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. ' CHAPTER I

- THE PHYSICAL NATUHE oF ELEGTROMAGNETIC RADIATION

_The Electromagnetic Spectrum

The existence of radiations outside the visible

pectrum was first demonstrated by Sir William Herschel
in 1800 when he found that a thermometer showed a high-
er temperature when placed in the red end of the spec-
trum than it did in the blue end and a yet higher temp-
,erature when beyond the red end. ?wo“years.laterl

Ritter_andvﬂollastonAindependently proved the efist-'
| .ence of rays. beyond the violet end of the spectrum by
‘establishing that the chemical action of light on sil-
ver chloride. was even stronger in those rays than in

1 T B %;‘\

-the visible violet

,‘\._"-h.“. feme L

1

;4,8:‘Hertz in 1888 demonstrated that the electro-
magnetic waves, which he was first to generate had all
the properties of ordinary light i'e. reflection, re-'>
fraction diffraction and interference. ﬁumerous other

. workers subsequently added considerable proof to this
’ , concept. The group of frequencies vhich are’now Te-

Lferredvto as Hertzian vaves, are the longest of the

telectromagnetic radiations‘ falling in the class below
infra-red visible light ultraviolet x-rays and gamma

radiation in that order of decreasing wavelength or

1



increasing freguency. - S

‘ gecqydipg,tp the Eneyciopeeaia‘B;;tannicai(18a880*
1949 Edition) "Corresponding to the wide range of wave
\1egéths in the electgqgagnetie;weve spectrum, there-is-
a range of generators of widely different sizes. Long
Hertgi&n waves are generated by»systemekpejiegglagge
1ndpctepceewepd_cpndenee:e.; Very‘shogthHertziae,waves
ape'geqefeteqlbywep(oeejllator,gonsisting?ofrtye1minute:'
metal eleet;pdegﬂ.’Thee_there are'systeme,ofqyibrating
mo}eeplegLip.c;yefe}e:vand in: solid bpﬁiesﬁinégeneralg
which generate radiation by virtue: of- their'thegyal
motion. :2?89§°9>9f v;bretionelaend@retetiona} energy
of,ygleculeg pre@gge,radiatien,ig,theﬂénfge:red. '{t

: °§9f?9? wave %eggt@e,:eleetrogigﬁtransﬁtiens\witﬁtp

the aton ttaels com tato play, bramsttions of outer
eleetgoqsfprOQQeingvthe ppticai\epectre;andftfaeettione
ofethevinne;‘e;egt;one,lthevx-rey.epectre.f~f?een:{orhthe

PrOQQQtianOf‘gﬁﬂaﬁ rays trape;tione~withipythevnucleue

come into play.“t_ O T S SUPICELFIEE RPN
e LS J A T - PN ,‘,‘ o~

, At the present time the standard radio broadcast

‘band extends from. about .550 Kc. to. 1500 Kc The;so-,v'

called ebqrtwave.radioﬁbande,extend from:aboutw1~Hc;“

to approximately 50 Mc.;. the.F.M. and. television bands: -
300

are. 1n the order of.100. Mc.; radar extends upward as’

2 .



high'as and beyond 9000 Mc.
It“iéciﬁterésting:to”n;té;‘féllpWing thg‘digcover&
by D'Arsonval in 1880, that the frequencies above 5000
cps.”(.005 Mc) produced no muscular contractions in ex-
perimental subjects as did the lower frequencies, but
rather a sensation of heat. Thé”ébhrk—ghp-d;athermy
was fifitfyﬁed'fbf the brbdﬁétion"bf f%gbng'hﬁgt;~ It
operated bh!A‘frEQhéhéy‘%f°abbu% 1 Mc:“;Afﬁgr'phg vacuun
tube was invented; higher frequencies were made possidle
80 in the third decade bf'%his”cEntﬁryt;}héAﬁhqtﬁ wave'
‘diathermy ﬁ§1ﬂg“ffd§ﬁéncies”ranging fr§?;5:t§ 50 Mc.™
Seééﬁéjfygi%bgue. S It was“nbt'uﬁtil“Worlﬁ'Ya?‘{{;yhﬁt
mich’ higher frequencies becams’ available, and: that
:déveiopmehﬁwﬁas“dﬁé'to*thQAinvéhtibﬁ*bf‘thé‘qoﬁgé}léd
magnetron which was capable of prdducingffr§gue§c?g{

a8 high 'as 9000 Mc. ~This new ‘device was: and' is the

T

"Heart" of radar. ‘It is now the essential part of -the
t .« .o

so-called "Microtherm," a generator -which'is used:to

'ﬁroaucb'locéliied‘tissue“hypertﬁerﬁia therapeutically.

e ot

‘Absorption of Hertzian Waves - - 7.

o I

LR The interaction ‘of radiation and matter has been:
iﬁeﬁhﬁﬁjeéi“Bf'csﬁsiderébiéJiﬁvehtigatidgféinCQftho
ffiﬁe of Maxwell.who propounded a theory,th@t in metals

the higher the conductiviﬁy. the greater the coefficient

3



of abeorption. From this theory it followe that per-
fect dielectrics ehould be perfectly transparent to
Hertzian waves, which therefore would not be absorbed
b&Lthe dielectric. Thus, a relationehip can be worked
out* in terms of conductivity and the dielectric con-
stant, which will deecribe and define the abeorption.
Other intereeting theories have been advanced ~one
by P. Drudﬁovho attempted to explain the meaeured in-
creaeed'abeorption over the calculated of many“erganic
eubetancee, eepecially thoee containing hydroxyl groupe
as due to the presence of resonators with a large damp-

P )

ing coefficient. A more promising theory was that of
139-140 ' o s
Debye who attributed this behavior to the presence of

1

dipoles in the molecules which tend to set themselves

Tt

in the direction of the electric'force.v.Thue, ina
rapidly<a1ternating electromagnetic field the rapid ro-
taticnalvmoticn of,oscillations of ione.will tend te
prodnce'why may be thought of as friction andAwenldw
vtnereey diseipate the energy as heat, Tnie rhenomenon
is known as dielectric hyetereeie a rather crude anal-
ogy of which ie the production of heat in a rubber tube
vhich ie repeatedly stretched and relaxed at a rapid

.rate.:



' 1

‘Certain mathematical relationéhipsﬂbavéiﬁéeh’Set"up
which describe fﬁésétprépértieé of conductivity, dielec-
tric constant and the frequency of radiation.

ke

o
'K = Conductivity (Absolute Uni'ts)
BRI FfEQpency ..

" '€*"& Dielectric constant of the‘speéim;n'
’SEheredéhpjskyligfl933 reported the experimental de-
‘terminations ofjthe dielectric constants in certain tissues
"of the'rat as follows: = -

- Brain 78.5%

S liver 7 -i75.95
CToiSpleen<t i 7746 o
CeTe e IERRE
- Kidney .-t 76,2

‘Muscle’

[ 'xidneyfat“‘ R 13.6 RN e l”“-‘;,- 'v
16

'“?Bréitweiaerireported.thefdielectriq,constant:of:

<.
i

“Blood ‘'serum to be 85.5°and that.of prote{g 8550;2 
R ThB‘fréquency:offradiation in this {elationgh1p~r§-
{fétﬁ“thébfeticall&,'6f1courSef~tb;the?frequency:ofﬁu

Lép%imuh{héatlproduction in tissues or other matter with
“respact to' their conductivity andidibieb§f1c~properties.



’The“dieléctfié constants of a given tissue vary with the
freQﬁehéy, bﬂi'the results of any ;uch determinations
have been incompleﬁe and'féw have been perforygd. One

aﬁcﬁ'iﬁfeétigétion is being done at.presegt.by Herriclb;7
et al at micfodaje'(ZHBO Mc.) frequencies, inigpveffort
to verify experimentally observed tempe;gﬁure diqtriﬁu?

-

tions in various tissues. .
The radical.variation of physiological effegta‘

with-wavélghgth has recently been pointi§>ogt byﬂu .

Salisbury ef’ailgoth'frbm experimental work and certain

theoretical uihsidorgtiong. These differences were
aéériba@*to:the‘vhriatiﬁh in lose‘fadtor‘gf éhg.pgﬁy
withlwavgienétﬂgr "At longer wa%eléngthstvhgre Qhe:ioﬁs
fdctorfis relatively low the temperature of the whole
body 1§ raiséd;igiv;hg‘fiae to artificig} fgye} and to
a sensation of ‘warmth but with little dang.ér“o‘%'. t_‘i“g.gﬁeA
damage ;- ‘At extremely high frequencies thém}gée.fgctgr
. 1Q?relat1¥ely high and energy is largely %baq{bgd.pggf
the surface. This may cause severe surfacé‘purn§;>bgt
ordinarily the sensation of pain will giig émple.?;fgf
ing ‘in’ such cases." Hathematically'thislgs giplﬁihgé
in:the-following manner: "A plane wave o{ié}cct£6-
msénétic radiation falls upon an 1dealizg§:aﬁimal,.,;“

assuméd to be a homogeneous dissipative medium, The

6"



energy density in the electromagnetic field a distance "x"
below the surface of the qnimal is:
E=Eye _-dx
‘ (1)
w@qre E, is the energy density (measured ip:yattq per
egnare.coptimer) at the surface and & iEA?h? attenuetion
cons tant of‘tpg medium. Since ¢f is §$e,{ragtion of the
enérgy removed from tpenpgam in one centimeter, thamgngrgy
energy density at the point in questign.iZQh§s;Eggp§fer
of energy from the beam of‘electromagngtzgMga@%gtigg&po
hga? 1n,t§g tissue is assumed to de sole;ydﬁgp tq“ }
dielectric heating. Let us dé{@ne H(x) as the number of
watts per cubic centipq?gr;qf heat.engggy_fpaésfq:{eq\
fromvthg beam‘to‘thq medium, Then

_ay et e
LH®) eaEE) - e ()
Iﬁ 1éyw9}lmknovn that the;loss :§9t°%~§nd%hé&€?»th°
gﬁygpgggiqg-coqstagcefofvmost materiglg %ngrggggg;yiﬁh\
frequency % s % » »." ;
,."?QG;ERPPQ?gﬁg?Q;§1F°.?a?§°¢ by a'digyyabution,of‘
heat ---'ﬁgpqédg‘ggt?{plylnpon the‘coqliqg_gf the
medium, Initpgﬁgbgencexpf gpy:qoqling, th(ﬁqugratu;e
at any point, T(x), will be proportional t?\ﬁ@?Mf?ﬁa}‘
nuqbgr‘of Joules of energy that hag beeg_ngfinpq,thng
medium at the point "x". That is =

7 ;



™x) = CH(x)t . (3)
where C is the thermal c;pacity ver unit’yolﬁmevof the
medium and t is the time of exposure. So in this
éaéé”theishape of ‘the temperature function is the same
as that of the heat function."

Experimentally these concepts are rather\well,borne
out.iﬁ°€tudies made on rabbiﬁ eyes. Gatquctg‘igithe eyes
of these rabbits were produced when the f§§1@3%ﬁ§9n31§y
was of the 6;deruof‘3 Gatié'per’dqﬁare‘cedtiﬁété; at
wavelengths of 12 cm and the duration of équiu%éhéqéi‘

ib minutes."
“~- 'During the late 3rd and early 4th decade of this

één#ﬁry there was considerable cdhtrovéféy over the

L

-

Queétibnﬁgf specific effects of éhort&aQe;gééiéﬁidé
other than thermal.
r"'The'cénsensﬁd30?f0§iﬁ{555aftér‘mahy ?ibériméh§é<v

designed ‘to prove or disprove the theory of Qpééific or
étﬁéfﬁié’éff&ctéséf h-f’rédiatidn'is that éll*observed
rhysical and patholbgical changes in biological tissues
_can be explained by the effect of heat alzge;

Another concept, that of "point heat{ng“ apd
specific heating has been advanced. This concept logi-
cally follows from the relationship of conductivity and
dlelectric properties to the frequency. It haslbeen

) .



