Victor Frankenstein surgically fathered the famous fictianahster, buthe fiend was
conceptuallynothered if nophysically spawned bglectricity in the form ofightning from
the heavens. Perhapswittingly, perhapsntuitively, author Mary Shelley (1831) touched a
deeptruth inthe maternametaphor: Life did originate fromlectrical discharges intbe
primeval fog. Indeedife continues tqreserve in all of its earthfprmsfrom the most
primitive cell to the most complesrganism arelemental dependence on electrical
phenomena. Understandably, theiosity of thescientist abouthe electrobiological
goings-on of theearth’s flora and fauna is shared by the layman. A lpogrilarliterature is
accumulating and embracesperiments and anecdotes tratge from th@stensibly
respectable to the seemingly bizarre. Recgnibflishedtexts by Tompkins and Bir(lL973)
and by Burr (19721973) are not only exemplars of the literature butiatesources of
reference materials. One reads,dgample, that plants have nervaystems that yield
differing electrical signals ofstimulation” by kind ormalevolent thoughtsf human

beings (Backsted 968). Onealsoreads that many Soviet scientists are givingdence and Microwaves
careful studyto ESP andelated phenomenagpt in defiance of Marxian dictates of and Behavior
materialism butjuite in keeping witlthem. The Soviets are championiegylier theoretical

notions of Georges Lakhovsky (1934)theeffectthat each plant or animal cell is an DON R. JUSTESEN
oscillatory system capable whnsmitting and receivingigh- frequency electromagnetic

energy oven distanceWhile affirming that electrical events argimatelyinvolved in _ Laboratories of
cellular activity, on’e must yet wonder frobakhovsky’s perspectivehy thehuman central Experimental Neuropsychology,

Veterans Administration Hospital,

nervoussystem with its tens of billions of neuroasd glialcells does not drown in itswn Kansas City, Missouri

electrical noise. Thiapparenphysical
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complicationnotwithstanding, the layman’s interest in electrobiology is a#éstecy the
substantial volume of the popular literatubeit the strange and oftennflicting claims that
appeasareequally an attest to a related truth: Scienamisly lackingn an understanding of
basicelectrobiological mechanismloreover, the absence of a satisfactory theory of the
role ofintrinsic electricalevents in uni- or multicellular organisrpsits a heavy
epistemological burden dhose whowould explainhow an organism reacts to
electromagnetic fields @xtrinsicorigin. With the possiblexception of mammalian
photoreceptionwhich isbetter understood anyway as a quant@chanicaprocess than
one involvingelectromagnetic wave activity, theaiee few basic data on thlogical
responséo exogenousglectromagnetic fields. The hard data that do exist - thiosicated
by independent experimental confirmations -without exception correlative or
descriptive. Many of théndings are of interest to the psychologist, howeverpniyt
becausdehavior has often been the end point of succeskairobiolocical
experimentation, but aldzecausgsychologists have played important rolethiese
researchesarticularly in thedevelopment of methodology ambtrumentation.

In this essay, | summarize somntributions by experimental psychologists tolifwogical
studyof radio-frequency electromagnetic fields, especially‘thecrowaves.” But first the
reader shoulthe acquainted with a few fundamentakswave theory and providesith a
synopsis of pertinertistorical
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Figure 1. Components the electromagnetic spectrum. Frequencies are in gyeles
secondhertz, Hz) are shown in parentheses. (AbbreviatiDa€., directcurrent or zero

Hz; G, giga- =102 K, kilo- = 10% M, mega- =10%; and t, tera- 4.0'2)

developments. The reader wtiisdains technical discussiomsy wish to skip the next few
paragraphs, but will probabbe rewarded by a bettenderstanding of the materials that
follow if he or she opts tead them.

Electromagnetic Wave Theory

The microwave portion ahe electromagnetic spectruntludes the emanations of radars,
television, and short-wawadio, The microwaves rangefiequency from a few teeveral
thousands of megahertz (MHz).imvacuowavelengths, the microwaves range from a few
metersto about amillimeter. The relation of the microwaves to ththercomponents of the
electromagnetispectrum is showim Figure 1.My review of data stops short of the
radiations othe infraredspectrum and of the solar and cosmic radiatibaslie beyondbut

