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Fig. 2. Calculated waveguide impedance.
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Fig. 4, Swept data input match adjusted adapter.
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Guided Waves in Moving Media

In a recent paper,! the problem of electro-
magnetic wave propagation in a waveguide
containing a moving dielectric medium was
considered. It is shown in this correspondence
that the approach used is unnecessarily com-
plicated and that the mode behavior can be
simply derived from the stationary problem
by a Lorentz transformation to the frame of
a moving observer.

The problem considered in Collier and
Tai! was solved in the following manner:
starting from Maxwell’s equation and the
constitutive equations in the axially-moving
medium, the authors were able to derive vec-
tor and scalar potentials for both E- and H-
type modes, satisfying a modified gauge con-
dition. They were then able to write down a
wave-type equation for the vector potentials
which could be solved together with the
boundary conditions at the waveguide walls.
From this, the field components could be writ-
ten down together with expressions for the
wave impedance and axial propagation con-
stant. These latter two were found to differ
from their stationary values by a term inde-
pendent of the waveguide dimensions.

In the present correspondence, it is shown
that the problem may be solved in a much
simpler way. The important point to note is
that the movement of the medium relative to
the waveguide is irrelevant to the solution of
the problem. Since this movement is parallel
to the axial velocity vector, the boundary con-
ditions on the waveguide walls are exactly as
in the stationary problem and the harmonic
fields remain zero inside the waveguide walls,
Physically, then, the problem is identical to
that where the dielectric medium and wave-
guide move together along the z-axis at veloc-
ity v with respect to an observer, and the
solution of this problem is related quite sim-
ply to the stationary problem (waveguide,
medium, and observer all stationary) through
a Lorentz transformation. In the stationary
rectangular waveguide, a typical field compo-
nent (unprimed system) is proportional to
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In the frame where the observer has an
axial velocity v relative to the medium and
waveguide (primed system), a typical field
component is proportional to

sin (mm:') sin <n1ry')
cos a cos b

exp [{Tmn'mn'z—iw't']

where the primed and unprimed coordinates
are related through the Lorentz transforma-
tions
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essentially equation (74) in Collier and Tai!
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The same procedure may be carried out
for any cylindrical waveguide with similar
results.

The field components and wave impedance
follow directly from Maxwell’s equations. The
fact that the modification to the propagation
constant and wave impedance is independent
of the waveguide dimensions is therefore a
direct consequence of the fact that the two
problems are connected by a Lorentz trans-
formation.

P. DaLy

The Technical University of Denmark
Laboratory of Electromagnetic Theory
Lyngby, Denmark

Takashi Azakami
(S8’°58-M’65) was born
in Yamaguchi-ken, Ja-
pan, on October 14,
1928. He received the
M.S. degree and the
Ph.D. degree, both in
electrical communica-
tion engineering from
Osaka University,
Osaka, Japan, in 1956
and 1963, respectively.

In 1959, he was appointed Research As-
sistant at Osaka University, where he worked
on the design and development of transmis-
sion lines, antennas, and components in the
micro- and millimeter-wave regions. Since
1964 he has been an Assistant Professor
in the Division of Electrical Engineering, Nara
Technical College (National), Nara, Japan.

Dr. Azakami is a member of the Institute
of Electrical Communication Engineers of Ja-
pan and the Japan Society of Medical Elec-
tronics and Biological Engineering.

Rita E. Biss (A’53-
M’58) was born in
New York, N. Y. She
received the B.A, and
M.A. degrees in math-
ematics and physics,
from Hofstra Uni-
versity, Hempstead,
N. Y., in 1950 and
1954, respectively.
From 1950 to 1951,
she was Technical Assistant at Bell Telephone
Laboratories engaged in signaling develop-
ment. From 1951 to 1959, and 1960 to 1964,
she was a member of the technical staff at the
Sperry Gyroscope Company, Great Neck,

N. Y. During this time she was engaged in the
development of various pulsed kilowatt travel-
ing-wave tubes and megawatt klystrons, In
1959 and 1960, she was a Research Assistant
at Cornell University, Ithaca, N. Y., while
pursuing further graduate studies. In 1964,
she joined the staff of Cornell Aeronautical
Laboratory, Inc., Buffalo, N. Y., and was en-
gaged in research on laser-surface interaction,
vacuum arcs, and radar cross-section analysis.
She is currently with SFD Laboratories, Inc.,
Division of Varian Associates, Union City,
N. J.

Miss Biss is a member of Sigma Pi Sigma
and Kappa Mu Epsilon.

2
e

J. R. Christian (M’59)
was born in New
Brunswick, N. J., on
July 25, 1933, He re-
ceived the B.S. degree
in electrical engineer-
ing and the M.S.E.E.
degree from Rutgers—
The State University,
New Brunswick, N. J.,
in 1955 and 1964, re-
spectively.

In 1955, he joined the Signal Corps Engi-
neering Laboratories at Fort Monmouth,
N. J., and was engaged in research on anten-
nas and later on micro- and millimeter-wave
guiding systems. In 1959, he was assigned to
the Institute for Exploratory Research, U. S.
Army Electronics Command, where he has
been concerned with research on millimeter
wave and optical beam waveguides.

Mr, Christian is a member of Sigma Xi.

02
o3

Sidney B. Franklin (S’58-M’60) was born in
Utica, N. Y., on April 4, 1930. He received
the B.S degree in electrical engineering from

Union College, Sche-
nectady, N. Y., and
the M.S. and Ph.D.
degrees in electrical
engineering from the
University of Iilinois,
Urbana, in 1952, 1960,
and 1966, respectively.
From June 1952,
to March, 1954 he
was a Member of the
Technical Staff of Bell Laboratories, Murray
Hill, N. J., where he participated in their
Communication Development Training Pro-
gram and was engaged in the development of
communication and radar equipment. In
March, 1954, he entered the United States Air
Force and was commissioned in May, 1955.
For the next three years he was a MATS navi-
gator, accruing 2500 hours on trans-Atlantic
and far Northern flights. His work for the Air
Force includes serving as a Project Engineer
on several HF Direction Finding Projects, and
as Program Manager in the development of an
advanced monopulse system. He is currently
serving in the Military Research and Develop-
ment Center, OSD/ARPA R&D Field Unit,
Bangkok, Thailand.
Major Franklin is a member of Eta Kappa
Nu, Phi Kappa Phi, and an associate member
of Sigma Xi.

Georg Goubau (A’49-SM’56-F’57) was born
in Munich, Germany, on November 29, 1906.
He received the M.A. degree and the Ph.D.
degree in physics from the Institute of Tech-
nology, Munich, Germany, in 1930 and 1931,
respectively.

From 1931 to 1939, he was engaged in re-
search and teaching at the Institute of Tech-