. 121
pointed out from the work of Schereschewsky that the di-

electric constant for example of fat as compared to
that of muscle tissue for a given frequency are quite
different and, consequently, the amount of heat pro-
duced would vary considerably depending on the fre-
ouency. This fact has been well borne out by many
investigations in a rough qualitative manner. lhe )
difficulty of comparing results lies in the inability :

to the present day to devise generators modes of ex-

P

posure, and dosage measuring devices ‘which are designed
to accurately measure the incident snergy as ;ell as the.
energy absorption of the experimental tissue. Hovever,
it seems reasonable to presume that every tissue has an-
Optimum heating frequency. Because of the comparatively
efficient heat regulation and distribution system of the
mammalian body, the practicability of utilizing specific.

frequencies to heat specific tissues at the exclusion of

other adjacent tissue. is doubtful

TeL LT .
L I . : D D e, o b



- .<i- .y, . CHAPTER II

[

_ ACTION OF HERTZIAN WAVES ON VARIOUS

. . .BIOLOGICAL AND BIOLOGICAL-LTKE SUBSTANCES

Non-living, organic and inorganic substances _

The rate, of heating of a solution of sodium_
chloride depends upon its concentration, and therefore
its conductivity or.dielectric cqnstant, and the fre-

"quency, of the radiation to which 1t is exposed. A 0.05%

solutien,g{iNaQI,hqaps”gea; rapidly at a frequency of

25.Mc whereas that of a concentratigg‘qfnﬂ,oasﬁ;heats
s e - . PP - . - s - 2 ."” N .l e o
most rapidly at a frequency of 10 Me. . If one extra-
R g Py I Sooa B A _..-\.97 .
polates the data of Jthese and other similar data he

- P e e e

will find that a. solution with a concentration of

normal physiological saline should have its greatest

(PR

rate of heating at a frequency of about 300 Mc.

.+ ., The relative heating °f,73?}9395b¥015319a1 materials
varies with different frequenciee as well as with the‘¢

‘ 120 © v e
‘gaperial,;ﬁee}f_ In one investigation with eight differ-

S T R

ent frequencies between-Gh Mc and 300 Mc 1n _which the

heating of Dblood serum was: .the standard to which the ‘

e e

-heating of all the. other tissues was referred 1t vae

found tbaﬁ<&h9,heaﬁinayoferér1998u9reen= and theetéssu°°
showed the greatest differences at the lower frequencies.
_Aﬁftheffrqueney.ef,}oo Mc. the heating .became relatively

i

10

Y
¥



more uniform, although lung and brain tissue showed a

-

greater tendency.to heat than did blood serum. In
5 L
another: investigation a.frequency-of .60 Mc revealed a_

relative heating in the following descending order:
fat, bone marrow,.bone, lung,1sgin,<spleeogfliyer, hair,
brain, muscle.. Blood‘corpusolea“were:heaged,mo:e! and

blood serum less than whole blood.

Botanical structures - . L - R T

PP N

. Various' types of‘plant.tumors,vhen;subjected to o

~

massive exposures of - radiations. of 150 Mchdemonstrated
‘an acceleration :in growth followed by death, . .

Bacteria and unicellular organisms'?

In-an:aptempt‘tovdemonetrate_the"effee@e_ofwﬁhese
‘high frequency currents, other than that»of ghe h?%ﬁmu

-factor, 1nvest1gations were done Junder conditions intend—

95 =

ed to'controlfthis factor.A One . .such series was performed

in which. diphtheria toxin vas chilled in ice water at 7°%C

§ m———

:rieen'to 387MQ?Q,1reeh11;ed,Aandtgbeq.reeexposed'forte,v

ytotalrexpoeure;time,ot115-60 minutes.  The controls were

P

heated: to :the same heat in a: conventional manner.» Another

U -

~during. exposure. :It was concluded. that there was an .
i

attenuation of the toxin if. the. temperature of the toxin

11



were allowed to go above 18°{3. The frequeney useAd‘ was 158
Mc, -
* When cultufes of living virulent tubercle bacilli

were'irradiated with U4 Mc waves the effects appeared to
be of a stimulating nature which was propo€§iopal to the
duration of the radiation. There appeared to be no
abiotic effect, . .

Similar studies on diphthefia bacilli with 52 cm wave-
length radiations on suspensions in distilled water produced

no effect, Irradiations of cultures in cystine-blood agar

with-3.5 m and 15 m waves showed that heat was- the only
52 o )
factor which influenced the bacteria.

Inveetigationa of the development of trichinella
59 o
spiralis in the\white rat led the investigators to con—

-

*

clude that the short wave radiation had a marked retard-
ing effect upon the development of the organism,

These and ot her. etudiez have led sOme 1nveetigators
to suggest the possibilities of the use °f~§§5h frequency
radiation for accelerating some life proceeses such as in,
yeast manufacture and also its use as a germicidal agent.

Some investigations of the effect of yigh'frquengy
radiations on paramecia have been done prim?rily_toA ‘
prove or diaprove the ideas of any athermie‘effects of
the radiatgsn?s Both groups found no eéfecg}other than

12



. ~ -

the heating effect which was lethal regardless of the
medium, provided that' the temperature reached certain

levels. The frequencies ‘used varied from 10 to 75 Mc.
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CHAPTER III
- THE ACTION OF HERTZIAN WAVES ON
MAMMALIAN TISSUES

Temperature Effects

. . 33 ' '
‘Following the observation by d'Arsonval in 1893 that

‘as’ the frequency was increased a point wag‘reached,where -
:8timulation no longer occurred bpt a sensation of'warmth
.and prickling of the skin was noted, a considerable amount
of investigation of high frequencyvcurrenfg_hag“bggh done,
“The m;Jority of-it has involved the changggﬁin;qupqggture
‘producea-by these currents,

-1, 1:Skin:and subcutaneous tissues - In 1935 Pratﬁ

112
-and Sheard concluded that "the relationship of the heat

:produced¢;n déep;lying tissues to the hea§ pr?duc?dtég
.superficial tissues is dependent on the diétance at which
-.the ‘condenser plates are placed with respect tohﬁﬁe.lqga-.
vtions~ofutﬁe tissues". They.felt that 1f;gonsi¢;fab%g ,
:‘alr space separated the plates from the'sgip,‘thg_dgap 
~tissues-were heated.more than the supeffiqigl tissues,

4

~and .if the air space was smalluthe reverse was true,
. . 12l - e L
'Some of the work of Schliephake seemed to bear this out.

,vThe:work-of Pratt and Sheard was done with 27.5 Hcgcnr~
rents of ah electric field., The following year Coulter

27 ‘
and Carter reported a series of experiments in which

14



living human mugcle and fat were tested_in both the electric

field and the electromagnetic field and of wavelengths of
6 12 12 and 2h meters (50 25, 16.6, and 12 .5 Mc) jrhey
found no eignificant differencee in heating between these

different frequencies.

i~ . -

With the advent of microwave ‘technics (2”50 Mc) a con-

c v el

siderahle amount of'intereatvin this field was awakened and

more exacting technics were employed One of the first re-
. 79 Lt R EEPEREE ..‘, N -

ports was made by Krusen et al inrwhichvhehmade“the follow-~

ing obeervations: “With our technic ofwuging 75 ma. (65

' watt output) plate current and ‘the director at 5 cm dis-
tance for 20 minutes, the’ rise in cutaneoue“tempfrature_
yaeiueually_hetween 30¢ and 5°C, an average of 3;5°C to -
y?g;; Although in some experiments the rise in temperature
of muscles vas greater than that of the skin in others
the relationship was reveraed On the average we could .

By

not determine any significant difference in the temperature

rises of skin, subcutaneous tiasue and muecle to 2 cm depth

LWL

However, 1t should be noted that the control temperatures
of the deeper tieeues are higher than those of the skin,
80 that even with similar risee in all tiseue layere the
final temperature of the muscle is greater than that of

the eubcutaneous tieeue and the skin, When rises of

15



temperature in four layers of tissue are measured it is

' noted that the rise in the deeper layer of muscle is usu-
ally somewhat less than in the more superficial layer "

In experiments on the thigh of dogs gxposed to
: 10
micrOWave radiations Osborne and Frederick (19u8) reported

.that, following exposure the maximum temperatures were

found at the subcutaneous levels and a decrease in tempera-

“

ture with increasing depth was’ noted The average tempera-
ture at 2 inch depth was 40, l°C In similar studies on

"the human thigh they found that the average temperature

v,

reached was essentially the same. In the latter series

a minimum of crythema was noted and one blister (Zh experi-

4 61
ments) Horvath et al (l9u8) concluded that “the magnitude

and depth of heating can be modified by varying directors

}and the power output of the generator " The maximum

i,.

temperatures they observed following a 15 minute exposure
to the radiations of a microwave generator with a power
‘output of 50 watts and a 6 inch director were 36 h°_ at

Jthe surface hh C subcutaneously and MO C in the muscle.

Ina comparative study of the temperatures oroduced

B - . 6115 -— Ly et
by microwave and short wave diathermy Rae et al (19“9)

concluded that although there was considerable variation

in the temperatures produced by the\different short ~wave

generators the difference between the temperatures

=16



produced by microwave dire c’oor‘fq and by some short vfave.
generators were not- significant, With this same micro-
wave ‘director they found that higher temperatures were
obtaingd after 20 minutes than after 30 minutes of ex- )
posure., They also noted that immediately after short wave
diathermy, the temperatures of the deep muscle (3 cm) rose
fof a variable. number of minutes. They also concluded
that the "ratio of the increase of temperat{me in the  deep
muscles ‘to that in subcutaneous tissues was higher ai‘ter
nﬁcmﬁave than éfter’shorb‘:waye diathemy." 1In a similar
study done by Murphy e:t!'.p:l (']'.950} 'in"w}}ic}_x the heating -
efficiency of 1600 cm, T5.cm, 12.25 cm, &5 cm, 3 cn and
.infra—-red rays in both living and dead animal.tissuves was

: iﬁvestigated,‘ it was qoncluded-:thatt‘ "(1) the increment

of temperature- change‘ ﬁas greaber- during the first ten
min'iibe,:period'of‘ drradiation:of ﬂliv:.illng‘tis'é.ue than - - &
tdu‘.ring:»the ‘second ten minute .period; (2) high frequency -
dtradiation caused a greater increase in-temperature in
~éead ‘tissue than in living tissue during 'c'émpara‘ble
héating»periods; (3) the ratios ‘betweéen - the temperature
dncrease ‘at 3 cm depth-to that at the 135 cm depth is,._,w
«"é@ater.~ for the longer wavelengths than for the shorter 3

and, '(l4y) the ratio of. the temperature increase at the

subcutaneous-level to the temperature increase at 1.5 em

17



level is greater _for the sho‘rte.r: wavelerigths than for the
longer wavelengthss -(5) a greater temperature elevation
occurred in the superficial tissues than in the deeper
tissoos when irradiation was carried out with high fre-
quency. electromagnetic waves,"

..- . ‘Temperature changes in living tissues exposed to
radiation of this mture are quite cbviously the result
not only of the absorption 6f energy and the transformation
of  this energy to that of heat but also the dissipation
of that heat principally by the Hl.ood stream from the
érea of absorption., One might there;‘ore conjecture that
the blood-flow. would increase under ‘conditions of high
absorption in order to maintain a normal temperature
Tocally.. In order to study these effdcts on peripheral -
tirculation Gersten etsa;. (19L49) made 25l observations .
on' 50 normal human subjects foll owing: the exposure to )
.microwa.ve réﬂiationso ‘.I’hey concludeéd thats ® (1)‘ Signifi.-

ant :mcreases of blood flow and of “tissue’ temperature
1n the exposed extremity resulted with both outputs -

60 and 80 watts - .and all durablons ~’ore to thirty
m;n_utes, (2) the greatest amount of ‘energy abscrbed was,
on the average, in the muscle, (3) after a'osorption of
on:ergyi reached a certain point, the iincrease of Hhlood
flow was sufficient to remove heat at a greater rate than

18



it was accumulating, resulting.in avféll' of tissue tempera-
ture from the peak reached at 20 minutés-of exposure, The
greater the increase of circulation, the greater the de-
“crease -of‘ the temperature of exposed tissues® from the maxi-
mal-values reached. ‘After 30 minutes of exposure signifi-
cantly greater increases of blood flow resulted from &0 -
watt exposure than from 60 watts, and (L) the. curve. relating
increase=‘of‘b1 ood flow to. duration of -exposure at 80 watts
is "S" shaped and indicates an early phase of -acceleration
oi‘ the increase- of blood flow, followed by a phase of re-
tardab ion."

