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FOREWORD 

The Bureau of Radiological Health conducts a national program to limit man's 
exposure to ionizing and nonionizing radiations. To this end, the Bureau (1) develops 
criteria and recommends standards for safe limits of radiation exposure, (2) develops 
methods and techniques for controlling radiation exposure, (3) plans and conducts 
research to determine health effects of radiation exposure, (4) provides technical 
assistance to agencies responsible for radiological health control programs, and (5) 
conducts an electronic product radiation control program to protect the public health 
and safety. 

The Bureau publishes its findings in appropriate scientific journals and technical 
report and note series prepared by Bureau divisions and offices .. Under a memorandum 
of agreement between the World Health Organization and the Department of Health, 
Education, and Welfare, three WHO Collaborating Centers have been established within 
the Bureau of Radiological Health, FDA: 

WHO Collaborating Center for Standardization of Protection Against Nonionizing 
Radiations (Office of the Bureau Director) 

WHO Collaborating Center for Training and General Tasks in Radiation Medicine 
(Division of Training and Medical Applications) 

WHO Collaborating Center for Nuclear Medicine (Office of the Bureau Director) 
, 

As a WHO Collaborating Center, the Bureau makes available its technical reports and 
notes to participating WHO members. 

Bureau publications provide an effective mechanism for disseminating results of 
intramural and contractor projects. The publications are distributed to State and local 
radiological health personnel, Bureau technical staff, Bureau advisory committee 
members, information services, industry, hospitals, laboratories, schools, the press, 
and other concerned individuals. These publications are for sale by the Government 
Printing Office and/or the National Technical Information Service. 

Readers are encouraged to report errors or omissions to the Bureau. Your comments 
or requests for further information are also solicited. 

ohnC~~ 
Director 
Bureau of Radiological Health 
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PREFACE 

Studies and analyses of the radiation characteristics of electronic devices are a central part of the program of the Division of Electronic Products in the implementation of The Radiation Control for Health and Safety Act of 1968. Previous reports in this series have dealt with products as diverse as television receivers, lasers, and marine radar. This report describes the physical evaluation of several clinically used and two experimental devices for the application of microwave energy to patients in the practice of diathermy. 

R~.:i!ck/4 
Director 
Division of Electronic Products 
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ABSTRACT 

In 197 5 the Bureau of Radiological Heal th proposed a microwave diathermy performance 
standard. This paper describes an electric field mapping study which was designed and 
executed to study the performance characteristics of various prototype and clinically used 
microwave diathermy applicators. It details the experimental system, the methodology, and 
the results. Safety and thermal effectiveness of systems using these applicators also are 
investigated • 

The mention of commercial products, their sources, or 
their use in connection with material reported herein is not to 
be construed as either an actual or implied endorsement of such 
products by the Department of Health, Education, and Welfare 
(HEW), or the World Health Organization (WHO). 
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FREE-SPACE ELECTRIC FIELD MAPPING OF 
MICROWAVE DIATHERMY APPLICATORS ' 

INTRODUCTION 

Th~ current surge of investigation into the field of microwave-induced hyperthermia fqr 
cancer treatment, along with the use of microwaves in physical therapy, have produced a 
need for detailed technical information concerning the performance of microwave diathermy 
applicators. Questions concerning the electromagnetic fields which are generated and the 
energy' cleposited in tissue by commercially available applicators need to be answered. In 
197 5, the Bureau of Radiological Health proposed a microwave diathermy performance 
standard. The standard has been developed for the manufacture of safe and thermally 
effective microwave diathermy equipment and requires technical performance information 
to be supplied to users. 

The Bureau has undertaken a field mapping study to evaluate the safety and determine 
the thermal effectiveness of various microwave diathermy applicators. The study focuses on 
the electromagnetic field that is generated by various 2450 MHz applicators and compares 
this with energy deposition in simulated biol,ogical tissue by using maps of the electric field 
(equivalent plane wave power density). As corroborative evidence of the deposited energy, 
the induced heating patterns that are established in phantoms of simulated biological tissue 
are studied. · 

. This paper presents typical free-space electric field (E2) maps of the microwave 
radiation associated with various microwave diathermy applicators. Most of these applicators 
are presently in clinical use, however, some are prototype models. The applicators operate 
at the ISM (lndustr ial, Scientific, Medical) frequency of 2.45 GHz. The paper will first 
describe the various applicators that have been mapped and then discuss the experimental 
systems and the results. Finally, the safety and effectiveness of the applicators will be 
discussed. 

APPLICATORS 

Microwave diathermy is a post-World War II era invention that grew out of the devel
opment of a readily available microwave tube, the magnetron, which was originally designed 
for radar use. Since that time, microwave diathermy has not changed appreciably, as 
evidenced by the present day use of some applicator designs that are more than 25 years old. 

Among the early designs that are presently in clinical use are the type A, B and C 
applicators illustrated in Figure 1. Type A (10.16 cm diameter) and Type B (15.24 cm 
diameter) are similar, hemispherical applicators with monopole and conical feeds, 
respectively. Type C (12.7 cm by 11.43 cm) and the more recent type E (17.15 cm by 13.97 
cm) are corner reflectors with different "T" shaped feeds. Applicator types A, B, C, and E 
are known as "spaced" applicators because they are positioned at a specified distance or 
"spacing" from the patient's prescribed tissue during the course of a normal treatment. Our 
selection of these spaced applicators is based on surveys conducted by Kantor and Ruggera (1) 
and Remark (2). It was observed (1) that the most commonly used applicators were types B 
and E; types A and C also were observed but were not as prevalent. · 
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Figure 1. Spaced applicaton: (1) typ= B, (2) -:ype E, 
(3) type A, E4) type C. 

