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PREFACE

For several years, research on the biological effects of
microwave energy was dclegated the role of a "stepchild™ among
other research problems competing for support. The bio-effects
effort was shifted among various branches and lccations within
Lhe Arwed Seivices, ualil less than TwWo y 50 Wheii
Force was given the tri-service coordinating respensibility in
this area. As a means of fulfilling this respongibi’ity, the
Rome Air Development Center and the Air Research and Development
Command Headquarters held a tri-service conference on 15-16 July
1957 to bring together key researchers in the bio-effects area
80 that each department within the Armed Services could discuss
on-going and needed research.

Within the last year, the research effort mat'ured sc rapidly
that it was thought desirable to hold a second tri-service c¢on-
ference on the biolreical effects ¢f microwave energy so that
military, universitv, and industrial researchers could keep
tnformed on the activities and accomplishments to date. The
conference was held 8, 9, 10 July 1958 under the able chairman-
ship of George M. Krauf, Colonel, USAF(MC), at Rome Air Develop-
meni Center, Griffiss Air Force Base, Rome, New York. It was
especially fitting that Dir. Knauf shculd organize aad sponsor such
a conference, because of the outstanding cowpetence and leader-
ship he has demonstrated in thas area.

The foiluwing papers represent the contributions of many

leaders in tne fields of biology, physics, medicine, engineering,




and péychology. Every atteumpt has been made to present the papers
for the reader as they were presented at the conference. In some
cases additional information hes been incorporated into the presen-
tations. It is hoped that no injustices to content or persons have
resulted from the task of editing the manuscripts and transcriptions.

Special thanks are expressed to Colonel Knauf, Mr. Brownstein,
and the staff of RADC for their hospitality and skiliful handling
of the arrangements for the conference. The editors &lso wish to
express thanks to Miss Mary Ann MacDougall at the University of
Virginia for her able adn..nistrative assistance in preparing these
proceedings for publication.

1t is hoped that the following presentations will be useful
in s mmarizing the present knowledge on the biological effects of
microwave energy and that it nay be of value as source material

for future researchers.

Evan G. Patt’ 'shall

Frank W. Banghart
Charlottesville, Virginia
September, 1958
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WELCOME
by

Brig. Gen. Donald P. Graul, USAF
Commander, Rome Air Development Center

COLONEL KNAUF':
Tt ia a nlsaayra thia morning to introduce mv boss to vou.

You know we all have a tendency to stick ocur cheats out and
say{ "See what I have done," and forget that the part we indivi-
dually play is a very small one, This has been especially true
here in my case,

I am ever conscious of the great help I have received from
the individual at the helm here at the Rome Air Development Center.
Without that help I am afraid we would not have gotten very far in
our research effort.

Our commander, Brig. Gen. Donald P, Craul, has veen at once
a counsellor, a patient and tolerant overseer, and & real friend,
especially when the going has been a little rough.,

It is my pleasure to introduce Brig. Gen. Donald P. Jraul,
the Commander of the Rome Air Development Center.

BRIG G'N GRAUL:

I want to welcome all of you to Rome Air Development Clenter
for this Second Conference orn the Effects of Microwave Energy.
Wnile this is labelled on the program "Tri-Service,"™ we are
certainly happy to have all of those psople working on the problem
from the university field. This group is unigue in that we have
- .ictronic scientists, engineers, and industrial medicine specialists.
It is just recently that these two fields have been brought together
in this way, and we will be looking to you psopls to solvs these
problens, or at lcast devermire what the effects are and how we

can avoid any harmful effects. As long as our equipment designers,




our component developers, go to higher and higher powers, we will
have the problems we have today or increasing problems. With all
of the people in this unique area here, I think we should finish
the confsrence with a better understanding what is going on and
what has been achieved s¢ far. It is important to us who are
developing this equipment TO Know the answers becaus@ the people
using it in the field look to us foy the measurements; possible
effects, danzer areas., In other words, they look tc us for the
answers, and we are hoping to get that out of conferences such as
this and contracts that are now in effect. I hope, and I am sure,
that this will be a very beneficial meeting to all of us., We are

v~lad ycua are here.




QUTLINE AND PURPOSE OF 'THE MEETING
by
George M. Knauf, Colonel, USAF (MC)
Deputy Director of Applied Ecology
Directorate of Technical Services, RADC
It certainly is gratifylng to see so many of you here.

