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 Generically the only time-independent solutions to open electromagnetic problems 
are scattering states, consisting of an input wave and a scattered wave.  However there also 
exist special solutions at discrete complex frequencies for which there is no scattered wave, 
despite the presence of an inhomogeneity.  The most well-known case is that of resonant, 
purely outgoing solutions, occurring in the lower half complex frequency plane.  These 
solutions can become realizable in steady-state by adding gain to lift the frequency to the 
real axis, corresponding to the onset of lasing.  Some years ago we pointed out [1] the 
physical relevance of another set of solutions, corresponding to the time-reverse of lasing, 
which satisfy purely incoming boundary conditions, and can be brought down to the real axis, 
by adding absorption to a cavity or scattering region.  We call such a system a coherent 
perfect absorber (CPA). Only a specific input state is perfectly absorbed, the time-reverse of 
the corresponding lasing mode at threshold.  
 More recently, in the context of PT-symmetric electromagnetic systems, certain one-
dimensional cavities have been shown to support real frequency solutions with unidirectional 
perfect transmission (or zero reflection) [2,3]. Such solutions satisfy boundary conditions with 
purely incoming waves on one side of the scattering region, and purely outgoing on the other.  
While they have been found in PT systems, they tend to disappear at high frequency [3] or at 
larger values of gain-loss. Recently we have shown [4] that these unidirectional PT states are 
a special case of unidirectional transmission resonances (UTRs) that occur in all 
electromagnetic scattering systems.  They require no discrete symmetry, occur in any 
dimension and with any distribution of gain and/or loss.  They are obtained by choosing a set 
of the asymptotic channels as incoming, and its complement as outgoing, and matching at a 
suitable boundary.  Like lasing and CPA,these “one-way” boundary conditions lead to 
countably infinite solutions at discrete complex frequencies and are not physically realizable 
in steady-state. However, with the addition of a specific amount of loss or gain, they can be 
brought to the real axis and realized in steady-state, opening up many new avenues for non-
hermitian engineering.  We show that such UTRs occur in pairs; typically one member 
requires the addition of gain to become accessible at real frequencies, and the other requires 
the addition of loss. However, we show that in 1D PT symmetric structures, for small T-
breaking these singularities are constrained to occur on the real axis up to a PT-breaking 
transition, above which they move off the real axis and become inaccessible.  
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