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Incicient Investigation
Any untoward occurrence in a controlled area should be investigated as soon 

as possible, and preferably by a specialized team. This will include early technical 
assessment of the operating conditions and medical examination of exposed 
workers, for which baseline data will be of inestimable value. Valuable 
information can be gained on problem areas, and probably on a dose/response 
relationship for damage to personnel, at least for the lens of the eye.

(♦RAF Consultant in Radiobiology, AWRE Aldermaston, Near Reading, 
Berkshire, U.K., and **RAF Consultant in Radiobiology, Institute of Naval 
Medicine, Alverstoke, Hampshire PO12 2DL, U.K.)

mW/cm: and with required medical surveillance, is proposed, and the voluntary 
participation of associated workers in epidemiological studies of exposures below 
this MPE is urged.

Microwave Medical and Biological Applications, I
5/1.7

ASSESSMENT OF THE EM FIELD COUPLING OF 915 MHZ OVEN LEAKAGE TO 
HUMAN SUBJECTS BY THERMOGRAPHIC STUDIES ON PHANTOM MODELS

M. D. Webb, A. W. Guy and J. A. McDougall (U.S.A.)

Full-sized human female and child phantom models with dielectric properties 
« equivalent to muscle were exposed to electromagnetic (EM) leakage radiation 

from a microwave oven to obtain a preliminary assessment of possible biologic 
hazards. Energy absorption patterns and specific absorption rates are discussed for 
various exposure conditions.

The possibility of biological hazards resulting from human exposure to EM 
leakage radiation from microwave ovens has been a hotly discussed subject for 
several years. As a preliminary assessment of the possible hazards, full scale 
human female and child phantom muscle models were exposed to leakage 
radiation from a modified microwave oven. This assessment was based on energy 
absorption patterns and specific absorption rates (SAR) obtained ther- 
mographically.

Thermographic analysis of temperature changes induced in biological objects 
or simulated biological objects composed of phantom materials by EM radiation 
has been used quite extensively in the last ten years to demonstrate how EM 
radiation interacts with various objects. To obtain accurate values of SAR 
patterns, short exposure times are required. This minimizes the thermal diffusion 
affecting the observed pattern. Relatively high field intensities are needed to 
produce significant absorption changes rapidly. With this as an important 
consideration, the oven was modified to produce a field pattern similar to that of 
a typical oven leak, but at a much higher power density level (up to 800 mW/cm2 
at 5 cm from the door).

The source, a Federal Telecommunication Laboraties NUS 3653 10 kW power 
amplifier tuned to 919.5 MHz, was coupled through coaxial waveguide to a cavity 
with a radiating slot aligned with an opening in the door gasket at the top of the 
oven door, the input VSWR to the coaxial feed was 2.0 with no model loading.
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The power output of the amplifier had to be held to 1 kW to prevent breakdown 
and overheating of the leakage aperture. Mean power density measurements were 
taken with a Narda 8110B Leakage Monitor taken at both high and low power 
levels and at power levels only with an NBS EDM-1C Electric Energy Density 
Meter. The curve varies as R’1 up to approximately 12 cm from the door where it 
changes to a R’; dependence. The measurements taken at high power levels varied 
from day to day with a standard deviation of ± 17%, possibly due to the small 
variations in the source-slot coupling caused by thermally induced changes in 
dimensions and losses in the slot-door configuration.

Since this is a preliminary study, the models were constructed using only 
phantom muscle material. No attempt was made to simulate skin, fat, bone or 
internal organs. Polyurethane foam molds of a female, 1.63 m tall, and weighing 
59 kg, and a child, 0.94 m tall and weighing 15 kg, filled with simulated muscle 
dielectric and sectioned sagittally were used to obtain the sagittal energy 
absorption patterns. Another mold of each model was constructed where the 
female model was sectioned transversely in the pubic region and the child model 
was sectioned transversely through the orbital region.

The models were exposed in three different positions relative to the slot. The 
orientation of the models with respect to the slot was the same for all three 
positions where only the spacing from the model to the oven door changed. The 
female model was oriented to simulate a woman standing in front of the oven 
with the pubic region centered over the slot 93 cm from the floor. The spacings 
for the three positions were 5 cm from the door (foam mold touching the door 
handle), 10.1 cm and 35.5 cm from the door. The exposure time was 300 sec for 
each position.