We sincerely hone you find the material we plan to present
both useful and thought stimulating- We have endeavored to -
put together a program which will first, be an up~to-the
minute review of Jjust where we stand in our research effort
in the armed forces and second té couple with this research
report certain data in allied fields which may te of some
assistance in meeting everycay protlems related to biological
hazards. For the most part this span of material has been
built around queries we have received from you since our la:t
conference in July 1957. I am sure you all realize that it
is difficult to restrict a program of this sort to purely

blological subjects. There are many other considerations

The application of sound humen englnecring principles, a
study of the value of shilelding to cur personnel protection
plans, the education of operating personnel, all play an
important part in the total effort. We have attemhted to
high-1ight these areas in our ageiida. We will not belabor
these topics but will just touch on thex in order that you
may know how the thinking goes at the moment in those {iclds.
We will also'be privileged to take a look at the long range
plans in the area of Alr Force electronic development. I feel

which must ve built in to our approach.
this to be most important. It is extremely important that each of




have a clear mental plcture of the ultimate goal of our investiga-
tive effort. When this program was first concelved at Rome, we
limited our thinking to the problem of hazards that might result

from exposure to this energy. Our effort was directed toward equip-
ment in being at that ¢time., We 890n realized that this was a serious
mistake. It became apparent that:at least 2 or 3 years would pass
before we were in possession of factual data relating to h:.zards

that might arise from equipment already in the field. A gquiek look
at the research and development program made it clear that by the

ti 2 we had that data much of the hardware 1t applied to would have
been made obsolete by a new generation of equipment. It was certain
that we would remain 2 or 3 years behind the systems development pro-
gram,

Obviously the development people were not disposed to take a
holiday to allow us to catch up. Nor could we by-pass the urgent
need for hazards data related to the equipment in use. The only
apparent solution was to attempt to combine these two approaches.

At about this time a new consideration appeared. A sputnik was
launched. Of course our program was affected by the accelerated
drive to get ahead with research. The word research had a new found
appeal, a new charm. I am not going to comment further on this fac-
et of our na?ional philosophy which had so blithely set aside vital
regsearch endeavors at a time when the need was so great, As a re-
sult of this new interest in missiles and space,we found a com-
pletely revamped development program being boria, The cry was for

more power and more power, Research concepis set aside in the recent




past were taken down from the shelves, dusted off and given high
priorities in the program. The emphasis was on new ideas, on a
break through. O0f course to those of us involved in the biological
side of the work this meant real trouble. We were already behind.
Ever since this program was born I have felt like a 3-year old try-
ing to keep up with his father on a walk through the woods. Now it
aeémed that the task of keeping up with Dad was Jjust aﬁout hopeless.
But it had to be done.

We had no way of knowing just where the power output of the
new equipment would fall, so we decided to extend the span of our
investigation in such a manner as to try to accumulate some data
in advance of an actual requirement for it. As a result we set out
to do certain whole body exposures at levels as high as 1.0 w/cm2
of r/f power., This was modified in the case of selected organs to
conduct exposures at lower levelr where the energy could be con-
centrated on a tissue or body structure. Thus, in the case of the
eye, exposures were conducted at about .3 u/cma. It must be re-
membered that we had esvablished arbivrarily a maximum safe ex-
posure level of .01 w/cma. Thus our experiments were tallored to
power levels as much as 100 times greater than our maximum exposure
level. You will remember that I have staved on many occasions that
the most powerful radar set in operation today cannot produce this
.01 w/’cm2 of power at 500 feet, even in the axis of the main bean.

Now when we looked at the whole research effort in its new
setting 1t became obvious that it could not any longer be properly
called a hazards investigation. We were {ruly looking at the broad

5




spectrum of possible microwave effects with a view toward being
ready should our deveiopment people.be successful in coming up with
the higher power radar they were dreaming about. We dropped the
word "hazards" from the title of our effort and raplaced it with the
word "effects." On this basis we have proceeded with the work you
Will hear about in vhe next couple of days. As you lisiten Lo ihese
presentations of our research friends, be sure to bear in mind the
two objectives of all of this work. We first are interested in any
possible effect on man which might be produced by the power pro-
duced by radiating equipment in use today. Then next we want to

get some idea what lies ahead blologically if we continue t¢ increase
the power output of our equipment. Of the utmost significince is
the wide gap between the power we are operating at today and the
levels at which we are conducting our probing exposures, Remember
that the latter are many times greater than the capability of pres-
ent day equipment. I thinic this might be a good time to say that
up to date there has not been any effect produced or even hinted at
at power levels which remotely approach our established maximum 8ife
.exposure level. An effect does not become a hazard until man is ex-
posed to such an effect, and with the equipment of today this possi-
bility is remote.