| am not drawingn altogethearbitraryline. While absorption of electromagnetic energy of
anywavelengthtranslateso and resulté an increase of kinetienergy inthe biological
target, the photon energiesraflio-frequencyadiations are vanishingly small. Not so of
radiations of highefrequency. Théneluctable product ahe multiplication offrequency by
Planck’s universal constamthoton energyhecomes potenbiological factor at higher
frequencies. Correlatedlith the magnitude of photagnergyis theprobability that a
radiation will ionize the atoms of tlbsorbing target. Thdisplacement oélectrons from
atomsthe crux ofionization,creates additional electrical chargighin andamong,
molecules thereby posing distifibmolecular hazardsdistinct, that is, from thaeating of
bodytissues that resulfsom a moderate increase of kineticergy. Stated another wat,
densities thaare low in term®f available kinetic energy- and gamma-radiations are like
cool but deadlybulletscompared to the benign ripples thathe the the organism on
exposure teommensuratdensities of microwaves and othradio-frequency thenergy.
On the other hanaxposure to higkensities ofadio-frequency energy is hazardous and
can resultn excessivéneating. Witness thgotato that bakes to burstiimga microwave
oven in less than four minutes!

A major factor that distinguishéke biological response tadiation by microwaves as
opposed toadiation by infrarednd ultraviolet energies is that tlater are absorbed or
scattered near the




surface of a target. Unscattemaicrowave energy penetratesich more deeply. If a
1,000-MHzmicrowave energy is incideon the head of a human beingsignificant portion
of the energwill penetrate the skull arzk captured by tissues of the braime of the
hazards ofmicrowave energjs that the warningensations of warmth seadily produced
by infrared energyhrough stimulatiorof surface receptors may not occuetgosures to
fairly high densities of microwave energy urttlermal damage has resulted.

The mechanism of microwaveating of biological materials fairly well understood and
derivesfrom two electrophysicgbroperties of water. First, tolecule of water is
polarized; itcarries aharge that differsver its surface. The result is aelectrical dipole, a
moleculethat reorients whean externaklectrical field is impressed adfy even as bits of
paper arattracted to or repelled by afectrostatically charged ro@/ater’s second
property is a higimolecular viscosity, or what technically termed a lengthglaxation time.
If its relaxation time ishort, a polarizedholecule cameorient itself with ease in ascillating
electrical field. Molecules of water are unable to oramireorient completely in a rapidly
oscillating electrical fieldandso their high viscosity results fimolecular friction”; much of
the microwave energy incident onbgological target can therefole “lost” or dissipated as
heat.

The amount of radio-frequen@nergy absorbed by a target igasitive function of the
target'selectrical conductivity, a negatifenction of itsdielectric constant, and to complicate
matters, botlthe conductive and dielectric character of biological material$ratpiency-

and temperaturetependent. The wave conformatimiradiated radio-frequency energy is
also a variable thatontrolsabsorption; the electric field is at right angles torttegnetic

field, and both are at rigtaingles to the line giropagation of thelectromagnetic wave.
Energy will couple to &iologicaltargeteither from the electric or from the magndied,

but the amountoupled will change dsinctions both othe relative wavelengthnd of the
relative geometry of tharget with respect tthe vectors of the electric and magnetaids
(see Figure 2).

The quantity of kinetic energy & propagating electromagnetield is reckoned by
Poynting’svector and is technically termédower flux density.”This density is the
guantity of energy thdtows in timethrough a measured plane of space.

The quantityof energy is determined by the densitometer and is scatednirs of watts per

squaremeter(W/m?) or watts per square centime(@¥/cm?). A rough rule of thumb for
estimatingabsorption ofadio-frequencyenergy can be applied to the case in which the
physical dimensionsf a biological target are large witlespect to the wavelength of the
radio-frequency energy thatiisident on it: Approximately half of the energ/absorbed
andthe remainder is scattered. Anothele of thumb applieshenthe physical dimensions
of a target are much smaller than wevelengttof the incident energy: The target becomes
electrically translucent dransparent and little or remergyis absorbed. As the physical
dimensions o& biological targeapproach the wavelength ofadio- frequency radiatiomn
extremely complex scattering function occurs, a successigalleysandpeaks, and either
very little or a great deal @nergy is absorbed. Maximuabsorption occurat and defines
resonance and may exceed the normanabunt of energy that incident on thaarget. At
resonance the effectiadectricalcapture surface presented byi@ssy” target of low
electricalconductivity may
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Figure 2. Idealizedchematic representation of radiation of a biological tangae open or
freefield, the traditional method of exposiagimals tamicrowaves. (In practice, the inside
surfaces of déaboratory are covered witnergy-absorbing material thattevents reflection
of energy to théarget. Theanimal is showrin restraint - necessary, unless the subject is
anesthetizedyecausehanges of body geometry will alter the capture-suréagmsed to
radiations. The H and the Eespectively, refer tthe magnetic and electi@ctors of a
plane wave, transverdield; the flowvector [or line ofpropagation] is depicted tarrows
that point to the animal.)




be greater than ifshysical capture surface area by an ordenagnitude (AnneSaito,
Solati, & Schwan, 1961).