Among the newest applicator designs js the Siemens (Elmed) cpplkator as shown i Figure 2. The applicator (round field jirector, Siemens list no. 16401'9, E.med 8698140064 is circular (16.51 cm diameter) with a helical feed. Also sho'1/n in Figure 2 are two prototyp direct contact designs: the Teflon slab-loaded \l'aveguide (WR 43,)) (3) and the 2450 Transc (4) applicator (15.24 cm diameter). A "direct contact" applicator is one that is positione directly on (or within l cm of) the tissue to be treated. No-:::e the quarter-wavelength chok around the central aperture of the Trc.nsco a?p~icator, which is designed to reduce leakage fields. Both prototype designs have a more uniform heatin5 pat1ern 1han a standard openended waveguide that is placed directly on the phantom. It s_1ouJd be noted that these prototype designs were originally developed for ,direct contc.ct, but that the Transco is used here as a non-contact, spaced applicator, mere.y for comparison: witr corventional spaced applicators. 

Figure 2. Spaced*· and direct contact** applica:ors: 
(A) Siemens* (Elmed), (B) slab-loaded waveguide*>'·, 
(C) 2450-Transco**· 
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EXPERIMENT AL SYSTEM 

The coordinate system that was used for mapping is illustrated in Figure 3. The X-Y 
plane is defined as the transverse plane-and the Z component which is normal to this plane is 
the longitudinal or radial direction. The transverse plane is parallel to the plane of the 
aperture. A block diagram of the experimental system is shown in Figure 4. Within the 
system, microwave power is transmitted from a generator to the applicator through coaxial 
cable. The microwave power is monitored via two directional couplers and two power meters: 
one to monitor forward power, the other to monitor reflected power because of mismatch to 
the applicator. The difference between forward and reflected power is the net power that 
can induce microwave heating in tissue. Continuous scans are made vertically in the Y 
direction.· A 3-axis miniature diode-dipole probe developed by BRH and an optically linked 
telemetry system are used for measurement of I E2 I (5). 

y 

Aperture 
Plane 

Applicator 

Coaxial Coble -
from 

Microwave Generator 

X 

Trans verse · 
Plane 

'l'/~------z 
Longitudinal 
Directional 

Figure 3. The coordinate system. 
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X · Direction 
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Transmitter 

Dieleciric Mount 

I 
I 
I 
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Adjustable Supports _ _J 

( Motor Driven} 

Probe Readout 

0ir~ctional Coupler 

T Microwave Generator 

Reflected Power Meter Forward Power Meter 

Figure 4. Block diagram of scanning system. 
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During the free-space field mapping there is no metal in the immediate area of t 
applicator and the probe detectors. Dielectric material is used to support the probe, th 
minimizing scatter and standing waves. Figure 5 shows the overall experimental syste 
Walls of pyramidal microwave absorber material surround the area. Note that all metal 
well out of the area which is to be mapped. The large block underneath the probe is made 
styrofoam mounted on conical shaped absorber and thus, is nonperturbing. 

Figure 5. The experimental field mapping system showing the 
miniature probe, applicator, and scanning system. 

A closeup of the field scanning system is seen in Figure 6. Vertical scans are taken i 
front of the aperture of the applicator. Scans are made 1.27 cm (Y2 inch) apart in th 
horizontal or X direction, starting from one edge of the applicator and continuing acros 
the aperture to the other edge. The miniature probe previously described was calibrate 
according to a precision calibration procedure developed by Herman and Bassen (6). Th 

• probe measures the electric field squared and was calibrated to read the equivalent plan 
wave power density (IE I 2/ 120n) in units of mW /cm 2. Each measured power density valu 
is divided by forward power to get units of mW /cm2 per watt of forward power. Thes 
units make it convenient to quantify the power density in a particular plane in terms o 
different therapeutic power settings. The scans are made at a distance of 5 cm(approximatel 
2 inches) from the applicator aperture along the Z _direction. This is a typical therapeuti 
spacing given in the manufacturer's instructions for spaced microwave diathermy applicato 
treatment. The probe's output as a function of its vertical position is recorded on magneti 
tape. The data then are fed into a Hewlett-Packard 2100 series minicomputer for analysis. 
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Figure 6. Closeup of the field scanning system. 

RESULTS 

From our digital minicomputer programs, several different types of field maps can be 
plotted. The most detailed and comprehensive maps are the three dimensional (3-D) and 

isopower-density contour plots. For these plots, the geometry of Figure 3 should be reviewed. 
The X and Y directions for the plots are analogous to those in Figure 3. That is, X is the 
horizontal direction and Y is the vertical direction. However, the third axis on the maps 
corresponds to the equivalent power density, as illustrated in Figure 7. 

•/ A 

Figure 7a shows the 3-D map of power density for the type B transverse field (:L.e., ElZ), 
in mW/cm2 per watt of forward power. Notice the general "doughnut" shape of the map. 
There is a minimum near the center of the applicator aperture which is indicated by 
75 mm on the X axis and 155 mm on the Y axis. This minimum can be seen more clearly 
in the center scan of Figure 7b, at the center of the applicator, where the power density 
of the transverse field is negligible. 