A few minutes ago I said you were safe in the axis of the main
beam of today'!s radar sets at 500 feet. You must here again remem-
ber that to be a hazard, this axis of the meln beam must be so lo-
cated that a man can get into 1t. You can readily see that with

tower mounted equipment operating at the usual angle of tilsg, the
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chance of getting into the main beam is rather ﬁnlikely. As a mat-
ter of fact, we find this possibility pretty well limited to our main-
tenance and operating technicians. Now that we have been able to
delineate the hazardous areas aruvund our gear, we have found it pos-
sible to devise protective measures which will adequately protect

le., There seeme virtually no poseibility of an in-
nocent passerby straying into the beam of existing equipment. Our
current interest is in the new series of equipment on the drawing
board at tha present time. Here a certair mumber of these built-in
safeguards are removed. We can be certain that we will attain power
levels equal to our maximum safe exposure level over a much wider
area. Such levels will not be restricted to the main beam. Be-
cause of the peculiar configuration of this equipment, it will be
necessary for certain technical personnel to spend varying periods
of time in areas where the ambient power level will exceed .0l w/cmz.
However, the upward tilt of the beam will still be there, thus offer-
ing prqtection to the casual passerby. It is not appropriate at

this m;eting to go into details of this equipment. It is sufficient
to say that the power of this proposed quipment is much greater than
anything we have dealt with before. Tha problem of accidental ex-
posure to this higher power becomes a possibility. The need for pro-
tective clothing to cope with certain operating and maintenance piob-
lems appears inevitable as doms the need for more attention to shield-
ing for buildings and passageways in the operational areas. Even here
there does not appear to be any nesd for concern about any hazardous

situation outside of the immediate vicinity of the equipment. It is




with the thought that we must be ready with answers for the ques-
tions that will certainly be asked, that we are golng ahead with
this forward looking research effort,

We had a meeting a couple of months ago attended by all of our
hat vime we leel we ilruned out most of
the technical detalls involving our research procedures, Some of
the presentations you willl hear are in fact the result of that meet-
ing. I hope you willl bear in mind that our purpose 1s to present to
you certain data.

It is of vital importance that all of you be extremely cautious
in discussing the data presented at this conference. It is essen-
tial that you clearly point out to your listeners the fact that our
results cannot be tied to today's equipment. You must remember that
this subject has an enormous public appeal and lends itself readily
vo sensational headlines in the press. I know, We are presenting
the whole story honestly and factually in ikeeping with our promise
of last year. This 1s done because we feel that a technical group
such as this will be able to accurately interpret the results of our
work in terms of hazards., We feel this group represents the folks
who have a need to know what we are learning. This might be looked
upon as a report to the stockholders. Use it wisely--pleacge do not

betray-our confidence,




PHYSICAL CHARACTERISTICS OF MICROWAVES
A3 RELATED TO BIOLOGICAL EFFECTS

by
Dr. Joseph-H. Vogelman, D. Eng., RADC

COLONEL KNAUF:

WO single facet o this whele problom of misrowave affante
seems to cause more confusion than the questions which arise out
of the failure to undenrstand the physical characteristics of this
energy and how 1t differs from ionizing radlation. In the hope
that we might get our feet on solid ground right from the beginning
we have asked Dr, Joseph Vogelman, the Technical Director of our
Directorate of Communications, to discuss the physical characteristics
of microwave energy as they are related to our problems in the bio-
logical arca. Dr, Vogelman is a nationally recognized authority in
the field of microwave theory. I might add that he has been of in-
valuable assistance to me in my management of this work. I am sure
that we will all profit by the information he has for us this morning.

DR. VOGELMAN:

Initially, let me outline the differences between what I am
going to talk about and what someone would talk about i_ he were talk-
ing about X-Ray. Basically, the difference is in measurement, In the
case of microwave energy, we measure the power it takes to generate
the field. In the case of X-Ray, we measure the effects of the field.
When you are talkilng a%out roentgens, you are talking about the ioni-
zatlon that is produced by the field. This i1s a different kind of a
number. I¢ means something different in terms of power when you talk
about short X-Rays as ccmpared to long ones., Now, in the case of X-
Rays, we have been measuriﬁg the radiation effect. In fact, all the
measuring instruments measure effect. uin the microwave case we talk
about the power generated, the strength in the field, and not its

affect. This makes a significant difference. It is not the current




that you generate in the X-Ray tube that 18 determining the amount
of energy, but the fact that shorter wave lengths take more power
to create in the first place. Now that I have made these general
comments, I will discuss only the microwave cases.