Brief Scientific and Political History of Radio-Frequency Studies

The history ofbehavioral and biological experimentationradio-frequencyenergy is a
spottychronicle that began in the 18tAntury wherlLuigi Galvani observed that the isolated
leg of a frogwould twitch upon brief activation of a remote spark-gap transniisee
Presman, 1970, p. uch later, a few years before then ofthe 19th century, Jacques
d’Arsonval (1893) radiatehtact mammalsvith radio-frequency energy and recorded both
physiological and grodsehaviorareactions. d’Arsonval’'®bservation of elevated
temperaturem his radiated animalsarked theébeginning ofdiathermy the medicaterm

for heating of tissues by radio-frequerayergy. Nearhhalf acentury passed before the
first semblancef concerted investigativactivity began - this fothe greatepart in the

Soviet Union, where aumber of investigators, mamj Pavlovian persuasiobggan to
probefor behavioral andbiological effects of exposure to radio-frequefields. The
researches by Soviet and other Eastern Eurdpeestigatorghrough 1966 have been well
summarized and synthesiziegPresman (1970), the distinguished Soviet biophysicist.

Theinterpretive thrust of the eastern Europeans’ studies of anandisf case histories of
humanbeings employed near industral military sources of radio-frequency energy is that
chronicexposure tanicrowave radiations results im@urasthenic syndromideadache,
fatigue,weaknessgizziness, moodiness, and nocturnal insomnidyaieally reported
symptoms (cfMarha, 1970; Tolgskava & Gordoh973).

Concerted biologicahvestigations of radio-frequency energy first gntlerway inthe

United Statesduring the middle 1950s, largely throutjie aegis of the Department of
Defense. This joingffort by scientistswho were supported by all three military services,
faltered and died ithe early1960s forwant of sustainetlinding (cf. Susskind, 1970). The
impetus for a renaissancereSearchactivity inthe United Statesccurred in the lat&960s
because of political events in the Soviktion. Theinterpretation of biological data from the
so-calledTri-Servicestudies (see, e.g., Peyton,

1961) had beeat variance with the Soviet’s in terpretation - Americaisand dogs
apparenthydid not develop the neurasthenic syndroewen after intense radiation by
rrucrowaves in théaboratory Many American servicemen and technicians who worked in
proximity to radarandotherradio-frequency devices were examinedphysicians, but to
my knowledge reliablevidence of theyndrome was never reportediie United States.
Indeed, theslear implication othe majority oftheexperimental and caskata reported by
U.S. investigators has beragative fomll but simpleheating effects. What triggered a
renewecdbut-pouringof support for research anicrowaves, oncagainspearheaded kthe
Department of Defense, was described by faukerson (19720 hissyndicated column

in theWashington PosReading like the scenario ofavel by lan Fleming, theolumn
relatedhow the U.S. Embassy Moscow had been buggethndestinely foseveral years
by theSoviets, who had presented Ambassador Avelailiman in1945with a
handsomelyarved Great Seal of the Unit8thtes. Arelectronic bug was in the seahd

the seal was in momwhereprivy conversations among U.S. officials were supposed to
takeplace. Theseonversations were actually overheard bySbgiets ovethe next seven
years;however, a checky U.S.security experts in952 revealed the bug and subsequentl
broughtforth additional expert&’ho made periodic inspectiofer presence of other
electroniceavesdropping devices. Duringesuch sweep in Moscow in the eatl960s, it
was discoverethat the Soviets were directing, beaofisnicrowave energy dhe U.S.
Embassy.

Americanintelligence agents were understandably curious, but thayatlibant their Soviet
counterparts to know that the microwadx@nmbardment had been detected. Enter the
AdvancedResearchProjects Agency (ARPA), an arm of the Executive Office that
specializes in getting fashswers to far-out questions timaay bear omational security.
Agents for ARPA contacted Jose@h Sharp, formedirector of research in experimental
psychologyat the Walter Reedrmy Instituteof Research, and an electroeitgineer Mark
Grove,who began to put together at WalReedwhat is now one of the bestjuipped
laboratories in the UniteBtates for studyindyiopsychological effects of microwave
radiations. Additional behaviorangineering, and medicstientists throughout the United
States weralso brought intdhe investigation




