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Resonant Absorption ofElectromagnetic Waves:Hazard
AssessIIlents of Handy Phones and Unusual Animal
Bchavior before Earthqllakes
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電磁波の共鳴吸収 :携帯電話の危険性評価と地震前の動物異常行動

論文要旨 : マックスエルの方程式を解いて消滅とミー散乱の断面積の差を計算し、半
径が aで抵抗率 r=o.2 Wmの 海水球による吸収断面積を求めた。面積 ba2 で規格化
した断面積は、l GI七ではa=5cmで 0.8に なり50-601七では10~27と小さな値である。
このことは携帯電話の電磁波の害は問題になるが、電力線では電磁波吸収がないことを示

唆している。周波数300MH zで電力 5W/m2の電磁波をアルビノラットに被曝させる予
備実験では、脳内物質のノルアドレナリンの増加とセロトニンの減少を示した。地震の前
に小動物から大きな動物へと異常行動が移っていくのは、高周波から低周波へと移る地震
の電磁波の共鳴吸収のためと結論した。捕食や情報伝達に電場を用いている電気受容器の

ある水生動物と同じように、陸上の動物も電磁波電場を感じてもよい。

The difference of thc cross sections for extinction and for the Mie scattenng of

electromagnetic(EM)waveS Was calculated by solving Maxwell equauons t。 。btain the

absorption cross section by a sphere of sea、 vater with radius α and resistlvity, p=0.2

C≧rn.The absorption cross section nollllalized by πα
2, for 
α=5 cm is 0 8 at l GHz but

as smaH as 10‐
η
 at50-60 Hz,suggesting hazardous effect for handy phones,but not for

po、ver line cables.A prelinlinary expOSure of EM waves at 300 MHz and about 5ヽ V/m2

to albino ratsindicated the enhanced noradrcnaline and reduced selotonin The retrospective

reports of unusual anilnal bchavior beforc earthquakes from early sman to later large

animals was ascHbed to resonant absorption of seismic EⅣ I waves from high to low

frequencies. Land animals nlight detect  the electnc fleld of EM 、vaves as aquatic

animals、 vith electrosensow organs used to capture preys and to communicate、 vith each

other.

KEYWORIDS:  Electromagnetic 、vave, frequency,  hazard,  etthquake,  rat, resonance, handy

phone,rnorphic resonance
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1. IntrOductiOn

Ordinaw peOple are exPOSed to electrOmagnetic(EM)waveS in a wide range of l‐
requency

Oally in mOdem sOciety.SOme have psychOgenic anxiety tO in宙 sible EM waves like to ghosts
―and devlls  Seismic electnc field generated frOm the epicenter has recently been ascnbed tO the

cause of retrOspectively repOrted unusu」  aniind bchaviOr before earthquakesl)rather than charged

aerosOls.2)This might causc unne9eSSary concem over hazardOus effect of EM 
、vaves since  a

slightly high probability of childhood cancer3)waS reported fOr residents living c10se tO cables of

electnc PO、 ver lines. Effects Of EM、vaves and clectnc and magnetic rlelds are stiH contrOversi〔
通

among specialists.4,5)

Biological effect Of rnicrowaves werc studied back in 1970's、 ″hether sOme animals can hear
mlcrO、vaves in the conference of seislnic unusual animal behavior 4)we Studied behaviOral responses

of anilnals to the applied electnc fleld PulSes and EM waves in the context that retrospectively

reported unusual anilnal behaviOr is due to stimuli of pulsed electHc fields.1)MOst of myste五
〇us

phenomena on precursors statements by public and mass media can be reproduced in expenments

and elucidated as electrOmagnctic phenomena.1)An Eヽ /1 mode1 0f fault behaviOr indicates that a
pulsed ield appear at a Fault zone,7)

In this letter, an absOrptiOn cross section of EM、 vaves fOr a salt water spherc has been
calculated as a phantom of anilnals by solving Maxwen's equations tt for the Mie scatteing Of

light by col10ids 8■ 1)and voidsll10 A resonance absOrplon gepcndin3 0n the ob」
ect size is

discussed for elucidatiOn of unusual anirnal bchavior and hazards Of Eλ
/1、vaves The enhancement

of nOradrendine in thc b100ds of ratt by exPOsure Of EMI、 vaves is presented as a preliminaw
vヽork inadc in coHabOration、 vith vcrte五 nar/PhySi01ogists

