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A METHOD FOR DECREASING REF1.ECTION OF 

MICROWAVES BY TISSUE~ 

JEROME W. GERSTEN, M.D. 
Fellow· in Phy&ical Medicine, Mayo Foundation, 

KHALIL G. · W AK.IM, M.D., Ph.D. 
Section on Physiology, Mayo Clinic 

and 

FRANK H. KRUSEN, M.D. 
Section on. Physical Medicine, Mayo Clinic, 

ROCHESTER, MINN. 

That microwaves can heat tissues1 has been shown conclusively. How­
.ever, bccllise of high reflection at the surface of the skin, the heating efficiency 
of these electromagnetic waves ic: low. To make the transfer of energy from 
air to tissues more efficient, an impedance matching device2 ri1ay be placed 
on the sui;-face of the skin. Not only would this increase the transfer of 
-thermal energy to the tissues, bi.tt it might also make it possible to heat small 
areas se:lectively, with inappreciable elevation of temperature in adjacent 
tissues. 

The dielectric mycalex3 'was tested in order to determine whether the 
anticipated decrease in reflection by impedance matching would be realized 
and thus result in more efficient heating of tissues.4 · 

Methods 
Sixty-nine observations were made on 9 normal men, Skin and muscle temperatures 

at a depth of 1.0 cm. were recorded by means of copper-constantan thermocouples. 
The source of the microwaves was an air-cooled multicavity magnetron, operating· at a 
frequency of 2;450 megacycles per. second. A hemispherical director, 9 cm. in diameter, 
radiated the energy to the skin. ·In all the observations the microwaves were directed 
to the volar surface of the ·forearm, and the distance from the director to the skin was 
5 .cm. For impedance matching a cylindrical block of mycalex with a dielectric con­
stant of 8.0, a diameter of 5.08 .cm. and a thickness of 10.32 mm. was placed on the 
skin in the microwave field. · 

In all but 3 of the observations, temperature readings were taken at two points, 
one of which was under the mycalex and the other 6 to 8 cm. away and not covered 
by the mycalex during irradiation. Both points were in the zone of maximal energy, -
as determined from the heating pattern of the director. 
· In group A (10 observations), hoth points were at first covered by the mycalex 
cylinder and the skin temperature was taken underneath the cylinder at intervals of one 
minute for five minutes. · The mycalex was moved away from on.c point, and the tem-

• Read a·t the T\\·tnty,Sevcnth Annual Session of the American Congress of PhysicaL Mcdici11c Ciucin, 
rutt.i, Sept. ;, 1949. . . • 

1. Kr,isen, F. H.; Herrick, J. F.; Leden, Ursula, ancl \\'.okim, 1'. G.: Jl[icrokvmatotherapy: I'rc• 
liminary Report of Experimental Studies of the Heating Efiects o( J\licr.o"·aves ('"Radar") in. Living 
1:iss1;es, l'roc. ~taff ;~feet., Mayo _Cl.in. 22:20~ _(lllay 2S) 1~4;,. Leden, _Ursula 11.; Herrick, J. F.; Wakim, 
K. G., and• hrusen, I·. H.: Prehmmary Studies on the Heating- and Circulatory EIT,cts of Micro-waves -
"Radar," BriL J. Phys. Med. 10:177 (Nov.,Dec.) 1947; Worden, R. E.; Herrick, J. F.; Wakim K. G., 
and Krusen, F. H.: The Heating Effects of Microwaves \\'ith and \\'ithout Ischemia Arch. Ph;·s. Med. 
29:751 <Dec,) ~9~8. Osborne, S. L., :1nd Frederick, J. N.: ?.Iic_rowa,·~ Radiations: 'Heating of Human 
and .'\t11mal T1Ssues by Means of High Frequency Cmrrnt \\"ith \\·a,·cleneth of Twel\'e Centimeters 
(the ilicrotherm), J. A. ?'IL A. 137:1036 (July 17) 194S. Sic-ms, L. L.; KOsman, ...-\. J., and (l~bL1nic, 