The effects of an impaired c:.rcula’c:.on. during periods
of - exposure to microwave was stud::.ed by Wordenlzg al (19)48)
in which they used a gegeratqrw::l;h a 30 watt- output, Dogs
were-used. in this studyg ischemic tissues were produced
by. llgatlcn of .the femoral artery and.exposing-the thigh,.
It was found "that "temperature rises in ischemic. tissues
were sl ;ghtly; 1’_1?}9191'_ 1.,".}‘?" in the: norxknal‘ but not_;.pgnsidg;jed
| s,ignifican;c,,afterrS'-orlO,. minute exposures, : After 15 or
20.minute exposures the increase in temperature in. the
ischemic tissues was. - significant —— gross gvidence.of; -
burn:mg was noted-in ten of eleven \sﬁbject,s.,'!‘ g
--2:1-The effects ‘of radiation.with "short wave" (f:;e-

quency not given) on transplantable tumors both in vivo

19



and in

Johnson. For these experiments he used the Jensen rat

vitro was investigated and reported -in 1940 vy

sarcoma and the Walker rat carcinoma. In order to pro- -
duce “a 50% regression of the former, exposures of 25.min-
utes with temperatures in the tuxpor of b,7°~G were -necessary.
With temperatu:es‘ of. L_;SOZC and h3°5°C, 1 and 3 hours of ex-
posure were necessary.  In a similar series with the
Walker rat ‘ca?cinoma ‘the temperature - time ratios were:
L7°C +45 ming 45°C :-1-1/2 hrss L3.5%C = 6 hrs. No -
lethal effeetg were observed if the temperatures did’
not exceed L1'5°C, ‘

The effects of imp}anted metal on tissue hyperthermia
have been investigated. Etter (28&7)"usi‘ng frequencies
of the order of 16‘;md Lly Mc fourd no temperature ‘dif fer-
efices betw?en control and metal implanted sites,  On the
other hand, Feucht et ‘al ‘(1949) reported a greater increase
in temperature in tissue containing the implants, This
increase was of sufficient magnitude to caise ‘gross damage
':Li;'fl.'co'nt:i.guous tissue and between the metal plate and the --
sirface.” They ‘concluded that "with areful use, it seéms *
iikely that ‘during microwave (24,50 Mc‘:v) ‘irradiation there
is little danger of burning a patient .who either had mgtgl
implarted or metal inbedded in tissue. In most instances
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the metal is not as large or as close to the surface as

described in this report."

2. Bone and articular tissue - Since the advent of -
high frequency currents in therapy considerable interest )
has been- directed to the -question of whether high tempera-
tures could be produced in deep .structures without corres-
pondinglyvuigh‘temperatures in the superficial t;ssufs.
Using 27.5"Mc currents Sheard and Pratt (193i3i935) re-
ported higher temperatures in 1ntra-articular tissues than
in-muscle. ' They.also found that in dead‘gniuals the.pone
is heated much more :markedly ‘than-muscle, .Folloving‘ex-
posures -to the radiation of a spark gap generator (about
1'Mc) for 35 minutes daily for'one to four weeks Weinberg
(13?&) reported .increased temperatures in theibpne.end_
also acceleration of new bone formation.r'He attributed
this ‘to an increase in local~circulation’uue tovprquuetion
of ‘local-heat, - e |
o ‘»The-éffects:of~microwave radiation qubeue ?ud;bpne
marrow was investigated by Engel et 2? (1950??;:Fer~theee
expe riments-dogs:were irradiatedVboth over eubmusculer_bone
gpd'pverqsubcuteneous‘bone»and the temperature compared,
withothe following results:

'
[
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Submuscular ‘Subcutaneous

’(tibialie‘anterior) (gastrocnemius)
Subcutaneous 4,39 4.1°¢
' Muscular : 4. 6°C 4,300
Tibial cortex 3,8°C 5.0°C
'~ Tibial marrow 3,0°C 3.4°¢
Rectal temp increase 0.3°¢c ' 0.2°C

These are average temperature increases following a thirty

minute exposure.

“e

3. The eye and surrounding structures - 1In 1939
‘ - 114
Puntenney and Osborne reported a study of the temperature

changes and changes in the caliber o{xretinalxblqod ves—

eele,fodloying the exposure of anesthetized dogs to a
six meter (44 Mc) ultratherm. The duration of these ex-
e 5 AR . . LR . [T

ppeures were ten‘and‘twenty mdnutes,‘ueing Scnliephake

EAR

_!s‘-

glass electrodes at two inches target distance. They
found that the temperature increase 1mmediate1y after ex-.
poeure waa much higher in the subconjunctival tieeues and N

the vitreoue than in the orbit itself Ho;changes in sizes

Czyy

of retinal veesels were detected and no abnormalities were

H y;h

noted on pathological examination of the ‘eyes subsequently.
Later_dn(;QFS Qsoorne and‘Frederigg reported.aAseries of
acute experiments on dogs using a microwave generator.
Tne‘ayerage temperature'of tne.uitreousﬁbody folloying;,
e%ggeure was 105.8°I»(¥0°9?C)3VﬂOne,animal receivang six
treatmente in three weeks anwed no pathological.chenges.
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In six experiments exposing the frontal sinus of dogs the

average temperature following exposure was 105°F
117
Bichardson et al (19&8) reported temperatures of 55.1%

1

at the posterior pole of the lens and 49,4°C at the cornea

was observed following exposure to microvaves (rabbits)

Cur

h. Nervous system - Intraspinal temperatures vere

increased an average of 2,697 as compared to O 7°P and

l l F oral and rectal temperatures respectively,

12
following exposure to 50 Mc currents for twenty minutes.

- \c.

5. Intrathoracic structures - In an extensive study

of the factors involved in heating the iung with high fre-
quency currents Binger and Christie (1927) found that a

l 2 Mc spark-gap generator was able to raise the tempera-

vt

ture of the lung about 0,3 to O, h°C above that of the

rectal temperature which is approximately the reverse re—

lationships between these two temperatures in_the.unexposed
dog.\ However; immediately after the death of‘theydogiand
vithﬁcontinued irradiation‘the temperatureirises abruptly
in the'deephtissuesi If the access of‘air to one lung

is prevented there is little if any change in the rate '

»of heating of that lung. On the other hand if both

Y.

the venous return and the arterial supply to an otherwise
31'*::' o~ .’ BEY,

normal lung is occluded the 1ocal rise in temperature in

23_



the 1ung’1s.equ1va1ent to-that in the other lung after
death, ' If only the arterial supply is occluded there re-
sults a sudden rise;invtemperaﬁure in this lung dbut sub-
sequent heating is at the original rate. When dogs were
innoculated with B, ‘friedlanderi, Type B and Pneumococcus,
Type I 8o as to produce a lobar pneumon;a 1p oply one

lung ‘as shown by X-ra& and then 1rrq§i§ted thg}affected -
consolidated - lobe showed a more rapid rate of heating
than the normal lobe, the final increase amounting to slight-
1y more than 1° C, The local heating was of.the same order
of magnitude as that. found when only the arterial supply
was ‘occluded; This might be expected in view of the
pathoiégicalifinding of<theipresence_of intra-alveolar -

capillaries;

£ - .- B,

6. Cardiovascular system - Thg ef{ectkof‘yhe applica-
tion of "high frequency currents to tkp t§°r9?'§F respect to.
the temperature of the ciicnlating b}oqd'wa3'§.§quect of
study by Binger  and Ghristie (1927) 1in which ‘they found
that' the temperature of the blood in the left side of the
heaft exceeded that of the right side by about 0.05°C to
0.2°C which is the reverse relationsh}p.fonnd prior to
exposure. They concluded that "this indicates that the
1ﬁngS“are~being heated but that. the blood passing

2l -
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through the pulmonary vessels is removing the heat at

AR Y

approximately the ‘rate of nroduction.
\ 52-54

The work of Heinle and Phelps (1933) done on perfused
cats' hearts showed no evidence that the elasticity of the
aortic rings was affected by radio vaves. ?hey»did find
an immediate elevation of heart temperaturelwhich was ac-
conpanied by increased rate and amplitude of ventricular
beats but which disappeared when the rise in temperature
was compensated by reducing the temperature of the perfusion
fluid,

e

7. Generalized hyperthermia - In 1930 Garpenter and

19
Page described a method by which a patient could be irrad-

iated in order to produce and maintain for several hours
artifical fevers of from 10U°F to 105°F by exposing him
in a non—heat conducting box in which only his head was
1eft uncovered They found that the frequency of lO Mc
was more efficient than that of 55, 22 or 15 gc.- The

method described was that of an electric field between

condenser plates (28 x 18 inches).

Phyaiological Effecte
R ’ 1 oo ’
1. Blood flow - In 1931 Pflomm claimed to have demon-

etrated a dilation of capillaries after irradiation. He_
observed that the dilation persisted for about two weeks
and was not affected by the edministration of epinephrin,
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Although. this evi@ence\was pfasentedAto prove.a specific
effect of high frequency.current.other than that of
heat, Weilezz al in 1938 reported a series of experiments
on. the wepsvof_f;og tongues which were irradiated with
60 Mc currents for six to twenty minutes. .They concluded
that the same dilation of the,vesselsatook place during
irradiation as that which occurred wh%n,the tqngugjygs
heated with Ringer's solution at_the‘gamg,:ate and to the
gpame degree, . When the.tongue was coo%eg dgriqg 1grad1a-.
tion no dilation oqcuéred.i,:ﬁ C g e
Peripheral vasodilation in human. extremities was.

demonstrated followingfapplipgtion%of‘gggyt'gqu_Qia@hgrmy
(freq;énéjxﬁot,giveh) to the lumbosacggl area ?y‘Bqnneit
et al-(1941)., This vascular response was predicated-on
the change in surface temperatures of,ﬁhq;{ept“gggrécorded
by thermocouples...In comparing the rqgg}ts,vith»tyat_pro-
duced by tub heating and infra-red they found that.follow-
ing .the latter two.modes of;%herapy,;appligatioﬁ of short
wave diathermy resulted 1n4§n,addit19ng} rise o§‘3.lqc.
Mart and Miller (lgas).could ﬁqmgnstrgtg;pogéﬁgnirécgnt
increase in cofonary<flowgfpllow1ng irga?{gg}og_gje; the
rpgion.of.the heart in dogs. :

.. Although there are numerous apparently conflicting

;qports,bqngerning the effects of various frequencies on

26



blood flow, there.seems to b; general»ggreemenp that
microwaves (2450 Mc) quite uniformly produce an in-
creased ‘flow., There can be little doupt that where the
absorption of sufficient energy has occurred the flow of
blood from the area 1is increased., The reasons for the
discrepancies, which are apparent, are thg? under.}he
conditions: of the experiment the absogy}iog of energy -
has not ‘reached the critical level rquired_tq produce an
increased flow. This is partially shqwn by the low. grade
deep tissue temperatures achieved. Itq@qeg,gppggrithat
under the current methods ‘of application of microwaves
as. compared to the various short wave methods, the former
81,136,127,69,42,116 B
is more efficient
19 e C

Krusen et al (1947) found that "aqqeppany}gg‘the .
rise in temperature produced in the exi{epity Yh@ch was
exposed to microwaves, there was a congigt?nt ing:ease
in return of venous blood. Furthermore, with the gradual
return:of the temperature of the tissugp;tgwafd.;oqfrol
level, there was also a gradual return ff'?h? f;oy'Pf
venous blood toward the initial level, L;p summary,~it
‘can ‘be stated that the .local heat produped in thg-t}ssuea
by exposure to microwaves brings about an 1ncr§gg9;gf.venous
return and a vasodilation through locél reflox-mechanisms

‘and direct metabolic effects. Whenever a general rise in

27
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temperature.of the. body dccurs, the vasodilation becomes
generalized through action of central hypothalamic mechan-
isms., The heart rate may be increased by speeding up the
rate of generation and propagation of 1mpulse;, through
the sino-auricular node." : L -

The effect of short wave and microwave application
to the back and its effect on renal blood flow led Kottke
et 12'(1949) to conclude that such application causes a
decrease in the deep blood flow (renal). They compared
the following frequencies - 2450 Mc, 27.3 Mc-and 15 Me.
The renal circulation was estimated.wiﬁqithe use of -the
clearance of sodium~paravam1nohyppuratg gt blood levels
of 2 to 5 mgh to estimate renal.blood {low and gle;f;nce
of sodium thiosulfate at blood levels of 10 to 20 mg% to
estimate glomorular filtration. This work was done on
normal healthy human subjects so temperature changes in
the kidney parenchyma were obviogsly-ﬁof_fégo;dedn It.
seems entirely possible that the absorption oquuff?pienﬁ
energy’did not occur in the renal yissu3 bpt;rathq§.1n |
the mpreAsuperficig; tissues thereby achg}lxiggnd;ng to
divert the major blood pool to the mﬁsc%gsuapd.pﬁﬁpr‘more
“superficlal tissues rather than to kidneys in order to
dissipate the heat in tissues where such dissipation was -
most greatly needed.
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2. Blood and its constituents - Eollowing the ad-
_ vent and use of‘high frequency induction of hyperfyrexia
numerous studies have been made of the blood and its con-

stituents° One of the earliest studies was made by Nasset
102
and Warren reported in 1929 1930 in which a frequency of

l 5 Mc was used on anesthetized dogs.‘ They found an
initial hyperglycemia with gradual depletion during ex-
‘posure with an end result of a marked hypoglycemia (30
to 50 mg%)- the non-protein-nitrogen increased to about

200% of norma1° the 002 content of whole blood and of

5 e

plaema invariably dropped to a low level (35%) The

blood chlorides failed to exhibit any change. In tnese
experiments the body temperature rose from 5° to 7°C above
normal figures. Mortimer (1931) reported similar changes