2. Experilnental

A recねngular antenna、vith the length of 0 3 m x 0 3 m、 vas fabHcated with cOpper pipes Of
1/4 inch.output from a micrOwave signal generator(Advantest.,10 MHz-18 GHz,0_lodBm)at

about loo_300 ⅣIHz wtt amplified using a pOwer amplifler(Thamway T142 4029A,4)dB).A

frequency of 300 NHz was selected to give a maimum v01ね ge standing wave ratio(VSヽ VR)for
this antenna― amplifler system.  The antenna 、vas placed at around the bottonl level of the free

moving unit fOr a rat as shO、 vn in Fi3 1・  The pO、ver at the center of free moving unit、 vhere an
albino rat was exposed to near fleld EM、 vaves for onc hOur、vas monitored by a EM radiation
meter(EMR-20,ヽんrandel&Goltellllann).The powerlevel"as abOut 5 W/m2。 r abOutlЮ V/m.
The in_vivO brain inicrodialysis、″as perforFned under a frec-1■ oving conditiOn12)aS in Fig. 1

The ventromcdial hypothalamus(VMH),WhiCh iS a rostral center of the sympathetic ncⅣ Ous
system,was perfllsed with the artincial cerebrospinal nuid(NaCl 147 mM,CaC12 2.3m市 I,KC1 4
mM,pH 5.9-60)at l.O microliter pcr minute using a micrOinfusion pump(CMA 100,Carncgie

Medicine,StOcb01m,Swedcn).Perfllsate was collected intO Eppendorf tubes kept On ice and was

immediately measured by a high precision liquid chromatography(HPLC)system BIOOd sarnPlcs

、verc takcn fOr the measuremcnts of noradrendine and adrenaline before and after exposure to EM

waves from precannulated cOnsciOus male Spraguc― Dawley餞も (綸wa LaboratOnes,Wakayama,
」apan),  250 - 350 g in weight.  sttltistical analysis 、vas perfolllled by muitifactor analysis Of

vanancc(ANOVA)and Duncant multiple range test cOnventionally used in the stress analysis 10

Signiflcance level, ′  、vtt set at ′ = 0・ 05. Deセ lils of microdialysis study On modiflcatiOn of
hypothalanlic neurotransmitters in streptozotocin‐ diabetic rats are desc百 bed elsc、vhere 13)
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HPLC system Microinjection pump

Fig。 1.An oveⅣ iew of the cxpenment on the exposure of electromagnetic(EM)waveS

from the antenna to rats. BIood and dialysate samples、 vere ttken from conscious ttλ ts

undcr a physiological condition,and iinmediately mettured by a high precision liquid

chromatography(HPLC)system.

3. Theoretical and Experimental Results

3.1動ιθヮげ″ιsθ″α″αわsθψttθκ θrθ∬sιεわηルrα αた′ιε″jε ψ力ι″ι
The absorption rather than the  Mie scattenng&12)、 vaS calculated by solving Ⅳl乏Ⅸ、vell's

cquations for a sphcrc of sat water of radius α and resist市 iり p tt SChematically shown in Fig.2.

A dme越 oJ∝ s pttama∝ 9J9=等 ,W器 htoducec whtte λ お ぬe wavdengh」 hdde離

EM waves in vacuum.The cross section for extincuon of Eν l waves, 2c.Was expressed using

Bessel funcuons in the cylindHcal coordinate, 」7+y217)and X+v2(71 in fOms Of

ψ′(r)=」子4.,(″)and χ′(7)=― J7ζ→(r)fOr an integer,′
as bllows.

銭=夕γ
…
L勘』

where αs and bs are given using ζ′(r)=ψ′(″ )+“′(7)fOr Simplicity as

亀 =

亀=
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The scatteAng cross scctiOn kno、 vn as the市〔ie scattenng is given by

