&ic wave of finite 
anplituaeonita aurfa&?. In this paper it 
wa8 m an electric field E on a surface of 
wle induced bv an incident wave. The 

,-. 
UX=I.OOE-05 S f=l kHz, H=225Ce 

29.3 - 

ircportante characteristic as SurfaCe barrier 
Which DreVen tat0 uenetrate Abricoaov vortices 
into i volune oi aanple. In principle, a 
f&ion E(t) containes the ccuplete information 
about~X=dwzto r critical state. 1 (b) 

In-this paper ue have investigated a 
behavior of electric field E(t) in application 
toW!Xceranks.Ithasbeenshrrwnthatusinga I 
function E(t) one can w a penetration of 
a.c. magnetic flux into a vohnne of sanple. In 
narticularithasbeenfoundasi.wlenkzthod of 
&kennination of a.c. external kqnetic field 
auplible I$, at which magnetic field reaches a 
centre of a sanple. 

We have studied a behaviour of electric 
field on a surface of cylindrical sanpie of 

registration of 
rfonolayer pick-up coil 

wamdeddiqzctlyontothesanpleby~rwire 
30 p~~~indaaneter dcon~ 120 turns was 
used. PreliInirwy aqlification of signal wu3 
carried&byPAR 124A anplifier working in 

Qnnnstrating the behaviaw of 

ux=I.ocE-o5 s n f = I kHz H=80.7 Oe 

- 
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been obtained at a frequency f = w/2rr = 1 kBz 
and field anplitules 22.5 and 80.7 Oe. 
%en amplitude s is less, then 22.5 Oe the 
dependense E(t) 1s similar to curve on fig. la. 
There are tku types of features on a -e E(t). 
The first one takes place at mm&s 
(n - integer) when external m&k&C= f?Z 
reaches El,,,. At these mmznts on the curve E(t) 
the kinks appear. The second series of features 
exists at -nts displaced in time on 1/4f from 
h and correspofxki to zero external magnetic 
field. 

At the amplitude 8, higher then 22.5 Oe, 
a new type of kinks appears on the curve E(t) 
(seefiglb).khfmY,encreases, the positions 
of these kinks are mving frant, = n/2f to 
n/2f - 1/4f. The position of another features 
doesnotdependonI&. 

Theory and Discussion 

Letusconsideracylindrical sanple with 
radius R, inserted in external a.c. magnetic 
field Bo= SCos wt oriented along axis of sample 
(z-direction). Axially symmkric electramgnetic 
field in a sanqle deper& only on radial 
coordinate r. Magnetic field has only 
z-cmponent, and electric field - only 
azimkhal. 

Electric field E(t) is connected with 
magnetic flux G by relation: 

E(t) = - ( R*/6t)( 1/27cRc), (1) 

where c is light velocity. The calculation of 
is based on critical state 

In our case the nqnetmtatic 
equation for B(r) takes a form 

sB/sr = 2 4q.~-&(B)/c. (2) 

Here p - mgnetic permsability of ce amics 
ti Josephson links bet-the grains, 

* - critical current density and signs 
&fined by direction of electric field. Cciti% 
current density in Hlsc ceramics is very 
sensitive to a mgnitude of im3uction B. To take 
intoaccoun tthis dependenc~_~ eq~loyedwell 
known Kim-Anderson relation 

j,(B) = j,/(l+l BI /B*) (3) 

Be&m we shall q dimensionless yariables: 
h = B/B ;&= $lo/B; h, = @,,,/B: a = 

4rrjOlAR/B*c; & = r/R. In this case equation (2) 
transform3 to following: 

dh/dE = + a/(1 + lhl) (4) 

The boundary condition has a form: h(l) = ho. 
Attimt=Owkn the field ho on a 

sarqle surface has mximm value & a solution 
of equation (4) with boundary condition is 
describsdbyfomula: 

h(E) = [(l + $,,I2 + 2cz(~ - 1)11'2 - 1. (5) 

Lfzt the next condition be satisfied 

OL < h+b2/2. or b > hp = (2a+111/2-1. (6) 

In this case the equality (5) is correct at 
arbitrary value of e. If h < hp, fomula (5) 
is true only in region 

E, < E < 1, E, = 1-h&z-&2/2a (7) 

Solutions of (4) my be obtaimd at 

arbitrary -nts of time. Neglecting sinple ti 
enormms calculations, we write here the 
finished relations for electric field on a 
surface of sanple: 

E(t) = (RwpLy,/2c)F(or,h,,t). (8) 

The dimensionless electric field F(t) has a 
various form at different values ofparameters u 

$)ks%krZZef~~ % &ffXn?iZZZ%~ 
oftim?: 

F(t) = am2Sinwt (ho+l)l-(2/3)(ho+113 - 

-2aHlo+l) + + I(1/2mo+1)2 + (b+1)211'2 (9) 

[2a + (5/6Hho+112 - (h&)2/61l 

8 < ut< m/2 (10) 

