
ON THE EIGENSTATE EQUIVALENT CIRCUIT FOR LOSSY 
ASYMMETRIC TWO-PORTS AND ITS APPLICATIONS

Alberto Hernández-Escobar1, Elena Abdo-Sánchez1, Pablo Mateos-Ruiz1, Jaime Esteban2, Teresa 
M. Martín-Guerrero1, Carlos Camacho-Peñalosa1

1 Instituto Universitario de Investigación en Telecomunicación, E.T.S. Ingeniería de 
Telecomunicación, Universidad de Málaga, Andalucía Tech, 29010 Málaga, Spain
2 Information Processing and Telecommunications Center, E.T.S. Ingenieros de 

Telecomunicación, Universidad Politécnica de Madrid, 28040 Madrid, Spain

{ahe, elenaabdo, pablomr, teresa, ccp}@ic.uma.es, jaime.esteban@upm.es

ABSTRACT

An equivalent-circuit topology for two-port lossy non-symmetric reciprocal networks is presented 
[1]. The circuit topology is based on the eigenstate decomposition. The proposed circuit consists 
of two immittances and two transformers with a single complex turns ratio, as shown in Fig. 1. 
The only three complex parameters of the circuit are obtained from the eigenvalues and 
eigenvectors of the admittance or impedance matrix of the network in a straightforward way. The 
real parts of its immittances are always positive. Thus, the circuit is a powerful candidate for 
modeling asymmetric structures since it preserves some of the valuable properties of the 
symmetric lattice network: ability to separate the eigenstates and realizability of the real parts of 
the immittances. Indeed, it degenerates in the classic lattice network if the structure is symmetric.

Two direct applications of the circuit are 
proposed. The first one is the design of 
asymmetric unit cells of leaky-wave 
antennas. A model can be found for the 
behavior of the two-port as a function of the 
degree of asymmetry using the proposed 
equivalent circuit topology. The new design 
methodology is simple and general, unlike 
the one proposed in [2].

The second application is the analysis and 
modeling of lossless and lossy bi-periodic 
scatterers [3]. It significantly simplifies their 
design, since it reduces the number of 
elements with respect to other equivalent 

circuits. Due to the capability of decomposition into the eigenexcitations of the structure, the 
circuit provides an important physical insight. For different structures, the admittances have been 
successfully modeled using a few positive and frequency-independent RLC elements.
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Fig. 1. Proposed eigenstate-based equivalent 
circuit.


