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PREFACE

Through a contract with The George Washington University, Air
Research and Development Command Headquarters has been advised on the
microwave radiation hazards and research needs by a group of outstanding
scientists of various disciplines. This group held an initial heeting
at Rome Air Development Center on October 31-November 1, 1956.

With the advent of the newly assumed Air Force responsibility for
tri-service coordination, it became desirable to assemble the ARDC
auvisory panel, tri-service representatives, and various contractors
working in the radiztion hrzard area to effect an understanding of
activities and accomplishments to date.

The following series of papers represent the contributions of many
leaders in the fields of biology, physics, and medicine. They were
presented at a meeting of scientists interested in the biological effects
of microwave radiation held at the Rome Air Development Center, 15-16
July 1957, and sponcored by Headquarters, Air Research and Development
Command. *’

The papers which follow appear in most instances as they were
presented at the conference, except that in many cases additional
information was supplied in the form of references or supplementary
paterials.

The agenda for the conference followed es- :rmtially the same sequence
as presented here with Dr. Al Hetherington orienting the group oa the
Air Force's new tri-service responsibility, followed by Major Dan
Williams' summary of the School of Aviation Medicine's research program

on the biomedical aspects of microwave radiation. Dr. Morris Handelsman
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then presented background data on the planned RADC program, and Dr.
J. 5. Burgess summarized thec highpower facilities existing at RAbC,
and Col. George M. Knauf outlined his plans for a radiation hazard
research program at Rcme Alr Developrent Center,

Dr. C. R. Larkin then presented a summary of radiation hazards to
ordinance, and Dr. John L. Spencer talked on the exposure of Air Force
personnel to ionizing radiation. Dr. Herman P. Schwan discussed the
physiological basis of RF-Injury and Dr. Thomas S, Ely reported data on
laboratory animals exposed to microwaves. Dr. Stephen J. Fricker then
presented a summary on RF Measurements and the conference closed with a
free discussion on related problems.

Attention is called to several important contributions included
in the appendixes which are referred to at various places in the main
body of the proceedings.

Special thanks are expressed to Cocl. Knauff, Mr, Tallman, and Mrs.
Frank of RADC for their hospitality and skillful handling of arrange-
ments for the conference,

It 15 hoped that the following presentations will be useful in
summarizing the present kncwledge on the biological hazards of microwave

radiation and may be of valuc as source material for future resezrchers.

Evan G, Pattishall -
Charlottesville, Virginia
September, 1957
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INTRODUCTION
by
Dr. Albert Hetherington
Human Factors Division

Air Force Research and Development Command
Baltimore, Maryland

This meeting of representatives of the three services and a number
of their contractors, past and prescnt, who have studied the biological
effects of microwave radiation is the first major gathering which has
been held to discuss programs and progress in the area since the Air
Force was assigned tri-service coordinating responsibility.

Most of you will recall that this responsibility was exercised
originally by the Navy, and then, when it was transferired at their
request to the Air Force it was delegated by Headquarters, USAF, to
the ochool of Aviation Medicine. Randolph Field. At this time the Navy
had closed out its fine in-house resecarch effort in microwave effectc
at the Naval Medical Research Institute; and the Air Research and
Development Command had just been instructed by USAF Headquarters to
transfer its radiation bionlogy program from the Cr :bridge Research
Center to ;he School., Hence, assignment of the tri-service coordinating
responsibility to SAM, along with the research mission, was a logical
step. They had essentially the only remaining in-service capability
consisting of sclentists working full-time in the field.

Now tihiat the research mission in microwave bio-effects has been
returned to ARDC the coordinating responsibility has come with it, and
we in the Headquarters are finding, as the Navy people must have, that

attempting to live up to it takes inordinatc amounts of personal time,
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Wde, also, are looking for someone to give the job away to, and we think

out local hosts for today's meeting might be just the people who could
give it a happy home.

Before I go further, I should probably define for those from outside
the armed services what we mean by "tri-service coordinating resp-nsi-
bility." Doing so may prevent some misunderstaﬁding of the phrase. It
does pot mean transferring all R&D work from the other services to the
service with coordinating responsibility. Nor do2s it mean that the
coordinating service directs or supplics guidance for the prograwms of
the other services., Tae Navy, in particular, still has its own sizable
contract research program in this bio-effects area. The Army, too, has
its own interests and programs.

What the coordinating function entails i1s the assumption by one
of the services -- in this case the Air Force -- of responsibility for
providing the means whereby all thrce departments can stay well informed
about all the programs going on in each department. This information
transmission, or communication, activity is executed by helding con-
ferences between project nersonnel, arranging symposia on the pattern

f this one today, appointing technical discussion panels, supplying
1 meeting place and housekeeping arrangments when necessary, providing

for the publicaticn and dictribution of technical papers not otherwise

raken care of by the se %D agencies, and similar services. Someone
a3 to pick up the ball an . 1t in these matter., and the Depart-
nent of Defense realizes C vuing which is left to be everybody's

esponsibility usually turns out to be nobody's responsibility. So,
n this case, by mutual agreement the Air Force was tagged.
It has therefore been a part of our obiigation and our intention

o hold periodic meetings to keep the other services informed as to our
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activities and to learn about theirs, Hence, when Cuptain FPhoebus, of
the ONR, suggested to USAF Headquarters people that he would like to see
a tri-service meeting held, we readily agreed. We had been planning a
contractor meeting for the immediate future, anyway, in order to

completc the transfer from SAM to Rome ¢f contracts being carried on
under the project, and it was simple to expand the scope of the meetiag

to include a discussion of the status of the entire program and represen-
tation from the other services.

We will certainly plan to hold additional coordination meetings in
the future as we or the other services determine that they are required.
However, before this meeting is adjourned we would like to hear discussion
of the possible need for another similar general sﬁatus symposium some-
time in the future, or perhaps for more limited sympocsia covering
special topics within the microwave blo-effects area.

Some of you will probably be asking yourselves what the significance
of all this mcvement and planning and discussion is. Is this just another
phase, or are we serious about really studying the problem now? Do we
intend to support the prozram? The answers to these questions are, Yes
we are, and we do.

From its past history at least some of you will recall the shifting
disciplinary emphasis this technical program has had in the service
laboratories, and the various locations at which 1t has been carried
out. It went from its Navy home to the Air Force, and from the Cambridge
Research Center to the 5chool of Aviation Medicine., Now we are trans-
ferring it to Rome Air Development Center,.

The vicissitvdss of the program have been caused, I believe, by the
step-wise maturation ol our understanding of the j;roblow area, It

recelved attention first from the biophyxicicls, vho wore porbaps best



prepared to understand its possible ramifications. But then it came lo
be sonceived of as a purely clinical medical program, rather like
industrial toxicology, or a health physics program at an AEC installation,

However, the scope of the potential problem has gradually been
revealed as being beyond the resources of any single discipline, and
as being relevant largely as a function of the state of the art in
equipment design. As in some of our other Human Facbrs areas, we have
become convinced that the most valuable work can be done here only by
a collaborative effort, The physical scientist designs the equipment
which creates tlie radiatior environment. The biologist then attempts
to identify the physiological and pathological effectz of the enviorn-
ment and to correlate the extent of these effects with the measured
intensity of the environmental variable., At this point he must fall
back on the physicist for instrumentation capable of analyzing and
measuring the environment. Next the physicist and the biologist must
collaborate with the chemist in the interpretation of effects at the
molecular and cellular level. Finally, the work of all three produces
information which most likely will have definite implications for the
physicis. and his design activities,

