
ELECTROMAGNETIC DOSIMETRY: DEVELOPMENT OF ANALYSIS AND 
MEASUREMENT TECHNIQUES FOR THREE-DIMENSIONAL 

COMPLEX-SHAPED DIELECTRIC BODIES 

Accurate dosimetry analysis and measurement techniques are 
crucial to the use of electromagnetic energy in beneficial 
medical application& and in investigations of the biological 
effects of EM radiation. A generalized numerical model for 
computing the field distribution and absorbed power within 
complex-shaped heterogeneous three-dimensional biological bodies 
has been developed~ and a 12-channel temperature measurement 
system was developed and used .to validate the model via 
laboratory measurements of temperature distribution. The 
analytical model employs the method of moments to solve a pair 
of integral equations for the unknown equivalent volume electric 
and magnetic currents. Pulse functions are used as basis 
functions and delta functions are used for testing. The model 
treats both uniform plane wave and complex excitation cases. 
The complex field excitation can be either the near field of an 
antenna or an enclosing coil. The temperature measurement 
instrumentation has the capability to measure over a wide 
temperature range and provides a multi-channel capability with 
both analog and digital outputs. Laboratory evaluation of the 
instrumentation indicated excellent linearity over a wide 
dynamic temperature range, and EM induced temperature errors 
were very small. 

Laboratory experiments were performed to validate the 
analytical model used for predicting internal field distributions 
within heterogeneous lossy dielectric bodies. Several geo
metrical shapes including cubes, square cylinders, ellipsoids, 
and rat-shaped models were examined. Both homogeneous and 
heterogeneous cases were evaluated for the normal incidence of 
the EM field orientated both parallel and orthogonal to the axis 
of the model and for the EM field oriented at oblique incid~nce
angles. Analytical convergence tests were conducted for cubes, 
cylinders~ and ellipsoids, and experimental verification of the 
predicted temperatures were performed in homogeneous cylinders, 
heterogeneous cylinders, and homogeneous rat-shaped models. The 
analytical convergence tests yielded good results, and the 
experimental verification of the computer analysis, which was 
based upon the agreement of measured and predicted temperature 
rise, also showed very good agreement between computed and 
measured temperatures. 
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The determination of potential hazards related to the 
exposure of subjects to electromagnetic (EM) environments has 
received considerable attention over the past two to three 
decades. The EM energy coupled into the biological system and 
its distribution are dependent upon a number of factors 
including frequency, bio-material size and geometry, electrical 
properties of the material, and the illumination field 
configuration. Existing literature concerning EM dosimetry 
relating to microwave radiation hazards is voluminous in certain 
respects and rather limited in others. Both experimental and 
analytical investigations have been conducted. However, the 
experimental investigations of internal field distribution have 
been typically limited to homogeneous or layered dielectric 
phantom models which are sliced and the slices scanned using 
infrared thermography. Some temperature mapping using sensors 
has been performed, but this work was limited in that only·a few 
sensors were implanted and a true three-dimensional field 
mapping was not possible. Analytical investigations typically 
have been limited to classical techniques for simple geometrical 
shapes at frequencies near resonance. 

Only recently has an emphasis been placed on the 
development of generalized methods for determining the internal 
field distributions within three-dimensional complex-shaped 
lossy dielectric bodies. A generalized model which is used to 
predict the field intensity and distribution in dielectric 
bodies having arbitrary shapes and dielectric composition, and 
having either one-dimensional or two-dimensional symmetry has 
been developed. The model employs the method of moments to 
solve a pair of integral equations (derived using the volume 
equivalence principle and the dyadic Green's function) for the 
unknown equivalent volume electric and magnetic currents. The 
integrals over the source volume specify the excitation, which 
can be either plane wave, near-field, or that produced by an 
enclosing coil. The int~gral equations are solved by the method 
of moments with pulse functions as bases and delta functions for 
testing. These solutions are obtained using a large-scale 
digital computer. 