· S. L.: A Comparati,·e Study of Short \\'.a.,·~ 3nd 2\licrow3\·e Diathermy on lllood Flow; The Jlole of 
the Som:itic anU Sympr..tbetic Nerves in the \'"ascular Response to Deep Ti~ue Heating. Arch. Phy:-:. J\Jetl. 
%9:759 (Dec.) 1948. Ger·sten, J. \V.; \Vakim, K. G.; Herrick. J. F., and Krusen, F. H.: The Effect of 
Microwa,·e Diathermy, on the Peripheral Circulation and on Tissue Temperature in Man, ibid. 30:7 (Jan.) 
1949. Rae, T. \V., Jr.; Herrick, J. F.; \Vakim, K. G., and Krusen, F. IL: A Comparative Study oi 
the Temperatures Produced by l\Iicrowa,·e and ~hort \\'ave Dia;hcr~iy, ibid. 3U:199 (April) !9l~. _ 

2. Dronwell, A. B., and Beam, .R. E.: 1heory and Appo1rat1on of :!-l1crowave~. ed. 1, New \ork, 
McGraw-Hill Book Company, Inc., 1947, pp. 2,C,5,292. 

3. Produced bi• Mycalex Corporation of America, of Clifton, New Jerse)', to whom we are grateful 
for prompt and i;enerous supply o, thei material. 

L_ - -----

4. The proper design of an impedance matching device is Jepen<lent on fulidamental measurements of 
dielectric constant and tangent loss. These measurements were made in prior st11dies by J. F. Herrkk, 
D. G. Jelotis, and G. M. Lee, which will he published later. 
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perature of the skin at the two p(lints was taken at. minute interYals for an additional fiye minutes. The thermocouples were then remoYCd from the skin, and the forearm was irradiated for onr minute with micrnwaYes at a plate current of 100 t'l1a. (approximate]~· 80 watts). The thermocouples were reapplied to the skin immediately after the period of irradiation was ended, and : he temperatures were recorded at the end of exactly one minute. 
In group B (20 ohserYations) control temperatures of the muscle were take11 at a depth of 1.0 cin. at two pomt,. \\'hen the temperature became practically constan.t the needles were removed, one of the two points \\·as COYered \\·ith the mycalex cylinder, the other in the zone of maximal energy wa, left uncoYered, and the area was irradiated with micro\\·ans for one minute at a plate current of 100 ma. The temperature of the 1nuscle at the two points was again recorded one minute after irradiation. Group C ( 36 observations) wa, similar to group B, except that the duration of ex­posure to microwaves was varied to· ten, fifteen or twenty minutes· and the plate current was yaried tram 40 to 60, to 75 ma. 
1 n group D (J ob,en·ations) temperature readings of the mus~le at a depth of 1.0 cm. were taken at only one point, in the zone of maximal energy. \\'hen the tcmpera­tttrc became practically constant, the area was irradiated for one mii:iute at a. plate current oi 100 ma., without the use ot the mycalex. Temperature readings were takc11 fifteen seco11ds and one minute after irradiation was stopped. \Vhen the muscle tem­perature had returned almost to the control le\'el, the area was again irradiated for one minute with a plate current of 100 ma., but this time the point at which temperature was studied was conred with mycalex. Temperature readings were taken fifteen. sec­onds and one minnte after heatin;:- was ended. Finally, "·hen the muscle temperature had returned to the control Jeye], the area was hcatec! a. third time \\·ith a plate current of JOO ma. for one minute, without the mycalex. Temperature readings were taken fifteen seconds and one minute after the irradiation.· As with the other groups, the mierowaye director was 5 cm. from the skin surface. 

Results 
Group A (tables 1 and 2). - After irradiation for one minute at a plate current of 100 ma .. there was an averag-e rise of skin temperature of 1.08 cle-

TABLE 1. - Rise of Skin Tcmpcra/11.rc in Degrees Centigrade After lrradiafio11 .for One Il1i1111te at JOO Ma. Plate Current. . .. 