0 

Maximum of 
1.4 mW/cm 2 per W 

75 150 
mm 

Figure 7a. 3-D type B 
rnW/crn2 

285 

h mm 

y 

applicator transverse field map in 
per W (5-crn spacing). 
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0 

Maximum of 
1.4 mW/cm 2 per W 

75 
mm 

h y 

Figure 7b. 3-D transverse field map cut through the center, 
type B applicator (5-cm spacing). 

The isopower-density contours in Figure 7c reveal the spatial distribution of the 
normalized power density. The overall shape of the contours is circular and indeed there is a 
minimum near the center of the applicators. The applicator outline is indicated by the 
circular pattern of crosses (+) with the applicator center located just inside the center 
contour. The 150 mm reference scale at the top of the map indicates the width (along the X 
axis) of the outside contour which, in this case, continues to the edge of the mapped area 
(rectangular outline). 

Maximum of 
1.4 mW/cm2 per W 

X 

mm 

150 mm 
285-.-----------, 

Q,--L--------,-,----
75 
mm 

Initial Contour = .35 mW/cm 2 per W 
Contour Interval = .35 mW/cm' per W 

Figure 7c. Isopower-density contours of type 
B applicator transverse field (5-cm spac
ing). 
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The mapping of the transverse and longitudinal fields reveals important information 

i:oncerning the free-space radiated (transverse) and reactive (longitudinal) fields associated 

ith the applicators. From this information, tangential and normal field components that 

would be present at the air-tissue boundary for <} particular therapeutic spacing can be 

determined. In Figu,re 8a the longitudinal (i.e., E 11 Z) or radial field of the type B applicator 

is mapped. Notice that in contrast to the transverse field there is a high peak in the middle 

of the 3-D map. The 2.8 mW/cm2 per watt peak is nearly twice as great in magnitude 

as the two 1.4 mW /cm2 per watt peaks at the edge of the doughnut-shaped transverse 

field. The isopower-density contours of Figure 8b show the peak, with high gradients, 

near the center of the applicator. The contours appear round and are concentrated near 

the center, well inside the applicator outline. This formation is in contrast to the corresponding 

transverse field maps in which the field spreads beyond the applicator outline. The net

to-forward power ratio (Net Power Ratio) for the type Bapplicator was 0.94 for this ex~riment, 

which indicates that only 6 percent of the forward power was reflected while 94 percent 

was delivered to the applicat~r. 

0 

Maximum of 
2.8 mW/cm2 per W 

75 
mm 

150 

285 

}. 
y 

Figure 8a. Type B applicator longitudinal 3-D field 
in mW/cm2 per W (5-cm spacing). 

Maximum al 
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mm 

100 mm 
285-~--------, 

0-'----,~--.--:, 
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mm 

Initial Contour = .4 mW/cm' per W 

Contour Interval = .4 mW/cm' per W 

Figure 8b. Type B applicator longitudinal 

isopower-density contours (5-cm spacing). 
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Several heating patterns were taken to correlate the free-space maps with actual energy 
deposition in simulated tissue. The procedure used to induce heating patterns is described by 
Kantor and Cetas (3). To summarize, the applicator is connected to a microwave diathermy 
unit by coaxial cable, as shown in Figure 9a. A planar phantom, made up of an 8 cm thick 
layer of simulated muscle tissue sandwiched between layers of simulated fat tissue, is used. 
Overall, the phantom is 60 cm in length, 30 cm in width and 10 cm high; fat thickness is 1 
cm. The applicator is positioned symmetrically over a vertical midplane separation of the 
phantom. The diathermy is allowed to heat the phantoms (which simulates only electrical 
characteristics of tissue) for a short period of time. The phantom is then immediately 
opened up and the interior of one half-section is viewed by an infared camera, shown 
in Figure 9b, to obtain a thermogram and temperature profile. 

Coaxial Cable from 
Microwave Oiathenny Machine 

Figure a. Microwave Heating Configuration 

See Figure a f~r Dimensions 

Note: Midplanes of Both Half 
Sections are Covered with 
Polyethylene Film 

Figure b. Heating Pdttern Measuremr:nt System 

Figure 9. Heating patterns measure
ment system. 

· The type B applicator's heating pattern is shown in Figure l 0a. The thermogram for the 
planar phantom shows that heating is absent in the center of the phantom which is located 
directly under the center of the applicator and is concentrated in two areas. In the right-hand 
portion of the Figure, the temperature profile reveals a pattern analogous to the field maps 
of the transverse field seen in Figure 7a. Note the two peaks with a low (minimum) heating 
region in the center. Spatial orientation of these peaks corresponds closely to those found in 
the isopower-density contours of Figure 7c. Indeed, when the center scan of the 3-D 
transverse field plot is superimposed on the temperature profile (Figure 1 Ob), the correlation 
between the two is nearly exact. The center scan of 3-D plot is used because it corresponds 
to the vertical midplane separation of the phantom (as mentioned above in the thermographic 
technique). Thus, it is the transverse (tangential) field that deposits energy in the muscle for 
our simple planar geometry (phantom). The longitudinal field, at a normal incidence, has a 
negligible role in heating. An anaylsis of electromagnetic boundary conditions for normal 
incidence at the air-fat and fat-muscle interface is in agreement with this finding. It should 
be noted that for curvilinear geometries (patient or phantom) the longitudinal component may 
contrib.u.ie significantly to heating since it would not be norma) to the tissue surface. On a 
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Thermogra111 - Planar Fat-Muscle Phantom Profile Parallel to Interface 

/ 

/2.5 cm/Div. 

0.63 °C/Div.-

Figure 10a. Type B applicator heating pattern (5-cm spacing). 