It is this growth in our general appreciation of the ramifications
of the problem area which, I think, has at last led us to the logical
decision which has now been made tc concentrate the bio-effects program
at nome, where the radar equipment development is going on. Here the
biological and physical scientists can work side by side in full know-
ledge of each others actions. The presen®ly planned effort is small,
compared to the effort going into equipment; but it will be allowed to
grow as future developments indicate it may neced to. We intend to

support the bio-effects program with resources and manpowcr os required.

ne
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In the management of the program we intend *~ rely lieavily unon
the judgment and experience of an advisory panel of outstanding scientists
of various disciplines with extensive personal backgrounds in the field.
This group is under the chairmanship of Doctor David Cogan, of the
Massachusetts Eye and Ear Infirmary. We also expect to make their assis-
tance on technical matters available to RADC to the extent that this
fits in with the Center's desires. '
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PREGENTATION 1

A SUMMARY OF THE SAMUSAF PROGRAM FOR RESEARCH ON
THE BIOMEDICAL ASPECTS OF MICROWAVE RADIATION

by

Daniel B, Williams, Major, USAF
Department of Rudiobiology, SAM

Richard S. Fi. *t, Colonel, USAF (MC)
Chief, Clinica. -~-.ces Division, SAM

INTRODUCTION
Effective 1 July 1957 the responsibility for research on the bio-

medical aspects of microwave radiation was assumed by the Air Research
and Development Command. Coincident with this date the School of
Aviation Medicine has terminated its program of 2-1/2 years of re-
search in this problem area. The following is a review of the
SAMUSAF program (1) during this period.

At the time the Air Force initiated research on microwave effects
a review of existing information established the following conclusions:
(a) Micorwave injury had been gualitatively demonstrated in animals,
but h¢d not been observed clinically in radar personnel, (b) Animal
eyes, and particularly the testes, were especially vulnerable to the
shorter wave-lengths, (c) Experimental injury appeared thermal in
nature; i.e., temperatures induced in the afflected regions were
sufficiently high to account for injury on a thermal basis, and (d)
No reliable information existed on the power densities of the modern
radar beam and the parameters of injurious exposure were unknown.

Accordingly, the first two objectives of Air Force research were:

(a) To characterize experimental injury in terms of the parameters of

exposure responsible for its production, and \d) To identify hazardou:
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regions of the radar beum For o wions reacons Ocuzar and tosticuvinp
effects were sclected as initlal endpoints concern--the latter has
proved the most sensitive and may be the limiting factor in human ex-
posure in the 1,000 t( "J0 megacycle/second range. As an interim

safety measure, clinical nurvelllance programs were initiated on

selr i erouns of radar personnel, Finally research contracts were
neg support of the overall program pending the development
of - esearch faciliticc.

REVIEW

The majcr contributions during the first year of the SAMUGAF pro-
gram ‘ere four publications which repr-seatcd a culmination of 1inservice
rad! _ologic studies (2,3,4,5) initiated at the Air Force Cambridge
Rese. ~h Center and Rome Air Development Center, and completed at the
‘sheool of Aviation Medicine, USAF. Cclililaborative efforts at Air Force
.a.. 1dge Research Center produced two publications on radiofrequency
and micr. ve dosimetry (6.7). All of the studies were supported by
the met~ efforts of Rome Alr Development Center. The results of
th1- work furnished guide lines for establishing exposure limits at
"S"-band radar and diathermy frequencies.

Based on these and subsequent data, Rome Alr Force Depot cf the
Alr Materiel Command publishea Urgent Action Tech Orders (8,9 which
disseminated pertinent information to all major Commands. The latter
AMC Tech Order (9) and a recent RADC Regulation (10) establishes a
hezardous microwave radiation level of 10 milliwatts/cmé or greater,
over the entire microwave spectrum. Thils value is consistent with
the earlier recommendations of Schwan and Li (11), Ely and Goldman (12),
and Williams (13) for "S"-band frequencies., Different limits eventually



may prove desirable at other frequencies.

Briefly the early Air Fecree data (2,3 4,5) showed that experimental
cataracts could be produced in rabbits by several minutes ot exposure to
power densities in the range of 500 to 600 miliiwatts/cm¢ The threshcld
of experimental . ~uler injury for a single sustained exposure of 270

minutes was bracketed between 120 and 220 mw/cm? Temperatures signi-

ficant in cat Y, productionr were bracketed between 49° amd 53°C.*

4
0f consider: .nterest was the observation that detectible testicular
changes coul produced in the rat by 15 to 20 minutes of sustained

exposure to 30 to 40 mw/cm2** The minimum testicular temperature as-
sociated with injury was between 38° and 40°C.*** It was concluded
that the experimental ocular and %“esticular injury thresholds should
be regarded as hazardbus for man but that the risk of injury was mini-
mal under current standard operational conditions. This conclusion
was confirmed by the November 1956 report (15) of the ARDC MICROWAVE
PANEL which observed that "there is no sulstantial evidence of injury
having resulted from accidental exposure to RF radiation under either

field or lavoratory conditions."

During tne second year the program was expanded along three phases:
(2) Two ocular surveillance studies on electronics personnel at Rome Air
Development Center (16,17), (b) Two studies on x-ray production by high
voltage electronic power tubes (18,19), and (c) The negotiation of five

*Measured in the vitrous at the posterior lens capsule, These
limits recently have been rather conclusively refined to k96 to 50%C
in the same region (14).

**These limits subsequently were pursued_to lower levels by Ely
and Goldman (12) who feel that 5 to 10 mw/cm? is the steady state doee
rate limit for testicular exposure at "S"-band frequencies,

***380C also was found critical in studies by Ely and Goldman (12)
except in one case at 37°C,
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rosearch contracts on microwave radiation effacts (20,21,22,23,2u4),
Corollary efforts included procarement of equipmcn®t and development of
an inhouse irradiacion facility which will be dizcussed in a later

section of this report.

OCULAR SURVEILLANCE

The ocular surveys were accomplished by Colonel Richard Fixott and
Dr. Heinrich W. Rose of the Division of Clinical Medicine at the School
of Aviation Medicine with the cooperation of the Commander, RADC, and
the Surgeon, Griffiss Air Force Base. This work became the basis for
vhat 1is now an inhouse task at RADC (25). Briefly, Dr. Fixott and Dr.
Rose baselined 26 electronics personnel and 8 control subjects at RADC
in addition to 17 personnel routinely associated with radar operation
at Keesler Air Force Base. Subsequent examination of these personnel
by Drs. Fixott and Rose has not revealed ocular?variation which differs
naterially from those found in the approximately 100 control subjects

who were examined at Randolph Air Force Base and-vicinity.

X-RAY SURVEYS

. W
The two x-ray surveys were conducted by Catain L. Logie, Lt. 3.

jigoloff, Mr. H. Borella, and Mr. E. Richey from the Radiation Dosi-
me try Section, Department of Radiobiology, SAMUSAF, arain with the
cooperation of the Commander, RADC, and the Surgeon, Griffiss AFB,
Dosimetry instrumentation employed for x-radiation measurement was
comprised of quartz fiber types (26) and chemic:l dcsimeters (27)
vhich are not affected by the presence of rf-microwave energy. Thesc
studies gave for the first time an extensive series of reliable mea-
surements which indicated the nature of the x-radiation problem at
RADC and became the basis for RADC inhouse progrum in this problem
area (25).