A

in dogs subjected to sublethal doses. Knudson and Schaible
. 72 - :
(1931) found that the NPN generally increased' Urea nitroten

creatinine and amino-acid nitrogen also increased They

felt these increases were due to increased metabolism re-
sulting from the rise in temperature of the body and to
the oliguria which resuh;ed These experiments were done

with generators of 9 to 12 Mc currents. Inveetigations
‘reported by Giles (1935) from cases of articial fever

i

_in human therapy revealed an increase of NPN to about ll%

l“ﬁ LE s

returning to normal in a few days; also an increase or urea
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N of 13-19% which returned to‘nqrmal soon after elimina-
tion of the fever; blood sugar 1ncreaeedﬁup te 20%;
there was no increase in uric acid and creatinin but a
temporary decrease in chlorides. o ‘

The cellular elements of the peripheral blood show
eignificant changes during this type of hyperpyrexia.%
Knudson and Schllgle found an 1ncrease in both red ag}
white blood cells and in many 1nstances there vas a
markedrinerease in immatnre.reﬁ celle, sugﬁesting a stim-
ulation of the hematopoietic tissues.' Gilez found a
fluctuation of leucocytes of from lO 000 to 50 000 -
P. cem. throughout therapy (hymgn).wighifge.pereerpage
of‘neutrophils;ircreaslng ﬁertheigeqe;qggglﬁndewga‘pgeAf
decrease ln;lymphogytesi“fThe,Arnetjf§§3£};ng 3r§ex showed
a shift to theﬁlefﬁ‘whlchfyag'qqneiderp§53¥14eppe qf; |

hematopoietie:sti&platﬁppu This leucocytic .response was

vt Aol

in proportion to the ﬁegreelef tempergﬁprequee.i f

, The studlee of Knn@epn‘an@'Schalble:pg‘gegg'shoyed
a decrease in blood volume up to 25%, along with an increase
ir)eell.Yplumevgedweoncentratiqn ef“hemggloplp. :ghe work
.e; éiils gergnstraged§gqteerlyAipcreaeevin blqu_velume

thch he auggestedﬁyas;duelto ;pe absorptipnﬁof‘flulds

from the 1ntestinal tract muscle and other tissues at

LAUE IR ( : . {

the time of the 1nitial temperature rise. ‘In a 95?105‘ .
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. 107 ‘ .
reported by Osborne (1941) of patiente undergping fever

.therapy and with temperatures maintained at 104°F, it

was found that it patients were given ample quantities .
of fluid containing sodium chloride there were no signi-
ficant chapgﬁs~in“th§;§peéific«gravity of the blood.

He concluded that "apparently, increaagd blood density

is not tﬁe mechanism responsible for tgeﬂcyanges‘gccur-
ring in the ‘blood cell count when adequate fluids are
administered during the course of t{gatment.” .-

The circulatory..reactions duiingh&ype'rpyre_xig were
reported 1ng19323pymWiggers and Orzzs ;? a series of
,experimentsﬂqngaﬁesthgtiagd dogs which were expos;d
to radiations of .10 Mc. ..They conclud}e,d:;t-i}g‘t "qualitative
and quantitative:studies _of the gi:cula};gry reactions
reveal certain;differqueawin hypqrthqrgias‘prodgppé‘by
high extergalntempprngessand-by radfq@hgryy.fE;E;the
-hypcryrexiandye£§dyt&égfofmer, blqoq,prgséu;qq tpndrﬁou
decline withgtgmperafﬁraSQabove,h1°C§‘~Q§é€pglge pressures
bécoﬁé smaller,.rise:more gradually @9'§;Péék,§2d;&§9
devoid of all.secondary;vibrations. ‘fih_bs.pqrg,,they dte-
?1ay featunqﬁtﬁhiﬁh;anggest~thatidia;tq}ié:d;gcha:gq is
reduced anqhthemfﬁnécQOSsxentticular~qggtta;tiqn is de-
chased. »QufiggxigdiAﬁhermia,uon the otherfhandgﬁaigtolic
and diagtoLiq:pggéggg§§ﬁinqrease trqméndéﬁélj after heart
ﬁemperatureé exceed 41°C, :The pulse pressure increases"

3



greatly in amplitude, rises sharply to a peak and contains
many after-vibrations. All of these features suggest that
the force and vigor of ventricular contraction‘are improved
until the crisis is reached. --- When radiothermy is
continued long ehaggh,.death occurs as in other forms of
hyperthermia, i.,e, through primary failurqvqf thg respira-
tory center which is followed by circulatqry failure due
to asphyxia."®
: 105 - e e

3. Respiratory Tract - Nasset and co-workers (1931)
have shown in anesthetized dogs that“tpeA{espingpry
metabolism as determined by the Beneg;gt Uniyg;sgl apparatus
was increased from 27 to 172%. The respiratory rate in
some cases increased twenty-five fol@ (tempqratu?? rise
3.6°C to 8.5°C) with a reduction in the carboon dioxide
content of the expired air to 0.5%. L?hgre was ;E?arently
no difference in the response elicite@ by 1 Mc currents as
compared to that of 10 Mec. Th;y felt that this evidence
did not suggest'any.specific effect qf'tye yignifiequency
current on oxygen consumption of the anigg}g yhicp is in-
line with the work of Fenn.and Iatchgggd w§o geaqgred the
oxygen consumption of the sartorius;gygclg'%p“{rgés during
exposure to currents of 10 Mc and 100 Mc. and cpncluded
that the increased oxygen consumption could be attributed
entirely to the heating effect of tﬁb currenﬁ.
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H.::Genitro-urinary tract - In repeated exposures-of
young rats to frequencies of 9 to 12 Mc for one-half to
one'hour daily, Knudson and Schaible (15%1) found no loss
in breeding power. The body temperatures of these rates
was raised to 40.5°C. Follis (l9u3) using guinea pigs
and a generator emitting waves in the nst band (3000 Mc)
found no loss in reproductive activity after tnree:honr
exposures daily for fifty—one to fifty-three days.‘ No
significant temperature changes were noted in this series
01iguria and anuria were found to be almost inVariable se-
quelaw to’ hypertherméas of h2°C or higher in dope accordinp
to Karr and Nasset (193&), vho suggested that ”dehydration
and damage to the renal parenchyma are important factors in
the loss of kidney function.? These experiments utilized
radiations of about 1 Hc in frequency. .

5.‘ Gastro intestinal tract - Under the influence
of h7 Mc currents McLoughlin et al (19h1) found in ex-
periments of the exteriorized loops of intestines in dogs
that the effects weresimilar to those produced by conven-

tional forms of hoat i.e. amplitude, tonus of contractions

etrength of contractions, but a slight increaee in the rate

¢

of rhythmic contractione. ' \
The action of 50 Mc waves on the flow of bile in

82
rabbins and dogs was studied by Leskovar (1940), who
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demonstrated a mild chloresis whose magnitude was not as
great as that of mineral water containing considerable
magnesium.

58
6. Thoracic Duct - Herrick and Bellman (19“8)

using rats found ‘that when the hody temperature was ele-
vated more than 2°C in fifteen minutes, the flow of
lymph was reduced for fifteen to thirty minutes suhse-
quently before returning to normal This phenomenon
was similar whether produced by high environmental
tenmerature and humidity or by microwave irradiation.

8 87

1. Central Nervoue Syetem - Iooney and Borkovic

(ha-h3) found no increase in brain metaboliem in studiee
made on cerebral blood in twelve patients receiving dia-
thermy treatment. This conclusion wae predicated on de-
terminatione of cerebral blood eugar lactic acid and
~pH duriny hyperthermia. o .
Patholopical Effecte

o 1 123 .
In 1926 Schereachewsky following exposure of emall

laboratory animale to varying frequenciee reported that

“this effect (lethality) is most marks d in a certain ‘band

of frequencies extending from 66 to 18 o3 Mc,lthe effect
diminishing in one direction from a band extending from
66 to 135 Hc and in the other from 18 3 to 9 Mc. "

Sy
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1, Cardio-Respiratory System - Hosmer (1928) report-

ed.that "in rats killed after sublethal treatments (appar-
ently 60 Mc) the only evidence of tissue damage yet observed
nae been in the outer layers'of the muscle cells of the
heart immediately adjacent to the bericardial cavity and

at the tips of the liver lobes. Such treatments have been
shown to raise the temperature of the region exposed 1n
this case the lower thorax to 115 F in three minutes with-
Qgt‘affeoting the recgel temperature,"

o 'Baldwin and Nelson (1929) using albino rats exposed

to 5. or 6 Mc currents for four to thirty minues demonetrat-
ed an incipient coagulation necrosis of the periphery of

| the lungs and heart. -This occurred quite constantly if
rectal temperaturee were maintained for ten to thirty minutes
at 402 to L2°C, | _In a study of seventeen cases of death fol-
lowing therapeutic hyperpyrexia which were reviewed by Gﬁie
(1949) it was found that the heart exhibited necrosis of
eelle'nnd other neéenerative obangee microscopically.

o2, Gastro-Intestinal Tract == The gastro-intestinal

tract was the Eost frequent site of pathological change°

'Baldwin and Nelaon found the “stomach and proximal duodenum
normal but beginniny with ampulla of Vater the mucosa
was degenerated and exfoliating, Thie process involved
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the submucosa and .fundus of the intestinal glands." Of
énotgervsgrieg Baldwin and Doqdalé described thé small
intestinal lesions as é'ﬁéqaéﬁlatioh hecrqsis‘first in
epithelial lining célls but iﬁvoi&%ng.stroma eventually;
exfoliation of eéithelialjcelléAQas the rule vhile vascular
dilation, legcocytogig,’Qeépr:iages'1nto the villi, sub-
maéosa and muégula?isfﬁerﬁ ch&%agferistib.'AThq regenerative
process béganAeoon'after the last}rayihg~-comp13tga b&»Bth
to 7§h day, but delayed in two ins?@#cés f&f two‘monﬁﬁp,“
These findipgé‘weietlé}gely confirméq_b& Jacobsbn Qﬁd Hosoi
(1931) in dogs, rats, and guirea ples. '

_The liver sinusoids were dilatéd and filled with blood
cells whiie legcggy;es'with %fégmengéd aﬁd Pyknotic hﬁclqi
were popgpicpbpg witpin‘tﬁq biéédlyes;els'aQEEMOng"thg’
liver cells. J@céb?ﬁiaﬁﬁ Hdgzi;éisé noted congestion, per-
ipheral hyperemia, cloudy swelling, fatty d036ﬁ3r3t19#"and
focal hemorrhages. This also was confirmed ﬁyjsqri in the
seventeen cases autopsied following fatal hyperpyrexia.

3,.éGenité-Urinary'Tfaét‘4-('?@9qki@9eys:in Bdidylﬁ“

and‘Nelgon gériég demqut:@téavgitrqvégatibns of blood igto

the cortex and medulla, the glomerull were dilated and
the capillaries filled with clotted blood. The c¢ells lining

the convoluted tubules and ascending loop of Henls were

3 3
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dpgpnergtqd. Using currents of abou§~50 Mé on guinea
pigs.Kli;g found that "the most constant changes found
w?fe ié the testicles. These qogsistéd of the destruc-
tion of mature spermatogepié cells and the presence of
giant cells, There was soﬁe hyperplasia of the Sertoli
cells., This was independent of the dggree69f heating
and the manner of application." Imig et g13 (19&8) re-
ported a study in which 12 cm (2450 Mc) waves were com-
pared with infra-red waves as to their effecf.on the
testes of adult ‘albino rats.. Although they could not
éiffgrentia£e‘the ﬁisfologiCal picture in these :two -
modalities,vthd‘damgge segmgd to égéur'af léwer tempera-~
- tures (35°C) in the central portion of the testicle in
the case of7micr9wav?a as compared porh09c when infra- -
red was used. The typical histological picture in this
series was described as e - - an area of degeneration along
the side of "the testis nearest to the source of irradiation.
Continuing from this ‘area of degeneration ta the opposite
side of ‘the testis, all radiations can be found, absence
of germ cell nuclear material, gbg cytoplasm gppearigg
much more refractile than'normal. The tubules ‘show
sloughing of degenerating gefminal e}ements’into the ~
lumen, multinucléar’maases'térmed-ggidnt‘cells" which -

apéarently consist of fused 'spermatid nuclei and usually
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abeence of epermatozoa. Theréertoli and interstitial cells
apparently remain intact. The duration of these exposures
was five and ten minutes.. In the experiments of Baldwin
and Nelson the eer organs were reported as normal. In,

a series reported by Follie in:which he exposed guinea
pigs to repeated doees of “S“ band radar (3000 Mc) no
pathological changes were noted * ‘

h. Nervous Syetem - By exposing rabbits to micro-

waves at almoat contact distance from the shaved scalp for
L - 105 .
period of three minutes Oldendorf (l9h9) produced focal

‘‘‘‘‘‘ ) ,,.‘ [P

cerebral lesions which he described as a "grossly yellow—

N N ._rr
q e.{|- XY R

green coagulation lesion 0 7 x l cm on superior surface

of the cerebral hemisphere. Histologically the small lesion
appeared sharply circumscribed It involved the cOrtical
pray matter in its entire width and extended somewhat into

the subcortical white matter. The whole lesion contained

£ - .

no intact nerve cells or glia and was delimited by a wall

¥ -

of intensely proliferatinﬁ glial cells. ‘ Death occurred

Tt

in one rabbit so described on the 15th day following ex-

posure,
"" l'. N .. .