Temneratt1rt' -Contr.ol Teffiperature Taken at One )finnte Inten·a1~ nefore Irraiiiation-- .After -Hoth Points CO\·ere<l With l\lycalex- -Point TI ~ot Co,·ered \\'ith :lfyca'e.x- lrradia·ion, 1 Min. 2 Min. 3 Min. 4 ]\fin. 5 llfin. I l\Iin. 2 l\lin. 3 Min. 4 ~fin. 5 ]\fin. • C. 
Point A ····-··33.9 
Point B ........ 33.8 

34.0 
33.9 

34.0 
33.9 

34.l 
33.9 

34.1 
34.0 

34.2 
34.1 

*. Point .n not Co\·ered by mycalex <luring irradiation. 

34.2 
34.2 

34.2 
34.3 

34.2 
34.4 

34.2 
34.4 

36.5:-
35.48• 

· TABLE 2. - Co111pariso11 of Rise of Ski11 Temr,cmlurr. Produced bv E:rposure for O,ie Minuit at 100 Ma. Plate C11rro1t. · 

l\[ycalex 

Average rise in temperature ... _ .............. .2.35° C. 
Standard deviation ···············-···-········•: ..... 0.67° C. Standard error .......................................... 0.21 ° C. 
f •····••••·•······•·•••····•···•••···•··•• .·•-·························••········ p ···················: ............................................................. . 

;\"o Mi-calex 

1.os· c. 
0.44° C. 
0.14° C. 

Difference 

1.27° C. 
0.66° C. 
0.21° C. 
6.04 

<0.001 

grees C. at the point not cO\·ered by the mycalex cylinder, ,vith a range from 0.1 to 1.7 degrees. At the point covered by mycalex there was an average . rise of skin temperature of 2.35 degrees, with a range from 1.1 to 3.4 degrees. The rise of skin temperature of the covered point was greate.r than that of the uncO\·ered one in e,·ery instance, with an average difference of 1.27 de­grees and a range from 0.2 to 2.3 degrees. The difference in the rise of tem­perature at the two points was signifi~ant (table 2). 
Group B ( table 3). - The ayerage rise of muscle temperature after one minute oi exposure to mirrowa,·es at a plate current of 100 ma. was 0.70 
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<legree C. at the point not covered by mycalex, with a range from 0.4 to 1.0 
degree. At the point cover"ed by mycalex, the ayerage rise of muscle tem­
perature was 2.21 degrees, with a range from 0.9 to 3.2 degrees. The rise 
in temperature was greater at the point covered with mycalex than at the 

T!,BLE 3. - Compariso11 of Rise of Muscle Te111perat11-re Produced bi• Exposure for 011e 
. Minute at 100 Ma. - · 

lllycalex 

.\.Ye rage ri,e in tempcrature ................... 2.21 ° C,. 

. ..;tandard dcYiation .................................... 0.66° C. 

.-:,and;:rcl error ............................................ 0.15° C. 
I ................................................................................ .. 
r ................................................................................. .. 

·xo )lycalex 

0.70° C. 
0.19° C. 
0.04° C. 

Difference 

1.51° C. 
0.71 ° C. 
0.16° C. 
9.4 

<0.001 

uncovered one in every instance. The a \·erage difference ,vas 1.51 degrees, 
\\ ith a range from 0.3 to 2.7 degrees. , . 

Group. C (table 4. charts 1 and 2). - When the intensity of irradiation was 
-J.fJ ma. (approximately 32 watts), the aYerage rise of muscle temperature at 
the point CO\'Cred by mycalex w'as 3.2 degrees C. at the end of ten minutes, 
3.0 ,degrees at the end of fifteen minutes and 5.0 degrees at the end of twenty 
minutes of \rradiation. At the point not covered with mycalex the average 
temperature rise was 1.3 degrees at the end of ten minutes, 1.3 degrees at 
the end of fifteen minutes and 1.5 degrees at the end of twentv minutes. . . . ., 

TABLE 4. - Rise ii. Temperature of .Muscle After E.rposure to Micro~ca.,•cs. 