effort throughresearch contracts. By the early 1970s, ARPA’s sugbonicrowave
research hatargely faded, ostensibly because of ¢émactment of the Mansfield
Amendment. The fiscal sladias sincdeenpicked up by the three military services by the
Bureau ofRadiologicalHealth of theFood and Drug Administration, and bye
EnvironmentaProtection Agency. In spite of muahvestigative activity supported liiese
agencies and threcent convening of several internatiosginposia on microwavesee,
e.g,. Cleary, 1970; Czerski, 197Ryler, 1975), theSoviet'smotives in radiating the U.S.
Embassy havaever beerlarified. One speculation is that tReissians were doingtib
“bug” the United States, not in the senseuwfeptitioussurveillance, buto frustrate the
U.S. military’scuriosity. Jack Andersosuggested that the Soviets may hbagentrying to

induce aneurasthenic syndrome in Americambassyfficials.! | discount thigpossibility.
But it should be noted that Sovigficials voiced suspicionthat minions of Bobby Fischer
mayhave bombarded Boris Spassiiyh microwaves, thereby causitige latter to lose his
championship itheir famous chess mat¢Wade, 1972). Recently reportetestigations
by Sovietscientists (see Czerski, 1974) have convimoedf thesincerity of their belief in
the neurasthenisyndrome, but thbases for the differing convictions of Soviet and U.S.
scientistsaabout thesyndrome and other alleged hazardkefdensity microwave radiation
are yet to beesolved.

Impact by Psychologists

One of the Americapioneers of microwave research Allan Frey (seg,, Frey,1961,
1965;Frey& Messenger, 1973), a free-langiephysicist and engineering psychologist.
Frey's majoraccomplishment was discovery or at least confirmationd@sgmination of
one of the mor@triguing data that linknicrowavesand behavior. Human beings can
“hear” microwave energylheaveraged densities of energy necessarpéoception of the
hissesclicks, and pops that sedmoccurinside

1JackAnderson mentioned that the subject of the microwave bombaraftietU.S. Embassy in
Moscow waon the agenda when Presidemhdon Johnsomet Soviet Premier Aleksei Kosygin at the
Glassboro SummMeeting in Jund 967. One informant toldnderson that Johnson personally
requested Kosygito order haltto the radiation of the Embassy.

the head argquite small, at least an order of magnitude below the cypegmntissible limit in
the United States for continuous expostmenicrowaves, which is 1hW/cn?.

To“hear” microivave energy, it must first be modulatlthat itmpinges upon the
“listener” asa pulse or series of pulses of higimplitude. At first spurned by most
microwave investigators ithe United States, the radifrequency hearing, or Frey effect,
wasrepeatedly dismissed asartifact until behavioral sensitivity to lodensities of
microwave energy was demonstrated in raemniexquisitelycontrolled study by Nancy
King (see King, Justesen, &larke, 1971)Shortly afterthe completion of the study and its
informal disseminatioria the invisible college, the skeptibegarto appear in appropriately
equipped microwave laboratorigsthe United States with requests‘listen to the
microwaves.”A majority was able t6hear” the pulsed microwave energthereby

belatedly confirming the claimmadeby Frey for nearly alecadé

Recent work reportebly Foster and Finch (1974) suggests thattey effect may ba
thermohydraulic phenomenon. The autheuspended a microphoirea container of water
thatwas radiated bpulsed microwaveat low-averaged densities of energy. The
microphone deliveredignals to an amplifier, the audio output of whieas notunlike that
“heard” by directly radiatediumansubjects. Sincevater changes density as its
temperature igltered, the minuscukbermalizations produced in it upabsorption of the
pulsed microwavewere sufficient to initiatesmall but detectable changes of hydraulic
pressure.

Sonic transductioof pulsed microwaves at low-averaged densitiedleasndemonstrated
by Sharp, Grove, and Gandhi (1974) in materi@dg&ing in

2Thereis irony here worthy of parenthetical comment. Considersthiaspeciesf human being, the
experimental psychologist, whitistrusts introspective dasa thoroughly that a proposititbased on
them isconsidered highly suspeantil corroboratinglata are observed in lower animals. The irony in
the presentases that the demonstration of behavioral sensitivityntorowaves by a dumanimal

does not imply that thenimal ishaving an auditoryexperience.”l wasdubious abouthe Frey effect
until | saw rats react to lodensities opulsedradiation; this conversion occurred despite my being ondq
of the sizable minoritthat cannohear microwaves under dirgeidiation. The other side of the coin of
paradox is exemplifiety a colleague, eonfirmed cynic, who, while beinigadiatedin my presence, said,
“Well, | can hear the <censoredmicrowavesbut | still don’t believe it!”