FISCAL CONSIDERATJONS

The five SAMUSAF contracts negotiated in the second year of the
microwave effects program are valued at about $90M. About B20M of the
funding was supplied out of the budget of the Department of Kadioblol-
ogy, SAMUSAF, and was not therefore shown directly under microwave
effects budgeting. It should be noted, howevei'y, that SAMUSAF, as Tri-
Service Coordinator fer research in this problem area, maintatined
survelllance of pertinent research of other agencies* conservatively
estimated at about $50M, or a total of $150M, allowing $10M for SAMUSAF
inhouse efforts at that time. This does not include the cost of (he
contract which RADC independently negotiated with the University of
Buffalo nor does it include funds which RADC has committed in support
of dosimetry studies (25). Thus, a conservative estimate of the over-
all Alr Force-Navy program for FY 57 appears on the ordzsr of 2250M.

Plans for FY 58 included: (a) the continuance of existing con-
tracts, if warranted, at the $90M level, (b) the expansion of the SAM-
USAF inhouse capability to about $30M, and (c) the expansion of contract
research by an additional $100M to $150M. Accordingly, the total worth
of the FY 58 Tri-Service Frogram was projected at nearly $400M. This
figure assumes that the Navy committment would remain essentiall e
same and that the Army Qould not undertake active research sup

Tentative expansion of SAMUSAF contract research included <.
proposals: one from the Armour Research Foundation (28), a second from
the radar Laboratories at the University of liami, ¥Florida (29), and

an expansion of Dr. C. Susskind's work at the University of California.

*Navy and M.I.T.-Lincoln Laboratory Studies: Fricker et al at
M.I.T:-Lincoln Laboratory, Lexington, Mass.; Ely and Goldman at NMRI,
Bethesda, Md.; Nieset et al, CNR contract at Tulane Medical School,
New Orleans, La.; and chhardson, ONR contract at St. Louls Medical
School, St. Louis, Mo,

10
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Early this year, when it became apparent that the overall program was
to be returned to ARDC, SAMUSAF discontinued nggotiations with these
agencles and referred them instead to RADC. Finally this past week a
fourth proposal from the Southwest Research Institute (30) was referred
to Mr, Tallman's office at RADPC. This latter proposal was based on
suggestions contained in the November 1956 report of the ARDC MICROWAVE
PANEL (15) relative to microwave spectroscopic techniques applied to
the study of microwave effects.

Pending physicel transfer of the microwave effects program to
RADC, SAMUSAF has completed the dissolution of our inhouse irradiation
facilities including two variable frequency transmitters at 200-2500
megacycles/second, two fixed frequency transmitters at 3000 and 10,000
mc/s together with allied equipment. This eguipment is in the process
of being shipped to RADC for disposition.

11



SAMIUSAF INSERVICE RESEARCH FACILITIES

The SAMUSAF inhouse program* perhaps deserves some mention inasmach
as 1its discontinuance leaves some gaps in the overall program., The De-
partment of Radiobiology, SAMUSAF, assumed the responsibility for estab-
lishing the microwave irradiation facilities capable of sampling the
rf-microwave spectrum initially at 200 to 400 me/s intervals, Exposure
parameters included pulsed vs continuous radiaticn and thermal vs ather-
mal effects. The initial facilities were to be made avallable on
schedule to all departments within the Scheool, 1 June 1957. In the
interim, projects within the Department of Radiobiology which were

underway, included:

7783-6 - Microwave Dosimetry (in support of inhouse effort).
7783-7 - Absorption Characteristics of Biclogic Materiels.

7783-8 - Histopathologic Effects of Microwaves upon the Rat.
7783-9 - Effects of combined X-rays and Microwaves upon the

Eyes of Rabbits. (later, the monkeys)
7783-10- Microwave .ffects Upon Isolated Nerve and Muscle Tissue,
Projects under consideration from other departments included
studies on:

a. Performance..sseevsceecssnooss-oeoess (SAMPSYC)

b. Tissue cultureS.ceeseios- cv.ooee (SAMICRL)

C. ENzZymesS..eecesccceccccscscecoorseses (SAMPATH)

d. Ocular effectSceesecccscsssscesssss. (SAMOPHT)

*Suppoerted by an array of disciplines: 3 opthalmologists, 1 path-
ologist, 2 microbiologists, 1 enzymologlis*, 1 electronics engineer, 1
radioblologist, 1 psychologist, 1 thcoretical and applied mathematician,
supporting technicians and consultation services of appropriate person-
nel (Blometricians, etc.) in the Schoool together with the § SAMUSAF
cnntract research grougs.

12
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ity L. Llle.ay 2
program 1s apparent.
Each of the prime investigators of the five SAMUSAF Contractors
prominent in his field of specialization and all are authorities on
mi corwave radiation effects within their specialty area. Each of the

» ‘racts is designed to answer specific questions which had =ari;- . . :

a 1:sult of earlier qualitative res-ar- ., For . i
€ St Lvercit 4 wulistrated previously that 3 cm.
an 3 cm. radiation could injure the hollow viscera of small

animals, but left unanswered the quantitative cause and effect rela-
tionship. His present research (20) is designed to evaluate and extend
his earlier findings to a std&§"of functional effects in larger animals;
namely the dog, and of prime importance, to determine insofar as possible
the actual dose and dose rates which are responsible for these effects.
The latter information is an acute requirement for developing permis-
sible or acceptable dose limits of microwave ecnergy.

Dr. Hines has two exposure series well underway at an "S"-band
freguency (31). One is based on a single exposure of 22 to 3 hours
duratica~ ~the other is comprised of repeated exposurces, cach of the
same duration. The power density empioyed is on the order of 300-LQ0O
miliiwatts/cm$ of 12.3 cm. radiation. This 1s sufficient to maintain
skin temperature between 43¢ to 45°C which is close to, but below the

level required to produce burns. These exposures in the dog eventually

13
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produced temperatures typically of 41.3° in the liver, 41.5° in the
stomach, 41,59 in the gallbladder, 42,20 in the intestine, and 43.6°C
in the skin. The studies to date have failed to reveal any functional
liver damage. The results are too few as yet to permit final conclu-
siors to be drawn.

In his most recent formal report Dr. Hines notes that these expo-
sures have not produced the dramatic results observed in smaller animals,
rats, guinea pigs, hamsters, and rabbits., His tentative explanation of
this difference 1s based on a comparison of the ration of exposed body
erea to total profile body surface. He concludes that an even lesser
effect would be experienced by man in a similar exposure situation.

Dr. Schwan's work (21) at the University of Pennsylvania is
designed to provide a wealth of fundamental information on the di-
electric constants of tissues and their reflection, transmission, and
absorption coefficients over the broad spectrum of ¥ to 10,000 megacy-
clgs/second. Special facets of his study include (a) the specialized
situation of head and brain irradiation using actual tissues and tissue
stimulants, (b) the analysis of energy absorption by the eye with a
forecase of frequencies most dangerous to the eye, and (c) studies of
body penetrution and heating using phantom models with a simulated
circulation--all materials possessing the appropriate dielectric con-
stants. The work stipulated in this contract is underway with respect
to the skin, bone, and brain combinations. Additional equipment sup-
port is a requirement to accomplishing all of the objectives.

The contract at Ohio State University (22) with Dr. Justus Lehman
was in effect only four months before Dr. Lehman transferred to the
University of Washington where recently it has been reopened. This
work is at 900 and 2400 megacycles/seccnd and is the only current
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experiment in this preoblem arca known to involve living human subjects.
The study is designed with dual intent. Primarily, it is desired to
gain an understanding of the temperature characteristics in tissue and
the vascular response to man exposed to these microwave frequencies
which are of interest from the diathermic perspective as well as of
importance in terms of radar systems. The results of this study should
also provide direct support for Dr. Schwan's research at the University
of Pennsylvania which is concerned mainly with non-Yiving tissues and
phantom models.