Duration 
oi Plate Number 

Expo~·ure, Current, · of Temperature, °C. 
Min. '.Ila. Studies :II yea lex Ko :lfycalex Difft·rence 

40 4 3.2 1.3 1.9 
10 .................................. 60 3 5.5' 2.0 3.5 

i5 5 6.4 2.8 3.6 
40 4 3.0 1.3 1.7 

15 .................................. 60 4 5.0 2.1 2.9 
75 4 5.1 3.5 1.6 
40 '4. 5.0 1.5 3.5 

20 ······ .. ····· ..................... 60 4 5.5 2.5 3.0 
75 4 5.2 3.8 1.4 

\\'hen the plate current was fl) ma. (apµroximately 48 watts), the aver­
age rise of muscle t~mperature at the covered point was 5.5 degrees C. after 
ten minutes of irradiation, 5.0 degrees after fifteen minutes and 5.5 degrees 
after twent/ minutes. · At the point not covered "·ith mycalex, the average 
temperature rise was 2.0 degrees aiter ten minutes of irradiation, 2.1 de­
grees aiter fifteen minutes ·and 2.5 degrees after twenty minutes. 

\Vith a plate current of 75 ri1a. (approximately 60-watts) the :n·erage rise 
of muscle temperature at the point covered with mycalex was 6.4 degrees 
after ten minutes oi irradiation, 5.1 degrees after fifteen minutes and 5,2 
degrees after twenty minutes. At the point not covered by mycalex the aver­
age temperature rise was 2.8 degrees after ten minutes of irradiation, 3.5 de­
g-recs after fifteen minutes and 3.8 degrees after twenty minutes. 
~ Group D (chart· 3). - When 111):calex was not .u;ed, the average rise of 
muscle temDer:iture was 0.9 degrees· C .. fifteen seconds and 0.7 degree one 
minute aite; e:---posure for one minute at 100 ma. \\iith the mycalex cylindri­
cal !..>lock in the irradiated area, tf1e average rise in temperature was 2.5 de- · 
crecs fifteen seconds and 2.0 degrees one minute after irradiatiun. \Vhen 
;l;e mycalex was removed and heating repeated for one minute at 100 ma., 
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Chart· 1. - Rise in temperature of muscle (depth of 1.0 
cm.) after exposnre to microwa,·es for periods of ten, fifteen 
and twenty minutes and with current intensities of 40, 60 and 
75 ma. The solid line indicates the temperature change at the 
point coYeretl by mycalex 1 and the broken line indicates the 

temperature change at the point not covered by mycalex, 
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Chart 2, - Difference in temperature between point co,·ered by 
mycalc..'"t and the one not covered by mycale..x after exposure to 
micron-aves for periods of ten, fifteen and twenty minutes and 

with current intcnsitie9 of 40, 60 and 70 ma. 
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the average rise i11 temperature was 0.8 degree fifteen seconds and 0.7 degree 
one minute after heating was· stopped. 

A few experiments were performed in order to determine the change in 
temperature of the mycalex cylinder when it was exposed to the microwave 
field. \Vhen the cylind~r was placed at a distance of 4 cm. from the director, 
the maximal recorded rise in temperature, either on the surface or in the 
snbstance of 1.he cylinder, was 0.1 degree C. after one minute of irradiation 
at a plate current of 100 ma. 
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Chart 3. - Rise in temperature of muscle at n depth of I.O cm. 
alter three consecutive periods of exposure to microwaves for 
one minute with a current intensity of l 00 ma. During the first 
and third periods the mycalex wns not used, while during the 
second period the mycalex was placed over the point studied. 
The rise in temperature was significantly b'Teatcr after irradiation 
when the mycalex was plnced on tl1e skin surface than when it 

was _not pres,,nt. 