+レ濯紛

The absOrption cross section,2ab iS given as a difference, cab=Ocご りL.8
The“absorption cross section rado"norlnalized by the real cross sё ction of πα2,2abttα 2

was calculatcd at three typical frequencies of l GHz, 316 MHz and 100 MHz using dieleCtnc

constant of salt、 vater at dil‐ferent frequencies8,9 aS given in Fig.3 . The  rat10 has a peak atthe

fКquency where 2磁 =″λo br an integer″ and礼 =ε/ノ ,thC Wavdength in vacuum andお
about 0 8 for the resonant absorption at l GHz, but ne31igibly snlall as 10 27 at 50-60 Hz

scattered light

incident light

transmitted light

Absorption=Extincttion‐ Scattering

Fig。 2. The absorpuOn of electrollllagncic waves by a sphere with

as a dlfference of the exincion and dle Ⅳ[e scatteHng

radlus α,dlelec壼 c constant ε  and resisdvity ρ
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GIIz,316市mz and looンШz Thcrado for Eレ 〔waves radus α at 50 and 60 Hzis ofthし Order of iC127
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The sleeping rat、 vaked and stand up uPon exposure of Eヽ /1、vaves  Rats looked to kecP

vigil soon after the exPOSure. The characterlstic behaviOr of groonling and 、vashing face 、vas

_6bsewcd as in the experlment of elect五 c neld effects.1)A typical effect of exPosure on plasma

concentration  of noradrenaline and adrenaline are sho、 vn in Fig. 4  Noradrenaline levels, an

approphate indicator of a state of excitement,wcre signiflcantly incrcascd duHng and even after

cxposure to EM waves.Howevcr,adrenaline leVels were dcl‐ initclv decreased.Plぉ ma adrcnaline is

released fronl the adrenal meduna, via a stimulatlon of the sympathetic nervous system and an

index of uneasiness.

Hypothalalnic concentration of noradrenaline,serotonin,and■ arninObuv五 C acid(GABA)

were fluctuated by exposure to EM 、vaves as shown in Fig. 5. The changes in hypothalanlic

norttrenaline and GABA might be connected with those in plasma noradrenaline as wtt discussed

previously13).These expenments indicate that EⅣ I waves at300 MHz al‐ fect the mctabolism

300

0

100

Fig。 4。  Plasma lcvcls of noradrenaline and

adrenaline for blood samples out ofrats for

exposure of 90 1nin for three samplingsi

prc― cxposure,10 rnin a■ cr the start of exposurc

to EルI waves(expOSure)and 10 min after

thc end of exposure(post―CXp) Percent age

of pre― exposurc levcl are indicatcd with the

mean standard errors(ヽ ISE)of 3-4 animals

第24巻第 9号  1998年 9月

Minutes

Fig.5. Dialysate levcls of noradrenaline,

serotonin,γ^aminObutric acid(GABA)

in thc hypothalalnic nlicrodialysis sttldy

Values are thc mcan standard(SE)of

3-4 animals
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4.Discuss10n

41  EPFrgッ  αbsθ″′′√θ″わツ′αF

Noradrenaline lcvels as an indicator Of excltement wcre increased dunng and even aFter

_eXPOSure tO EM、 vavcs,but adrenaline levcls,by cOntrttt,、 vcre decreascd. Plasma adrenaline is an
index Of uneasiness and、 vas released from the adrenal ineduHa,via a stirnulatiOn Of thc sympathetic

ncⅣous system.ThesercsPOnseSareneitherobscwedunderan0111lalconditionnorastresssuggesting

some chaos in animals.Rats must have behaved silendy and resisted the EM waves.cOnsequently,

itis likely that the exposure made animals disOrderly in phys1010gical regulation systems.

We have studied several literatures on the bi01ogical elfect of nlicrowaves.4)ル
1。st Of the

、vorks dOes nOt は c the rclation between the size oF anilnals and the  resOnant frequency into

account.6)The ObseⅣ ed effects on rats at a frcquency arc naturaHy not obseⅣ able for monkeys
and vise vesa. Exposure of EM、vaves at 2.4 GHz suggest a resonance for a diameter 2α

=2.5cm.
If the size of rats is tv/ice more,the cross section decreases considerably and the salne result、

vill

not be reproduced.Evolution of rat brain tumOrs lnay not Occur.