water, for examplein carbon-impregnated plastic and in crumpgadets of aluminurfoil.
Evensubjects who cannot hear microwawd®en directlyradiated by them can readily
perceive clickingsoundsvhen apiece of energy- absorbing material is interposed between
thehead and a radiatof pulsed microwave energy. Oddly enoutite mass of the
interposed material does not seenbédoo critical; | successively used smaller and smaller
pieces ofmaterial as sonitansducers until ivas necessary to impdiay pieces on a
toothpick,yet the clicking sounds inducedtime materiaby microwave pulsesere clearly
audible to me.

The demonstration afonic transduction bated and unresolved quesfiomcrowaveenergy
by materials lacking in water lessens the likelihtiogta thermoacoustic transduction
probablyunderlies perception. Ko, it is clear that simple heating as such is not a sufficient
basis for the Fregffect; the requirement for pulsing efdiations appears to implicate a
thermodynamic principlézreyand Messenger (1973) demonstraad Guy, Chou, Lin,
andChristensen (1970) confirmekat amicrowave pulse with a slovise time is ineffective

in producing arauditory response; onlfytherise time is short, resulting in effect irsguare
wavewith respect to the leading edge of #revelopeof radiatedradio-frequency energy,
does the auditory response ocdutus,the rate othange (thdirst derivative) of the wave
form of thepulse is critical factor in perception. Givemh&rmodynamidnterpretation, it

would follow that informatiorcan be encoded in tlemergy andcommunicated”to the
“listener.” Communication has ifact beerdemonstrated. A. Guy (Nofg, skilled
telegrapher, arrangddr his father, a retired railroad telegrapher, to operate agkean
closureand opening of which resulted in radiation qfidse ofmicrowave energy. By
directing theradiations at hiswn head, complemessages via the Continental Morse Code
werereadilyreceived byGuy. Sharp and Grove (Note 2) found thppropriate modulation
of microwaveenergy can result in direttvireless” and“receiverless” communicatiorof
speech. Theyecorded by voice on tape each of simgle-syllable words for digits between
1 and 10. Thelectricalsine-wave analogs of each word were then processed so that eaf
time a sine waverossed zero reference in the negativection, a briepulse of microwave
energy was triggered.

By radiatingthemselves with theseoice modulated”microwavesSharp and Grove
werereadilyable to hear, identify, andistinguishamong the 9 words. The sounds heard
were not unlikehoseemitted bypersons with artificial larynxes. Communicatiohmore
complex wordsind ofsentencewvas not attempted becautbe averaged densities of

energy required to transmit longaessagewould approach theurrent 10mW/cn? limit of
safe exposure. The capabilityafmmunicatinglirectly with a human being by receiverless
radio hasobviouspotentialities bottwithin and withouthe clinic. But the hotlydebated and
unresolved question of how muoficrowave radiatiom humanbeing can safely be exposed
to will probably forestalbpplicationswithin the near future.

The U.S. limitof 10mW/cn?is actually an order of magnitude beltve density that many
investigators believe to be near the thresholdifermalhazards (Schwan, 1970). There are
two camps of investigatoiis the United States, however, who believe that the limit is not
sufficiently stringent. In the first camp of conservativesthi@se whaaccept the Soviet's
belief that there arBazardougffects unrelated tbeating from chronic exposures to fields of

low density (< ImW/cr?); some agree with Milton Zaret (1974), a New York
ophthalmologistwho holds thaseverely debilitating subcapsular lesions ofélies may
develop years, even decades, adtgyosure to weaknicrowave fieldsOthers tend to
reject the notion that weakicrowave fieldgproducethis anomalous cataract, because of
lack of substantiating, evidentrem the clinic or thdaboratory (Appleton & Hirsch, 1975).
But theseconservatives are possessed of a vague usiaply because dhe Soviet's

limit of continuous permissible exposure is thogders ofmagnitudebelow that of the

United States>

The other camp afonservatives tends to reject the possibilithafardousionthermal
effects,

8 The Soviet's exposure limit of 10V/cn? is three orders of magnitude beltive exposure limit in the
United Sates, but a different, that esnissionlimit holdsfor microwave ovens purchased for use in the
Americankitchen. In the Unite®tates at the present timeyewiv purchased microwave oven may not
emitradiation at alensity greater than 5 mW/cm2 as measured at a distance dféncitie oven’s
surface. A user who standsifrom an oven thagmits energy ahe maximum permissible quantity
would probablybe exposed to a densitjonly a few microwatts per squazentimeter - this is because
electromagnetienergy whemadiated from g@ointsource attenuates markedly agrippagateshrough
space.




