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The phase velocity indicates the relative containment of the elec-
tromagnetic field within the dielectric. As might be expected, the
Earth-neutral configuration, using the outer two conductors of the
cable, has a greater proportion of field in air and, hence, the effect of
the dielectric in decreasing the velocity is smaller. The unbalanced
(Earth and neutral-phase) configuration has the greatest containment
of the field and, hence, the effect of the dielectric is largest.

!, and 1.768+0.002

C. Attenuation Constant

The attenuation constant o was also found to rise with increasing
frequency (see Fig. 4). A first estimate of this loss is the range 4.3-7.7
x 10~° dB/Hz/m. Considering the relative containment of the fieid in
the dielectric, we might expect the balanced configurations to exhibit
less loss than the unbalanced configurations. However, the increased
loss of the balanced configurations appears to be an indication of
the radiated energy due to common-mode current, resulting from the
lack of perfect balance. It is to be expected that the phase-neutral
configuration cannot make a perfectly balanced transmission line
because of the asymmetry caused by the presence of a third conductor.

The two-port method using different cable lengths gave similar
results for the attenuation constant.

Both the one- and two-port measurements show a much larger
loss (dielectric and/or radiated) than calculation based only on the
conductivity of the copper. The calculation gives an attenuation at
300 MHz of 0.01 Np/m™! (0.09 dBm™!), compared to the measured
value of about 0.2 Np/m™! (1.8 dBm™').

VI. CONCLUSIONS

A one- and two-port method for measuring the characteristics
of a balanced line, embedded behind some network (balun), were
presented and applied to measurements of domestic power cabling.
Though this application used submicrowave frequencies, the tech-
niques are applicable to higher (including microwave) frequencies.
The two-port method only gives the propagation constant, but is
superior for attenuation measurements.

To obtain repeatable measurements, a good balun is necessary. This
is because any common-mode current component is prone to radiate.
It was found that a fine coax wound on a high-permeability toroid
made a suitable balun.

The three conductor line under test was connected in three different
connection configurations. The characteristic impedance was found to
be almost purely resistive, and varies very little with frequency. The
phase constant increases almost lineally with frequency, indicating
a constant phase velocity. The phase velocity is lower for the
configurations having a higher proportion of the electromagnetic field
contained within the cable insulation, as expected. Ths, attenuation
also shows an increase with frequency, although with a much greater
fluctuation. Most of this loss appears to be caused by the cable
insulation, with a small component of copper loss, and some radiation
caused by imperfection in the transmission balance.
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Crossed Dipoles Fed with a Turnstile Network

Robert K. Zimmerman, Jr.

Abstract— A “turnstile network” is introduced which may be conve-
niently used for circular polarization synthesis. The network, outfitted
with proper phasing stubs, forms a balanced quadrature hybrid; for an
antenna with less than a perfect reflection coefficient, the reflected power
will appear at an isolated port, which may be terminated, resulting in
good polarization properties coupled with good input voltage standing-
wave ratio. A crossed-dipole array is used as a test-bed to demonstrate
the turnstile network.

Index Terms— Antenna components, antenna feeds, circular polariza-
tion.

I. INTRODUCTION

Dicke invented the waveguide turnstile during World War II at the
Massachusetts Institute of Technology (MIT) Radiation Laboratory,
Cambridge [1]-{3]. The device was patented [4] in 1954 as a
network for exciting circularly polarized waves in circular waveguide.
Turnstile theory is discussed in some detail in [5].

Presented here is a simple coaxial network which provides the same
turnstile function, but not in waveguide. Where Dicke’s turnstile used
reflective waveguide stubs for polarization synthesis, this network
uses reflective coaxial stubs.

II. PROPOSED NETWORK AND FEED

Fig. 1 shows the proposed network and feed. The feed is a crossed-
dipole array residing within a cavity. The turnstile network comprises
four coaxial transmission-line segments, each A/4 in length at center
frequency, and which, for this discussion, are assumed to have a
50-Q2 characteristic impedance. The four segments of transmission
line form a star network: all four shields are connected together and
all four inner conductors are joined at the bottom of the network. The
network has fourfold rotational symmetry, as required by theory [1].
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