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Estimation of Current Distributions on Antennas

by Measuring the Magnetic Near Fields

Akiko KOHMURA

Abstract

The estimation of current distributions on antennas is required to make clear
behaviors of designed and fabricated antennas. It also contributes to specify unex-
pected electromagnetic sources and to cope with the emission problems. Generally,
the requirement arises in practical uses, for example, in the case of trouble on an
attachment circuit and so on. Therefore, it is necessary to investigate these issues
not only by computer simulations in ideal state but also by measurements in the
practical state. However, it is difficult to measure the current directly, because a
current sensor cannot touch an antenna under test in order to avoid disturbing its
behavior.

In this paper, a method for estimating the current with the measurements of
magnetic near field is proposed. The method has the potential to estimate the
distributions of the complex current values (both real and imaginary part). The
objective in this study is to confirm an availability of the method by computer
simulations and experiments.

The principle of estimation is based on an expression of the relationship between
the current and the magnetic near field derived by Maxwell * s equations. The
objective current is composed of small dipole segments with constant current. The
magnetic near field can be expressed as a composition of magnetic fields made from
these segments. Thus, the current and the magnetic near field are related in linear
equations. It means that the current distributions can be estimated by solving the
linear equations with the measured magnetic near field.

In this estimation method, it is important to obtain magnetic field data with suf-
ficient small errors to solve the inverse problem stably. A double-output shielded

loop probe is introduced as a small magnetic field sensor. The omni-directional



characteristic of the small loop is appropriate to the magnetic near field measure-
ment for this estimation. A novel determination method of the magnetic complex
antenna factor (M-CAF), that is a characteristic of field-measurement antennas,
for the introduced probe is also proposed. The M-CAF is defined as a ratio of
incident magnetic field to antenna output voltage. The magnetic near field must
be measured accurately to estimate the current distributions. The measurement
accuracy depends on the determination of the M-CAF. The proposed determina-
tion method is based on an equivalent circuit of the small loop probe. The M-CAF
can be determined with the calculated effective length and the reflection coefficient
at the output port.

As the first step, the current distribution on an element of a simple dipole an-
tenna is estimated from the magnetic near field measured by the double-output
shielded loop probe. Appropriate positions of the probe, which does not disturb
the current and also provides enough output amplitude, are investigated using
computer simulations considering the existence of the small probe. The estimated
complex current distribution and the values are confirmed by a comparison to the
theoretical current distributions calculated by the method of moments. In this
comparison, a new technique to calibrate the excited voltage of the dipole element
is developed. As the result, it is made clear that the presented method can estimate
not only the current distribution form but also its absolute values.

Furthermore, current distributions of leaking along a surface on feeder lines of
dipole antennas are also estimated. The method can estimate the small currents
of leakages. The usefulness of the estimation method in the analysis of actual an-
tennas and the specification of unexpected emissions is shown by the experimental
investigations.

Finally, the current estimation method is extended for two-dimensional objects.
The method is based on the characteristic of the small loop probe, that is, only the
magnetic component perpendicular to the loop plane is measured. The possibility
is examined through the estimation of current distributions on a two-element Yagi-
Uda antenna. This result can be the base of more general two-dimensional current

estimations in future.
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®/ 3cm or 6cm
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(¢ = 1mm)
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(¢ = 1mm) Z
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