Dr. Susskind's . (23) at the University of California is
largely devoted to exploration for possible athermal effects and is
concerned with (a2) an investigation of the effects of the "X", "L",
""", and "K"-bands at cellular level using micorscopic and radioiso-
topic techniques, and (b) a study of irradiation effects upon genetics
and longevity in mice. An irradiation facility has been developed in
the Antenna Laboratory, Department of Electrical Engineering, Univer-
sity of California, Berkeley, California (31). A resistance bridge
for use with thermistor temperature measurementc has been constructed
and tested. A wooden frame and other auxiliary equipment suitable
for supporting laboratory animals has bcen constructed., Pumping
and circulating equipment has been designed for use with biological
solutions in experiments in which the solution is to be circulated
and cooled in an attempt to isolate the effects of heating during
irradiation.

Some testing has been initiated to establish procedures to be
used in a controlled experiment to measure the effects of sublethal
i rradiation doses on longevity, growth rate, and genetic changes in

Swiss albino mice. The animals are to be subjectnd to essentially

15



total-bui vadiatlion,

Toal viawltoh mothods of preparing samples of yeast and
similar m wse {in suspension or on slides have been initi-
ated, and wuii Lternatives are being investigated. One of the first
problems is the development of a method that would permit the samples
to be sukjected to essentially equivalent doses of ordinary heat ab-
sorption. A technique using a special dye whose color depends on the
maximum temperatuvre reached during the experiment is being investigated
as are several other methods. It is anticipated that work on several
additional topics will be initiated during the next quarter, and that
the procedures for the experiments cn longevity and allied effects
will be definitely established and the experimental series begun,

The work stipulated in the Tufts University contract (24) under
Dr. Russell Carpenter was designed to provide experimental support for
the clinical surveillanée_studies conducted by SAMUSAF ophthalmologic
personnel at Rome Air Development Center and elsewhere.

The frequency of Dr. Carpenter's work (2450 mc/sec.) is repre-
sentative of "S"-band frequencies which have long been employed in
radar development at laboratories and in the field and is one at
which many electronics personnel have long sustained numerous uncoa-
trolled exposures. Through liaison between Dr. Carpenter and the
personnel of the M.I.T.-Lincoln project there has been a mutually
beneficial exchange of information on ocular studies at both facilities.
The ocular studies of the M.I.T.-Lincoln project have been conducted
at about 40O mc/sec, a range of direct interest to RADC and to indussry.

A total of 62 rabbits have been exposed to date under the provi-
sions of the Tufts' contract. Of these, data on 56 have been used to

determine an empirical threshold for opacity or cataract production,
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resulting from a single acute exposur:z (14). Gtudies on cumulative
exposures are underway. Some cataracts have been produced by repeated
exposures to apparently sub-acute doses, The parameters of exposure,
however, are so close to threshold that it seems premature to claim
that cataracts have been produced as a truly cumulative effect. A
temperature of 49-50°C at the posterior lens capsule has definitely
been shown to be significant in lons injury so that it seems reason-
ably certain that we are dealing with a thermal effect. It has been
previously demonstrated in cutaneous studies (32,33) that cellular
death from hyperthermia and probably coagulation is encountered at

5-10 minutes of exposure to temperatures of 49-50°C,

SUMMARY

The progress of the Air Force-Navy program to date best seems
summarized by recalling that only three years ago the sole data
available on microwave tolerance was that an estimated 3000 milliwatts/
cmg should be regarded as hazardous for personnel exposure. In the
interim the limits of today have been scientifirally refined to a
level of 10 milliwatts/cm? for a significant portion of the microwave-
rf spectrum. Current work will provide limits for other frequencies.

Recent reseafch has given a rational perspective to the dramatic
implications of earlier gualitative research which inadvertantly
aroused undue concern in many areas, Current work should answer
questions such as --Are there cumulative effects, ani if so, under
what conditions? Are there significant athermal e..ccts related to
pulse and/or pulse rate? What are the most susceptible organz and
systems? Are there unknown beneficial effects? Answers tc these

questions, even if not complete, will at least indicate the extent
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to which they should be pursued in the future program.

D 3 FOR F GRAM
Administrative

l. Hold an Open Microwave Symposium at an early date and annually
or as often as needed thereafter with representatives from industry as
well as the Armed-Services.

2. Establish a distribution 1list for progress reports among the
various research groups.

3. Establish a series of subcommittees on:

a. Dosimetry requirements.

b. Tolerance limits,

¢. Ocular surveillance.

d. chielding requirements and methods.
Besearch

1. Where existing contracts have established irradiation facili-
ties, encourage expansion QfM%he work to include other research
specialties of biochemistry, pathology, performance, etc.

2. Pollow through and'exploit any potentially valuable effect
revealed in current studies.

3. Conduct at least exploratory work on tr= effects of micro-
waves combined with x-rays. One may prove a valuable technique for
the elaboration of the effects of the other.

4. Determine thé power densities in the vicinities of radar
transmitters in order to facilitate delineation of hazardous areas
in the field.

5. Determine the significance of testicular effects and the

18
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power-densities and frequencies at which thesc effects become im-
peortant.,
6. Determine ocular damége thresholds at 3 cm. and shorter

wave-lengths, particularly cumulative effects.
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PRESENTATION II

FUTURE MICLUWAVE RADIATION HAZARDS

by
Dr. Morris Handelsman, Assoclate Director, R&D, RADC

Purpose
The purpose of this talk is to furnish general background data

and information on the planned RADC programs involving high microwave
power so that estimates can be made of possible future electro-mag-

netic (designated as e.m. hereat .er) radiation hazards.

Introdyction
It would be desirable to present explicit quantitative data in

terms of watts/sq.cm., frequencies, exposure times, etc. However the
fact th;t some of this data is related to classified projects makes

this impossible at the moment. It is therefore not possible to fur-
nish a general audience with specific power levels, frequencies, antenna
sizes, etc. Instead it will be necessary to present only generally-
known future trends and to indicate possible ranges of values, which
perhaps is just as valuable to you. Of course, specific information

can be furnished to research workers who need ‘it in connection witﬁ

their work for us.

General Description of Systems

Both radar and communicaticn systems will contain hazardous e.m.
power densities. For the most part the radar systems are characterized
by pulse operation and scanning antenna beams, while the communication
systems are continuous wave in nature and usually have fixed antenna

beams. However, this is not now, nor in the future will it be true
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for all sysiems. Fo: example, certain radars .:ay have antqnna benms
fixed in space and certain communication systems may i scanning
beams. This is of obvious importance in estimating exposure times t
radiation.

The general search radar scans through 360° in azimuth, rotating
uniformly at 2-10 r.p.m. The azimuth beamwidth (angular spread between
3 db. points) may be on the order of 1° - 5° or so. The antenna is
mounted on a tower from 25' - 100' high. The radiated antenna beam is
usually tilted upwards slightly, so that radiation in the direction of
the hoyizon is about 3 db. (504 reducticn) down from that in the di-
rection of the peak of the beam. However, this upward tilt is not
always the case at each site. 1In addition, a "searchlight" mode
(1.e., stationary or fixed antenna beam) may be employed at different
tires lasting for varying periods.

The typical nodding-type antenna on a radar height finder oper-
ates by first slewing around to a designated aztmuth position, and then
nods up and down in elevation from about -2° or -L° to some upper angle,
ususiiy ewre than #5° (horizon is 0°) to establish the elevation angle
of a target. About 10-20 complete up-and-down nods per minute is typi-

cal. This type of radar is often used in a gearchlight mode at any

elevation and azimuth angle of interest.

There are several subdivisions within each system where signi-
ficantly different e.m, levels exist. Consider a typical radar system
as 'shown in Figure 1.

