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Extended Abstract  
 

The theory of characteristic modes (TCM), which becomes popular recently due to its importance in the applications of 

antenna design and theory, is built from the integral equations. The characteristic values obtained from solving the 

generalized eigenvalue problem indicate the radiation, electrical energy or magnetic energy store of the system. The 

characteristic modes can be viewed as one of the eigenmode expansions of the integral equation systems. The solved 

electrical current can be expressed by the superposition of the characteristic modes. Different from other modal expansion 

methods, the integral equation systems, such as the electric field integral equation (EFIE) [1], the magnetic field integral 

equation (MFIE) [2], the combined field integral equation (CFIE) [3] or the augmented electric field integral equation (A-

EFIE) [4] share the same set of characteristic values and modes. This indicates the physical meaning of the characteristic 

modes which is only determined by the physical properties of the problem regardless of the formulations we use. In fact, it 

will be shown that the characteristic mode analysis helps one to find the natural resonance frequency when driving a system. 

 

Recently, the potential-based integral equation is proposed and formulated based on the two equations of vector potential   

and scalar potential  , which is stable for a wide range of frequency band applications [5]. It is shown that the potential-

based integral equation, again, shares the same set of characteristic modes with EFIE [6]. Different from the A-EFIE based 

analysis with the current continuity condition, the potential-based TCM is built from the components in EFIE. In addition, the 

formulation with potentials will conveniently analyze some quantum/nano physics phenomena through the bridge of classical 

electromagnetic tools. For example, the vector potential defined under Coulomb gauge is known to be transverse. Here the 

longitudinal vector potential, which is a theoretical concept defined with the import of Lorenz gauge and cannot be observed 

from field detection, is validated from the characteristic mode analysis using potential-based integral equations. Other than 

the modes that coincide with those solved using EFIE, the characteristic modes solved with the potential-based integral 

formulation contain some extra modes. These modes are proved to be related to the longitudinal vector potential    . They 

are pure charge modes, determining that     is a near-field effect and does not contribute to the electric and magnetic field 

intensities. 
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