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In heating a body, such as the human body, with 
microwaves, a large proportion of the energy is re?ected 
from the surface of the body and lost instead of being 
absorbed by the body. 

Objects of the present invention are to avoid this loss 
and to cause substantially all of the energy impinging on 
the body to be absorbed by the body. Other objects are 
to provide for this purpose an impedance matching pad 
which is light and easy to handle, which will conform to 
the contour of the body and which is durable in use. 

According to the present invention the aforesaid re 
?ection is avoided by inserting in the path of the micro 
waves an impedance matching pad whose dielectric con 
stant is the geometric mean of the dielectric constants 
of the body and the air or other medium through which 
the microwaves are transmitted to the body and whose 
thickness is approximately equal to an odd number of 
quarter wave-lengths of the microwaves in the pad, the 
pad being located a distance from the body which is a 
multiple of one-half of the wave-length, including a zero 
multiple, that is in contact with the body without any 
substantial spacing between the pad and the body. In 
this Way two re?ections are produced, one at each face 
of the pad. The two re?ections being substantially equal 
in amplitude and of opposite phase, they substantially 
cancel each other. 
When the microwaves are transmitted through air, as 

they usually are, the aforesaid geometric mean is equal 
to the square root of the dielectric constant of the body. 
While the aforesaid pad may be spaced from the body 
one-half wave-length or other multiple of a half wave 
length, it is preferably placed in contact with the body, 
in which case it is preferably in the form of a ?exible 
path which conforms to the contour of the body. The 
preferred embodiment comprises a rubber pad contain 
ing approximately 50% to 80% titanium dioxide. 

For the purpose of illustration, a typical embodiment 
is shown in the accompanying drawing, in which the 
?gure is a diagrammatic view of an emitter E for 
irradiating a body B through the aforesaid pad P, the 
emitter comprising the usual antenna A, re?ector R 
and coaxial input terminal T for supplying current to 
the antenna. 

While the composition of the matching impedance pad 
may vary widely, depending on the conditions of use 
and the wave-length, for diathermic treatment of the 
human body with a wave-length of 12.2 cm., the pad 
is preferably made of butyl rubber loaded with titanium 
dioxide to increase the dielectric constant of the pad. 
Inasmuch as the wave-length in the pad is equal to the 
Wave-length in air divided by the square root of the di 
electric constant of the pad, increase in dielectric con 
stant permits a decrease in the thickness of the pad. The 
following are a few examples for a wave-length of 12.2 
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cm. in the region where the thickness of the pad approxi 
mate one centimeter: 

Titanium 
Example Dioxide, Density Dielectric Thickness 

percent Constant in Cm. 
by wt. 

1 _____________________ -- 63. 3 1.81 5. 72 1. 274 
72. 4 2. 11 8. 04 1. 075 
76. 0 2. 26 9. 79 0. 975 
77. 5 2. 31 . 14 0. 958 

The composition of the pad is preferably made accord 
ing to the following formula where the parts are by 
weight: 

Butyl rubber ________________________ __ 100 

Titanium dioxide _____________________ __ 102 to 400 
Zinc oxide __________________________ __ 2 

Stearic acid _________________________ __ _ 1 

Mercaptobenzothiazole (available as “Cap 
tax” from R. T. Vanderbilt Co.) ______ __ 0.5 

Tetramethylthiuramdisul?de (available as 
“Tuads" from R. T. Vanderbilt Co.) ____ 1 

Sulfur ______________________________ __ 1.5 

The composition is preferably compounded as follows. 
The butyl rubber is ?rst milled for two or three minutes 
on a rubber mill with rolls preheated to about 60° C. 
After this plasticizing operation the heating of the rolls 
is discontinued and the titanium dioxide is added grad 
ually while containing the milling from ten to twenty 
minutes depending on the amount of titanium dioxide. 
Then While the milling progresses, the zinc oxide, stearic 
acid, Captax, Tuads and sulfur are admixed successively. 
After milling the ?nished composition for one minute, 
the rolls are cooled with water and the mixture is stripped 
from the rolls. After letting the material stand for at 
least twenty-four hours, it is cut into discs of the de 
sired size, the discs are stacked to the required thickness 
and inserted into a mold lubricated with magnesium 
stearate. After applying pressure of about eight hun 
dred pounds per square inch, the resulting laminated pad 
is cured at about 150° C. for an hour, after which the 
?nished pad may be removed from the mold. 
Uneven heating of a body may be accomplished by 