' 5. The Eze - The production of lenticular opacities
Nhas been reported in both rabbite iid dogs as a result of
exposure to ‘microwaves. RichardsOn Zt al (l9h8) found
that'a sixteen minute exposure of rabbits' eyes to 12,25 cm

-



m;cfowaves (100 wétgs power output) at a target distance
of 5 cm would result in cataractous lenticular opacities
after a delay of three to nine.days. Under these conditions
the average temperature of the vitreous at the posterior
pole of the lens was found to be 55.1°%C and that of the
cornea was 49.4°C. When :the_exposures were of smaller
magnitude and repeated the delay in production of cataracts
was two to forty-two days; however, if the irradiation was
of seventeen to‘tW?aﬁy.mzngteslin.4@£atéoegth§ cataracts
dqve}ép94 imediately. Paéliéqt-el (1948) in a study
on anesthetized dogs found that when eyes of dogs.were .
exposed for P?.l;ix.ty minutes at a target distance. of three
inches using about 75% output (about 90 watts) from a
corner director tha;,the,fg@perature rise in the orbdit
was 1.9°C, in the vitreous 3.2°C and in the aqueous,
2.8°C exactly ome minute a.f*ée? the microwave generator
was turned off.  In amother series under the same experi-
mental conditions there was no clinically observed pathology
When the eight dogs were exposed six to ten times. How-
ever, pge;dog_geyglppeg an anterior certical cataract
within éix days of the last of eight exposures each of thirty
minutes du;ation at-a two inch térget/distance.4 Seven simi-
lar exposures to the eye of another dog using 98% output
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at one inch q1staﬂce produced an anterior cortical cata-
ract within ﬁwenty-four hours of the last exposure, Over

a period of nine weeks these anterior cataracts increased
in size and density, then regressed and pdgterior certial
cataracts developed. In another dog exposed fhirty minutes,
one time only, with a 75% generator output at a target dis-
tance of two inches corneal clouding and a partial irido-
plegiq'waq produced in twenty-four hours. This eye on
miproééop;c‘exgminatioé shgygdvavroup@;gell*in£11§ra§19gi
or the ¢orn§al'§troma.; Simiiaf él}éiéqi éh@ histological
changes were produced in the eye of another dog within
twenty-four hours after two thirty-minute exposgrgéfqﬁg

in aqditiop,|v1tge$us opacities, reddening é;itpe optic
disc, whi%eging and elevation of the r;tina in the region
of the disc were observed ophthalmoscopically. Micro-
scopic examination revealed RBCs, ieucocytgé, and fidbrinous
exudate in the anterior chamber with hemorrhage into the
;fig‘épd'bilié#y’pchgséegg' Necrosis of tﬁe.irié stroma
and disorganization of the pigment layer of the iris and
subchorOidal exudate and cystic degeneration of the retina
wore also obperved."

6. Skeletal System -- The effect of both short wave

and microwave diathermy on bone growth was reported by
137 |
Wise et al (1949), These studies were done on albino
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rats in which the'region of the knee joint was given a single
exposure (shortwave - & meter wavelength; microwave - 11 cm
wavelength), The animals were killed at varying intervals
for study of changes in bone length, soft-tissue change,
x-ray aﬁd @icrpscopic changes. They concluded that "when
moderate soft-tissue injury was present immediately after
exposure to either short wave or microwave radiation, the
aubsgquént.effgct on bgng growth -- shortening deformity,
bar?iélfo; complete' epiphyseal destruction, etc, did not
alyay? parallel the extent of soft tissue injury. An un-
usual sequella to microwave burn was characterized by ex-
tgqsive bbqe;gﬁgorptidp ané‘résultfég flail ext?emigy
(éntife fému:),“ They also reported two clinical cases,

of extensive disturbanqea in bone growth which followed
diathermy burns in children,

.. Lidman anei.°°§n (1945) in a study of 124 radar in-
étructbrg,ﬂgnd\tgcbnicggns who had prolonged exposure to
'émgnatiqns‘f£bm_po§h‘shieldgd and unshielded- radar equip-
ment was ‘unable to uncoveraany ev?dpnce:fhat,migbt
""indicate stimulation or depressiognof the crytbrgpoietic

" and leucopoietic systems,"
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PART II
CHAPTER I
EXPERIMENTAL STUDIES

ose

Investigations concerning the biclogital effects of
radiations of the Hertzian portion of the electrom gnetic
spectrum have limited themselves primarily to that portion
below 100 Mc, and since the advent of the magnetron tube to
the region of the "S" band of radar (2450 Mc), vhich has
recently been assigned to. medical the rapeutic equipme nt such
as tl'le, Microtherm, _Aljb};ough there are a;i'ew exceptions to
thié, thel »volwne;éi_‘« work has been slight, Certain of the
ihvestigapio_ns _iﬁvolving the lower. frequencies have given
résults which, 1f interpolated, would lead one to suppose
that a frequency of the order of 300 ch'would be the
optimum for heating solutions or materials which are 1soton:.c
with blood. Frequencies of this order of mggzuittxig are
also used at present in some comnercial“'amli’cétions such
as radar and ;‘é]‘..euvision, Because -of the physiologic
:i.mplicatlons of this. type of use, further knowledge con-"
cerning the effects of these frequenc1es ‘Was thought to be"
h:.ghly desirable,

It was therefore .proposed - to eXpése experimental ani'm;ls

to radiations of the order of magnitude of 350 Mc so as to .
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determine their increase in body temperature and secondly;
‘?0; discover the nature of any pathological changes which
might éccur. Furthermore, it was considered expedieﬁt to
copduct these exposures in a wave-guide in order to measure
with some degree of accuracy the actual energy absorption
\by‘each indiyidual or each pair of g:;ppsgd animals, This
method also provided a convenient method of tuning fhe
’c;ransmitter so as to repeat as nearly és'possif;le the
é;cinerimenta]. condi’c.ions; from one ei‘;)eriﬁent to the next.
Expemnerrbal Equipment |

1, Power Source -~ Power was obta:med from a standard

‘éoinnnrcial power lire (220 volt, 60°cycle) fed into a
gener ator-al_t“ern;ator mechanism in order to obtain the follow-
ing power.for oﬁération of the transmitf,er:_
| | a. a-c power: 28 volts, 11 amps. _
b a-c power': 1500 volt-amps, LOO cycle.
2, Transmitter - (Radar Set AN/APT-Y) - This
apparatus cons:Lsted of three 'separate units: _

a_.' Transmitter - T75/APT- (USAF) - This set
contained the oscillator tube (JANS-J50) wh:.ch has a poss:.ble
i‘requency range of 175 Mc to 4400 Meay the timing and 1oading
mscham.sms ’ and the air and water oooling systems which are

necessary for ocooling of the oscillator tube,
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be Modulator (MC-30/APT-L) - This unit contained
most of the power controls for the radar set, The video
amplifier was a wide band noise gereratar (up to 5 Mc band-
. width) and amplifier. The final tubes are a pair of JAN=-
813's operated in parallel, which modulate the oscillator
tube of the transmitter.,

c. Rectifier Pover Unit (PP-S?/APT-u) - Voltages
up to 3000 volts d-c and up to 3500 volts ms a-c were
developed in this chassis, Inside the um.t were the high
~“voltage rect:xfier and its associated i‘ilter and bleeder
c::.rmgits; The time delay circmt was als_o located in this

unit, -

3, Antenna Assen}blies | |

2. Coil Amtemna - This antenna is shown in Figure
1 and oonsist.s of a coabed copper wire a%tache& to a
coaxigl cable antenna lead, This antemna was used only
in the .experiments upon saline- solutions. . N

b, Cone Antenna (AS-115‘/APT) ~ This assembly
cons:.sted of a plated metal cone mtended to cover a
range of 250 to 770 Mc with Radar Set AN/APT-l}, The metal
cone was supported on a fiber-glass skirt which housed the
lead from the antenna to the comnector, ' This assembly

was mounted on the base of an oscillating fan in such a
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manner that. :Lt _swung through an arc of about 90 This
antenna was used solely in. the series of experiments in
the "decompre ssion" chember.

co Wave-guide =~ This assembly consisted of a
copper chamber e:.ght feet long ’ twentybfour incle s Wide,
and ten inches deep. (Figure 2) The transmitting antenna ,‘
assembly extended vertically through the chamber, ten
inches from the end. . At the opposite end the receiving
antenna extended vertically.in a like.manner and was
also ten inches from the opposite end. A .trap door
(19" x 19") was s:.tuated twenty*-four 1nches from the re-
ceiving end of the guide, the hinged portion of the door
being forty—three inches from the end, and on the top
of the guide. Rectangula.r holes were cut in the side of
the guide in -such positions that they would not interfere
with the resonance d’laracteristics of the guide hut would
provide adequate ventilation to ﬁxe interior. A small
rotoclone was situated. in the transmitting end oi‘ the guide
in order ft_o'provn.de adequate and constant ventilation
during the eicperimentsi a | " |
' The transmittizg antenna (Figure 3) was con-
' structed in such a manner' that it could be tuned by
rotating the center hollow tube which increased or de-

creased its height as it turned on the threaded central
- L5
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post. This post was electr:.cally oonnected to the center
Wire of the coaxial cable from the transmitter. The outer-
most ho]lcw tube was grounded to the wave guide itself.

: The rece1v1ng antenna was constructed in a simi-
lar manner except that the center post was not threaded,
It in turn was attached ’to‘ the lossy line of the.vwattmeter._

L. Exposure 'Charzibers-

a. Modeled DeWar Flask = An unsilvered DeWar
flask was set into the mouth of an Ehrlenmeyer flask without
evacuation. The volume of the flask was 180 ccs During
the exper:unents it Was surrounded but not touched by the
antenna. (Figure 1)

be “Decom_pression" Chamber = This steel chamber
was a standard Jdecompze ssion charber used previously for
sinmlated high altitude testing., At no tim dur:i.ng these
exper:.ments was it used as such but it was employed only
for its shielding properties. ‘I’he cone antenna mounted
on the oscillating fan base was attached to the ce:xling
of the chamber at approximately its mldpoint and pointing
downward at an angle of about h5 toward the bench on which
the experimental an:unals were placedo The animals were
allowed to move freely about in paper cartons (12" x 12n

x 12") which were open at the top, These cartons were
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co Wave-guide Chamber =" This chamber was

an integral part of the wave-guide and cons:Lsted only

Pt moea, g

of the trap doox: prev:.ously described. The animals were ;
placed immediabely below the trap door, on an:n.mal boards |

which held the ammalsAin a: supine pos:.tion,‘ These were ‘
standard wooden animal boards with no metal parts touching *
the animal at any po:x.nt. ”Most of the exposures were
conducted with two an:Lmals in the guide during the ex— .

posure although a few were performed mth only one anmal‘.

presento (Figure L). U o j;.
5. Metering Dev:.ces » - - ;
a., Lecher Wire This assembly cons:Lsted of a, s

metal loop attached to two parallel metal rods wn.th a
sliding electrode assembly which was attached to radio
frequency meter. This was used to measure the wavelength'

of the radiation by ‘the standard method of null points.

b, Frequency Meter = (TS—175/U) ~~:,.’:Attempts L
were made to use this equipment but it was i‘ound that the ‘A’j;
very nature of the radiation pre cluded the use of this :

meter. It was impossible to approach the “zero heat"

because of the random character of the transmitted sn.gna.l.f: >
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c. Radio-Frequency Wattmeter (TS-118/AP) -

This equipment measures the r-f pover output of inductively
coupled raven transmitters operating on frequencies from
20 to 750 Mc with i)ower outputs from 5 to 500 watts. "-lhe
wattmeter requires no matchirzg section and measures bc_mer
in terms of deflection on a d-¢,'0 -1 milliamei;,er:.j The
d-c current in‘the milliameter ‘is produced by a thermé-
couple, located at the end of the high-loss line ("lqs._sy" .
line) of the wattmeter, and rises witﬂ the‘ pé;re‘r’ou‘llpi.:lt of
the transmitter. Three sizes of.thermocoupl_es are prévided
together with calibration curves, Power‘ ?equir\ed byvt‘his .
wattmeter is 75 to 100 'gfatt‘s at 115~voq.t§! 50—‘60 cycles a-c.