Comment 

35 40 

The interposition of the mycalex cylinder between the director and the 
skin decreases the amount of reflection of the electromagnetic waYes by the 
skin. As a result, significantly higher temperatures are recorded in the region 
coyered by the dielectric than in the uncovered regions. The dielectric con­
stant of the mycalex used in this study was 8.0. This constant may not be 
the ideal one, and material with a different dielectric constant mav result in 
even higher transmission of energy from air to the tissues. • 

The studies on group C were performed in order to determine the optimal 
combination of duration. and intensity of irradiation for the production of 
high rises of temperature under the mycalex cylinder (5 to 6 degrees), with 
rel:itivelv little heating outside the cylinder. This procedure mav be of im­
portanc; in heating tissues adjacent to regions which should not have appre­
cinble rises of temperature. Chart 2 showed that the greatest difference in 
temperature between matched and unmatched areas for the longest period 
oi time occurs when the plate current is 60 ma. Tbe differences in rises in 
temperature at this current intensity were 3.5, 2.9 and 3.0 degrees C. at the 
durations used - namely, ten, fifteen and twenty minutes. \Vith a smaller 
piate current (40 mZi.), the temperature differential between co.-ered and un-
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covered points was slight-at ten and fifteen minutes and did not increase until 
· twentv minutes of irradiation, .when it became 3.5 degrees. On the other 
hand,-·when the current was greater (75 ma.), a temperature differential of 

.3.6 degrees was reached early during the course of heating, but was main­
tained for only a short period. It is likely that the circulation under the my­
calex had increased sufficiently to bring cooling factors into play, while the 
tissues not coYered by mycalex continued to accumuhte heat. 

Conclusions 

From this study the following conclusions were drawn: 
1. Impedance matching, by the placing of an appropriate dielectric be­

tween air and tissue, may be used to decrease the amount of microwave en-
ergy reflected by tissues. . 

2. By choice of certain combinations of current intensity and duration 
of irradiation, some areas may be heated satisfactorily whik adjacent areas 
receive relatively little heat. 

BEDS AND REHABILITATION 
LECNARD J. YAMSHON, M.D. 

lnstruct'?r in Phy•ical Medicine and Rehabilitation, College of Medical Evangelist&; 
Attending Pbysiatrist, Birmingham Veterans Administration Hospital 

LOS ANGELES 

One of the major obstacles encountered by the patient during rehabilita­
ti_on and convalescence is the hospital bed.· Early ambulation is now an ac­
cepted procedure following surgery and childbirth. \Valking- is necessary in 
the convalescent phase of all medical conditions. In chronic rehabilitation 
conditions, ambulation is an essential activity. It is one of the important 
accomplishments in the activities of daily Ii Ying. Even those patients ,Yho· · 
confine themselves to a wheel chair find it necessary to get out of bed and bear 
weigh:t on theii:- feet, e,·en though this time of weight bearing is brief. 

The standard hospitalbed is 36 inches from the top of the mattress to the 
floor. These beds ,vere designed to accommo<late handling of the patient by 
the nurse while nursing care remains ne<cessary. Uniortunately, no consid­
eration was given to the fact that a patient might ulfimately be encouraged 
to get out of bed, to sit in a chair or wheel chair or ,valk. 

In the existing circumstancec,, the patient is faced with the following 
possibilities: 1. Jumping from the sitting position on the bed to the floor. 
\Vhile most patients would not attempt this method, an occasional patient 
who considers himself athletically inclined will, in moments oi bravado, jump. 
The end result may be strains, sprains or, occasionall_1·, falls and fractures. 
2. Sliding from the bed to the floor. The patient may 1-!SC one of two methods: 
(a) sitting on the edge of the ibed and gradually lmnring himself until his 
feet to11ch the floor; this is difficult for ,veakencd muscles and often is the 
cause of strains; (b) from the prone position, first sliding one leg over the: 
edge of the bed and then sliding the other leg. 3. Stepping onto a footstool 
and then to· the floor. A potential danger remains because the stool ma_1· 
slip or tilt. Furthermore, ~ gap of several iriches- is usually present bet,vee11 
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