Temperature Profile in White 

Transverse Field in Black 

Figure lOb. Type B applicator's 3-D 
transverse field (center scan) 
superimposed on the temperature 
profile of the applicator. 

patient, the heating might occur in unprescribed tissue. Thus, at the extreme case of grazing 
incidence (Figure 11), leakage from the main beam of the applicator can be increased 
significantly by a high longitudinal field, thereby exposing the therapist as well as the patier;it. 
For the type B, therefore, there is a large portion of the radiated energy that does not 
contribute therapeutically. This indicates that the type B applicator, design is not effective 
for tissue heating when the bulk of the tissue surface is approximately normal to the direction 
of the field. · 

The type A applicator shown in Figure l is a smaller version of the type B applicator. 
The type A free-space field maps are sir:nilar to the type B applicator, consisting of a 
doughnut-shaped transverse field and a high, centered, radial field. It is, therefore, as 
ineffective for heating planar tissue at normal incidence as the type B. 
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Generator 

EL at Grazing 
Incidence to 
Surface "A" 

Microwave 
Diathermy 
Applicator 

EL ' Longitudinal Electric Field 

Figure 11. Grazing incidence situation. 

The type E applicator, one of the most recent designs, also has a problem similar to the 
type B applicator. Figure 12a illustrates the 3-D transverse field map of the type E 
applicator. Notice the negligible field region near t.he center of the applicator, indicated by 
75 mm on the X axis and 155 mm on the Y axis. Unlike the type B applicator, the type E 
applicator is not symmetrical about this minimum. There is a maximum of 1.8 mW/cm2 per 
watt that is not symmetrical with respect to the minimum region. The transverse isopower
density contour map of Figure 12b confirms these observations. 
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Maximum of 
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75 
mm 

150 

mm 

Ix y 

Figure 12a. Type E applicator transverse field 3-D map 
(5-cm spacing). 
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I . 

150 mm 

355-~· -------~ 

mm 

Maximum of, 
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X 

o-

,~ 
'~ ,_ 

I I 
75 150 

mm 

Initial Contour = .4 mW/cm 2 per W 
Contour Interval= .4 mW/cm2 per W 

Figure 12b. Type E applicator transverse 
field isopower-density contour map (5-
cm -sp_acing). 

Again, there is good agreement between the type E heating pattern, as seen in Figure 
13a, and the preceding field maps. The phantom midplane for this heating pattern is parallel 
to the Y axis. Note in Figure 13a that there is a dip in the temperature profile pattern n~ar 
the center. Figure 13b shows the good agreement between the transverse field and the 
temperature profile. In this figure, the 3-D transverse field is superimposed on the 
temperature profile of the type E applicator. The heating pattern follows the 3-D map closely 
and indicates that the heating results from the transverse field alone. The net power ratio 
for the type E applicator was found to be 0.97 for this set of field plots.. · 

Thermogram - Planar Fat-Muscle Phantom Profile Parallel to Interface 

2.5 cm/Div. 

/ 
0.63°C/Div./ 

Figure 13a. Type E heating pattern (5-cm spacing). 
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· Temperature Profile in White 

Transverse Field in Black· 

' 
Figure 13b. Type E applicato.r' s 3-D transverse 

field map (center scan) superimposed on the 
temperature profile of the applicator. 

Although physically similar to the type E applicator, the type C applicator has a 
completely different free-space electric field pattern because of its smaller size feed. 
Figure 14a illustrates the 3-D plot of the type C applicator; note the broad peak near 
the applicator's center indicated by the scale markings of 225 mm and 75 mm on the Y 
and X axis, respectively. The magnitude of this peak is 2.5 mW/cm 2 per watt of forward 
power. Unlike the type B and E applicators, there is no minimum in the c:enter of the 
transverse field. Heating patterns confirm the broad peak and general shape of the heating 
as being analogous to the 3-D plot for the type C applicator. The isopower-density contours 
seen in Figure 14b confirm the broad peak in the center and the overall symmetry. Maps 
of the longitudinal field, ineffective for therapeutic heating, reyeal a high peak almost 
directly over the applicator's center. A net power ratio of 0.97 was measured for the 
type C applicator. 

0 

Maximum of 
2.5 mW/cm 2 per W 

75 
mm 

150 

mm 

h 
y 

Figure 14a. 3-D map of type C applicator transverse 
electric field (5-cm _spacing). 
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Maximum of 
2.5 mW/cm 2 per W 

y 

L, 

150 mm 

370--------

0-L----1 ---ii 
75 150 

mm 

Initial Contour = .4 mW/cm 2 per W 
Contour Interval = .4 mW/cm' per W 

Figure 14b. Isopower-density contours 
for the type C applicator transverse 
field (5-cm spacing). 

One of the newer microwave diathermy designs is the Siemens (Elmed) applicator. The 
3-D map of the transverse field, seen in Figure 15a, reveals a very uniform peak in the 
center. A maximum of 3.5 mW /cm2 per watt was measured at this peak with a net power 
ratio of 0.99. The field appears to be slightly oval shaped as seen in Figure 15b. Again, the 
applicator outline is indicated by the ring of crosses. Also visible in this isopower-density 
contour map are contours extending beyond the applicator aperture outline. This part of the 
radiated power might prove unsafe in actual use, as will be discussed later. Heating patterns 
for the Siemens applicator are similar to the free-space maps and show a broad peak with no 
significant heating as the result of the radial field. 