‘ ~ This aisgambly was connected to the receiving
ahtepna of the _wavg-éuide by the thermocouple and lossy
line. Readings %wex?g t;keﬁ_ before placing the animals
in the guide and after the transmitter aﬁd guide were
tuned, and again after the ar;imalé were placeq_ in pgqition
and the guide retuned to maximﬁm pcﬁer. ‘The .dé;i"fgréage
between the two readings ‘pbtaingd. from cal‘i‘t-)rat:’;.o‘x‘a charts
accompanying the i}fisgt';runvxent' was taken_as. the "absorbé_d
powerh, "
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de Temperature Metering Assembly - This
assembly consisted of themmocouple needles cénstructed
after the method of Tut:,tle and Jiigey, and a Leeds-
Northrup potentiometer. The cold junctions were placed
in DeWar flasks containing crushed ice e.md: thereby maiﬁ-
~tained at a constant temperature of 0°C. The,the;'mo-
couples were calibrated against a certified U, S,
Bureau ‘of Standards thermometer (Mercury). All experi-
ments which were per formed on animals and recorded were |
obtained in this manner. The temperatures recorded in
the series of experiments on saline solutior’xs'were ob-

tained with the aid qf toluene thermometers,

Pro cedgxe and Methods

l. Heating Rate of Saline

The various concentrations of saline were -
made up accurately with sodium chloride and distilled
water. Temperatures of the solutions were ‘taken with
a toluene thermometer which was placed in the solution
to the proper immersion depth and left in situ during
the irradiation. Prior to these experiments it was de-

termined that the radiation had no effect on the

Lo



thermometer when it was placed in the field of radiation
in air., This was confj.nned.tiy' placing it in distilled

water duririg the experiment,

ST 4

2o, Animal Experiments

a. Species - Rabbits, Flemish Females
be Laboratory ;tudies -
(1) Weight determinations were made rior
to éxPosure and at certain intervals there-
after.
(2) Temperature studies — Certain of the
expefimants (SubGroup B ) were done with
‘the aid of the thermocouple method. Rectal
temperatures were ;tgkéri prior to ‘"e'xposure
éndhi;rmediab'ely after removal from exposure
which rarely exceeded a time lapse of oné
minute., Temperatures were also obtained
during the re covery phase, usii‘ally until
the tempe rature‘returned to the pre-exposure
level except in those teminé.ting fatally

within a short time after exposure.
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Temperatures were also taken subcutaneously and a few_'-'. K
with the needle insgrted either into the abdominal or
- the thoracic cavity. These latter temperatures have
not been included in this paper as their variations were
extreme even though attempts were made to insert the
needle in locations previously useci.
(3) A physical inspection of each
animal was made prior to exposure to de-
termine whether any abnormalities l)ad
developed since previous exposures,
Ophthalmoscopic examinations were per-
formed at intervals.

Cco Pathological Studies - All mimals .. -
dying during the course pf exreriments were subjected to
careful gross and microscopic post-mortem examinat ionsg,
Certain selected animals were also kdlled by_intrayenoﬁ;f
injection of air for post-mortem study. Animals '.fxiom \
each exposure group were included in order to detexfmir/)e
pathologice_:l changes in nox;-fatal sub jects,: o |

- de Control Experiments = Five animals were

~

"exposed" simultaneously in the ‘decompression chamber with
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the transmitter in operation but with no load on the
antenna for a period of two hours. No rise in rectal
temperature occurred. Similarly, two animals were placed
in the wave-guide for twenty-two minutes and another pair
for thirty minutes without showing any apparent effects in-
cluding hyperthermia,

Character of the: Radiation

During normal operation of this transmitter a given
carrier wave is produced which is modulated by a noise
signal. This noise sn.gnal is random in nature and may be -
varied in bandwidth from a fraction of a megacycle to five
* megacycles, Such a noise modulated carnf.e::v.vave is "pulsed®,
In the serieé of experiments labeled Subgroupg A, B, and C,
series 1 these oonditions of operation applir. The fre-
quency of the carrier was 346 Mc which was noise modulated-
bandwidth of 5'Mc. '.I:he loading of the antenna was. n?
problem during the experiments of Subgrogps A and B, but
was very critical in Subgroup C-series 1, This latter
series involved the use of the wave guide, and tuning of
the antenna was accomplished by adjustiné the length of

both the transmitting and the receiving stubs in the
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wave gu'ide. Suql} adjustments were <":u~m1_a~¢.azj_son§fe'am_i”diif;‘icu1t
to do accurately, This fact probably accounts "for.they
variat ion of the power readings which were obtained and
their rather poor correlation with the observed hyper—
thermia,

| When the bandwidth control on the modulator panel
was placed in the "zero" Position or the thyratron,
gas triode tube (JAN-éD).;)_, was removed from the modulator,
an unmodulated carrier wave is emitted. Under these
conditions the transmitter operates CW (continuous wave).
.These are the ponditions under which series 3 experiments
were perforred. The carrier fx;equenéy was 35.6.7 Mc an’d
was urmodulated, It was fei%, that a comparison should
be ;nade between this continuous wave emission’ and the
pulsed wave of previous experiments for, alf;hodgh the
average power output in both instances is of the Same
magnitude, the peak power output of the pulsed enﬂ.ssion ’
is manyfold that of the CW signal.

During the series _2_ experiments the transmitter '

was operated at a carrier freqﬁ‘érlucy <;f 287.)4 Mc; (Average),

noise modulated, This was the lower limit of the frequency
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at whicl} the wave guide maintained a normal power output.
However, tuning of the antemna was virtually impossible,

as it was extended to its maximum excursion., For this
reason, it is assumed that the power output figures are

not reliable. The quality of resonance obtained during

the course of these experiments xpﬁst also have ’t?een inferior
and consequently, one might expect to find a.decreased

thermic effect on these experimentdl animals,

The Results

l, Introduction

The analysis of the data of this investigation
is divided primarily into two groups: (I) the investi-
gations of the heating rate of saline, and (II) the -
investigations of the heating of living rabbits. The
latter investigations are divided into three sub-groups:
(A) those cohducted. in %hehdec-:omp.res.sion chamber, .(B)
those conducted in the waveguide, but without ac}e,quate_ly_
accurate temperatuvzi'ev records, and (C) those conducted
in the vyaveguidé.with tempera?aures obtained with the use
of thermoéo‘uples, The latter subgroup is mrth;er divide_d

into three series: (1) those exposed to radiation of a
Sk



frequency of about 358 Mc, noise modulated with a band
width of 5 Mc; (2)' those exposed to radiation of a fre- ]
quency of about 290 Mc, noise modulated - bandwidth 5 Mcy
and (3) those exposed to radiation of a frequeticy of 258
Mc without modulation. In the analysis of temperature
date, subgmup( (B) is not included although the conditions
of the experiment were the same as for series (1) of
subgroup (C) and therefore, these data are combined

in the discussions of mortality and exposure. )

" The pathological changes produced by these
modalities are disous sed and compared., The comparative
effect of modulated and unmodulated high frequency radio
waves of the wavelengths used in this experimer;t is also

cohs’idered.

2, Group I - Rate of Heating of Saline

Two éxperiments were conducted in an attempt to
demonstrate the concentratlon of saline wh:.ch would heat.
. most rapldly at the frequency (approx. 355 Mc) wh:.ch would
later be used in animal experlments. Th:.s was also the

frequency which previous work by other investigators had
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indicated to be the frequency which could be expected to
produce maximum heating in isotonic saline. In these two
experiments the operating c@ndj,tions of tle transmiﬁter
varied slightly and,‘soonsequently, would be expécted to
have somewhat difi‘erépt powe.f_ outputs., The opgrating data

are given in‘the following table:

TABLE I
| . #2
Modulator Voltage (v) 700 620‘
Oscillator AtVoltavge (v) N | ‘ 137'5 1375
_Mod, Flate Gurrent (ma.) hOOO. Loo
Grid Current (ma.) 11_;‘:0 16.0
F;-qu_ency dial setting 1300 1300
Coupling dial . . 2300 300

Thesé data indicate that the pq:vyer'éhtput in experiment No. 1
Was somewnat greater than in N;a.'2‘,' “and therefore, ‘the rate
of heatiné would be expected to be’somewhat greater. This
fact is borne out in the following tablé:'
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TABLE 2

Concentration (%) ~ Initial 5 Minutes 10 Minutes

| ' #2 #1 e #1. #2 -
o 25,0°C 21,0°C 25,0°C 21.0°C 25.5°C 21,5°
0.10 23.0 . 22,0 25.0 2.0 26.5. 26,0
0.25 22.0 22:.0 26.0 26.0 31.0  30.0
0.40 22,5 22,0 3.0 255 .0 3.0
0.55 ' 22,0 22,0 33.5 _ 2.5 L5, 37.0
0.70 22,0 22.0 35.0 , 28.5 Lh6.0  37.0
0.85 22.0 22,0 34,0  31.0 Lo, L2.5
1.00 22,0 22,0 37,0  30.0 53, L40.0
1.15 . 22,0 22,0 3.0 29.5 L. la.o
1.30 22,0 22,0 3L5  29,0. L7.5 3285
1.5 22,5 21.0 36,5 28.0 50.0 35,5

These data seem to verify the supposition that a frequenoy '
of about this magnitude is one which Will produce maximum
@ating.i{x saline with ooncent:qations. of approximately
0.85-1.0%. .

A third experiment was run under similar“conditions to
determine tpe time of exposure necessary to bring an isotonic
solution of saline to the boiling point. It was determined
that 180 cc of solution could be brought .from.29°C to an
active boil in 17 minutes. This information was thought
pertinent in gietennining the length of exposire to subject .
animals -later.. It was, of course, realized that under the
conditims of this experiment there was relatively little
loss of heat by conduction, convectiop, or radiation~as

would occur in the animal experiments,
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30 Group IT - Heating of Mammalian Tissue (Rabbit)

Subgroup A - Core Antenna Experiment

Seven experiments were perfommed in which five
animals were used for each expefhéﬁt. There were no fatali~
ties and apparently no lasting i1l effects, During the ex-
posure all animalé develop'e.d a moderate hypertf;érmia, became
Nmoderately hyperpneic, some i)eca.me quite lethargic. Jl?z.écovery
~ Was usua].ly_compiete within a few hours after termination -
of exposure, V’ | “

The following table shows the range of rectal
temperatures recorded in th‘is group of experiments, These |
temperatures may be inaccurate since they were taken with’
clinical rectal thermometers and at times following ex-
posures varying up to ten minutes. The results indicate
only that energy was absorbed in sufficient quantities to
produce measv.irablc? systemic effects under the conditions

of the experiment. There were no fatalities.
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TABLE 3

Expe  Modulator Plate  Oscillator Temperature Difference °C

No. Voltage(V) Current Voltage(V) =T -2 o I - T
1-2:00 550 00 1500 R

2-2:00 550 1400 1500 ":1,2 1,0 1.1 2.1 1.3

3-2:00 500 Lo0 1500 "‘éo.s 0.9 0.8 0.8 1.6

L-2:00 550 koo 1500 0.7 0,5 0.6 0.y 0.9

5-1:30 550 Lo0 1625 0.5 0.3 0.4 0.y 0.7

6-2:00 550 hoo 1625 'o',fs 0.8 0.8 0.6 0.5

7-1:30 550 Loo 1500 0.6 1.6' 0 - — 0.7 0.9

Pre-exposure tenperatu.res were :\ot taken in this experi-
ment but the post exposures temperatures were “of the sane
magnitude as for the succeeding e)éperiments, i.e., 39.7,
L0.6, 39.9, Lo. 3, and Lj0.3 c respectively. _ ,

One experiment was performed in which the core
antenna Was placed 15 cm from the eyes of a rabbit (C-l)
The animal was ma.resthetized, immobilized and exposed for
a period of twenty minutes. During the exposure the ]
rabbit becane quite stuporous, the eyes appeared glassy,

dns charged profusely, but remained open. The systemic
! 59



(gectal) temperature rose only 0.3°C ‘duz*ing the exposure.
Recovery appeared complete within one hour., Subsequent
ophthalmoscopic examinations failed to revedl any abnormal-
ities of the ocular media, 'The operating characteristics
of the transmitter during this experiment are given in
the following table:
Modulator Plate voltage (voi!.ts) - 550 -
Modulator Plate Curremt (ma.) - LOO
Oscillator Voltage (volts) - 1000

Subgroup B - Waveguide Experiments (Frequency
558 Mc, nolse modulated, 5 Mc

bandwidth, cdlinical and toluene
thermometers)

.