The situation will be more complicated in realiり ,sinCe the body is surrounded by a dry stn
clectncally resistive. IIOwever, this simple calculation may stin be of use to explain the resonant

effect Of biO10gical hatt scmiquantitatively.   Prelilninaヮ expenrnent on rats are remarkable
though de●iled studies on more animals and statisucal evaluation are needed.We noti″ phySiOlogists
to consider this morphiC resonant effect equivalentto impedance rnatching of EM、

vaves

4.2 Pθ″θ′′″7ras α′σθ″こαんどんαんの′みθ″ια′θ.8G及
Thc sarety regulation of the magnetic l‐ leld intensity,°  B=0.5 mT for general public

correspond to F=ε B=1.5x10S V/m and POシ■ting vector of Eル I wavcs,S=Fη2Z=2.8x107
ミlm2,where Z is the charactenstic impedance giving Z=377Ω . Hence, the absorption energy,

ttt Obtained by multiplying the cross section ratio at 50 and 60 Hz,ュbs= 10‐
27s=2x10‐節ヽ V/m2

is negligible fOr a human surface arca of l m2 and metabOlism of about 100ヽ Zヽ HazardOus effect

of EM、〃aves from po、 ver lines may be negligible so far as thc resonant absorptiOn is concemed:

the effcct Of stadc electHc and lnagnetic neld is out Of the scOpe of the present、
vOrk.

The regulation of o.5 1nT for po、 verlines shOuld not be extended to the handy phone at O.5-1

GHz,where Oabttα 2 is close to 0 1‐ 1.o The energy S=2.75x107w/m2(B=05 mT)at 0 5
GHz w9uld lC almost ft11ly absorbed at a frequency where thc wavclength and the sizc Ofan ob」

ect
is comparable.The effectlve impedance is snlall to induce the current and so the EM cnergy is

efflciently dissipated in a body.Practically,handy phones and PHS at O.5-l GHz emitPowerOf

2 W and80 mW,respectively leading to respective power density of 64 VV/m2and 2.5ヽV/m2at a
dis●mce of 5 cm (4節 2=0.0314m2)The intemal ield wOuld be about 2 V/m and O.012V/m

fOr Cab/7確2=l and ε*=80.These wOuld still not be noticed by an ordinaly human beings,but

noticed by sea lions and some sensitive flsh、 vith electrosensow organs l｀ 19

HazardOus effect Of handy phones must be considered fronl prelinlinary results on rats Hot

SPOtS might be induced by EM、vaves in an inhomogeneous body,butthe absorbed energy may be

dissipated by bloOd f10、v. A simple theow and Prelinlinav expenmё nts may not be sufficient tO
cvaluate the biological effect ヽヽre only address to physiologists that the resonant absorption of Eヽ

/1

energy must be cOnsidered乾lcing both the size of animals and the frequency into account. If the

ha甕こOus effect like brain tumOr evolution of human beings with a head diameter tttrtlanis to be
expenmented using raも with a head diameter ttt, the frequency of exPosed EM waves must be

mulIPhed by ttulnm/ご 籠,The resonant frequency is around 2 5 GHz for a head of rats with 2α =3
cm and around o 6-l GHz fora human head(2α =10-15 cm)
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Table l  Regulation and recommendation of the maKimunl power densities of electromagnetic

(Eか/1)WaveS and their cross section ratio for absorption with the absorption power densities by a

saline、vatcr spherc、 vith a radius 5 cm Some biological effects ofrnicro、vaves reported in literatures

are alsO given lor comparlson together、 vith thc calculated energies for handy phones.

Frequency  Magnetic field Power density Absorbed Power Field半 Comment

B(mT)  S(W/m:)ra10Q Sab(W/m:) 乳 (V/m)

Regulations

50-60 Hz   O.5 mT

l GHz    O.5 mT*
l GHz     l.O ltT

０

０

０

275x
2.75x

225x

50(USA) 0.1?
0.5(USSR) 0.1?

10‐
″  2.75x10~m

O.8     2.2x107

08    1.8K102

5?

0.05

5

50

750

12.8

3.4x1022

1 lx102

2.0

055
0.055

50

2

35,0

14.3

NE
Ha魔ardous?

Marginal**

Hazardous?

卜/1arginal?

Ⅳlicrowave   ―――――

(3-10 GIIz)

耳卜pC五 ment on animals

rats l GHz(pulSe enhanced)   7   0.7

(CirCadian rhythms)64  0.8
rabbit       (eye)            1,500  0.5

Assessment of handy phones

16***   08?lGHz HP (2ヽ V)
lGHz PHS(80 mW) 064***   0.8?  05
* Electhc ficld of Iヨ νl、vaves in a dielectnc matenal、 vith e*=80.

** Although human beings do not notice up to 5-15ヽ ア/1n, somel‐Ish and anilnals resPond.

***Power for HP and PHS silnPly assumed to radiate for 4π  direction atthe separation of 10 cm

Note thatthe po、ver is ten tinles higher at the disね nce of3 cm、 vhich Ч/ould bc hazardous to health.