varying either the thickness or the dielectric constant of 
the pad throughout its area, maximum heating occurring 
where the thickness is equal to an odd number of quarter 
wave-lengths and the dielectric constant is equal to the 
aforesaid geometric mean and the amount of heating 
decreasing in proportion to departure from these opti 
mum conditions. For example, if a restricted area, such 
as the eye of a patient, is to be protected while heating 
the surrounding area, the portion of the pad covering 
the surrounding area may have said optimum conditions 
and the thickness and/or geometric mean of the portion 
of the pad corresponding to the restricted area may de 
part more or less from said optimum conditions depend 
ing upon the degree of shielding desired throughout the 
restricted area. Conversely if the microwaves from the 
emitter are not uniform in intensity throughout the area 
of the pad, the intensity may be made uniform by vary 
ing the thickness and/ or geometric mean throughout the 
area of the pad. For example, in a small emitter the 
intensity is usually maximum at the center and gradually 
decreases toward the periphery; and to make the distribu 
tion uniform the pad may have said optimum conditions 
at the periphery and gradually depart therefrom toward 
the center. By making the distribution uniform maxi 



3 
mum heating may be obtained throughout the area with 
out danger of burning at any location within the area. 

It should be understood that the present disclosure is 
for the purpose of illustration only and that this inven 
tion includes all modi?cations and equivalents which fall 
within the scope of the appended claims. 

I claim: . 
1. A therapeutic heating system comprising a micro 

wave energy generating means, means for directing the 
microwave energy to a body of living tissue, an imped 
ance matching pad placed in a ?rst medium wherein the 
dielectric constant of said pad is the geometric mean 
of the dielectric constants of said body and medium and 
whose thickness is approximately equal to an odd num 
ber of quarter wave-lengths of the microwaves in the 
pad for matching the impedance between said pad and 
said body and distributing said energy over an area of 
said body, whereby when the pad is placed in the path 
of the microwaves, at a distance from the body which is 
a multiple of one-half the wave-length, loss by re?ection 
is minimized and said microwave energy is free to pass 
therethrough. 

2. A therapeutic heating system comprising a micro 
wave energy generating means, means for directing the mi 
crowave energy to a body of living tissue, an impedance 
matching pad placed in a ?rst medium wherein the di 
electric constant of said pad is the square-root of that of 
the body and whose thickness is approximately equal to 
an odd number of quarter wave-lengths of the micro 
waves in the pad for matching the impedance between 
said pad and said body and distributing said energy over 
an area of said body, whereby when the pad is placed in 
the path of the microwaves, at a distance from the body 
which is a multiple of one-half the wave-length, loss by 
reflection is minimized and said microwave energy is 
free to pass therethrough. 

3. A therapeutic heating system comprising a micro 
wave energy generating means, means for directing the 
microwave energy to a body of living tissue, a rubber 
matching pad placed in a ?rst medium wherein the di 
electric constant of said pad is the geometric mean of 
the dielectric constants of said body and medium and 
whose thickness is approximately equal to an odd num 
ber of quarter wave-lengths of the microwaves in the 
pad for matching the impedance between said pad and 
said body and distributing said energy over an area of 
said body, said pad containing approximately 50% to 
80% titanium dioxide, whereby when the pad is placed 
in the path of the microwaves, at a distance from the 
body which is a multiple of one-half the wave-length, 
loss by re?ection is minimized and said microwave 
energy is free to pass therethrough. ' 

4. A therapeutic heating system comprising a micro 
wave energy generating means, means for directing the 
microwave energy to a body of living tissue, a rubber 
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matching pad placed in a ?rst medium wherein the 
dielectric constant of said pad is the square-root of that 
of the body and whose thickness is approximately equal 
to an odd number of quarter wave-lengths of the micro 
waves in the pad for matching the impedance between 
said pad and said body and distributing said energy over 
an area of said body, said pad containing approximately 
50% to 80% titanium dioxide, whereby when the pad 
is placed in the path of the microwaves, at a distance 
from the body which is a multiple of one-half the wave 
length, loss by re?ection is minimized and said micro 
wave energy is free to pass therethrough. 

5. A therapeutic heating system comprising a micro 
wave energy generating means, means for directing the 
microwave energy to a body of living tissue, an impedance 
matching pad placed in a ?rst medium wherein the 
dielectric constant of said pad has a value which approxi 
mates the geometric mean of the dielectric constants of 
said body and medium throughout at least a part of the 
area of the pad and whose thickness has a value which 
approximates an odd number of quarter wave-lengths 
of the microwaves in the pad throughout at least a part 
of the area of the pad for matching the impedance 
between said pad and said body and distributing said 
energy over an area of said body, at least one of said 
values varying throughout the area of the pad to control 
the distribution of the microwaves which penetrate the 
body and said microwave energy is free to pass‘there 
through. 
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