Fourteen experiments were performed making
a total of twenty-seven animal exposurPs, soxPe of the
animals be‘:.;?.g, psed more than once, Of this .group there
were five dea’ohs following exposure, all deaths ogcurred
within twenty—four hours after removal from exposure. )
All a'za.mals developed a hypertherm:l.a to’ vary'ing degrees,
breathmg became rapid and deep, profuse lacrymal dis-
chafge was’ usuelly noted, freduently a ‘prvofuse diezjrhea
deve]‘.oped' dux"i’ng eJ.Cpesu:"e whn.ch was characterized ;ey its
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+

‘muco-fecal cha.racter. No evidence of blood was ever noted.

Frequmtly in those rabbits which developed extreme hyper-
thermia and hyperpnea and later dyspnea, loud coarbe rales
were clearly audible over the entire lung fields even with-
out the aid of a stethescope, In the cases 'berm.nating
fatally wmthin an hour after removal from exposure, the

picture was that of terminal clonic convulsions, and,

finally, death with cjranosis, breathing having become slow
and shallow just prior to death. Some of the animals
-+ who survived developed much. the same .picture and were com-

’pletely' paralyzed immediately following exposure. Com-

plete recovery in these cases was noted within twenty-

four hours.,

The operating data of the transmitter is

given in table (4).

Subgroup C = Waveguide Experiments

Transmitter Data =~ The tra.nsmitter data and

wattmeter data are tabulated in tables 5, 6, and 7 for

each of the three series of this subgroup. As will

readlly be seen, "absorbed power" is merely the differ-

" ence between the power output before and the power out-
put during the exposure. The power output prior to ex- .

posure in the 'bhree series follows relat ively what one
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would expect from the rated output at the different fre-
quencies used, i.e., the output for series (2) §hou1d'be
relatively higher than for the other.two series,” However,
the actual figures are higher than the rated dutput in
all cases by 30-50 wabts. This difference may be dus to
the use of the waveguide in place of the conventional
antenna, However, when tle transmitter was cénneg:t’e'd ’
difecﬁy to the wattmeter ahd this reading compared to
that obtained when the antenna lead was ’connectec.l to the
i_a.veguide,,the dif ference was only of the order of ‘gbout
two watts loss through the guide,
The ratio of absorbed power per kilo ‘of - body weight'

~would be expected to be fairly constant provided the’
‘ -meéns of measuring ‘c;his power were accurate, A p‘ei'ﬁsa'.!.
of table 9 quicKly indicacbés that such is not“the case.
Although there certainly are differences in individual
rabbits from a chemical ‘composition standpoint; especially
w:L'.l:h increasing age and ‘size, it does not seem reasonable
that these differences should be so great. It certainly
does not . allow one to pre‘dicate ~ the temperature’rise

on ‘the power-abscrbed and the time of exposur'e‘.’5 e
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Series (lz s The results of this series
of exper:.ments are tabulated in table 8 in the chrono~
logical order in which they were done. The weights as
given. in column 3 are recorded as of the day they were
done :énd,r-oons‘eque”ntly, do not appearje"';dl time a given
animal was exposed, the whole series extended over a
period of only six days. The temperature rise is given
for, each animal separately and also as a comb:.ned rise when
two animals were exposed simultaneously., A consolidation
of this data appears in table Q arranged in order of
increasingly 1onéer expoSure' periods. It will be noted
that five animals died following exposure to this radia-
tion, two oi‘ these an:.mals being exposed indiv:.dua]ly,
the other three each being one of a pair of exposed
partners. It will be noted that with one exception

’ the peak temperatures of those terminating fatally

reached to points h:.gher than ls,h.é C. The exception
(X-9) reached a peak of h1.2 C, a rise of only 2.6°C
from its pre-exposure 1evel. This am.mail. died about two

hours af ter exposure. The rectal temperatures during

the recovery phase gradually returned to normal levels

63



6°h £°0 £°Th 0°Th (9912 . 8-X) ,
9°h 8 Hh 2 0K Ge (20Gh «2-9) 0§ 3y 12 (11
Ly 9°2 2°TH 9°g¢ ( «6-X) 06 Zuv g1 (o1
1°2 G'of f°8¢ 2L ( - 8-X) .
£°1 £°1 ~1°2q 8°0% 0T .g=2 (6
£°¢ Lt L2q 0°Th (  1-x) '
) 9°T 9°2h 0°Th Gt ( 9-x) 0§ Zuy It (3
9°f 3°1 L°2n 6°0f ( 6-x)
. 8°2 8°¢q 0°Th Ge ( 8-X) (L
0°e 21 9° 14 f°oh ( G-x)
" 8°0 8°1h 0°1h 12 ( 1-X) 0§ Zuy 91 (9
3°h . et 9°th Tk (086t «£-9) ,
9°1 Leq 1°1q 0°Ge (616K .2=%) 0§ 3uy G (G
9°2 0°2 8°Th 8°6% (098T . 1 6-X)
o 9°0 f°of 8°6¢ 0°41 (G102 8-X) (h
f°0 1°0 3°6¢ Leg (9602 L-x)
£°0 2 ot 6°6¢ Gl (lt1e 9-x) - (£
7€ f1°e 0°2h 9°6¢ o (696¢ G-x) -
0°1 8°1q 8°0f oc (945K ‘1I-X)  .04.4uV 41 (2
9°¢ £°1 9°Ix £°0f (596¢ G-x) SR
) g2 °eq 8°6¢ 02 (08l T-X) 06 3uv o1 (%
h (®81y) @oueaszziq dxg 3sog *dxy exg uopjRIng *IM Jequmy a3eqg
Jujquoy ounpwuonamiaf * (04,) ousawuo&no_m *JTiUepT
. (T-SEITES) VIVA THOLVHEIHAL

8 91q9g



sxnsodxe 3Y{Y3 JUTMOTIOF POT( e

2'h 2t £°Gh 1°1h fe AL T «fiz-x (91
N IN 1°9% f°of l2 Gghe oI (ST
G ¢ 6°1 R°TH G°6¢ (6492 2r-x)
9°1 6°1f ¢ of ot (%92 0T-x) 06 deg 41 (fT
L't 0°t ' 1h f1°0h (Ltge2 ge-x)
Lo 6°0f 2 oh o2 (6£12 2e-x) (&t
1°¢ L't 6°Th 2°0f (ozste 12-x)
11 0°2K 9°0t Ge (tlaz 02-x) 0§ deg 21 (2t
L (°81y) sedU’aI9IIIQ “dxg 3sod ‘dxg eIg  uoyjevIng T Jaqumy o.p.wn
peuLquoy samjvradusy, (o) d4njBISAUI] *J1yuepjl
: (T-S4I¥ES) QIANILINOD VIVA TUAIVHILHIAL . V3 °1Q%]



Table § - RELATIONSHIP OF DURATION OF EXPOSURE TO TEMPERA-
_TURE RISE, TOTAL WEIGHT, AND ABSORBED POWER

Combined Power (Watts)

Duration (Min) Temn Rise (°C)  Tot.Wt.(zms) Absorp. ~ W/Kilo
7.5 ok 4213 ' 34 - 8,95
10. 0. 1.3 4980 3673 7.23
15.0 2.6 3875, 22 5.68
- 3.3 421372 A L6 10.91

20.0 3.6 8745 52 5.88
3.4 - 8h21 _ 46 © 5.40

1.7 hnss_a ‘ 50 1.2

21.0 2.0 8521 - 62 ' 7.28
24,0 oy 27l 2317 38=3 16.40
25.0 C hgl 9555 57 5.96
4.6 38752 Bb - 13,9

4,971 6667 68 10.2

3.1 4391 5Y C 12,3

27.0. 5.771 - 38L5 6173 17.5
30.0 3.5 5260 5% T 10,45
32.0 N 3815 3k 876

1. One animal died following exposure
2,  Weight taken as of a previous dg;e;ginayipn

- 3. One animal: exposed alone



in 1ittle more than an hour., Death occurred with con-
vulsions as in the other cases,

Series (2) : The data accumulated in this
series is recorded in tables 10 and 1l in a similar man-
ner to those from Phase (1), Although the duration of
exposure‘in some cases exceed those from the previous
series, the peak temperatures attained never exceeded
h3.5°c. This very likely accounts for the absence of
any fatalities in this series. The average frequency used
during this series was 287.L Mc (282.8 - 292.0 Mc). A
few of the animals reaching comparatively high tempera-
"~ tures dqmonstrated'f.indings similar to those of the
previous series, 1.e0 , hyperpnea, increased intestinal
activity but neither diarrhea, increased lacrymation,
nor iincreased salivation. None of the animdls appeared
as t\t\)xic as those reaching ogrrespondingly high tempera-
tures in the previous series. _

’ Series (3) : The data of this series ig
ir'lf:ludved<in ;ta}blgs 12 ‘and 13 and.arranged six\nilarly to
those of' the’ ﬁroi'-previous series, It will be noted
that there were no fatalities in this series and that

el .
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Table 11 - POWER ABSORPTION RATIO (WATTS/KIIO)

Combined Power Power
Duration Temp Rise (°C) Tot.Wt.(gms) Absorp. Absorp.
W/Kilo
15 1.9 Logh , a1 . 18.85
o 0.8 , ‘ 78 19.1
1.7 \ L3 18.1
1,6 Ll79 56 12,5
20 3.4 k207 70  16.65
2.6 . 55 13.1
2.4 » 70 16.65
1.9 4479 57 12,7
1.9 4547 63 13.9
1.7 (hh79) 55 12,3
1.6 (4547) 64 14,1
21 2.5 (4l79) 55 12,3
25 3.6 ksl 70 16.4
3.0 , < 62 14,6
2.0 ‘ 17 18.1
31-31.5 4.5 4779 62 13.0
4,7 61 12.8
35 4.1 60 12.6
4o 3.6 452k 68 15.1
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Table 13 POWER ABSORPTION RATIOS

Combined -~ ) “Power Power
Duration Temp. Rise (°C) Tot.Wt.(gms)  Absorp. Absorp.
' W/Kilo
15 2.4 4391 68 155
| 3.7 , 62 14
3.5 , 12 16.4
20 7,5 4389 58 13.2
3.8 * 60 13.7
2.7 6U 14,6
25 4.0 4391 60 13.7
g 4.0 70 15.95
4.1 60 13.7
2.6 (2074) 38 18.3



P

the highest peak temperature reached was L3 .hoq, although
none .of‘ the exposures exceeded a period of twenty-five
minutess The reactions of the animals were essential}y
the same as for the previous series in respect té Hypa'-

pnea, lacrymation, and salivation.
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"l Comparison of Temperature Effects

© The comparison of thg average peak temperatures
at various durations of exposure under the expeﬁmentgl con=
ditions of the three series used is given in table 1.
Similarly the average combined t’empératrt.n"e rise is compared
with the durations of e:q;qﬁﬁi'e -and appears in tatle 15.
From these stabistics aloné it is not possible to co:zcl{;de
that there is any eésentiél‘ ‘difference in the abso”ré*bion
’ of electromagnetic radiation of the frequencies concerned,
because the differences either in peak temperatures or in
the average temperature rise are not of statistical
éignificance abt any given duration'of exposure., The range
from which these averages are o‘btained has considerahly too
mugh spread and eve}n if one could a;l.so correct for the
variations in animal weight and thé power output, he would
also have the problem of individual variations in physio-
logical mechanisms and.their ability to dissipate the ab-
sorbed heat energy., Such correlations have not been
attempted in this study because it was felt that the

measurement of power output as recorded is too inaccurate.
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5. Mortality Rates

The mortality rates are tabulated in table 16.
‘Series (1) and subgroup B are included as one, since the
‘conditions of the twexperiments were essentially identi-
cal.:*, This is the 6n1y group in which any fatalities were
noted, although series (3) did not include some exposures
:which were aélong as those in the other two series.
Wnether the absence of fatalities in the tw exposures in
'sepigs (3) of 20-2l and 25-29 minutes duration is éignificant
is questionsble, although it appears likely that the
pulaed radiation may result in greater absorption of energy
than the continuous wave radiation, as shown in the com-
.,paz,'laon of series (1) and series (3). __Series (2) repre-
faéﬁtsﬁan experimental condition in which optimum resonance
was not attained and, consequently, one would not expect
;a8 efficient an absorption of energy as in the other two

series.
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The distribtution of peak temperatures is shown in
graph 1l and demonstrates thab lethal tq’xpperat,nggs for the
rabbit are those probably in excess of spout ld.;.5°g;
‘although this does not explain the reasons for the death
of the one rabbit whose temperature reached only a peak
of 11.2%. ,A

A tabulation of the exposures of each _animal used
in the experiment may be found ir} table 17, The total
npmber ?f exposures _:_‘Ls indicated, in terms qi: "hburs:
minutes, as well aé the. duration of exposure,

The animals which were subaected to post-mortem
studies are listed in table 18, which gives a more de—
tailed account of the last exposwure as to both duration
and typs. It also indicates the tine interval between the
last exposure and the date of autopsy. |

