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If the geometry and electromagnetic material parameters ofan open or closed
waveguide are symmetric about a plane perpendicular to the propagation axis (� axis),
then it is obvious from a simple symmetry argument that everytime-harmonic (���� �)
traveling wave propagating with��� � dependence can also propagate in the opposite
direction with���� � dependence, where� is the complex propagation constant. Thus,
a waveguide possessing this “reflection symmetry” can be said to be “bidirectional.”

If the waveguide does not possess this reflection symmetry, it may not be bidi-
rectional, and thus it becomes of interest to obtain generalconditions that are suffi-
cient for a waveguide to be bidirectional (P.A. Chorney, MITTechnical Report 396,
1961). Toward this end, McIsaac (IEEE MTT Trans., 39, 1808–1816, 1991) has
proven that a uniform waveguide that contains only losslessreciprocal material is
bidirectional for traveling waves with real propagation constants� . In this paper,
a general theorem is proven that states that both uniform andperiodic waveguides
containing lossy or lossless reciprocal material are bidirectional in that every travel-
ing wave with complex propagation constant� has an associated traveling wave with
propagation constant	� . This theorem is proven indirectly using two reciprocal an-
tennas separated by asymptotically large distances along the waveguide. Direct ap-
plication of the Maxwell differential equations also proves that every complex wave
with ��� � dependence on a lossless reciprocal waveguide has an associated complex
wave with���� 
� dependence, where the� indicates the complex conjugate.

These theorems imply that complex waves on lossless reciprocal waveguides
come in quadruplets, one bidirectional pair with propagation constants�� , and an-
other bidirectional pair with propagation constants
� �. An important consequence
of the theorems is that for traveling waves with real propagation constants on lossless
reciprocal periodic waveguides, the��–� � diagram need cover only the range of� �
from 0 to� , where� � � �� with � denoting the free-space speed of light, and� is the
spatial period of the periodic waveguide. It is noted that, although waveguides con-
taining nonreciprocal material are not in general bidirectional, some nonreciprocal
waveguides retain the property of bidirectionality.
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