One of 
interactions 
in the tissue 

the maJor difficulties in the study of EM field 
with biological bodies as well as power deposition 
has been the lack of an adequate means for dynamic 
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temperature monitoring. Ideally, a temperature measurement 
probe 1n the presence of an EM field should possess several 
necessary characteristics. It should be "transparent" to EM 
energy to prevent perturbation of the fields within the 
biological body and to prevent the focal heating effects in the 
vicinity of the sensor itself. The probe should measure only 
ambient tissue temperature, and the sensor itself should not be 
heated either directly or through coupling of EM energy to the 
interconnecting leads. For temperature measurements of 
biological materials, probe dimensions should be compatible with 
implantation requirements, and the dynamic temperature range of 
the probe should be sufficient to permit measurements over the 
entire range of biological temperatures which may be presented. 

The lack of a suitable temperature measurement device has 
generated considerable interest in new thermometry techniques 
and devices in recent years. Both invasive (probes) and non
invasive methods have been investigated. Representative of 
these devices and techniques under recent investigation are the 
following: 

o Liquid crystal fiberoptic probes, 
o Etalon-fiberoptic probes, 
o Birefringent crystal probes, 
o Liquid microprobes, 
o Telemetric thermometer probes, 
o Miniature high-resistivity thermistor probes, 
o Radiometric techniques, 
o Infrared thermography, and 
o Reflected power monitoring. 

Although several of these methods are attractive for temperature 
measurements in an EM environment, probes made of high
resistivity thermistors with conductive plastic leads and the 
associated measurement instrumentation were designed and 
fabricated. This temperature measurement approach takes 
advantage of new developments in existing concepts without many 
of the uncertainities or long lead times associated with the 
development of entirely new concepts. 

Temperature measurement iµstrumentation was desgined and 
developed which 1s capable of measurements over temperatures 
from - 60°C to +60°C in two piecewise-linear ranges. Twelve 
thermistor input channels are provided, and an analog voltage 
output which is linearly proportional to measured temperature is 
provided for each channel. The twelve analog channels are 
grouped into four groups of three channels each. Any of the 
analog signals from each of the four groups can be displayed 
digitally in degrees Centigrade; consequently four channels can 
be displayed simultaneously. All twelve analog signals also can 
be fed to a microcomputer for recording and further processing. 
Thus, it is possible to accurately "map" the temperature 
distribution within phantom models. Laboratory evaluation of 
the instrumentation and high-resitivity probes demonstrated that 
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the system is linear to within+ 0.2°C over the 20°C to 60°C 
range and that EM-field induced temperature measurement errors 
were le~s than l°C for an incident power density of 0.5 
watts/cm for a one minute exposure with the conductive plastic 
leads aligned parallel to the electric field. 

A number of analytical and experimental investigations were 
performed to validate the computer algorithm and to demonstrate 
the operation of the multi-channel temperature measurement 
system. Numerical results have been computed for dielectric 
cubes, square cylinders, ellipsoids, and rat-shaped models. 
Tests of numerical convergence were conducted for cubes, 
cylinders, and ellipsoids with satisfactory results. Experi
mental verification of the computer analysis was accomplished 
through laboratory investigations in which temperature distribu
tions in electromagnetically-heated dielectric bodies were 
compared to the dissipated power and temperature distributions 
predicted by the computer algorithm. Homogeneous and 
heterogeneous dielectric cyliners and rat-shaped models were 
used in the experimental verification. At 2450 MHz, excellent 
agreement between computed and measured results was obtained for 
both homogeneous and heterogeneous cylinders, with the electric 
field oriented parallel, orthogonal, and obliquely to the 
cylinder axis. Very good agreement between computed results and 
measured temperatures for the rat-shaped models for cases in 
which the electric field was either parallel or orthogonal to 
the longitudinal axis of the "rat" was also obtained. 
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