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A superlattice consisting of alternating layers of two-simple Heizenberg ferromagnetic is considered. Using Green function method the 

dispersion equations of bulk spin waves propagation in direction perpendicular to the plane (110) are derived for this systems. The numerical 
results are shown graphically. 
 

During the past decade, there has been considerable effort 
devoted to the synthesis and study of composite materials, 
and of superlattices formed from alternating layers of 
different materials [1-3]. The study of spin waves is very 
useful in determining the fundamental parameters that 
characterize magnetic superlattice. In magnetic superlattices, 
elementary excitations have properties distinctly different 
from the modes associated with any one constituent. Bulk 
spin waves of periodic structure or magnetic superlattices 
have been analyzed theoretically in many special cases [4-6]. 
In the short-wavelength limit, where the exchange coupling is 
dominant, comparatively fewer studies have been done. Some 
qua1itative features of superlattice are most easily explained 
for the simple – cubic structure in terms of modified single - 
film properties. The bulk spin-wave regions   in simple-cubic 
Heisenberg ferromagnetic material are derived in Ref.[4] The 
aim of this paper  is to study  by the Green function method 
[7,8] properties of an ferrormagnetic  superlattice with 
quantum Heisenberg spins at finite temperature and this 
theoretical studies are analogous to one from the  Ref.[9], 
where bulk spin waves propagation  in  direction 
perpendicular to the plane (001) in ferromagnetic  
superlattice is considered.  

As indicated in fig. 1 we consider in this paper a simple 
cubic ferromagnetic superlattice model in which the atomic 
planes of material 1 alternate with atomic planes of material 
2. The materials are taken to be simple – cubic Heisenberg  
ferromagnetic,  having exchange constant J1 and J2 and lattice  
constant a.  

 
We consider here the following Heisenberg Hamiltonian: 
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where ijJ -represents the exchange between the spins iS  and  

jS  of the nearest neighbors. H0 is an applied magnetic field 
in the superlattice z direction, and Hi

(A) (i =1,2) anisotropy 
field for a  ferromagnetic with simple unaxial anisotropy 

along the z  axis. We define a double – time Green function 
in real space ( ) ( ) ( ) >>′=<<′ −+ tStSttG jiij ;, . 

 
 

Fig. 1 A simple cubic ferromagnetic superlattice model  in 
which the atomic planes of material 1 alternate with 
atomic  planes of material 2. The same lattice 
parameter a is assumed for all materials.  

 
We consider here the following Heisenberg Hamiltonian: 
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where ijJ -represents the exchange between the spins iS  and  

jS  of the nearest neighbors. H0 is an applied magnetic field 
in the superlattice z direction, and Hi

(A) (i =1,2) anisotropy 
field for a  ferromagnetic with simple unaxial anisotropy 
along the z  axis. We define a double – time Green function 
in real space ( ) ( ) ( ) >>′=<<′ −+ tStSttG jiij ;, . Writing the 
equation of motion for Green function and  employing the 
random-phase approximation one obtains a set of  equations. 
Furthermore, to emphasize the layered structure we  shal1 use 
the following the frequency and two-dimensional. Fourier  
transformation  [6,10] 
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where ||k  is two-dimensional wave vector, щ  is spin-wave frequency, n  and  n’ indices of the layers to which ri

  and  rj  and 
belong, respectively.  
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where  

 

( ) ( )
( )( ) ( ) ( ) ( ) ( ) ( ) ( )akcosSJSJSJHHgA y

zzzA
B 〉〈−〉〈+〉〈++= 212112212121021 224µ , 

( )2aikexpt x= , ( )2aikexpt x−=∗  
 

  The system is also periodic in z direction which lattice constant is 2a . According Bloch’s theorem we can write 
 

( ) ( ) ( ) ( ) ( ) ( ) ( )212121
1 2 ,

n,n
,

n,nz
,

n,n TGGaikexpG ′′′+ ==               (4) 
 

   Using (4) the system of equation of (3) can be written the following matrix form 
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  The dispersion of equation for the bulk spin waves propagating in  direction perpendicular to the plane (110) for the 

superlattice under consideration is derived by the equation (5) as following form: 
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    The equation (6) is the main results of this paper. It can be verified from equation (6) that when both media are identical 

it reduces to dispersion equation of bulk spin waves propagation in direction perpendicular to the plane (110) for ferromagnetic 
constituents [4,5].  

 

 
Fig 2 Bulk spin-wave  regions for (a) the constituents  1 and (b) constituents  2 with the parameters 2JJ 12 = ; 21 gg = ;  

0501101 .SJHg z
B =〉〈µ , 0101111 .SJHg z)A(

B =〉〈µ ; 0301122 .SJHg z)A(
B =〉〈µ . 

 
 

 
Fig. 3 Bulk spin–wave regions for superlattice, when 51JJ 1 .=  and the other parameters are chosen as Fig. 1. 
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In Fig.2, 3 the results numerically illustrated for particular 

choice of parameters.  Fig. 3 shows the bulk spin-wave  
regions for the superlattice as a function of the quantity 

akx , while fig. 2 shows those for the components 2 and 3. 

The analysis of the results shows that the width of the bulk-
spin wave regions in ferromagnetic superlattice is depended 
on wave vectors and exchange interaction.  
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ÔÅÐÐÎMAGNÈT ÈFRAT QßFßSÄß  (110) ÌÖÑÒßÂÈÑÈÍß ÏÅÐÏÅÍÄÈÊÓËÉÀÐ ÈÑÒÈÃÀÌßÒÄß ÉÀÉÛËÀÍ 
ÙßÚÌ ÑÏÈÍ ÄÀËÜÀËÀÐÛ 

 
 Èêè ìöõòÿëèô ñàäÿ êóáèê Ùåéçåíáåðã ôåððîìàãíèòèí àòîì ëàéëàðûíûí íþâáÿëÿøìÿñèíäÿí àëûíàí èfrat qÿfÿs òÿäãèã îëóíóá. Ãðèí ôóíêñèéàñû 

metodu èlÿ èôðàò ãÿôÿñèí îõó boyunca yayûlan ùÿúì spèn dalüalarû ö÷öí dèspersèya tÿnlèyè tapûlûb. Alûnan nÿticÿlÿr parametrlÿrin se÷ilmèø 
qiymÿtlÿri  ö÷öí kÿmiyyÿtúÿ tÿsvèr olunub.                                 
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ОБЪЕМНЫЕ СПИНОВЫЕ ВОЛНЫ,  РАСПРОСТРАНЯЮЩИЕСЯ В НАПРАВЛЕНИИ ПЕРПЕНДИКУЛЯРНОМ К 

ПЛОСКОСТИ (110) В ФЕРРОМАГНИТНОЙ СВЕРХРЕШЕТКЕ 
 

Рассматривается сверхрешетка, состоящая из чередующихся слоев двух различных типов Гейзенберговских ферромагнетиков. 
Используя метод функции Грина получены  дисперсионные уравнения для объемных спиновых волн, распространяющихся в 
направлении перпендикулярном к плоскости (110). Численные результаты представлены графически. 
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