Let me first introduce you to some basic concepts of frequency
and wavelengths. The first concept which nas imporiance in e el-
fect of radiation of the microwave case 1s the frequency. It is ac-
tually the wave length that we are talking about, although these two
are related. The thing I want to point out is that the shorter the
wave length, the higher the frequency. This is the same thing that
you find out on a violin or on a piano, the short strings make the

high notes and tne long strings make the low notes,

FREQUENCY WAVELENGTH
LOW FREQUENCY LONG WAVE
HIGH FREQUENCY SHORT WAVE
SUPER HIGH FREQUENCY MICROWAVE

In the frequency column above, if the frequency is low, we
have long wave lengths, If 1t is high frequency, we have short{
wave lengths. If it is super high frequency, we call them micro-
wave-wave lengths,

Let us look at “ve effect of the wave length (Figure 1). Each
one of these balls corresponds to a wave length. The obstacles cor-
respond to the physical characteristics. These characterisiics have
various parts. First they h- - ¢e8, Yo' will see big bumps and
smaller ones. Secondly, they have physical properties which in the

electric case would be dielectric constants, resistivity, and
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Dermeability. These are equivalent to determining whether obsta-

cles are made of rubber, steel, or rock; so if this is made out of
rubber, it absorbs 211 the shock and all the energy is transferred
into the rubber., If it is made out of something that 1s very hard,
such as rock, 1t absorbs very little of the energy and most of the
energy 1s used to kick them off somewherec else. All these properties
have a significant effect. You see the large ball keeps going in
spite of the bumps because they roll over theﬁ. There is nct enough
energy removed from the large ball by the small Lump to be significant,
so that they keesp going out of the picture. The medium size wave
lengths get trapped part way through the material and the very small
ones get trapped almost immediately. - )

Let us look now at some numbers.

FREQUENCY WAVELENGTH
1,000 KC/S - 300 METERS
100 MC/8 - 3 METERS |
10,000 MC/S - 3 CENTIMETERS
1,000 KMC/S - 300 MICRONS
100,000 KMC/S - 3 MICRONS

A thousand killocycles corresponds to three-hundred meters. As a
rule of thumb, an obstacle ought to be at least one-tenth as big as
the wave lengtn. So if you are talking about a thousand kilocycles
to get a significant effect, it ought to be at least thirty meters
long. I do not know any people thirty rmaters tall, so thoy are
reasonably safe. Let us look at a hundred megacycles. It is three-

tenths of a meter, thus a man becomes significantly tall at a hundred
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megacycles, Ten-thousand megacycles corresponds to three centi-
meters, We are tallking now about three-tentgs of a centimeter as
being significant. Here individual components of an animal or human -
being become important. In adéltion, the penetration through the in-
dividual is also significantly reduced. Thnis penetration can be con-
side.ed to be in the order of sometiilng like a hundredth to a tenth
of the wave lengtns in ordinary flesh. You can expect that on the
aveirage penetrations of a three-hundredth to three tenths of a centi-
Jeter, Now when we get up to a hundred-thousana :.ilouegacycles, we
arc talking about three microns (three millionths of a meter) wave-

leagtin. ‘That penetration is about tue saue az one layer of skia

o and wiien you get out Leyond the infra-ved, only the top oi the skin

is penetrated., 1. you go lower to the ultra-vioclet, Just the top
layer of skin gets burned and nothing else happens, at least 1if you
don't et sick with some other side effect, The things that are im-
Qostant are the amounts of microwaves, l.e. the microwave energy pres-
ent, the amount reflected, and the amount transmitted through the ob-
Ject, It does not matter how blg the fleld 18, rather the amount of
abscrbed energy. If you are talking about biological effects, you
are considering the sitin, the musclies, and various constituents of
the body. One thing of importance is size. A sccond 1s the loss in
power, If the objec. nas absolutely no microwave power loss, the
energy Jjust goes'through as 1f the obstacle were not there. Material
like polyfoam has this characteristic. A third important effect is