First we have a rather high power density in the transmission

line, which presumably is closed and therefore not readily accessible.
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Incidentally, power density in this talk 1s averapge watts per sg._cm.

”
—
—

The power density in the line, for practical purposes 1is:
) 2

Equation (1) L v
Where W - power density, sverage watts/sq. cm.

P - average power output of transmitter, in watts.

Ay - cross-section area of transmission line, in sq. cm.
Actually equation (1) is not exactly correct, as the power is not uni-
formly distributed over the area of the transmission line, but thic

should be sufficient as a working formula.

Next, the power is conveyed by the transmission line to an antenna

feed, which in turn "feeds" the energy on to the antenna. The energy
in transit from feed to antenna propagates through space, which 1is
usually open or not enclosed, and therg{ore somewhat more accessible
to personnel than the inside of the tranémission line. In the aper-
ture of the feed the power density is given, again approximately, by
equation (1), except now the feed aperture area Agf is used in the
equation. The feed aperture area Ay is usually larger than the trans-
mission line cross-section Ay, so that the power density in the feed
is less than in the line,

Finally, the e.m. energy is radiated into free space by the
antenna so that the system can perform its function. Here we have
"lost control" of the e.m. energy in the sense that it is now radi-
ating into the outside world. Since the operational requirements of
the system demand that this energy be radiated into the outside world,
it is here that we may face our biggest problems in the control of
possible hazards.

Now the manner in which the antenna radiates its energy is
somewhat complicated and subject to many variations. For purposes of

simplicity and convenient generalization, we may grossly depict vhis
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precess s shown in Figure 2. The available power P furnished from the
tranamitter through the transmission lin2 :nd then the antenna feed to
the antenna itself, 1s radiated outwards from the antenna, in a direc-
tion normal to the antenna aperture in most casec (but with very imper-
tant exceptions in other cases). In order to obtaln useful beams with
low side-lobes, the energy is "tapered" across the aperture. A taper
decreases the energy (power) smoothly from the aperture center where
it is a max.mum to the aperture extremities, where it is on the order
of 10 db (one-tenth) down from the maximum.

After the e.m. energy leaves the aperture, its variation or
dependence upon distance from the antenna is indicated in Figure 2,
At distances '"close" to the antenna, desigrated as the Fresnel or near-
field region, given approximately by equation (2) below, the power re-
mains fairly constant with distance and collimated in a beam of about

the same size as the projected area of the aperture,

ne
Equation (2) Rprosnel <71 QA_
Where: R - distance from antenna, ft.
D - antenna aperture dimension (See Fig. 1), ft.
A - wavelength, ft.

As indicated in Figure 2, the energy is not uniform across this beam due
to the taper previously described. The power densities at the beam cen-

ter and beam edges are, respectively (to a stron approximation):

Equation (3) Wheam center = 3P/Aa inside
Fresnel
Wheam edges = FP/3Aa region

Beyond the Fresnel region, the radiated beam begins to spread
out until at far enough ranges, the power density is decreasing accord-
ing to the vell-known law of inverse square distance. The range be-

yond which this inverse square law variabtion begins is the far field




2l

gt g ot EMATIT g U QP TIIRRRID R SRIT e - T i & - — - -Spe—— R e > v + S Y ~

or Fraunhofer region, giver. very approzimately by:

2
Equation (%)  Rfraunhofer > I%t.

A region of transition between the Fresnel and Fraunhofer fields is
shown in Figure 2, anu denoted as a quasi-Fresnel or cross-over region.
In the Fraunhofer region, the radiation is in a diverging beam shape,
with maximum intensity at the beam center, and decreasing away from
the beam center with angle. The larger the antenna, the narrower the
lobe, or the higher the "concentration" of power. This "concentrating"
actisn is shown by equation (5) below:

Equation (%) GEB bW, o= 29%1_

Where: Eab,w;'beamwidth, or angular spread in degrees between 3 db.
points of the beam, i.e., points where the power is
one-half that at the beam center.

Another way of expressing the concentrating action of an antenna is to

talk about its "gain". A large antenna with a narrow beam thus has a

large gain. In terms of this gain (a pure number which can always be

furnished for each antenna), the power density at the beam center in
the Fraunhofer region is:

Equation (6) W =.a§?ﬁr

Where: Ga - antenna gain

Actual Power Densities

Now that we have discussed in general terms, the types of systems
and how to estimate approximate power densities, we can better appre-
clate actual quantitative data. Higher power cystems may occupy
frequency bands as low as 50 mc./s. cr so for radars and 100 kec./s.
for communication, up toc about 20,000 mec./s. or more, to use round
figures. Average power levels may vary from about 1-10 kilowatts or

so at the upper frequenciec to perhaps several hundred kilowatts toward



the lower frequencies. A level of one megawatt average radiated
power may be a distinet possibility.

Transmission line sizes may vary from about 6-8 inches diameter
in the coaxial types and several sq. ft. (area) in waveguide types at
the lower frequencles down to the standard waveguide sizes at the upper
frequercies (e.g. arena of 0.5 sq. in. for X-band). Power densities 1in
the waveguide transmission lines may then be as much as 103 average
watts/sq.cm., thereby exceeding some selected value such as C.01 w/sq.
cm. by a factor of something like 102 times.

Turning to the antenna feeds, these vary in area from sq. inches
1t the higher frequencies to sq. ft. at the lower frequencies, with
many variations from this norm due to specialized feeds for specific
purposes. A person look!ng into or expesed to the radiation from
these feeds, or standing inside one (quite possible!) will encounter
average power densities less by a factor of 5 to 50 times that in the
transmission lines, but still larger than 0.0l w./sq.cm. by a possible
104 times.

In considering the antenna radiation, we find that in the near
(Fresnel) field, average power densities may be in the range of 0.0001
to 1.0 w./sq.cm., the latter value thereby exceeding 0.0l by a factor
of some 100 times. The ranges (Frasnel) in which such power densities
obtain may be on the order of magnitude of a mile. Beyond this dis-
tance, the previously described Fraunhofer decrease with distance as
1/R° takes over, and equation (6) may be used for computation. It
should be noted, since we are discussing antenna radiation at this
point, that many sites may have several similar or different radiating
system: "on the air" at the same time. 1In addition, as noted before,

these radiation power densities exist over widely varying time periods

28

P —————
. T e va e ANy W

5 TR T TSP e

-, - . &
m:f«!g——u - : p Y . z
e - l 2



depending upon particular systems usage.

Summary

In summary, we see that we have a tremencdous number of possible
combinations of power, densities, frequencies, and exposure times.
This will require careful and complete research and planning to pre-
vent e.m. radiation hazards in the laboratory, manufacturing plant,

and in the field.
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FRESENTATION III

HIG!I POWER MICROWAVE FACILITIES
by
Dr. John S. Burgess, RADC

The physical scliences occasionally get themselves into hot water
and have to scream for first aid from the medical sclences. Such 1is
the situation today and it is gratifying to see so many of you medical
people gathered together o discuss this problem of radiston hazards.,

Dr. Handelsman has Jjust explained the natare of the problem as
it pertains to radar. In order to be of any use to us, the power that
we generate must be radiated into free space. There is nothing we can
de about that. The next best thing, then, is to determine the levels
that are being radiated, and to determine what effect this level of
radiation might have on any living matter that appears within the
field of radiation. The measurement of the field intensity can be
calculated, as Dr, Handélsman has shewn, or it may be determined ex-
perimentally by probing the field with small dipoles. This latter
method i1s difficult because the presence of the instrumentation
usually changes the field distribut . For this reason, it is im-
practical to carry on quantitative measurements of the effects of
radiation in free space,