F(t) = ,-2 smwt (l-ho)l-2a(ho+l)+(2/3)(~3-1)- 
-2ho+(b2/2+ 

$ 
- ho2/2 + ho + 111/2 

I2or - f&,+1, /6 + 5/3 - (5/6)(ho -11211 (11) 

n;/2 < wt< n; (12) 

kt us note that current density in 
equation (3) is even function of induction B and 
odd function of electric field. As a result, an 
electromagnetic field inside a sanple contains 
even harmmics of external signal only. This 
mzans, that we do not need in calculation E(t) 
in interval n < wt < 2m. Here F(t) is defined by 
relation 

F(t) = - Fft-m/(u). (13) 

SO, electric field is described by fornulae (8). 
(9). (11) and (13) at any tine. Analysing these 
formulae, we find out that a function E(t) is 
continious but its derivative has jmps at 
points wt = nn + m/2. By other kords, a plot 
E(t) has kinks at points where external mgnetic 
field reaches extreme values 2% or becomes 
zero. Existence of these features is coursed by 
sharp change of character of mgnetic field 
penfkration into a smple in cm-responding 
ncment. 

It is necessary to note that there is 
principal difference between features of 
function E(t) at points wt = nrr and wt = nn; + 
+x/2. The kinks of E(t) at points mltiply 
n;/cti are specific for any critical state model. 
They exist at any depmdence of critical current 
j, on induction B, even in a case ’ 
Contrary, the peculiarities of at)= 'ZZ& 
place at wt = nn; + n;/2 when H reach& zero 
azure only if there is a strong dependence of 
j,(B). 

tit us discuss a bzhaviour of E(t) in mre 
high magnetic field (6). In this case the whole 
interval (6) of changing of parameter a is 
divided onto tm regions: 

b2/4 iv2 < CX < &2/2 + b, (14) 

a < (b2/4 + h/2,. (15) 

In the first one an external field B at a moment 
wt= n/2 becomes zervatthehoundaryr=R and 
only them the induction B begins to change on 
axis of sanple at the moment: 

&=w&- arccost-(l/ 
hY -(b+1)21 

)12(hp+1)2 - 

'2 - 11 (16) 

In the second case (15) these occurences start 
in reverse sequence: decreasing of B at a point 
r=Obeginsattime 

wt = Wtl = arccos((l/lQ 

H&+1,2 - 4a11'2 - 11 < m/2, (17) 
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and only then external fjeld beanm3 zero at wt 
= n;/2. As a result, expressions for F(t) differ 
fmm each other in situations (14) and (15). 

In the case (14) up to w$, (16) the field 
F(t) is described by the sane relations (9) and 
(11) , as in the case & < 

%, 
. The expressions 

for E(t) in other intervals a form: 

F(t) = (a-2Sinwt)(1-8)I(2/3)(~-1)3 - 

-20r(ho+l) + 2h02 - 4 

+(2/3)(1+2~-ho2+2afi9;21 . (18) 

tiko < wt < Wt2 = arccos(-h#Q, (19) 

F(t) = (a-2Sinwt)(1-ho)I(2/3)(ho-1)3-2a(ho-l)+ 

+ (2/3H&,-1)2 - 2a 13'2. (20) 

Wt2 < wt < m (21) 

Bereparamter mt2 definesa -when the 
field on axis becomes zero. 

Electric field describing by four relatiom 
(9). (11). (18) and (20) is continious fumtion, 
but_itpei~~_as~~~~see;~h& z 

there is the new kink at pint t = wt 
& increases, the positions of these &atzz 
are changing frompoint wt = nm + n;/2 to pint 
wt = nn;. 

In the region (15) wz have not observed any 
qualitative changes on curve E(t). But the 
relations for F(t) have changed. At 0 < wt < 
<wtl formula (9) is correct. Then the field F(t) 
hasa form 

F(t) = CX-~ (Sin wt)(l+ho)i-(2/3)(ho+1)3- 

-2c~ (ho+11 + (2/3)l(ho+1)2 + 2c~l~'~l. 
(22) 

Wt2 < wt< m/2 (23) 

In a rest half of period the function F(t) is 
described by relations (18) and (20). 

The results of calculations of magnetic 
field F(t) for a = 24. 

* 
=6and = 24 are 

demnstratfzd on fig. 2. or & = * the cuwe 
corresponds to penetration field 

hR 
and is 

agree with experimental record E(t) o fig la 
qualitatively. At higher b the function F(t) 
has additionalkinkata pintwt = wt2. This 

kink isobserveddistinctlyonacurvewith 
24 (fig. 2) This -e has almst the samz ti= orm 
as the experimental curve E(t) on fig-lb. So, we 
can conclude that the amplitude yO= 22.5 Oe 

2 

r h,=6 

-2L 

Fig.2 The results of calculation of fmction 
E(t) in dimensionless form for two 
values of pram&m h,,,: &=24 - -r 
curve,h,,,=6 -1ouzrcurve. 
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