0 

Maximum of 
3.5 mW/cm 2 per W 

90 
mm 

180 

-430 

Figure 15a. Siemens 3-D applicator transverse field 
map in mW/cm2 per W (5-cm spacing). 
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Maximum of mm 
3.5 mW/cm' per W 

L 
X 

175 mm 430 -~-------~ 

0-~----1---~I 
90 180 

mm 

Initial Contour = .5 mW/cm' per W 
Contour Interval = .5 mW/cm' per W 

Figure 15b. Siemens applicator trans
verse field isopower-density contour 
map (5-cm spacing). 

The newest microwave diathermy applicator that has been mapped was developed under 
contract for the Bureau by Transco Incorporated. Although the applicator was designed for 
direct contact use, it is presented here as a spaced applicator for comparison to show that 
effectiveness and safety can be improved in spaced applicators. Figure 16 shows the 
isopower-density contours of the Transco's transverse field. The maximum of 8.0 mW/cm2 

Maximum al 
8.0 mW/cm' per W 

y 

L, 

133 mm 

235------------, 

0-L__----,1--------jl 
75 150 

mm 

Initial Contour = 1.5 mW/cm' per W 
Contour Interval = 1 .5 mW/cm' per W 

Figure 16. Transco applicator transverse 
field isopower-density contours (5-cm 
spacing). 
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per watt (net power ratio 0.99) is higher than that of the type A, B, C, E, and the Siemens 
applicators. Notice that the transverse field is round and has a peak well inside the aperture 
outline. The field distribution is due in part to the quarter-wave choke, which minimizes 
leakage to below l mW /cm2 (at a distance of 5 cm from the applicator-phantom surface) when 
used in direct contact geometry. Although the field maps show that the Siemens applicator 
has a broader therapeutic beam than the 2450-Transco applicator for free space, the Transco 
is much more effective when used, as designed, in direct contact with a phantom or tissue. 
Th~ heating pattern for the Transco is analogous to the transverse field maps, as was 
demonstrated for the type B and E applicators. Heating is peaked in the center and shows 
once again that for our planar geometry that the transverse_ field is the heat inducing field. 

SAFETY AND EFFECTIVENESS 

Both safety and effectiveness are the concern of the proposed microwave diathermy 
performance standard. The leakage from an applicator under simulated or normal patient 
treatment (loaded) conditions is used as one of the parameters for determining the safety of 
diathermy units. As we have shown, at normal incidence, the longitudinal field is ineffective 
in heating simulated tissue phantoms. However, at grazing angles (Figure 11), the 
longitudinal field could present problems by heating unprescribed tissue or increasing 
~wanted or leakage radiation. Figure 11 illustrates the grazing indtence geometry, where 
EL is nearly parallel to the air-tissue boundary. Thus, in this case, EL is nearly tangential 
to surface A and, therefore, heats surface A. · 

Typically, a conventional diathermy treatment using the type B, C, or E applicators 
requires, for a 2-inch spacing, 20 to 80 watts of forward power, depending on the type of 
tissue area to be treated and the applicator used.· As a result of the high sensitivlfY of the 
field-mapping instrumentation, our s_tudy was conducted at much lower power levels. The 
field maps, therefore, are normalized to a forward power of l watt and can be scaled up to 
higher applicator input power levels. 

I 

A summary _of typical leakage fields from the various applicators is shown in Table 1. 
Table 1. Summary of maximum leakage 

from microwave diathermy applica
tors at 5-cm spacing £2om a planar 

phantom (mW/cm) 

Type B 
I 

Type E 

TRANSCO 

SIEMENS 

type C 

010.4 
Feed Antenna 

\E._r-1""719(mox) 

4~16 
14 7 5 

0 0.4' (3.4)'' 

03,4 
......r==72s(mox) 

L==..J17 
12.5 12.5 

* Leakage when used in direct contact at 26, W forward power level 
** At same forwnrd oowP.r as SIEMFNS 
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The leakage measurements were taken around the applicators "loaded" or spaced 5 cm from a planar phantom, using a Narda model &305 isotropic field survey instrument. For each applicator the manufacturer's recommended forward power level for a back treatment at a 5 cm spacing, was used. (These recommended (clinical) forward power levels do not necessarily deposit the same amount of energy into the phantom for the various applicators. However, the basis of this comparison is a common treatment area, the back, and a common spacing from the back, 5 cm.) The levels of forward power varied on the average, from 25 watts for the type C applicator to 70 watts for the type E applicator. The measured values represent the maximum equivalent power density that could be measured at 5 cm from the applicator-phantom surface (in units of mW /cm2). The highest (25 mW /cm2) leakage level occured around the type C applicator, even though the recommended power level was only 25 watts. Note that the lowest leakage values occur for the Siemens (Elmed) and Transco applicators, as expected, because the transverse field maps were peaked in the center with low longitudinal fields. The forward power level of 20 watts, at a 5-cm spacing, for the Siemens applicator was determ1ned by extrapolating from the recommended treatment conditions at a 10-cm spacing. As mentioned earlier, the Transco applicator was designed for direct contact use. Thus, for the Transco applicator the leakage level of 0.4 mW /cmL exists for the applicator in direct contact with the phantom while delivering a specific absorption 
rate (SAR)* of 235 watts per kilogram to the simulated muscle tissue of the phantom (26 watts of forward power). The second value shown in Table 1 for the Transco applicator is the leakage level found when the applicator was spaced at 5 cm from the phantom; this was done to compare directly its leakage level with that of the other spaced applicators. The spaced leakage data for the Transco applicator were taken using 20 watts of forward power, the same as for the Siemens applicator; this was done because of the high degree of similarity for the Siemens and Transco 3-D transverse and longitudinal field maps and their heating patterns. Both applicators have peaked transverse field maps with low longitudinal field magnitudes, . and both transverse field maps are circular and symmetrical. Thus, in the absence of a recommended power level for a 5-cm spacing for the Transco applicator, the power level extrapolated for the Siemens applicator is used (even though the Transco has a higher power density value per watt of input power). The leakages around the Transco and Siemens applicators were fairly uniform. 