the interface effect. Every time you go from one material to another,

this change or discontinuity produces a re-orlentation of the power.
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Let us look at this discontinuity. Flgure 2 illustrates a
curt on a street corner. If we have a bunch of balls coming down,
(the vall size is still wave length) the big ball meeting this dis-
continuity bounds over and loses some of its energy. The small balls,
on the other hand, come along and they hlt the curb and bounce back.
If there are enough balls coming from the-left end, eventually some
of them get over, but the;e is a big pile up on the left side of the
discontinuity., If the speed of the balls is just right, some of the
balls coming from the left will meet some of the balls bouncing back.
Since they both have exactly the same amount of energy, y. 4 get a
big plle of balls in the middle. In electro-magnetic terms, this is
the standing-wave phencmena which is very important. If you are talk-
ing about the power that 1s absorbed in this area, you will find that
there 1is much power here but very'small amounts on either side of
it, It turns out in fact that after the discontinuity itself, you
may have no power absorbed or reflected back. Three things are im-
portant: how much power is transmitted through and how much power
is reflected back, and where it is lost.

Let us look at the next phenomena--resonances. I originally
recommended that we subject ali the biological specimens to all fre-
quencles on a cnontinuous basis, because I know of some ten-thousand
different resonant frequencies for different materials which have
been tabulated by different physigists over. the last ten rears.

Thus, if you pick the right mat?rial. you can get & resoanance av
any frequency. Economics persuaded everybody that they ought to do

it at a limited number of frequencies and not try to find all the
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resonances., There are two important resonances, The first 1s the
dimensional one. If the object is a specific part of a wave length
in length, it will build up the maximum energy in the miadle of
that object. The second resonance which is important is inherent
to the makenun af the materiale.maleenlar, elantwon, and miocleng,
The molecular resonances result in movement of the constituents of
the molecule in such a manner as to stretch the bonds between them,
If you put in enough power, you can make the molecule break up and
form different molecules., The electrons that spin around the nu-
cleus also resonate. Finally, the nucleus itseif resonates. It
orlents itself with respect to the fleld. These three resonances
are inherent to the material,

The first resonance I indicated 1s inherent to the disensions
of the material. Those people who remember the Model T will know
that the bumps in the road were always about as far apart as the
two vouwc of wheels and that the car would go wp and down on a con-
tinuous basis. This 1s strictly a dimensional resonance, having
nothang to do with the properties of the Ford, but with the spacing
between the bumps in the road. With new cars we go very fast; the
spacing between the bumps is still significant. However, we reach
a point where the natural resonance of the springs in the car take
over, If you have driven with a shammy, you can realize that when
you get up to speed LU gebs worse and worse as 1% absorbs more and
rnore energy from the road with bigger and bigger bouncss., This is

7 resonance due to the material.
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Now let us look at some of the problems in the antenna.
ANTENNAS - BEAM_PORMING

NEAR FIELD
FAR FIELD
REFLECTIONS

Insofar as bilological hazards are concerned, the only signi-
ficant place for microwave energy is the output of the antenna.
There are three contributors that comprise it. One is the
near field. That is the region where the beam has not yet
“formed. There i1s a near field for every sntenna which depends
on the size of the antenna and on vue wive length. There 1;
the far field where the radar beam is formed and where the
energy falls off as the inverse square of the distance. The
third i1s reflection. Because of the presence of objects within
the vicinity of the antenna, and in spite of the fact the
antenna may be looking in another direction, you get energy
reflected in various other places in such a manner that they
may add in some places and subtract in others. Thuz, you can
have large energy away from the main beam in scme cases. On
the other hand, much closer to the main beanm, you will find no
energy at all.

Let us look at our antenna beam (Figure 3). The antenna
beam is mad~ up of a feed horn which feeds energy to the re-
flecting surface and the reflecting surface hits the energy
back in all sorts of direction. Every small sectisn of the
antenha aperture has to feed back energy in a small quantity
in generally the right direction. Some of it escapes and goes
out in other directions. Beyond this region there is in-

conerent beam. It may have maxima or minima at
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different places. The energy is spread out over the total width

of the aperture and stays within this width in the near field., At
some glven point the beam starts to form. Where the beam starts to
form is where we define the far field. This region we call the near
region, Cnce the beam formé, it maintains the same shape, but it

It oets wider and wider and as a
result the energy per unit area goes down. The important thing 1s
that you cannot use the standard formulas in the near fields for
determining whether there 1s or 1is not a hazard. "