In order to facilitate controlled experiments, RADC would like
to offer its high power laboratory facilities. These facilities have
been set up for the purpose of making high power, high voltage tests
on various electronic components developed by government and industrial
laboratories. The power is confined to wave guide and cavity configu-

rations so that the power density 1s quite accurately known. In order
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to give you an idea of the power levels avajlable, I have listed

them in the following table. (T indicates tunable)

Frequency une Peak Power Average Power Power Dengsity
G200 me Magnetron 0.75 MW 0.75 KW 234 watts/cm
5400-5200 Klystron (T) 3.0 W 3.0 KW 303 *
2700-2900 Magnetron 5.0 MW 4.5 KW 155 *
Magnetron (T) 3.5 M 3.5 KW 120
Klystron (T) 5.0 MW 8.0 KW 276 "
1250-1350 Magnetron 9.0 Mw 10.0 Kw 86 «
Klystron (T) 2.0 MW 6.0 KW g @
Klystron (T) 10.0 MW 15.0 KW 129
L0O-450 Triode (T) 5.0 MW 300 KW 212 »

I would like to call your attention tc the power density which is
measured in watts/cm? which is to be compared to accepted level ol 0,01
w/ cme The last triode listed will not be available for about eighteen
months although 1 am sure we c-~uld make available quite high power levels
at this frequency if it were required.

You will notice that some of the tubes listed arec klystrons,
These tubes operate at veéry high voltages, up to 250 KV, and as such,
are very officlent X-ray generators. In fact, Col. Knauf has found
out that we generate much higher intensity X-rays than he does at the
hospital. Unfortunately, ours are aot in a nicely controlled beam but
spew out in all directions sc that it is necessary to use a consider-
able amount of lead shielding around these tubes. X-ray tolerances
have been fairly well established although it would be very helpful
to us in preparing our equlpment specifications if thure(worv 4 single,

accepted standard of X-ray tolerance.
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There are several factors which are of concern to us in thv opor-
ation of our high power laboratory. First is the X-ray problem which
I have Jjust discussed. Next, we know that there i35 a certain amount
of leakage of our power through slots and cracks and joints, etc. Wc
don't usually concer.r curselves about these becausc we know they are
quite low levels. Lowuver, i¢ would be much safer if we had a direct
reading meter that-could veil us the power density at any point.

Occasionally, we have a test that requires that we radiate the
power, For such a test we usually stiick 2 horn out the window and
point ;t up, These are usually short term tests that probably are
more annoying because of interference than anything else.

It may be of some interest to you that we are presently carrying
on toxicity tests on SF¢ in the laboratory. This material allows the
use of high powers without pressurizing the wave guide. However, in
the presence of a high voltage treakdown, the gas forms compounds that
are toxic and corrosive. We are interested in measﬁrinr the tcxicity
so that we can take proper precautions in using this gas in our high
power wave guides, If any of you are particularly interested in these
tests, we would be glad to escort you to the laboratory where they ure
in progress.

I have attempted to give you a brief summary of the high power
facilities which exist here at RADC. If these can be of service in
measuring the biological effects of microwave radiation under con-
trolled conditions, then we will see that they arc made available to

you.
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FRESENTATION IV

FROGRAM FOR THE INVESTIGATION OF THE BIOLOGICAL EFFECTS OF
ELECTROMAGNETIC RADIATION AT THE ROME AIR DEVELOPMENT CENTER

By
George M. Knauf, Colonel, USAF (MC)

You will notice on your program that I am scheduled at this point
to discuss first the Rome Alir Development Center bilo-effects program
and then to discuss the establishment of the Air Materiel Command per-
missible R/F exposure level. With your permission, I am not going to
make any attempt to separate these two subjects but will interweave
them as 1 go along since they do not lend thewselves well to separate
discussions. By way of orientation, let me first say that we here at
Rome are concerned generally with 4 types of radiation as a result of
our work in the develcopment and maintenance of electronic gear. We are
concerned with x-radiation, with microwave radiation, with infra red
radiation and with ultra violet radiation. Let me dispose of the last
two of these rather summarily by saying that we are in the process, at
the present moment, of surveying the literature to determine what work
has already been accomplished in these areas in an effort to clearly
delineate any requiremenf which may exist for further research in
these two areas. Should such a requirement be established, we pro-
pose to add this requirement to our present program for future ac-
complishment., Our principal concern here is with the first two types
of radiation, x-radiation and microwave radiation. First, lets dis-
cuss our x-radiation problem. As you know, x-rays are produced at
significant levels in the operation, in the main, of the magnetron
and klystron. To some extent, thisc type of radiation results from

the operation of many of our smaller power tubes as well, Without



going into any detalled discussion of _the sources of x-radiation, let
me give you an idea of the magnitude of this problem by saying first
that raw tube measurements have been made indicating an x-ray output
of as high as 500 r/min from some of our larger high powered tubes,

It should be born in mind that for the most part, these x-rays as
measured have been well flltered by the shell of the tube and consist,
for the most part, of only the high energy prortion of the x-ray spec-
trum. - The softer, less harmful, portions of the x-ray spectrum have
been effectively removed by the filtration accomplished by the wall of
the tube with the result that the radiation leaving the tube has been
found to have an effective enérgy output considerably higher than the
effective energy output of a broad spectrum x-ray tube. On the other
hand, some of our lower powered tubes such as those used in certain
pleces of laboratery test equipment have an x-ray output below the
critical level of our film badges. Since 1n some 1nstances, these
tubes are found in bench equipment, we feel that we can not safely
ignore this minimal x-ray output since many of our people are exposed
to this radiation across the full 40 hour laboratory week. As you can
imagine, this situation has given rise to some unique problems in the
area of personnel monitoring. I do not propose to discuss that phase
of our work in detail at this time since it will be discussed in con-
siderable cdatail after lunch when we take up the Air Force exposure
problem., Allow me to say in passing, that we here are not at all
satisfied that we can continue to safely acecopt the published standard
of 300 milliroentgens per week as the allowible exposure level for our
people. We feel that in the face of the iniformation beling accumulated
regarding the lncreased effective cnergy of thirs radintion that our

permissible level should be lowered. This provl.o: . - rd
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area monitoring and the development of a dosimeter for this purpose will
be discussed by Dr. Spencer this afternoon. We feel that in general,
we are on top of this problem and are devoting a majc> portion of our
time and effort to an assay of the biological effects of microwave
radiation. As you well know, interest in the biological effects of
radar energy is growing with enormous strides. This increased interest
is found in our technical personnel as well as 1in the general public.
Judging from the mail which crosses my desk, I would say that the
public interest is rapidly moving from interest to concern. The rea-
sons for this increcased interest are to me interesting to consider.

