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The current increane of interent in ntudy of layered superconductors is 

related mainly to the fact that some of the high Tc aupercoductors

(e.g .• Bi--ca-Sr-Cu-0) are layered compounds. Besides, the suppression of 

the order parameter at twinning planes [1] or at planes with oxygen 

deficiency allows one to conaider a superconductor with a regular set of 

such planes aa a system of alternating Sand N (or I) layers. We call 

such aystema with the Joaeph.son interaction between S-layera aa {S,N} or 

{S,I} systems (N and I are layers of the normal and insulating phaaea). 

The {S,N} or {S,I} syatema can be made alao artificially [2]. 
If the applied magnetic field He exceeds a threshold value HJl' the

Joseph.son vortices CJ-vortices) begin to penetrate into the system. 

Their centera are placed at the I-layers (for definiteness, we will 

coilllider the {S,I} system). At He>>HJl a dense lattice of the J-vortices
CJ-lattice) ia formed in the system. If H exceeds a threshold value 
. e 

�l' the .. Abrikosov vortices (A-vortices) deforming the J-lattice 

penetrate into the S-layers (H:
�

differa from the lower critical value

Hcl for a bulk superconductor: Hc1>Hc1»HJ1). In this report some 

properties of vortex lattices in the {S,I} system will be analyzed; in 

particular. we will calculate the spectrum of J-lattice oacillationa and 

study the interaction of the A-vorticea immersed into the J-lattice. 

2. Suppose that one A-vortex ia situated at the point (0,0) (aee Fig.l),

and there is an arbitrary number of the J-vortices in the system. The

apatial dependence of the field H(r) directed along they axis is given

by formula [3]

.dk[<P�(x)]k . H(r) = K
0
(r) + (l/2)E 

f 2n- P(k) exp(ikx - p(k) I z-zml)
m 

(1) 

J. 
a 

Here magnetic field and length are measured 

in units � /(2nA 2) and A (A is the u:mdon
0 

2 1/2penetration length); p(k) = (1+ k) • 

[<P�(x)]k is the Fourier component of the 

Fig.l function ,p' (x) = iJ,p/iJx, <P ia the phane 

difference at the I -layer. If there are many A-vortices, the MacDonaldm 
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function K (r) ahould be replaced for the 5UDl over all A-vorticea. From 
0 

the Joaephaon and Maxwell equations one can obtain the relation between <P n
and the magnetic field in the n-th I-layer, H = H(x,z ) ,n n 

H' = (2AJ
2)-l[ain<t> +,;+w-2;·] (2) n n n o n 

were AJ ia the dimensionleaa Josephson length, , = tl./(2eRj ) , w2=
C 0 

2ejc/(tl.C); R,C and jc are the reaiativity, capacitance and critical

current of the Joaephaon junctiona S-1-S (per unit aquare), <P = iJ,t, /iJt.n n 
Making UBe of Kqa. (1) and (2), we conaider the caae when the density of 

the J-lattice ia high. Then, <P can be repreaented in the form <P =/Ix+n n 
rrn + v, + & = <P(o)+ & , where <P(o) deacribea the unperturbed J-lattice inn n n n n 
quaaiatatic approximation, and the phase & determinea deformations ofn 
the J-lattice. The amplitude of the function v, oacillating with periodn 
2rr/H ia aa8UJiled to be ama.11, and the constant H ia related to the field 
He and magnetic induction of the J-lattice, BJ,

H= BJa = 2tanh(a/2) He (1- f) , f = (l/2)[2AJHetanh(a/2)]-4<< l, (3) 

where a is the thickneaa of the S-layera. Expending ain<t> in v, and n n 
averaging (2) over J-lattice period, one can obtain an equation for & ,n 

2 " -2 . -2 •• 
''J E& exp[-al n-ml] =-lH [ain(& 1--'& ) + sin(& 1-& )] + ,& + w & , (4)m n+ n n- n n o n 

which ia valid provided 
2 2 2 

(w/w
0

) < lH, 1 << lH/coah(ap(H)i.