4.3 Sas″′ε
“
κ
“
s“α″α″′解α′わι力αviθr αs I彊イグルεな

Ⅳle●bolic increase of scrotonin by the exposure of charged aerosols、 vas ttleged by:「 Hbutsch

over the cause of unusual anilnal behavior and telllled as“ Serotonin syndrome".2)However,  the

decrease in hypothalalnic serotonin、 vtt detected in the expenment by exPosure to ENII、 〃aves.

sman animals like insects sho、 v unusual behavior t‐ lrst and then largcr animals like rats,

birds,cats,dogs,pigs and horses as an earthquake becomes nearer.The maxilnum occurrence、 vas

one hour before. The animal size effect might be exPlalned as due to resonant absorption  of

seisrnic EM waves generated due to fractures of smJl aspcnties′ of piezoelectnc quartz grains

leading to a pulse with a small pulse width of the ι/β ,whereβ iS thC Velocity of seismic S― wavcs:

High frequency con■ ponents are more intense in a sharp pulse. The frequcncy then shift to the

lo、ver ones as the size of aspenties increases.  High frequency phenomena of seisnlic elect五 c

signals(SES)at200 MHz、 vhich disturb colorimage of Tヽ ′broadcast and 20 Ⅳ〔Hz disturbing radio

wave obseⅣ ation of」upiter were reported bcfore thc Kobe earthquake.1'6)

Precuttor statements that「lsh aligned or panicked indicate the clectHc neld Of mOre than 10

V/m in water and thcrefore about 80 times(8*=80)in air,ie,800V/m, as high as 1600ヽ V/m2

peak Power(S=(「 20)2)。 ver the duration time of presumably microsecond.If the power is so

high at the epicenter,human being may also be affected by the elect五 c neld of EM wavesjust as

before thunder or climate change Electrophysiological response to EM stimulil)would be a cause

of unusual animal bchavior before the earthquake Charged acrosols might cause similar response,

but wili not cause a sudden surpnse to fish as to foК e nshjump out of a pond onto aland.°

第24巻第 9号  1998年 9月 10NICS(ア イオニクス)9



44正〕イ″αッθs αs α″ιttθごげεθ″″夕れたα″θ″
UnlmOwn communication method between sepatttcd animals was discussed by Sheldrake 10

ハlthOugh an idea of“″θψたたァ
`sθ
″α″ε
`"Whlch ttansfer ideas or culture to amm」

s with some
―unhown method was proposed, no partlcular physical quantiw whiCh t2nst‐ er the inforrnation
was suggested.I PrOpose here that iand aninlals are alsO sensing electHc fleld of EM、 vaves、vith a

paw,tOnguc, halr as electrosensors just as some aquatic animals do The neld intensity is

reciprocally proportional to the distancc and so a long distance communication is PossiblC at their

resonant frequency.An animal sensitive to 10 6 v/nl Could dctect 2 5x10‐ 15ミlm2.The Size, shape
and thc inhomOgenuity of arunlds in morphlc resonancc、 vould play a vital role in the efflciency

Of inf0111lalon exchange if resonant absorption wcre involved.Future brain research will clan～

that mOrphic resonance,if there were, is due to the resonant absorption of EM、 vaves.

5。  COnclus10n

An absorption cross sectlon of EM、 vaves by a dielectnc sphere、 vtt calCulated to estimate the

resonant absorption of EM energy. The pronlinent resonance was obseⅣ ed for 27Cα =′御λ forthe
wavelen.・ th λ and an integer″.The resonant absorption of seismic EM waves would bc the causc

for the shift Of unusual behavior fronl small to large anilnals. The impedance matching of EM

waves tO the anilnals must be considered for physiological studies of Eゝ /1 、vaves  Enhanced
noradorcnaline and reduced selotonin 、vere obseⅣ ed by the exPosure to E～ l waves Although
prcsence of electrosensow organs would be the maln reason for the sensitiviv tO Carthquake

precusOrs for somc aquatic aninlals,land aninlals nlight detect EM waves through their conductive

eyes or tongue」 udging from animal behavior.Systematic studies on hazards of EIM waves has to

be emphasized consideHng the resonant absorptiOn atthe handy phone frequency.ν lorphic resonance

discussed by Sheldrake、 vould be associated、vith animal dctection of EM、 〃aves.
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