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pas statement of evaluation co be filed with the dissertation. 

This dissertation deals with a very difficult and controversial sub~ 

ject concerning the interactions of electromagnetic (EM) fields with the 

central and peripheral nervous system. It provides a very interesting 

and complete historical background on the subject and points out some of 

de problei;,.s and weala:!esses of past and current work reported in the liter­

atln:e vhich in part is responsible for the present confusion in interna­

tional safety standards relating to nonionizing radiation. The dissertation 

reflects the candidate's firm grasp of the fundamentals and the t,ec:hniques 

of the two 1:1ajor but considerably different areas of science: neurophysiology 

and EM fields. The cand:i,date has applied the most quantitativ.e aspects of 

each of these areas to focus his attention on this difficult interdisciplinary. 

problem. He outlines the methods of quantitative measurements of the fields 

both outside and inside of biological subjects exposed to EM radiation and 

describes in coigplete and lucid detail his original w<>rk on.developing new 

teclmiques for exposing biological preparations both in vitro and in vivo. 

'lllese new techniques alloved the candidate to carry out original work that 

significantly advances the knowledge of the quantitative relationship betveen 

110nioniz:ing radiation dos.age, temperature and electrophysiological character­

istics of peripheral nerve, superior cerv_ical ganglion, and nerve muscle 

preparations exposed to EM fields. He has shown.that vith proper temperature 

and dosimetry control the acute exposure of isolated nerve preparations to 

high power electromagnetic energy does not produce effects that cannot be 

.produced by a simple application of heat. This is contrary to vhat i:iany 

_other researchers have shovn in the.past with similar preparations under less 

controlled exposure conditions. 
· 

· One of the most important elements in the dissertation, and a major 

contribution to understanding of the interaction of EM fields and the 

ma=alian auditory system is the work elucidating the microwave hearing 

pheonomenon which has defied expl~nation since World War II. In fact, 

only in the last year has any significant progress been made concerning 

an explanation of the phenomena and a good portion of that progress is the 

original work of the candidate reported by the dissertation. The candidate's 

experiments to determine thresholds of the effect as a function of background 

noise and his very remarkable first recordings of the. cochlear 
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1dcrophonics associ:ited with the phenomenon is very .significant in 
advancing the knowledge on this subject. The candid:ite's e~­
ception:il ability both within engineerins and ncurophysiolc:-gy 
allowed him to develop the equipment and make the recordings of 
these important physiological sisnals that other researchers h:ive 
sought Yithout success. In sur:u:iar)", we feel that the candidate 
bas vritten an outstanding dissertation in reporting hi~ new and 

very exciting rese:ircb findings. 
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I. Introduction 

1.1 Historical background 

Long before electromagnetic (EM) waves were discovered and described' 

by Heinrich Hertz in 1888, Luigi Calvani in 1791 observed the contraction of 

a frog nerve-muscle preparation stimulated by a Temote spark frOlll an electro•• 

static machine [l). Huch later, Tesla in 1891 observed the biological 

effect of high frequency EM radiation on an entire organism. In the !;aQC· 

year• D' Arsonval placed his object inside a solenoid that had a high fre-· 

quency current flowing in its windings, and he observed vasodilitation and 

bypotension in his subjects [2). In 1895, Danilewsky obse-rvcd the effects 

of high frequency EM fields on a neuro-muscular preparation [3]. During 

the first 30 years of the twentieth century most of the work being done was. 

connected mainly with diathermy and physiological reactions to the beating 

effect of EM radiation [4)_. After that, the first peak of interest in this 

problem occurred dudng the decade from 19.30 to 1940 when technological 

advances made possible the generation of powerful EM fields. During this 

period, much valuable work was done, mainly on the physica_l and cheakal 

properties of matter and certain siJDple biologkal systems, with very little. 

attention to hazard problems [3]. Research :l.n this area diJDinished in the 

early 1940's vhen World \lar II started, and was greatly over-dOlllina.ted by 

the research on ionizing radiation duia to the development of nuclear veapons, 

and of other, peaceful uses of nuclear energy after the war [5}. 

In 1956, when there was a growing concern over the possible 

hazards associated with the operation and use of radar and other radio 

frequency electronic equipment, the United States started a "Tri-Service 

Program" (Army. Navy. Air Force) to coordinate this EM radiation research. 

This Tri-Service research program addressed itself essentially only to the 
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problem of thermal hazard. without any effort on the low level radiation 

effects. At the end of the Tri-Service program in 1960, United States 

research in thf.s area decreased to a very lov level and remained there 

1!1!ltil the late 1960's. 