A few years ago, radar was something about which the public heard, but
with which they had virtually no intimate personal contact. This is
no longer true. As the average citizen rides along our highways, he
is constantly reminded that his progress to his destination is being
carefully observed by keeping him in a radar beam. He learns by means
of the press that his favorite television program moves from point to
point across the country by means of a microwave beam. He cees adver-
tisements in store windows and in the press advising him that only
this or that airline insure him a safe and smooth flight by means of
radar carried in the aircraft in which he will ride. The juvenile
mind is kept stimulated by the medium of comics which depict the re-
markable results which way be obtained by the use of one or another

of an array of ray guns. There is a movie going the rounds at the
present time which incorporates a sequence in which an individual ex-
posed to one of these very mysterious beams so shrinks in stature that
he ultimately uses a straight pin to fight a duel with an insect. It
is not remarkable to me that the puolic is concerned when with all of

this background of orientation and indoctrinaticn, they read a story
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in the press which characterizes this energy as "invisible dcath" and
which further states that we are squirting this energy all over the
place without any idea what we might be doing to people. Of recent
date, I have been queried by responsible members of the medical pro-
fecsion who want to know whether any of our radai sets direct their
beam toward the adjacent civilian community. These men are not alarm-
ists, they are genuinely interested and I'm afraid that unless we take
some positive corrective steps, this interest will grow into concern or
even zlarm. Among our technical personnel, we also have an increasing
interest in the bilological effects of this form of radiation. I am
very happy lndecd to say that their growing interest is based upon a
mach firmer foundation than that previously described, but neverthe-
less, there is evidence of an increasing interest and one which merits
factual answers. The interest of our technical people is based upon
the knovledge that we are rapidly expanding the frequency spectrum
which we use and are now including in some of our higher powered equip-
ments the lower frequencies which are capable of penetrating the human
body more deeply than is true with the higher frequency, shorter wave
lengths, commonly used up until the present time. They find little
solace in the fact that there is no history of injury to perionnel in
the past since they know full well that the trend today is toward ever
increasing power. They know that in the period immediately ahead of
us we will see equipment which substitutes for the present 10 mega-
watt output, an output as high as 100 megawatts with average power
reaching levels as hlgh as 1,000 kilowatts. They tell me too that a
technique has been developed overseas to couple power sources in such
a way that the output rather than heing additive becomes a geometric

output thus making it possible, utilizin; the equipment today in
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existence, to anticipate outputs us high as 1,000 megawatts. Our
people recognize this situation and ask a very straight forward rea-
sonable question, "What effect will this energy have on man?" At the
present moment, we are without an answer to that question. It was as
a result of our inability to provide adequate answers to the ques-
tions that are arising daily today that our program of biological
effects was born. Let me say here, that in its inception here at
Rome, our program concerned itself only with the effects of thics energy
on the total physical economy of man. It was our idea that should an
effect be uncovered, we would set about to develop the protective
devices or equipment necessary to safeguard the health and welfare of
our people and leave the more basic study of the mechkanism which re-
sulted in this effect to those agencies charged with the responsibi-
lity for either basic or clinical research. We based much of our
initial effort upon the fact that we feel ourselves as urgently in
need of negative reports as we do of course of any positive evidence
of an effect. This picture has changed somewhat in the last few
weeks. We find ourselves now charged with the total program of the
biological effects of microwave radiation and are at the moment in
the process of realigning our sights in order to include this add:-
tional mission. We approached the problem generally in this way. We
don't know where, if anywhere, in the overall microwave spectrum we
might find the frequencies of greatest interest biologically. It

1s obviously impossible to explore all of the frequencies in the mi-
crovave spectrum. Limitation of funds and the limitcd number of in-
vestigators willing to devote their time to this problem made it
immediately apparent that it would be necessary for us initially

to sample the frequency spectrum zt selectad points. We elected to
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do this sampling at 200, 3,00C, 10,000, 2,500 and 35,000 megacycles.
This approach was discussed with members of the National Research Coun-
cil, with the Surgeon General cf the Air Force us well as with our own
technical personnel. They all agreed that this was an intellipent
approach and that should some one of these frequencies under study
indicate a need for expansion of our investigation in some urea of

the spectrum, we could modify our initial program to concentrate our
effort in that area. We outlined then the general scope of the infor-
mation we were interested in obtaining and made this information avail-
able to a group of universities known to be interested in investigation
of this sort. 1In general, our program embraced studies pf the pos-
sible effects of microwave radiation upon living cells, tissues, and
intact organicsms. We asked that these experiments include both con-
tinuous wave and pulsed type energy. We expressed a desire to acquire
information on the reflecticn, absorption, and transmisslion of this
energy by different tissues using various combinations of power den-
sity and tissue. We asked that the problem of the effects of acute

vs chronic exposure to this energy be thoroughly investigated. We
asked that effort be directed to check for possible intracellular or
intraneuclear damage which might result pernaps from molecular reson-
ance, the interruption of enzymatic chains or the production of unusual
free radicals. The response to our exnrecssion of interest has been
most gratifying. As a result, today, the University of Buffalo is
engaged in an investigation of 200 megacycle energy. The University

£ Miami is setting up to accomplish similar studies at 395,000 mega-
cycles., We hope within the next couple of weeks to iron out certain

administrative problems and get the University of Rochester under way
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on a program centered at 3,000 megacycles. One of the universities at
present holding a contract with the School of Aviation Medicine of
much more limited scope than we visualize has expressed an interest

in expanding their investigation to embrace in general the type of
investigation in which we have expressed an interest and I feel quite
certain that when the transfer of this contract responsibility is ac-
complished from the Schoo) of Aviation Medicine to the Rome Air De-
velopment Center, we will be able to go ahead with this group and
accomplish a more comprehensive study of the possible effects of
exposure to 10,000 megacycle energy. Because 24,500 megacycles is

the level at which water appears to demonstrate its maximum absorption
characteristics, we have elected to include this frequéency because

of its possible physiological implications. We have received a pro-
posal to conduct an investigation at that frequency which i1s not in
all respects satisfactory. I have no doubt however that when time
permits, it will be possible to interest some group in the investi-
gatlon desired at this point in the frequency spectrum. It should be

i

specified here too that we have indicated a desirs that the investi-
gating groups be made up of a wcll knit team composed of physicians,
electronic engineers, physicists, biclogists, and representatives of
the other interested blo-sciences. I am of the opinion that such a
combination of disciplines offers us the best possibility of attain-
ing the desired result. As I said a few minutes ago, we are in the
procesb at the moment of having the current contracts of the School
of Aviation Medicine transferred to us for administration. I have
to date not seen any of these contracts but have had an opportunity
to read the statements of work made a part of each one of these con-

tracts. Let me say now, that we here are impressed with those
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statemants of work and do propose at the moment to continue all of
them., I must ask to be excused from a more detajled discu-~lon of this
contractual effort since 1 have not had an opportunity to completely
acquaint myself with that work. As soon as this transfer 1s accom-
plished and I have had an opportunity to study the work proposed in
them, I plan to sit down with each one of the principle investigators
in order that we may mutually exchange ideas. Inscfar as the School
of Aviation Medicine's program 1s concerned, I feel that this meeting
is premature but wish to assure these investigators that at the ear-
liest possible moment, I will sit down with them and go over their
program. I do feel myself indeed fortunate in belng given aﬁ oppor-
tunity to associate with such an outstanding group of investigators.
So much for the Rome Air Development Center's program of investiga-
tion of the biological effects of microwave radiation. We recognize
fully that our questions are not going to be answered overnight. We
realize that we must patiently wait until our friends have provided
us with answers to some of our questions. 1In the meantime, however,
th: problem is still with us. For the past couple of years, we have
been bombarded with questions on the subject of the effect of this
energy on the human being. In an effort to provide guidance for the
field, we carefully surveyed the literature in existence in an effort
to establish a safe exposure level to this form of energy. Many pro-
blems presented themselves. The frequency of the energy to which an
individual was exposed, the nature of the exposure, whether it was
acute or chronic, had to be considered as well as many like vari-
ables. We felt it impractical to attempt to establish an exposure

level for various frequencies in the absence of factual data. We
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felt 1t much more practical to hit upon one safe exposure level and
apply that to all frequencies. As a result of our study of the litera-
ture, we came to the conclusion that probably physiological damage did
not result unless the power flux exceeded .2 watt/cm? However, there
was an important element of uncertainty in our conclusions. As we
reviewed the experiments as they were accomplished and the instrumen-
tation that was used in the light of present "state of the art" know-
how, we were forced to wonder whether we would not do better to look