Notice in Table 1 that for the type B applicator the leakage was 10.4 mW/cm2 for 45 watts forward power. This value could have been much higher if the radial field had contributed to the leakage at a grazing incidence, for instance. The leakage was nearly uniform around the applicator as might be expected because of the symmetry seen in the field map of Figure 7. 

The type E applicator's maximum leakage level was nearly twice that of the type B leakage level; however, the leakage was nonuniform and was similar to the unsymmetrical , field maps of Figure 12. The maximum leakage in the upper right-hand corner at the longer end of the "T" antenna feed was 19 mW /cm2 for 70 watts forward power. The leakage can be compared to the type C, which had a maximum leakage of 25 mW /cm2 (at a much lower forward power level) near the shorter end of the "T" antenna. 

*Specific Absorbtion Rate (SAR): The rate at which microwave energy is imparted to a material on a per unit mass basis. Specific absorbtion rate is computed by the relationship: 

SAR= 4.19 x l03cT 
t 

where c = specific heat (cal/(g-0 c)) 
T = terrperature rise in rraterial (Oc) 

• 

t = tirre of energy deposition in rraterial (seconds) 
SAR = specific absorbtion rate in W /kg 
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In order to approximate the thermal effectiveness of the applicators, the ratios of 
transverse field (heat-inducing) strength to the measured longitudinal (nonheat-inducing) field 
strength were calculated. The ratio is calculated by measuring power density of the 
transverse field and dividing by the longitudinal field power density at the center of the 
aperture (since the applicator is typically aligned with the aperture centered over the 
prescribed tissue). For an ideal effective applicator used to heat a planar phantom, this ratio 
is highest. The radial field contributes to heating only for nonnormal angles to the tissue 
surface; thus, in order to make the most effective therapeutic use of available power, the 
radiated energy should be concentrated in the transverse field. Therefore the higher the value 
of the transverse to longitudinal power density ratio, the more effective the heating of tissue 
will be for planar geometry. 

Table 2 summarizes the findings of these calculations. The type B ratio with its value 
of 0.0707 is much smaller than the others (nearly 2 orders of magnitude smaller than the type 
C ratio). In the field maps of the type B applicator (Figures 7 and 8), it was seen that the 
longitudinal field peak (Figure 8) occurs over the minimum of the transverse field (Figure 7). 
The type B applicator corresponds to a "worst case" condition where the field configuration 
is most ·ineffective. The type C and type E applicator ratios, although somewhat higher in 
magnitude than that for the type B applicator, are also not very effective for therapeutic 
heating. Both of these applicators have the radial field peak located near the center 
and, as seen in Figure 12, the transverse field of the type E applicator is a minimum near the 
center. On the other hand, the Siemens (Elmed) and the Transco applicators' ratios are much 
higher in magnitude. Both of these applicators have similar radiation characteristics with a 
high, broad transverse field near their aperture centers. The Transco longitudinal field is 
minimized inside the aperture with the only measureable fields being inside the area of the 
choke. 

The Transco applicator was designed as a circularly polar'ized antenna, as shown in Table 
2. Referring to the transverse field maps (Figure 16), it can be seen that the field contours 
.are generally round and symmetrical about the aperture center. The Siemens applicator also 
has a fairly symmetrical transverse field, as seen in Figure 15; this means that the therapist 
can rotate a Siemens (Elmed) or Transco applicator around its center and produce similar 
uniform heating in any orientation. Also, the leakage of these applicators is uniform around 
their circumference; thus, alignment of the therapeutic beam of the applicator over the 
prescribed tissue is much simpler. This can be contrasted to the type E therapeutic beam, as 
seen in its transverse field map (Figure 12), which shows a central minimum with asymmetric 
field distribution. · 

Table 2. Ratio of transverse field intensity to 
longitudinal field intensity for microwave 

diathermy applicators (5-cm spacing) 

Applicator 

Type B 

Type E 

Transco* 

Siemens 

Type C 

*Circularly polarized antenna. 
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0.07 

2.78 

227.2 

158.7 
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CONCLUSIONS 

Free-space electric field maps have been presented for various prototype and clinically 
used microwave diathermy applicators. Thermal maps describing energy deposition in planar 
phantoms of simulated tissue also have been presented to further confirm the results of the 
field maps. We have shown that, for our planar geometry, the transverse field induces 
virtually all heating in tissue and that the longitudinal or radial field does not contribute 
significantly to the heating effect of microwave diathermy. 

Parameters for safety and thermal effectiveness also have been presented. Leakage of 
electromagnetic radiation from the applicators (in units of mW/cm2 per watt), is higher for 
the older type B, C, and E free-space applicators than for the more recent Siemens and 
Transco applicators. The applicator's effectiveness has been correlated to the ratio of the 
transverse field to the longitudinal field at the aperture center. Of the applicators mapped, 
the type B is by far the least effective because of the doughnut-shaped transverse field with 
a peaked radial field located over the doughnut's center (minimum). The type B applicator, 
therefore, has a small value for this ratio as compared to the large value of the very effective 
Transco applicator. Finally, for clinical use, the Transco applicator seems to be the safest 
and most effective in terms of heating the prescribed tissue with low leakage. 