Here lH= 2A/Kainh(a.o(H))/p(H)] /2 ia a rather large length. Kq.(4)

describes the dynamics of J-lattice deformations. 

(5) 

3. Making UBe of eq. ( 4), we can atudy of long wave oacillations of the

J-lattice ( qa, k « 1). Linearizing eq. ( 4) for perturbations o& �n 
exp[iwt-ikx-iqz] (here z = na), we get for the apectrum of oacillations 

w2= v2q2+ v2k2tanh2
(a/2)[1+(qa/2)2]/ [tanh2

(a/2)+(qa/2)
2] + iw(,w ) . (6) � 0 

Here v � = w
0
a/1H ia the velocity of "magnetic aound" propagating acroaa

the layera; v = °A.�
0
/tanh(a/2) ia the velocity of oacillations 

propagating along the layera. In the firat caae the oacillationa are not 

accompanied by the variationa of the J-vortex density; they correaponda 

to the shear oscillationa of a cryatall lattice. If Jk.l, (but conditions 

(5) hold), the propagation velocity of this mode diminishes with H likee 
v�� He-l· The oscillations propagating along the layera changea the

J-lattice denaity.The considered oacillationa will be weakly damped at

frequenc'iea w > w , which are not too high in the caae of the {S,I}
0 -1 system at low temperaturea when , � R � exp(-li./T).
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The J-lattice oscillationa can be excited by an external alternating 

perturbation. For example, in the case of ac current flowing along the 

layers with frequency w < v/L (L is the sample length along the x 
X X 

axes). the spatial distribution of the current denaity j (z) will be 

determined by J-lattice deformationa. Then, the microwave absorption as 

a function of H must have sharp peaka when the condition w = v
.L

2rrn/L 
e 

· 
z 

(n = 1,2,3 ... ) is fulfilled [4]. At Jk.1 the distance between adjacent 

peaka is nearly conatant and equals 6H � (rr/2)(w /w)a� sinba 
e o 

(XJLztanh(a/2))�1 The peakn observed in microwave absorption in

Y-Ba-Cu--0 single crystalls [2,5] seem to be associated just with these

resonances.

4. The deformation of the J�lattice may appear also when the A-vortices

penetrate into the S-layers. Kach A-vortex deforms the J-lattice

creating a long-range field,h = (1/2)Eo& /ox exp(-aln-ml ), which is
n · m 

negative in some regiona and leads to mutual attraction of the

A-vortices situated in different S-layers if the distance between them

is not too large ClxA- xA,1<1
0

, 1
0
= XJ1H)[3]. Thus,if the denaity of the

A-vortices is low (i.e.,O<H - H*
1
<<H*

1
),the A-vortices will line up in

e C C 

chains perpendicular to the layers. From (6) one can obtain an equation 

for the field of a chain,h , the solution of which in the stationary casen 
look.a like the z-component of electric field of the 2-dim.dipole the 
length of which equals the one of the chain. Making use of the 

correaponding expressiona for the thermodynamic potential and for h ,  we 
n 

can determine the contribution of chaina formed by the A-vortices into 

the magnetic induction B. 
* - * 

B(He): BJ+ BA' BA= (2Lt/1'z)exp(-a/2)(He- Hcl)&(He- Hc1). (7)& 
where &(x) = 1 at x?:1, LAis the chain length. With increasing He the

distance between chains,L, diminishes, and at Ift;=:; 1 the A-vortices begin 

to interact directly. Hence, at H � H the A-vortex lattice is 
e r 

reconstructed from a set of chains into the triangular lattice. The 

evaluation of H gives H - H*1� exp(-a/2)(a/2 + lnl )-l (here,a is
r r c o 

assumed to be large: a»l). One can see that it is eaaier to observe the 

influence of the J-vortices on the A-vortex lattice in samples with a«l. 
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