at this question of physiologic damage pessimistically. For this rea-
son, we arbitrarily elected to consider that there was a possibility
that some of the reported damage had resulted from power deasities

in the general neighborhood of .1 watt/cm¢ We recognized tco that

the expanded use of electronics in our everyday lives has resulted in
adding to our environment minute amounts of microwav= energy at many
frequencies., Realizing how impractical it would be to measure the
power density at each of these frequencies independently and believing
that the sum of these assorted sources would not reach any great order
of magnitude. we felt that they could best be provided for by applying
to our estimated .l watt/cm? a factor of safety of 10. We believe
that this factor of safety of 10 provides us with sufficient lati- f
tude to embrace the sources I have just described and still provide

us with a safety factor in keeping with good industrial medical prac-
tice. We propose this level as & common sense precautionary step in
an effort to avoid harming our people while we wait for the output

of our research program. I should say here too that when I described
incidental sources of microwave energy I do not include other radar

sets. This s not meant to be facetious. Within the last month, we
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have been queried by a facility operating two scparate radar systems
who asked the direct guestion, whether the measurement of 1 set was
sufficient. They asked whether there is sufficilent margin of safety
in our proposed exposure level to take care of the second radar. The
answer of course to this is obvious. We would have to know a great
deal about the characteristics and location of the two pleces of
equipment in order to answer a question such as this. Gentlemen,
there is nothing about the establishment of a research program or

the publication of precautionary instructions which in themselves
legislate against the application of a little common sense. Our

hand has been to some degree forced in the establishment of this

safe exposure level of .0l satt/cm Some months after we arrived at
a decision to establish .01 watt/cm? as the Air Force safe exposure
level, we received a report from a leading industrial laboratory in
whéch it was propcsed to establish the safe exposure at 1 milli-
watt/cm? We did not agree with this level nor did we feel that we
had sufficient data to contest this report. 1In the meantime, the same
contractor in connection with another Air Force contract has written
to say that in their opinion, .0l watt/cm? constltutes a completely
safe exposure level for personnel. I do not know that the 1 milli-
watt proposal has been rescinded but do believe the parent company has
had a change of heart. DMore recently, another leader in the field of
microwave research has sponsored a level of .1 of a milliwatt/cm? as
being the safe exposure level for personnel. They further complicate
the picture by saying that when the level exceeds .1 of a milliwatt
and lie between .1 of a milliwatt and 1 milliwatt, personnel should
be restricted from working in the area in excess of 4 hour in any 24

hour period. We can not find Jjustification for this stand anywhere
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in the iiterature. In a rccent confcrence with the engineer who wrote
the report and the medical director of the company concerned, we got
the impression that this level was sponsored in keeping with a com-
pany policy to take no chances. We are of the opinion that when they
establish such a level they are indeed taking no chances. It should
be said here too that we have not considered any point in time,
reference to microwave exposure, as valid since we do not have at
present any data which compares the effect of chronic vs acute exposurs=.
For this reason, we have instructed the field to take precautions to
avoid exposing people to ambient power levels in excess of .0l watt/cm2
for any period of time. We have expressed an opinion that this level
should be directed at average power density since all available data
would indicate that the average or sustained power is the segment with
which we are concerned. So much for our concern in a safe exposure
level as regards microwave radiation. I have deliberately evaded the
question of what we feel should be the safe exposure level of ionizing
radiation as we encounter it in nur laboratories. I feel myself com-
pletely without qualification to discuss this problem before an
audience of this type. I do have, however, as my assistant, Dr. John
Spencer, w..occ background or training and experience, eminently well
qualifies him to discuss this subject with you. I have asked that he
take my place on the program after linch and discuss with you the Air
Force axposure problem., He will limit himself pretty much to the
field of icnizing radiation and I think that he will pass along to

you some information which you will find to be exceedingly -valuable.

We know that this form of radiation can have serious effects upon
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the human mechanism., As contrasted with the knowledge concerning

microwave radiation which conceiveably we might find to be harmless

or even beneficial, I am of the opinion that when you have heard Dr.

Spencer talk, you will, like myself, be convinced that we can no

longer view the ionizing radiation output of electronic tubes with

quite the complacency with which we have viewed it In the past.
(Refer to Appendix A - STATUS REPORT)
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FPRESENTATION V
EAZARDS OF ELECTROMAGNETIC RADIATION TO ORDNANCE
by

Dr. C. R. Larkin, Bureau of Ordnance

SUMMARY

With the increase in power of sources emitting electromagnetic
radiations and a similar increase in the number of such sources in-
stalled on Naval vessels the several Bureaus of the Navy are becoming
increasingly conscious of the possible hazards of the radiation to
exposed personnel and to flammable or explosive stores. The efforts
reported here have been directed particularly toward the latter items
although some of the data which are being collected will be equally
useful to the problem of personnel hazards.

I should like to outline briefly our meihod of approach to the
vrobiem of evaluating the hazards and I believc you will note a marked
parallel with the method described earlier today in the summary of the
Schoonl of Aviation Medicine program for biological hazards. I shall
refer specifically to items of explosive ordnance and note that we
are concerned chiefly with the sensitive electro-explosive device
which initiates a chain of actions resulting in the igniticn of the
main high explosive charge. I shall call it a squib even though its
technical decignation ray be different in varying circumstances.
Omitting details, the plan of procedure is summarized in the follow-
ing steps:

l. Determine the sensitivity of the various electro-explosive

devices to ignition by RF power or energy.
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2. Determine the pick-up and trunsmission charact ristic of
weapons, i.e., the ability of the weapcn as used or handled to absorb
RF pcwer in a known or measured field and to transmit it to 1ts squibs.

3. Calculate or estimate the maximum permissable field exposure
for a specified risk. This would be accomplished by a statistical
treatment of the data obtained in (1) and (2).

4, Explore and measure the field intensity which may exist
at critical locations aboard ships or other places wherec ordnance
may be handled,

5. Make an estimate of the probability of accidental ignition.
In cases where a higﬁ probablility of igznition exists, a direct result
may be obtained by exposing the weapon to field intensities known to
exist and observing the "firing" of the squibs. If no squibs fire,
howevér, very little information 1s obtained since, without measurement,
there is rio indication of how close the absorbed energy may be to the
firing level.

The difficulties of obtaining sufficient data to supplement
completely the plan described is great since the spread in the para-
meters to be measured is large and the number and range of the variables
is likewise excessive. For example, the range of frequency encountered
is such that it is unrealistic to obtain data at points other than
those obtaining for the higher powereq transmitters.

The determination of the field intensities existing on Naval
vessels yields data which I believe to be applicable to all types of
hazards aboard ship. A start has been made toward collecting this data
and I shall present som2 of 1t today. Much of 1t has been obtained by

the Bureau of Ships although the Bureau of Ordnance has sponsored some
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of the measurements. Thosc available to me at the moment have been
obtained on the foitlowing ships: Canberra, Boston, Northampton,
M:ssissippi, and Gyatt. In addition, measurements on certain trans-
mitters at certain positions considered applicable to certain ship-
board conditions have been made at the Naval Proving Ground, Dahlgren
and the Naval Air Test Center, Patuxent. The ckart (Table I) is a
condensation of the results of the measurements with some pertinent
data added.

Some discussion of the meaning of field streng’ . power
density measurements is pertinent at this point. An eiectromagnetic
field is characterized by four vectors: E, B, H and D. In free space
the treatment is fairly simple, D = (-E and B = mH where ¢ and s are
constants, and for a plane wave the electric and ma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>