REFERENCES 

1. Kan~or, G. and P.S. Ruggera. A Limited Microwave Diathermy Field Survey. HEW 
Publication (FDA) 7 5-8018 (December 1974). 

2. Remark, D.G. Survey of Diathermy Equipment Use in Pinellas County, Florida. HEW 
Publication (FDA) BRH/NERHL 71-1 (May 1971). 

3. Kantor, G. and T. Cetas. A comparative heating pattern study of direct contact 
applicators in microwave diathermy. Radio Sci 12:65 pp. 111-120 (November-
December 1977). 

4. Kantor, G., D. Witters and J. Grieser. The design and performance of a circularly 
polarized direct contact applicator for microwave diathermy. Symposium Digest, 
International MTT meeting at San Diego (1977). 

5. Bassen, H.I. A broadband, miniature, isotropic electric field measurement system. IEEE 
Electromagnetic Compatibility Symposium Record, 5B11 al-5B11, a5 (1975). 

6. Herman, W.A. and H. Bassen. Precise Microwave Power Density Calibration Method Using 
the Power Equation Techniques. HEW Publication (FDA) 75-8028 (March 1975). 

18 * U.S. OOVERMENT PRINTING OFFICE: 1978 0-281-277/10 



The ABSTRACT CARDS below are designed to facilitate document retrieval using 
Coordinate Indexing. They provide space for an accession number (to be filled 
in by the user), suggested keywords, bibliographic information and an abstract. 

The Coordinate Index 
concept of reference 
material filing is 
readily adaptable.to 
a variety of filing 
systems. Coordinate 
Indexing is described 
in the publication 
"IBM Data Processing 
Techniques - Index 
Organization for 
Information Retrieval" 
(C 20 8062). Copies 
are available through 
IBM Branch Offices. 

The cards are furnished 
in triplicate to allow 
for flexibility in their 
use (for example, author 
card index, accession 
number card index). 

f Dontld_M_. -Witters-, Jr. -and Gide_o_n - -i-------
I Kantor, Ph.D. FREE-SPACE ELECTRIC Accession No. 

I 
FIELD MAPPING OF MICROWAVE DIATHERMY~, _______ _ 

APPLICATORS. 
U.S. Department of Health, Education, and Welfare, PHS, 

Food and Drug Administration, Bureau of Radiological 
Health - HEW Publication (FDA) 79-8074 (October 1978) 
18pp. (liplited distribution). 

ABSTRACT: In 1975 the Bureau of Radiological Health pro
posed a microwave diathermy performance standard. This 
paper describes an electric field mapping study which 
was designed and executed to study the performance 
characteristics of various prototype and clinically used 
microwave diathermy applicators. It details the ex
perimental system, the methodology, and the results. 
Safety and thermal effectiveness of systemp using these 

(over) 

f Donald-M~Witters~ Jr. ~nd Gid~--i-------
1 Kantor, Ph.D. FREE-SPACE ELECTRIC Accession No. 

I 
FIELD MAPPING OF MICROWAVE DIATHERMY, · 
APPLICATORS. 

Ju.s. Department of Health, Education, and Welf~re, PHS, 
I Food and Drug Admitiistration, Bureau of Radiological 
I Health - HEW Publication (FDA) 79-8074 (October 1978) 

I 
18pp. (limited distribution). 

ABSTRACT: In 1975 the Bureau of Radiological Health pro
I posed a microwave diathermy performance standard. This 
( paper describes an electric field mapping study which 

was designed and executed to study the performance 
I characteristics of various prototype and clinically used 
I microwave diathermy applicators. It details the ex-
I perimental system, the methodology, and the results. 
I Safety and thermal effectiveness of systems using these 

1 (over) 

f Donald-M~Witters~ Jr. ~nd Gideon- -i-------
I Kantor, Ph.D. FREE-SPACE ELECTRIC Accession No. 

I 
FIELD MAPPING OF MICROWAVE DIATHERMY~, _______ _ 

APPLICATORS. 
lu.s. Department of Health, Education, and Welfare, PHS, 
I Food and Drug Administration, Bureau of Radiological 

Health - HEW Publication (FDA) 79-8074 (October 1978) 
1
1
· 18pp. (limited distribution). 
ABSTRACT: In 1975 the Bureau of Radiological Health pro

I posed a microwave diathermy performance standard. This 

I 
paper describes an electric field mapping study which 
was designed and executed to study the performance 

I characteristics of various prototype and clinically used 
I microwave diathermy applicators. It details the ex-
I perimental system, the methodology, and· the results. 

Safety and thermal effectiveness of systems using these 
I (over) 



------ - - - - _..,. _______ _,_ ____ _ 
applicators also are investigated. 

KEYWORDS: Applicators; Biological tissue; Diathermy; 
Electric field; Field mapping study; Microwave; 
Performance standard; Radiation. 

- ---~--...--,...---------1 
applicators also are investigated. 

KEYWORDS: Applicators; Biological tissue; Diathermy; 
Electric field; Field mapping study; Microwave; 
Performance standard; Radiation. 

applicators are also investigated. ~ 7 
KEYWORDS: Applicators; Biological tissue; Diathermy; 

Electric field; Field mapping study; Microwave; 
Performance standard; Radiation. 