but holds that therare thermal hazards even in microwave figfllow- measuredensity. To
understand the qualms of thesmservatives, theeader needs be informed that the dested to
establish theurrent U.S. limit were for the greater part gathenederhighly controlled
conditionsin the laboratory with simulatdniological targets (see Anne et d961). Hollow
glass spheresontaining mixtures of fluids that duplicated the net electdbakacteristics of the
contents of théhuman head were radiatedvhat is technically termetthe “free field,” thatis,
underconditions inwhich no reflected energy illuminatése targetpnly that radiated by the
source. Under actuabnditions wherenicrowave radiations dairly high densitiesare
encountered bizuman beings, foexample, aboard ships, an aboutaircraft, ornear
around-based radars, there are neaviyaysreflectivesurfaces that couleflect additional
energyon a biological targetnfortunately,additionalconcentrationsf reflected energy may
not be detected by densitometers becafiieeir high directionalsensitivity. A radio-frequency
field that measures low in densityay actually contaisignificantlevels of energy. Such was the
finding in a collaborativénvestigative venture by thengineerArthur Guy andpsychologist Susan
Korbel.

Guy and Korbe(Note 3) radiated models of rats in a 500 Mhizrowave fieldthat, as
carefullymeasured by severdénsitometers, appeartxdhave an incident density near 1

mW/cn?. Activity levels of radiated rats had earlier been foundiffer reliably from levelsf
controls after exposures thislow density (cf. Korbel, 1970; Korbel-Eakin & ompson,
1965).Guy and Korbel weraware that the exposures had tagkate inanelectricallyshielded
enclosure. Since the shieldingeated th@ossibility of undetectetkeflections anadtoncentrations
of energywithin the enclosurghermographistudies werg@erformed omadiatedmodels.
Extremely highconcentrations ahermalizedenergy werdound, some o$ufficientdensity that
they wouldresult in focal burns in theeads anéxtremities of live animald'he hotspots
observed irthe models would be less severaiive animal because gfartial thermal
equilibration by theirculatory system; ofmajor interesis that the total amount @hergy
absorbed byhe models was often much higher than whatild bepredictedfrom the measured
density of the microwavield. Guy and

Korbel's data are elear vindication of suspicions by other, investigators tthe¢xclusiveuseof
field density as the independent variabléiological studies of microwave irradiatiaa an
egregiousshortcoming (cf. Johnson &uy, 1972; Justesen & King970).

In 1967, Nancy Kingand | sought to resolve the problem of accurate scahwiglosing of
microwave energy in laboratory studies by two me@hs.firstwas to use the multimodavity,
now widely indomestic use as thienicrowave oven,”as the mediunfor exposing
experimentabubjects. Theuantity of microwaveenergy absorbed by an animal in sudaety
can becloselymetered and controlled (Justesen, Pendleton, & Porter, 19§&sei
Pendleton, Note 4jlustesen, Levinson, Clarkend King (1971jransformed the cavitfa
Tappan microwave oven)
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Figure 3. Plexiglasonditioning chamber located in a multimode cayiicrowaveenergy
enterghe cavity from the wave guide and is mixed Islawly rotating mode stirrer so thiat
impinges orthe animain the chambeirom all angles. A photodetector of the lickirgsponse, a
liquid feederanda special grid for presentiredectrical shocks to the feptovide for operant
and/orrespondentonditioning of an animal during radiation. A steatyeamof cooled air flows
from an air duct intéhe cavity andhe chamber and out siallholes in the door of the cavity.
Temperature in thehamber isnonitored via an electricallghielded thermistor.)




into an operant anekspondent conditioning chamber that permits radiatisimg behavioral
testing. The achievement of controllable enatgging ofanimals in behavioral experiments
wassomething of &hallen-e because vimad to design and incorporate a special
response-detecticand payoff systerfor operant conditioninghat would not interact with
the microwave fieldinsidethe cavity’s conditioning chamber (King, Justesen, & Simpson,
1970).A similar challenge, that giroviding, a noninteractiveource of aversivelectrical
stimulation for Pavloviaronditioning, wasnet by the design aridcorporation of daradic
shocking device (Justesen, King, & Clarke, 1971).