The thing that you want to know 1s how much field there is in
any specific place. Basically, when you measure the field strength,
you are not determining whether there is a hazard or not; you are
determining the likelihood of there being a hazard. I pointed out
before that there are the important things that you must consider.
First you have to consider the fact that the object must be at least
of' significant size compared to the wave lcngth. If you nave a field
strength of a tenth-hundredtn of a watt/bme, but if it is at a wave
length which 1s three hundred meters, it does not really make any
difference. Secondly, you have to find out how much of the energy
would be absorbed. If the body happens to be transparent to this
wave length, then 1t is nov significant what the field strength 13
either, Thirdly, you have to know now much ot tne energy is re-
flected. Energy is reflected from all kinds of intarfaces. Vinat we
are doing in this measuring technique is telliug you what the oppor-
tunity for the existence of hazard is. The way to do th.s 1is very
strasght fosward., We use standard Air Fosce power mebters and cali-
boated antennas and we tell you that the field strength, the toval
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amount of power that exists at any g;ven point, is so many
hundredths of a watt/cm2, This says there is the opportunity
for the exiastence of a hazard &t this point. The standard
technique that has been used here is very effective and will
give you the answer you would need for determining whether
tuere is a hazard.

The figure below serves as a reminder that the power
absorbed is the power that is of interest in the microwave
hazards program.

POWER ABSORBED =

INCIDENT POWER LESS REFLECTED AND TRANSMITTED PCWERS
The incident power, i.e., the power that you measure with
the power measuring equipment, (thus the power absorbed),
is the incident power less the reflected and transmitted
powers. If energy comes out the other end, it does not
affect you. Also if it is reflected from the skin, it does
not affect you. Now, basically, the vhing you have to
determine, to establish whether there is a hazara, is how

much power is absorbed.
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DISCUSSION OF LONG RANGE- DEVELOPMENT PLANS
IN THE AIR FORCE i )

by
Harry Davis, Scientific Director, RADC

COLONEL KNAUF:

Seldom doas one hava the good fortune that has been my lat at
Rome. Here I have found patient guidance and tolerant instruction
at the hands of a group of people already prossed by the magnitude
of the task ahead of thenm. :

Foremost among this group with whom I have been privileged to
associate is Mr, Harry Davis., Mr, Davis is the technical director
of the Rome Air Development Center, His is the task of maintaining
some semblance of scientific order in this bag of worms which re-
sults from the frenzied progress which marks the field of electronics.
Mr, Davis has never been too busy to spend time answering my ques-
tions, never unwilling to stop and patiently explain how I happen
to be going the wrong way on a2 one way street. Too he has endorsed
my work when there has been a question as to whether we should con-

tinue,

Mr, Davis, of all individuals in the Air PForce, 1is best fitted

to discuss with us the future of higher power electronics in our
field. As a matter of fact, he decides to a great extent where the
Alr Forcs might best apply its electronic research resources.

MR, DAVIS:
What I woulc like to do first is to review just very briefiy

what Dr. Handelsman presented last year and then go on to some qr
the things we discussed, some of these unclassified things which
were digcussed at a space symposium held recently at Wright Field
and which_prepresented Air Force thinking. The only picture of a
frequency diversity radar which was unclassified was the one walch
18 called the AN/FPS-26--one of a new family of radars. It 18 a
height finder radar. Radars in this new family may have from 10

kilowatts of average power to 70 xilowatts of average power ﬁhich
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is quite a Lot (Figure 1). This gives an idea of what ﬁhis radar
looks like. We have a tropospheric scatter communic;tion set which
radiates arounﬁ 10 kilowatts of average power. The new generation
‘of these communication sets will radiate around 100 kilowatts -of
average power. ]

What we'd like to do 1s éhow quickly the present radars, the
present communications and where we are going from there and what
type of power we are dealing with,

Let's have a brief review. The next two slides are entitied
"How to be a Design Engineer in Two Easy Lessons."” I suspect that
we needn't dwell on this, since last year's minutes contain Dr.
Handelsman's notes and Figure 2 is the diagram taken from these
minutes. With tﬁese data, you can gquickly calculate the power den-
sities, both in the waveguide shown at the bottom or in the feed
shown in the middle of the slide. 1

/Figure 3 again points out some highlights of Dr. Handelsman's
talk. One is concerned with three regions in space when considering
iated power pruviem; that is, the Fresnel zone or near rielé
region.u'The Fresnel region extends over a distance equal to roughly‘
one guarter of the dlameter of the antenna squared divided by the
wave length. The same linear units, inches, feet, meters, miles
are used. The next r- “‘on 1s the cross-over region where you are
neither in the Fresnel reglon or in the far field. 1In each~o£ these
regions therelaré indicated on the slide rough equations ﬁhich give
values for the poﬁer density. These may be daﬂgerous. They really

give an average value; they don't give you peaks.
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