FDA 77-8032 

FDA 77-8033 
FDA 77-8034 

FDA 77-8035 

FDA 77-8036 

FDA 77-8037 

FDA 77-8042 

FDA 78-8015 
FDA 78-8027 

FDA 78-8038 

FDA 78-8039 

FDA 78-8043 

FDA 78-8044 

FDA 78-8047 

FDA 78-8048 

FDA 78-8049 

FDA 78-8050 

FDA 78-8053 
FDA 78-8054 

FDA 78-8055 

FDA 78-8056 
FDA 78-8057 
FDA 78-8058 
FDA 78-8059 

FDA 78-8060 

FDA 78-8062 
FDA 78-8064 
FDA 78-8065 

FDA 78-8067 

FDA 78-8068 

FDA 78-8069 

The Bureau of Radiological Health •.• A Look at FDA's Program to Protect the 
American Consumer from Radiation {GPO 017-015-00128-8, $1.20) {PB 272 869/ AS, 
mf only). 
BRH Publications Index {GPO 017-015-00129-6, $4.25) {PB 271 734/AS, mf only). 
Report of State and Local Radiological Health Programs, FY 1976 {PB 273 392/ AS, 
$5.25). 
The Developing Role of Short-Lived Radionuclides in Nuclear Medicine {GPO 017-
015-00139-3, $2.00) {PB 272 298/AS, mf only). 
Second Image Receptor Conference: Radiographic Film Processing {GPO 017-015-
00134-2, $3.00) {PB 273 287 / AS, mf only). 
Procedures for Field Testing Microwave Ovens {GPO 017-015-00138-5, $1.60) {PB 
272 839/AS, mf only) {supersedes FDA 73-8016). 
CSU-FDA Collaborative Radiological Health Laboratory Annual Report 1976 {PB 
273 560/ AS, $6.50). 
Progress in Radiation Protection 1976 {brochure). 
Directory of Personnel Responsible for Radiological Health Program {supersedes 
FDA 78-8027, March 1978). 
Laser Compliance Measurements Handbook {supersedes FDA 7 6-8038-Prepublication 
Copy) {PB 281 190/AS, $9.00). 
Exposure and Processing Guide for Dental Radiography {GPO 017-015-00146-6, 
$1.20) {supersedes FDA 77-8039). 
A Review of the Use of Ionizing Radiation for the Treatment .of Benign Diseases
Volume I {GPO 017-015-00141-5, $2.10) {PB 274 032/AS, mf only). Volume II
Appendixes A and B, FDA/BRH-78/2, NTIS only {PB 278 797 / AS, $14.00). 
Federal Recordkeeping Requirements for Television Receiver Dealers and Dis
tributors {brochure) {GPO 017-015-00142-3, $0.50/3.75 per 100). 
Source Book of Educational Materials for Medical Radiographers {GPO Ol 7-015-
00143-1, $2.50) (PB 275 953/AS, mf only). 
Symposium on Biological Effects and Characterizations of Ultrasound Sources {GPO 
017-015-00145-8, $4.25) {PB 277 945/AS, mf only). 
Measurements of the Performance Parameters of Gamma Cameras: Part I (GPO 
017-015-00144-0, $2.20) (PB 277 482/AS, mf only). 
A Practitioner's Guide to the Diagnostic X-Ray Equipment Standard {brochure) (GPO 
017-015-00147-4, $0.80) {supersedes FDA 7 5-8005). 
An Instrument for Non-Invasive mAs Measurement (PB 280 548/ AS, $4.50). 
9th Annual National Conference on Radiation Control - Meeting Today's Challenges 
(GPO 017-015-00148-2, $5.75) (PB 283 559/AS, mf only). 
A Physical Basis of Electromagnetic Interactions With Biological Systems (PB AD-
A051218, $13.00). . 
Nationwide Evaluation of X-Ray Trends: Medical X-Ray Data (brochure). 
Nationwide Evaluation of X-Ray Trends: Dental X-Ray Data (brochure). 
We Want You to Know About Microwave Oven Radiation (pamphlet). 
Wavelength Dependence of Ultraviolet-Enhanced Reactivation and Induction of 
Mammalian Viruses (PB 281 534/ AS, $4.50). 
Survey of Photocopier and Related Products (GPO 017-015-00149-1, $2.50) (PB 283 
737/AS, mf only). 
Physical Mechanisms for Biological Effects of Ultrasound (PB 282 234/ As, $5.25). 
Computer Program for Organ Doses in Diagnostic Radiology (PB 283 481/ AS, $5.25). 
Performance of X-Ray Measurement Instruments When Subjected to Environmental 
Level RF Fields {PB 283 364/ AS, $4.00). 
Annotated Biblio~raphy on the Selection of Patients for X-Ray Examination (GPO 
o 17-015-0015-2, S2.30). 
Electromagnetic Fields in Biological Media - Part I: Dosimetry - A Primer on 
Bioelectromagnetics. 
A Study of the Effect of High Yield Criteria for Emergency Room Skull Radiography 
(GPO 017-015-00150-4, $1.10) (PB 285 094/AS, mf only). 



U.S. DEPARTMENT OF 
HEALTH, EDUCATION, AND WELFARE 

Public Health Service 
Food and Drug Administration 

Bureau of Radiological Health 

Rockville, Maryland 20857 

OFFICIAL BUSINESS 

Return this sheet to above address, if you 
do NOT wish to receive this material 0 
or if change of address is needed O (indi

cate change, including ZIP code). 

POSTAGE AND FEES PAID 

U.S. DEPARTMENT OF H.E.W 

HEW 396 

HEW Publication (FDA) 79- 8074 

AN EQUAL OPPORTUNITY EMPLOYER 