6. Pathological Changes

Two animals (X-3, X-L) have not been included
:Ln this ~discussion because of the extensive pathological
changes due to other causes,
- The pathological changes noted were essen‘t:iagly
the same in respect to the type of radiation to vhich



the animdls were exposed, i.e., there was no detectable
difference between those animals exposed to the modulated
carrier (puleed) and those exposed to the urmodulated
carrier (CH).
Central Nervous System - Although there
were no gross changes visible, all animals exhibited
microscopic evidende of diffuse degeneration of the ’
Purkinji cells and of the neurons of the cerebral cortex,
the nuclei of the spinal nerves of the pons, the medulla.,
and in a few cases of the cerebellum, In X~& this de-
generation was focal in nature. These changes were
evident in all cases includ:.ng those k:.lled fourteen
and sixty-one days after the last exposure, as well
as the one dying after one-hundred-nine days, and this
leads ore to believe that the damage occurred at the .
time of ex'posure,' and tl"x"ere was little or no recovez'y.
Cardio-vascular System - In those animals
dying shortly after exposure » gross hemorrhagic areas
were noted i‘n'tﬁ’e“;nyocardiﬁh in about 25% of the animals.
In all éxcept X-S there was noted a diffuse degeneration

of myocardial f:.bers, manifested by loss of striations,
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pyknosis of the nuclei and, in somé, vacuolization of
the myocardial fibers. The degree of damage varied.
considerably but bore no detectable relationship to the
type of radiation. ‘

Respiratory Tract - Grossly, all animals
dying immediately after exposure s demonstrated sub-
mucosal hemorrhgges of the trachea which were usually
quite extensive, Some cases had grosé evidence of intra-
pulmox?ary hemorrhage, and pulmonary edema, Microscogi—
cally, there was marked hyperemia, edem and extravasation’
of erythrocytes into the submucosa of the trachea in most '
cases. Pulmonary edema, amd intra-alveolar and sub-
pleﬁral hemorrhages were noted in all cases of this group.
Animal’ (X-5) which died 109 days following exposure also
showed a marked hyperemia of the pulmonary vessels which
were filled with neutrophils and eosinophils. This find-
ing appeared to be consistent with_’an acute interstitial
pneumonitis which was probably the immedia%e cause of death.
(X-22), killed sixty-one days after the last- exposure, also '
had a hyperemia of pulm%nary alveolar capilIari;gs with.mirk-
ed infiltration of these capillaries with~ graniﬂ.ocybes.
(X-13) had ".a confluent lobular pneumonia when’ :‘Lt was
killed the day following the last exposure.

-y
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‘ Gastrpeintestinai Tract - In the group of
animals dying shortly'after exposure, the intgstinal tract,
especially the jejunum and ilium, showed.gross evidence
of rather severe, multiple but localized areas of hemorr-
hages, which appeared to extend tbgough the entire'wgll
of the imtestine. Microscopically, the changes varied
from hyperemia and hemorrhage int§_the mucosa to frank
necrosis qf the mucosal epithelium, (X-Qy) also:had,a
fibroblastic_reaction within the mucosal tissues. The
appendix of this animal also had a marked hyperplasia
of the lymphoid cells of the surface mucosa and of the
granulocytes within the mucosa. (C-5) had a SIigﬁt ’
necrosis of the superficial epithelial cells of the
Jjejunal micosa, death having occurrgd'ope-hundredf ‘
nine days after exposures The éniﬁaals ‘Wpich wer‘e'.v__“ )
killed far post-mortem studi@g gailgq to demonstrate any
path_olg_gical changes of the g.i. .t:act. D

Liver - The tips of'the 1obes of the liver of
those -animals examined imnediat;ely after expos ure were
usually grayish ;n colon.‘ Mic;osc0p19a11y3 the qhaqges
varied considerably from a mild to a moderatqfdegenera-

tion of the-hepatic cells. Focgl-c€Il necrose also
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was found. In some cases there %ras .ais.o"iiecroéisv‘bf.”
the gramﬂ.ocy‘bes and lymphocytes in the lumena of the
hepatic vessels. (C-5) dying one-hundred-m.ne days i
after exposure had a fatty vacuolization and focal |

hyaline necrosis of the hepatic censt:}ndié;t\'):ffjg'that"

veoenl

some attempt ‘at repair had taken place. There t‘»éaé_: no
evidence of damage in the livers of “"(Xi7 and X-&). o
These ‘animals were killed fourteen and ten days after
the Tast exposure, respectively. There was only sligrb o
damage in the liver of (J'('-S)-':‘kiilédtfifteé'r; dajs after
exposire but there was a moderately diffuse parenchymatous
degeneration of the hepatlc cells of (X-22) killed six‘by-

YT

ome days after exposure. ‘
PO Spleen - Grossly all spleens appeared quite;'x":h
nﬁfx;iél'. Microsoopically, most- cases showed some evi- '-
dence 'of'hyperemia, and occasmrially, a focal necmsis

of lymphocytes and some granulocytes in the sinusoids

as well as in the follicles, (X=T) had- a splenic
hyperplasia and tiie,’re was also eviderice of héx’nbp‘oieg:vi.s:..
There Wwas a marked hyperemia of the spleen of (C-5).
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P Kidpeys = QGrossly many of the animals dying
immediately after e;xposure demonstrated a grayish cast :
to the ‘capsule. of the kidneys. " The most constant finding
- found in all animals was, a degeneration of the epithelial
cells lining the proximal and the distal convoluted tubules
'of the kidney., _The severity varied somewhat but was most
marked in (C-5). Animals (X-1 and X-2), the two animdls
receiving the. greatest total amiou_n‘b of radiation, had a
slight degeneration of the cortical cells .of the adrenals.
‘Eyes - Although almost all animals.at ome |
time or more during and following exposure had a severe
muco-purulent- discharge from the' eyes there was no
evidence:found  of any gross or microscopic change. in the
eye with the exception of -,(C-_-2)‘_in which a sl:!.ght swelling
‘ of the anterior capsule of the lens was noted, No: egvideq,ce
sugge,sting_-' the development.of lenticular cataré,cts was -
discovered, .
. Skin -~ There was no evidence of any bturns of

the .skin of .any portion,of the body of any animal of, the

experiment., -



Comments o

'The inmitial experiments to determine” the heating rate
of various-concentrations of saline verified certain-previous
data" Which‘indicatgd an’optimum frequency of about 300 Mc
for isotonic saline. This lead directly to the conclusion
that frequencies of this order of magnitude would also be
expected to produce maximum heating rates in the living
animal with isotonic fluids and especially the tlood ' :
"poolh, It was also interesting to note that the time re-
quired to heat to boiling one-hundréd-eighty cubic centi-
meters (180 cc) of isotonic saline was only‘s'éve.riteén
minutes, under the conditions o;.‘ the experiments-

It was ‘hoped that by placing the animals inside a -
waveguide and thereby making thém' part of the resonating -
‘system, that power level measuréments ‘could be made, "~* -
which when compared wWith ‘the- pbwér levels prior to their .
‘entry into the system, Would givé a resultant power -
‘absorption. ~ It was soon ‘discovered that the. tuning:
mechanism of the antennae was not sufficiently critical

to give more than an approximation.  In addition, ‘the -

I T L T g A S T
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rather erratic characteristics ;?f the transmitter made
accurate tuning quite difficult. This latter factor also
made the accurate metering of the frequencies transmitted
someyvhat inaccurate although the error in frequencies is
only of the order of magnitude of about plus or minus SMc.
Tt is felt that a great deal of additional work might be
dore on this phase in 6rder that a better understanding

may be obt.',a:ined of the absc;'orpti’on :E'actors of electromagnetic
radiation,

These experiments have indicated that a frequency of
about 300 Mc will produce very rapid heating in the rabﬁit.
This heating of the tissues resulted in pathological
changes which, when severe enough, were sufficient to cause
death. The type of death was characteristic of an acidosis
with hyperpnea, tetanj, convulsions and raspirat;ory arrest,
In those animals which died and also those which survived,
éven though some of them exhibi"bed few siggs other than
hyperpnea a\nd_pyrexia, the pathological changes were
quite uniform. The most striking features were: _

(l? diffuse .degeneration of the neurons of the cerebral

cortex, the medulla, the basal ganglia, the pons, and

5



the cerebellum in some cases, (é) diffuse degenera-
tion of the epithelial cells of the proximal and distal
convuluted tubules of the kidney, and (3) a mild to
moderate degeneration of the myocardial fibers., These
findings seemed to b; prominent and constant regardless
of the ‘period of recavery from the last exposure, appear=
ing in those dying immediately, as well as those animals
killed and autopsied as long as one-hundred-nine days
after the last exposure. Tt was also noteworthy that
in this latter instance the animal had rec_:eived only a
comparatively small quantity of radiation, .as‘ inqicated
by a rise in body temperature rectally of only 0.9°C
after one hour and thirty minutes of exposure., The
conditions of this exposure wers not unlike the con-
ditions of exposure which cor.nnofxly occur in certain
experimental electronic laboratoriess

Thefe seemed to be definite evidence of partial
recover); from certain other pathologica;i changes such
ass (i) hemorrhage and edema of the larynx, trachea,

and pulmonary parenchyma, (2) degeneration of the
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hepatic cells, (3) hyperemia of the spleen, and L)
hemorrhz_xge and necrosis of the intestinal mucosa and
stomach.

The complete absence of any ocular pathology was not
anticipated. The reports of other investiga%g-Zs indicated |
that power levels such as used in these experiments might
produce lenticular opacities because the transmitter .
output was almost invariably in excess of 100 watts.
Althougﬁ it is recognized that the power density,
according to tl_le size of 1’:.he waveguide, was only slightly
in excess of 0.1 watt/cma, the heating efficiency of the
system used was greater than when used in free space.

In addition, any absorption of ene:;gy‘ sufficient to

cause a ge,naral:ized &hyperthermia in which the ocqlar
structures are also in the electromagnetic field,’mig'ht
be expec’c?d' to become heated at’ a faster rat.e and, con-

» sequently, to a’greater extent becansglof the ngtoriously
poor heat loss mechanisms of the eyeball itself, From a
practical standpoint in ..the exposm;e of operating per-
sonnel, this may be of s ome siépj.fic;ance. A reasonable

concluéion-fseems to be, if one cap imterpolate from the
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rabbit, that the dangers of cerebral, renal, ad myocardial
damage are greater than that of ocular damage. The excep-
‘tion might be in those rare individuals who might be re-
ceiving direct and‘localized beams of radiation to the
regions of the eye. Of course, such éﬁ.rcumsfzénces would
also place cerebral tissues in some jeopardy.

There was no detectable difference in the .effec’os
produced by “pulsed" as comparegi to "contiilu'ous wave"
radiations in these experiments. ’I’hé average power out-
put of the pﬁlsed radiations was essentially of the same
order of magnitude as the peak power 6utpu‘b of the con-

tinuous wave radiations.

Conclusions

l, Experiments utilizing a radio frequency trans=-
mit-tez; to expose rabbits (Flemish females) were con-
ducted in order to study the effects of this radiation
on the‘ tody temperature and the pathological effects of
such radiation. The transmitter emitted a carrier wave

of the order of 300 Mc which, in certain experiments,

was modulated with a noise signal, which had a random
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frequency up to about s'mc, and in other experiments
the carrier wave was unmodulated, A small series of
experiments was also conducted to study the rate of
heating of various concentrations of saline.

2. The diration of exposure of the experiments
on rabbits varied from seven .»(7) minutes. to forty (LO)
minutes and resulted in varying degr_‘ees of hyperthermia
in all cases and in nine (9) deaths, All animals ex-
ceeding a rectal temperature of 1l.5% at the termination
of exposure succu.ﬁbed. Two other deaths occurred after
exposure, one in an animal whosé rectal temperature
reacted a peak of 141.2°C, the other died 109 days after
the last exposure, after reaching a peak post-exposure
temperature of only h0.500. e |

3, The characteristic lesions found in both the
animals which died spontaneously and those which were
killed for post-mortem study, w;ere various degenerative
lesions of ihe brein, kidneys, heart, and to a somewhat
lesser degree of the liver, g:'a.stt;:;o-intestinal tract,
resPiratE_’i'y tract, and spleen, No significapt evidence

- of damage to the ocular structures was noted,

79



lis The results of these experiments indicate that
whole body" irradiation by radiofrequency transmitters
using frequencies of approximately 300 Mc may be expected
to produce degenerative lesions of the central nervous
system, kidneys, myocardium, liver, gastro-intestinal
tract and respiratory system in about that order of de-
creasing severity, p?ovided that power densities are of
suffi\cievnt .aznitude. The question of the accurate
measurement of this critical power density is one which
awaits further study and evaluation., It is hoped that
this work will serve to stimulgfe further investigation

dlong.these or similar avenues.
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