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Abstract- In hyper-frequencies, the ferrites are 

characterized by a tonsorial permeability which 
represents their inducted anisotropy under a 
magnetic field. This specific property makes the 
good formulation of the "Maxwell equation" 
harder.  
    In this paper, a rigorous study of the 
formulation of the transverse operation method 
(TOM) is presented by a homogeneous rectangular 
structure of ferrites with transverse anisotropy 
which will be followed by the application of the 
Galerkin Method. 
    Our study essentially focuses on the 
determination of the propagation constants and the 
electromagnetic fields in a rectangular wave-guide 
of ferrites magnetized longitudinally by a static 
magnetic field. Hence, we’ll show the existence of 
complex modes in the ferrite structure. 
 
Index Terms- anisotropic medium, complex modes, 
ferrite, TOM.  
. 
 

I. INTRODUCTION 
 
The studies of the electromagnetic waves 
propagation in the guides charged by ferrites are 
present in many applications in the microwave 
circuits like the phase-converter, circulators, the 
isolators and the filters. 
Despite the abundance of empirical studies in this 
domain, we can deduce a lack of theoretical 
contributions almost related to the propagation of 
higher order modes in the guides totally full of 
magnetized ferrites in the longitudinal direction. 
The transverse operator which is another 
formulation of the Maxwell equations is used 

here to define the rectangular waveguide 
characteristics charged of ferrites. This method 
consists in eliminating the longitudinal 
components and resolving the propagation 
equation by developing the transverse fields in 
series of modes of a closed structure (empty 
metal guide) 
The elimination of the longitudinal fields in the 
Maxwell equations paves the way for an operator 
L, named the transverse operator, to appear. The 
resolution of the propagation equation by the 
Galerkin method leads to an eigenvalues 
equations. 
The permeability of the ferrites magnetized 
longitudinally is expressed by the tensor of 
Polder. 
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Where µ , κ  and zµ  are real quantities. 
For a partial magnetization of the ferrites, Green 
[1] and Shloeman [2] give the empirical 
expressions of µ , κ  and zµ : 
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ω   is  the  pulsation, γ   is   the   gyromagnetic 

constant )/ 8.2( OeMHz=γ  and sMπ4  is the 

saturation magnetization. 
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Where 4 Mπ  is the magnetization.  
 

II. FORMALISM OF THE TRANSVERSE 
OPERATOR 

 
Given a system of rectangular coordinates, we 
consider a structure which comprises media 
characterised by their relative tensorial 
permittivity and permeability. 
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The Maxwell equations are:  
  

                     rjErot µωµ0 −= . H                (7) 

 

                     rjHrot εωε 0 = . E                    (8) 

 
By eliminating the longitudinal component of the 
electromagnetic fields, (7) and (8) become [3]: 
 

                         ̂ zL jηΦ = ∂ Φ                           (9) 

 

L̂  is the transverse operator defined by : 
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The longitudinal components are related to the 
transverse fields by: 
 

      0
'' /// kEHH zzttzztztz µµµ +∂+−=       (14) 

       0
' /// kHEE zzttzztztz εεε +∂+−=        (15) 

 
The so obtained relations are valuable to resolve 
the problem in a guide which contains 
inhomogeneous media, isotropics or anisotropics 
and dissipatives. 
 
 
III. TRANSVERSE OPERATOR IN A GUIDE 

OF LONGITUDINALLY MAGNETIZED 
FERRITE 

 
In a ferrite magnetized longitudinally and without 
loss, the relative permittivity is scalar (tensor of 
diagonal permittivity), and the relative 
permeability is tensorial and is given by equation 

(1). These conditions lead to 0ˆˆ
2112 == LL .     

So, the equation (9) becomes: 
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Fig.1. Geometry of the rectangular guide totally full of 
ferrite 
 
By considering the propagation in the direction 
Oz, we have: 
 
         )exp().,(),,( zjkyxzyx z−Φ=Φ        (18) 
 
We obtain, then, the following fundamental 
equation of (16) and (17) 
 

                             Φ=Φ ηzkL̂                       (19) 
 

Because of L̂  is independent of z when we 
derive the system (16) and (17) with respect to z 
we obtain two decoupled equations in Et and H’

t . 
The equation (19) becomes then [3]: 
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In these expressions: 
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The decoupled equation in tE
�

 becomes then:  

 

                            tt EkEL 2''  ˆ =                      (22) 

 
Or in another way : 
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The eq (22) is an equation with eigenvalues. 
 
Let us suppose a rectangular guide charged by 
longitudinally magnetized ferrite as it is 
presented by the Fig.1. The decomposition of the 

field  tE
�

 on a complete base allows to obtain an 

eigenvalues system. The expressions of the 
transverse fields, verifying the limit conditions, 
can be expressed as follows: 
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The equations (23) and (24) can be expressed as 
follows: 
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Applying the Galerkin method 
We have: ax ≤≤0   ; by ≤≤0  
We can choose the test functions as follows:  
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Which can be written in the following matrix 
form 
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By normalising n
mf , y

nf , n
mg , y

ng  we can easily 

find that   
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The system (26) can be expressed as follows: 
 

                       TT EIkEH ⋅⋅=⋅ 2                 (32) 
 

With I is the identity matrix. H is a square Matrix 
of 2N  order with .N m n=  : number of modes ; 
m  and n are natural integers verifying (m,n) 
≠ (0,0) 
The eigenvalues and the eigenvectors of H are 
the propagation constants and the development 
coefficient of the real guide fields respectively. 
 
 

IV. SIMULATIONS RESULTS 
 

Table 1: Guide parameters of Fig.1. 
 

Guide 
parameters 

a 
mm 

b 
mm fε  SMπ4  

Gauss 
  

22,86  
 

10,16  
 

14,5 
 

600  
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The simulations have been executed on a laptop 
computer  under the platform Matlab. We obtain 
the propagation constant curves. 

For a magnetised ferrite, 

2

0









k

kz  becomes 

complex. We have plotted, on the one hand, the 
positive real modes (propagation modes) and the 
negative real modes (evanescent modes), see 
figures 2, 4 and 6, and, on the other hand, the 

complex modes (in this case, 

2

0









k

kz  is 

imaginary), see figures 3, 5 and 7. 
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Fig.2. Dispersion curve : real of 
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Fig.3 : dispersion curve : imaginary of 
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B. The case where :  5,0
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Fig.4 : : dispersion curve : real of 
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Fig.5: dispersion curve : imaginary of 
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C. Details of complex modes for 
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Fig.6 : dispersion curve : real of 
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For a waveguide of longitudinally magnetized 
ferrite we obtain complex modes. The number of 
modes in this ferrite is larger than that in a 
dielectric guide (non magnetised ferrite). 
This is due to the complex modes. Besides, for a 
given frequency, the propagation constant 
increases when the magnetization M increases. 

 

Fig.7: dispersion curve : imaginary of 
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V. CONCLUSION 
 

The simulation results show clearly, by applying 
the transverse operator method, the existence of 
volume waves in a rectangular wave-guide totally 
full of longitudinally magnetized ferrite. With 
this formalism, we have presented a rigorous 
study of the propagation in anisotropic media. 
Moreover, we verify the existence of complex 
mode in this type of structures. This result is in a 
good agreement with that published by 
A.S.OMAR and al.  [4] and Railton [5] (complex 
modes in anisotropic and inhomogeneous 
structures) 
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