We sought ta@ope with the energy-scaling problem by using calorimegimetry;
whereas théensifometer measures energy in proxinitya targetthe calorimetric
technique provides estimatesthe amount of energy actuabpsorbed by a biologictdrget
(cf. Justesen & King, 197Qustesen,evinson, Clarke& King, 1971; Justeselbevinson,
& Justesen, 1974Y.aking our leadrom the ionizing radiobiologists, weroposed a
conventionbased on absorbed energy per geenih of massBecause of thhigh-photon
enercies of X- and gamma-rays, the - the standard urof absorbed dosef ionizing
radiation -is couched in relatively minuscule terms of only 100 @gsgram.For the

microwaves with their low-photon energies, proposedhat 10’ ergs or one joulper
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Figure 4. Schematidiagram of a twin-well difference-calorimeter developétheBattelle
Laboratories. (Highly precise measurements are matte gfiantity of microwave energy
absorbed by models or bodiesrafliatedanimals. A reference or nonirradiated target is
placedin one well, a radiatetarget in the other well; the differentethermal loading is then
detected byensitive thermocouples.)

gram (J/g) serve dbe dosing unit of total ab-sorbed ener8ince the joule pesecond is
thetime-complexed quantity afnergy that defines theatt, we also proposed that the watt
pergram(W/g) serve as thkasic unit of rate of dosing.

To estimatehe amount of energy absorbed by an animalnmicaowave fieldwe employ
simplethermometry, theneasurement of elevation @mperaturgAt) in phantom models
by precisiorelectronic thermometers. In thaultimode cavity, th&916ts of cylindrical
models of water caprovide an estimatwithin 10% of the energy actually absorbed by
small animals okquivalent maséPhillips, Hunt, & King, 1975). The quantitf energy in
watts is readily calculated from tiéds andis thendivided by, the animal’s weight in grams
to yield the rate oflosing. A 300-g rat undgmulsed2,450 MHzradiations has a
dosing-rate threshold of perception neam\&/g (King et al. 1971).To place this value in
a meaningfuperspective, one caiompare it to the rat's ambient ratieenergy production
throughmetabolism, which is near 10 mW/g istndard environment. 80-secexposure
of a 300-g animal thas absorbing microwavenergy at a rate of .5 mW/g woulthximally

increase iteveraged body temperature by .@4

The calorimetricdosing, method is a substantial improvementefgrerimentapurposes over
thetraditional scaling technique imhich themeasured density of energy as incident upon anj
animalis useddirectly as the independent variable or else to estimatequgh rules of
thumb) thedeposition of energy in the animéllhere errors of measurement greater than ar
order of magnitudare possible and, indeed, probable, with the traditioleaisitometric
methods of scaling, the arezorimetrictechniquereduced the error to less than 10%. A
psychologist, EHunt ofthe Battelle

4The maximal rise of temperature is stipulated for the anesthediziethl. The awake, physiologically
intactanimal that iexperimentally naive toadiation at detectable densities neaibit an elevation of
bodytemperature that is greater ththat solely attributable to heating byicrowaves. Apparentlyhe
emotionalactivation induced by novel (aoxious)stimulation is associated with metabolic activation,
and thusoncomitant endogenous heating, which adds to the total thieadadig of a radiated animal
(Justesen, Not®). Unless there ia compensatorgise in rate of heat dissipation, an emotionally
stressed animal mauccumbfrom hyperthermia during radiatianeatments that are not mortat an
habituated, unstressed,aresthetizednimal(JusteserLevinson, Clarke, & King1971; Justesen et al.,
1974).




Laboratories, tookhe lead in squeezing the last eliminable error ftoedetermination of
energydosing. (see, e.g., Hunt, King, Rhillips, 1975, Phillips et al., 1975) developed a
specialtwin-well calorimeter(Figure 4) into which suitable models carcasses of a control
and anrradiated animahre placedmmediately after microwave treatmerstferential
calorimetryis then used to meastuthe amount of energgbsorbed by theadiated target,
either in the multimode cavity or in tifeefield. When quantities of absorbed energy at high
dosing levelsveresubsequently equilibrated ftive animals in the cavitand in the free
field, Hunt and his colleagues observed thedith rates wenmauchhigher from exposures in
the free field One would expect this differenbecause the animal the cavity is absorbing
energy that is incident froml angleswhile the animal in the free field isuminated
unidirectionally(calling to mind the discomfiture of the nakedild in a cold room as he
stands in front of an overheatpdtbelly stove).