The most recent boost of research activity in the United States 

ste11s frOQ a combination of several factors. The increasing use and out­

put level of EM eatittillg equipment as well as the low level radiation 

effects reported frOQ Russia and East European countries have re-raised 

concern over the biological effects .and potential hazards of EM radiation, 

Another proble!II causing concern, described in.detail by Don Justesen [6J, 

11as a political event wich occun-ed in the Soviet Union. tn the early 

1960's. U.S. security experts discovered that the Soviets Yere directing 

beams of microwave energy at the U.S. Embassy. The major impetus \las 

provided by the activities of the Office of Teleco1lll!lunications Policy, 

vithin the Executive Office of the President, which established the Electro­

nagnetic Radiation Hanagement:Advisory Council (ERMAC) to revieY, advise 

and make recOlll!!lendations on potential problems associated with the use 

of the EM spectrum. After a comprehensive review and analysis of this 

problelll, the ER.'L\C report called for an incr.eased effort in. this area [5]. 

At present. there are 13 federal agencies supporting this research in the 

United States. wich reflects the high interest and vigorous research 

activity in this area. 

ln contrast to the sporadic efforts in the United States, the 

Soviets have maintained a steady research activity over the past 20 years. 

Along with the Soviet Union and the United States.· Poland, Czecho
0

slovakia, 

and recently Britain. Germany. and France have also been working on the· 

same problem. A considerable amount of work on low level effects is 

I 
-: 

'I 
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reported in Russian and E.ist European literature. Presm.'ln (1) and Gordon (1) 

. 
of the Soviet Union and Marha [l] of Czechoslovakia have well swnmarized 

their past research results in their books, 

:Because of the unresolved differences in.reported biological effects 

and in the exposure and safety standards deri:ved from them. recent intel'.nation.., 

al symposiums and conferences (such as the 1973 Wars.:iv 111eeting [8]. the 1974 

New York Academy of Science.s meeting {9] 0 and the 1975 International Micro­

wave Power Symposium [101) have brought together scientists from different 

nations. The objectives o,f these meetings -were: to exchange current infor­

mation about the tM radiation effects. to recommend and stimulate further 

research needs and approaches, to encourage. international cooperation in 

relevant research. and to consider ways of achieving an international 

dosimetric standardization and safety standard [8). 

Since people became interested in the effects of EM fields, the 

effects on the nervous system have been a most interesting problem to the 

investigators not only because this system is very sensitive in reaction to 

environmental changes, but .also because of its tremendous electrical activi~ 

ties. The past interests are reflected in numerous publications on this sub­

ject and in the special sessions in the Warsav and Nev York meetings. 

1.2 Significance of the EM radiation research 

A considerable interest bas.been raised around the wrld in studying 

the effects of EM vaves on human health. The frequency range receiving the 

lllOst attention in terms of biological interaction is in the microwave spectno 

300 to 10,000 MHz. This is due. to the widespread use of high power equipcent 

in highly populated areas and to the better energy absorption characteristics 

of tissues in this frequency range [11). 

The effects being sought, of microwaves on the biological system, 

are opposites: 1) med.lcally beneficial effects and 2) harmful effects, 
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At the presa:at ti.me little.is knQWll about either. This is illustrated by the 

fact that at present the nax~ recommended safe power density for long 

2 

te-ra hum.an exposure varies frca,_10 mW/cm in the United States, to as low 

as 10 l,N/aa2 in the Soviet Union and Eastern European countries. The 

former standard was fontul.ated. prl.marily fro111 research results on tissue 

beating considerations. "-bile the latter vas based on research relal:ing to 

the central nervous syste:11 al>d ~avior effects. 

Jt:esearch results conclusively show that for frequencies betveen 

1200 MB.z ~ 24,500 Mat,. exposure to power density of 100 mW/cm2 for one 

hour or 110re could have definite tber.nal effects. At powet densities below 

10 r:l,l/e,.
2,.. evidence of pathological change is equivocal. Although some 

Soviet i.xrn-$tigators describe! the thermal nature of microwaves, the majority 

stress non-thermal or spec.lfic meicrowave effects at molecular and cellular 

levels,. 1u contrast to s.tudies performed in the United States that generally 

reflect the pbysiolo_gica.l response of the organism to the thermal burden 

:ll:lposed by Dicrowaves. A considerable body of literature.has gro= in the 

Soviet Ul:don on transient fimctional changes following low dose, less than 

10 sM/Cl.
2 ,. uicrowa:ve :irradiation studied by conditional response expericlent­

aUoa.. 'Ille Soviets have strongly and repeatedly stressed that the central 

nervous system J:1Ust be considered as being moderately or highly sensitive 

to radiation injuries. the vork in this area bas been criticized because of 

lhd.ted statistical analysi.sof data, inadeqqate controls. and lack of 

quantification of results [12J.' 

Although tber.e are several thousand papers in the literature per­

taining to the subject,. a considerable ain~unt of the reported data is so 

qualitative in nature that z:iore questions have been raised than answered. 

Quantitative research is urgently needed from a joint physical and biolog­

iC3l scie:ice approach to clarify the conflicting research data and re­

sulting conclusions vhlch nov exist (13) [14]. 


