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The nonlinear intemclaon of dectromagnetic waves in m I-ITSC plate in the critical state is studied both 
theoretically and expeaimentally. The magnetic components of both waves are collinear and parallel to the plate 
surface. We have considered two radiowaves having diffe~nt frequencies and have Inedicted and expmimentally 
observed jumps of  the electrical field E(t) on the plate surface which take place owing to the nonlinear wave 
interaction. Besides, we have investigated the behaviour of the nonlin~tr surface impedance at low frequencies as 
a function of the radiowave amplitudes. The unusual non-monotonous dependence of the stnface impedance 
(both real mad ima~namy components) on the m&owave amplitudes has been obtained. The characl~ of  the 
magnetic field dependence of the cfiUcal current density significantly influences the lineshape of the E(t)  curves. 
Therefore, one cart obtain information on this dependence from the ~sults of E (t) measurements. 

Consider a plane-parallel superconductor plate of 
thickness 2d in ~ua external magnetic field, oriented 
along tts surface, of the form 

H, (0 = H, cos(co:)+H; cos(o :). (1) 

The magnetic components/-t~ a n d / t ,  are collmear 
and parallel to the plate surface, the magnetic field in 
the superconductor Is chstnbuted symmelrically, 
whereas the electric field is distributed 
antisyrnmetncally, relatwe to the symmeUy plane 
parallel to the plane sides 

The Maxwell's equations for the spatial 
distributton of the eleetromagnelac field are 
essen~ally nordinear due to the nor~rteat relation 
between the crilacal current density and the electric 
field reside the superconducting sample We used an 
expression for the temporal dependence of the 
eleetne field E(t) at the sample surface derived for 
an arbttramy font, of the critical current density vs 

mad'retie induction relation. The electric field E(t) at 
the sample surface for an arbitrary form of the 
critical cu~ent density vs magnetic induction 
relafionslup JAB) can be given in the fon'n (see ref. 
[1l): 

(2) 

The parameter H revolved here is defined 
chfferently, depending on the values of the radiowave 
amplitudes and on lime ~ is the value of  the 
magneuc field m the planes which separate the 
region with the "frozen" flux from the region wher:e 
the lame denvatwe of the magnelac flux (and, 
consequently, the electric ftsld] m not equal to ze~,o. 
There are two such planes wtuch are always l~'.xallel 
to the boundaries of the plate. The plot of the spatial 
distributmn of the magnetic field H(x) inside the 
sample exhibits an trd]ecuon in these planes. If the 
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Figure I. Jumps of the electrical field on the plate 
surface; ro2/¢°t =50.  
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Figure 2. Low frequency surface impedance, 
to,/rot = 3.6. 

electric field is not equal to ~ everywhere in the 
sample then the quantity ~ mpreseats the magnetic 
induction in the middle of the sample. 

The lineshape ofthe H(x) curve (and, conseque- 
ntly, the value of H )  is extremely sensitive to the 
m~nitude of the external field H,(t) at the sample 
safface. Under specific conditions, the function R(t)  
appears to suffer jumps at intervals of monotomcity 
of H,(t). These jumps ate due to the intrinsic 
nonlinearity of equation (2) which gives us the 
spatml distn~oufion of the magnettc mducuon in the 
sample. The value of these jumps is given by the 
relation 

47tj, (B) 

Here ~ is the magnitude of the jump of the 
funclion H(t). The quantity A/7 is a function of the 
radiowaves amplitudes H t and H 2. The nature of 
the magnetic field dependence on the critical current 
density also considerably affects the value of AH. A 
section of the g(t)plot is presented in Fig. 1 (the 
frequency ratio e 2/to t = 50). 

Nonlinear interaction of the mdiowaves m a hard 
superconductor leads to an unusamI nonmonotonous 
dependenc~ of the low fiequeacy impedance Z,, vs. 

amplitude of the high frequency mdiowave H v 
Typical profiles of the dependence of the real ~ and 

imagimry £7 components as a function of H a are 
shown in Fig. 2. Note, that the shape of the d~mcal 
field g (t) dependence and, thus, the low frequency 
impedance Z,t m sensitive to the magnelac-field 

dependence of the crilacal m e a t  density. For 
computalaons, we used the exphcit expression 

_ J0 (3)  

winch comk~tenfly descn'bes the j~ (/~) dependence 
in ceramics with rater-gram contacts of the elliplac 
type [2],[3] Here B" ~s the cba__ractenstic scale of the 
erflacal current d~tstty and j o t s  Its value m zero 
magn~c field. 

Analytmal calculaliom were performed uade~ the 
assumption that the higher frequency re: equal to 
3re t In the other cases we used numertcal calcula- 
lions. 

The effects treated here are sensitive to the values 
of amphtudes, frcquenctes, and phases of the 
mteraclmg waves. 
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