The child model was placed to simulate a child standing in front of the oven 
with his face centered in front of the slot at eye level (orbital region 82.5 cm from 
the floor). The spacings for the three positions were 4.8 cm from the door (foam 
mold touching the door handle), 9.9 cm and 35.3 cm from the door. The exposure 
time was 120 sec for all three positions.

Since long exposure times (up to 300 sec) were required to produce 
quantifiable temperature changes in the models, the SAR values as calculated 
from simple temperature change proportional with time could be significantly in 
error. Therefore, the models were also exposed for shorter times (with less 
quantifiable temperature changes) in order to determine the effect of thermal 
diffusion on the energy absorption patterns and provide some estimate of the 
error. These errors are discussed in the paper.

The regions of maximum SAR are those closest to the slot, moderate levels 
of SAR were also observed in the neck region of the child. In all other 
regions of the models, the SAR was too low to be determined, since the 
temperature change was negligible. The thermograph camera was moved closer to 
the object to scan the localized regions where the temperature changes occurred.

The energy absorption distribution along the normal direction into the female 
model is similar to that predicted for a plane slab of the same material. The 
maximum SAR of 136 mW/kg per mW/cm: occurred at the surface and 
decreased exponentially with depth. The SAR in the umbilical region (0.4 cm 
closer to the plane of the door) is greater than that in the pubic region. A high 
temperature change was noted at the front edge of the polyurethane foam mold , 
though the foam has a small loss tangent, significant heating can be produced 
when it is placed in a highly diverging field such as that close to the slot.

The energy absorption pattern in the child’s head has some significant
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(Bioelectromagnetics Research Laboratory, Department of Rehabilitation 
Medicine RJ-30, University of Washington, School of Medicine, Seattle, 
Washington 98195, U.S.A.)

A COMPARATIVE PERFORMANCE STUDY OF SPACED APPLICATORS 
IN MICROWAVE DIATHERMY

G. Kantor and D. M. Witters. Jr. (U.S.A.)
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characteristics. The nasal region (bridge of the nose) has the maximum SAR of 455 
mW/kg per mW/cm2 at the surface as expected since it is centered with and close 
to the slot, there is also significant absorption in the forehead, nose and mouth. 
For all of these regions, the maximum SAR occurs at the surface and decays 
exponentially with depth. The significant values of SAR recorded for the neck are 
surprising since the region is so far from the slot and hidden by the chin and 
mouth. It is interesting to note the transverse energy absorption pattern with its 
three peaks across the orbital regions. The maximum SAR is at the bridge of the 
nose corresponding to that recorded in the sagittal plane and and two other SAR 
peaks of 148 mW/kg per mW/cm2 were recorded at the outer edge of each eye.

Table 1 lists the values of SAR measured in various regions of each model. 
The SAR values are normalized for a power density of 1 mW/cm2 as measured 
with the NBS probe at 5 cm from the door. A power density leakage level of 5 
mW/cm2 allowed by the Department of Health, Education, and Welfare 
microwave oven standard would produce a maximum SAR of 2.28 W/kg in the 
nasal and 0.74 W/kg in the orbital regions of the child. The same leakage level 
would produce 0.68 W/kg in the umbilical and 0.48 W/kg in the pubic regions of 
the female. We would expect these SAR levels to have negligible thermal 
significance in comparison to the metabolic rate of the human.
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Spaced applicators in clinical use and appropriate for microwave diathermy 
are evaluated by comparing near field measurements of external fields in free 
space and in the presence of phantoms as well as resulting heating patterns.
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TABLE I
SPECIFIC ABSORPTION RATES IN mW/kg OF WOMAN AND CHILD 

MODELS EXPOSED TO 1 mW/cm2 MEASURED AT 5 cm FROM SOURCE

Subject and body region
Child
Nasal (bridge of nose)
Laryngeal
Mental
Right Orbital
Left Orbital
Woman
Pubic
Pudendal
Umbilical
Right Lateral Abdominal
Left Lateral Abdominal