The comparisons biunt and his colleagues involved mice and ratestraintunder
irradiation bymoderate to high densities of microwaargergy. The bodily restraint, which is
used in the free fieltb maintainconstancy of energy dosing, can interact as a stregbor
microwave-inducethyperthermia to increase morbidity amdrtality (cf. Justesen,,
Levinson, Clarke, & King, 19713ustesen et al., 1974omparisons of cavity and
free-fieldexposures of restrained subjecttoater densities of enerhyould be desirable on
two grounds: first, if thenergy incidentipon aranimal in the free field is not too intense, the
gradient of temperature between exposeduarexposed areas tifebody will be reduced
by convective dispersion of heat by thleod stream;and second, the study of operant and
respondenbehaviors cabest be realized in animaladebilitated byexcessive heating. The
appropriate comparison of behaviorssabjects under lowo moderate densities of
microwave energy hdseen undertaken by Liwho trained rats to accegstraint ina body
holder (Lin, Guy, &Caldwell, Note 6). Slighinovement of the head ofrastrained subject
was possible, anidlwas this movement that Lin used as an opeesponseDuring
pretraining, a restrained animal was reinforced wifihoal pellet each time its head
interrupted a photoelectric beamtil responding during short daily sessions had stabilized.
ThenLin et al.irradiated the animals

with 918 MHzmicrowaves in the free field first at low densities and @hiesuccessively
increasedlensities until the head-moving operartinguished. The absorbed-energy dosing]
rate at thehresholdof extinction was near 8 m\W/g, a value that agrees closelytlth
reported forcornparable measures on rats exposed imthgmodecavity by Justesen and
King (1970) and bydunt et al(1975), One magurmise, at least tentatively, that the
behavioral and biological responseexposures in the cavignd in free field are more likely
to becomparable at lowlensities ofadiation and increasingly divergentiatreasingly

higher densities. One may also surmise fie-fieldexposures to microwave energy,
insofar as theproduce unevenness ledating in arexperimental animal, amauch more

likely to be thermallystressing in the psychologicsénse. Theuintessential characteristic of
psychologicallyadequate stimulation is change either temporalbpatially.In the absence

of change, or in the stead of change that odoarslowly, even intensenergy may not be
behaviorallystimulating.Scripture (1899, p. 300) recounted how a frog newenuch as
twitched, as the water in which it was immersed slawly broughtfrom bodytemperature

to the boiling point. Kind1969) recounted similar experience with rats long inured of
exposures in the multimoaavity to mildly thermalizingadiation. During radiation treatments
theanimals becamenmobile and appeared to go to sleep. | thoughahinals were
displaying theneurasthenic syndrome until she meastinedt body temperatures and found
they were sufferinrom somethingakin to heat prostration!

Epilogue

Focused as it was anethodology instrumentation, this article Isk&ted muchinformation
thatrelates psychology and psychologistshebiological study of electromagnetic fields.
Among theomissionds the special concern for behavioral variables manifestaddst
basicand medicascientists currently workingn the microwave field.”"Much of this
concern is actually homage the reliability with whichbehavioral effects have been
demonstrated and duplicated in thadio-biological laboratoryBehavior has become a
major“handle” orend point inattempts ocientists to get a purchase on the biophysical
andphysiological events that occur in the radiated




organism. What thesseientists have discovered is that the cemgaous system ig biological
amplifier whose output as manifestechighaviorprovides a highly sensitive litmus reactivity to
electromagnetic energy. This sensitivity, particularlydeenonstration athe Frey effect, willinevitably
give rise tathe question, Are themsibstantive implications hefer paranormaphenomenaspecially
from the vantage of the Sovistientist for whom ESPeans‘electrosensory”(not extrasensory)
perception? | am not preparedaiaswerbeyondthis caveatUnder optimakxperimental conditions,
the quantityof microwave energihat isnecessary fodirecttransfer ofinformation to a human being
is many orders ahagnitudegreater say,than thephotic oracousticenergy associated witn
thresholdresponséo visual or auditorgtimulation.Perhapghereareelectromagneticeceptor
systems in us as yahdiscovered witlsensitivitiescomparabléo orevengreaterthan that othe
visual and auditory systems. Tligssibility, however, is bankrupt afperationameaning without a
corollarydemonstration a$pecificelectromagnetic radiation by themanorganism. Without a
transmitter, a receiver isselessExceptfor an incoherent flux ohfraredenergies that are broadcast
from ourbodies ashe residuef metabolism, there areoknownelectromagnetic emissions of
sufficient energy tavarrant morghan themostguarded ofpeculationsNot at all a cynic, butery
much theskeptic, | conclude:

ElectroMagneticeceivers we are,

A light-wave we can see;

As E-M emitters our wave fronts are weak,
Hardly enough for ESP.
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