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RECOMMENDATIONS 

with respect to the hazards of microwave radiation and 

radiation levels derived therefrom 

FOREWORD 

In his letter No. 89182 of 29th July 1969 the State Secre
tary for Social Affairs and Public Health requested from 
the Chairman of the Health Council recommendations concern
ing acceptable radiation levels during the use of non

ionizing electromagnetic radiation, on the basis of hazards 
that the latter might present to people. 

The letter reads as follows: 

"Electromagnetic radiation plays an important part in the transmission 
of energy and information. In addition to its application in long
familiar fields, such as radio broadcasting and radar, new developments 
have taken place in the last few decades, for example high-frequency 
heating and lasers, which emit high-energy radiation in the wavelength 
range extending from the infrared to the ultraviolet. 

It is well known that electromagnetic radiation can damage biological 
tissue. 

While acceptable intensity levels are known and have been laid down for 
electromagne~ic radiation -- such rays as X rays and gannna rays -- with 
ionizing action, which play an important part in the protection of 
people from the possible harmful effects of such radiation, the situa
tion with regard to non-ionizing radiation is much less clear. Attention 
is being· pai.d at international level to the problem of possible harmful 
consequences; but the recommendations are singularly lacking in unanim
ity. 

In view of the increasing industrial application of electromagnetic 
radiation and the increasing energy densities used, it is highly desir
able to have some insight into the hazards that th.is radiation can 
constitute for man in order to formulate the protective measures deem~d 
necessary. 

I request you to undertake a study of this problem and to report your 
views regarding acceptable radiation levels on the basis of the expec
ted dose-effect relationships. Considering the extensive wavelength 
range covered by electromagnetic radiation and the differences between 
the application ranges, it will probably be useful to distinguish be
tween short-wave radiation extending to the infrared and laser radia
tion extending from the infrared to the soft X-ray region". 

In 
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In r~sponse to this request for recommendations the Commit

tee oh Electromagnetic Radiation Protection was set up on 

20th January 1970, composed of the following members: 

B. Huizenga 

T. Bakker· 

A.M. den Boer 

B. Bolger' 

C.J. van Daatselaar 

A.Th. Groot Wesseldijk 

G.H. Heebels 

H. Heering 

J.C. van der Letin 

P.J.L. Scholte 

A. Stegenga 

J.W. Thiessen 

A. van Vianen 

J .J. Vos 

.., - · .... ,; .. 

;y 

Chairman, Head of the Radiation 
Protection Section of the Health 
Council 

Head of the Optics Department of 
.the TNO Physics Laboratory 

Head of the N.V. Philips.Industrial 
Safety Department 

research scientist at N.V. Philips 
Physics Laboratories 

nuclear physics adviser to the 
Directorate General of Labour 

physician, Deputy Director of N.V. 
Philips Medical Service 

development engineer at the Labora~ 
tory for Electronic Developments of 
the Armed Forces 

physician, radiation protection ex
pert in the State Medical Service 
(Secretary of the Microwave Radia
tion Sub-Committee up to 14th 
November 1973) 

lecturer in physics of the skin at 
Utrecht State University Hospital 

professor of radiotherapy at Hospi
tal of the Free University, 
Amsterdam 

Electrical engineering adviser to 
the Directorate General of Labour 

physician, radiation protection 
expert (secretary of the Microwave 
Radiation Sub-Committee up to 1st 
May 1970) 

physician, practitioner of social 
medicine 

Head of the Visuology Department of 
Sensory Physiology Institute, TNO 

- J. Weber -
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J. Weber Head of the Radiation Protection 
Service of Inter-University Reactor 
Institute 

H.R. Marcuse · radiation physicist, Secretary 

In view of the extent of the problem area and the need to 

have, at any rate for certain applications of electromagnet
ic radiation, some·guidelines to reduce the risks associated 
with these applications, it was decided to consider the prob

lem separately for two application ranges, namely: 

a. The use of microwave radiation in radar equipment, in 

what are known as microwave ovens, and in medical prac

tice (diathermy). 

b. The use of coherent beams of infrared radiation and 
visible light in laser equipment. 

Since each of these two application ranges is characterized 
by its own specific problems, it seemed desirable to form 

two separate sub-committees, one to concern itself with 

microwave radiation and the other with micrometric radia

tion. 

Although, strictly speaking, this was not in accord with the 
request expressed by the Secretary of State, which was only 
concerned with an opinion on acceptable radiation levels on ' . 

the basis ol···the expected dose-effect relationships, the 

Committee felt that, in view of the increasing industrial 
applications and the ever-increasing energy densities, -it 
should propose recommendations relating to certain measures 
of protection against the hazards of various types of radia

tion. 

In view of the different approaches adopted by the two sub
committees, the plenary committee considered that the re

commendations on microwave radiation on the one hand and on 
micrometric radiation on the other should be kept separate 
from each other. 

- In -
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In consul.tation with the Committee on Electromagnetic Radia

tion Protection, the Chairman of the Health Council there

upon dissolved-the latter committee and replaced it by two 

completely independent committees, one on Microwave Radia-· 

tion and· the ·_other on Micrometric Radiation. The Microwave 

Radiation Committee, which was set up on_ 14th November 197·3, 

· was composed of the following members: 

H. Huizenga 

A.M. den Boer 

A.Th. Groot Wesseldijk 

G.H. Heebels 

H. Heering 

J. Snieder 

A. Wildervanck 

A.W. van der Wielen 

Chairman, medical adviser to the Med
ical Defence Council, al.so radiation 
protection expert 

Haed of N.V. Philips Industrial 
Safety Department 

physician, Deputy Director of N.V. 
Philips Medical Service 

Systems Group Leader at the Labora
tory for Electronic Developments of 
the Armetl Forces'· ·· 

physician, radiation protection ex
pert in the State Medical Service 

Group Leader of the Microwave Re
search Group at TNO Physics Labora
tory (member of the Committee from 
7th February 1974 onwards) 

rehabilitation physician (member of 
the Committee from 11th June 1974 
onwards) 

Secretary and reporter 

-
After ten meetin_gs. the following recommendations have been 

submitted. They _.are based partly on the discussions at three 

meetings of the former Committee on Electromagnetic Radia~ 

tion Protection and twelve meetings of the Radar Sub-Commit

tee. 

. -_CHAPTER I: 
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CHAPTER I: General 

1.1. Definitions 

Microwaves are normally understood to be electromagnetic 

waves in the high-frequency range from 300 to 300,000 MHz. 

This frequency range can be subdivided into three frequency 

bands as follows: 

Ultra-high frequencies 

Super-high frequencies 

Extra-high frequencies 

Frequency 

300 - 3000 MHz 

3000 30,000 MHz 

30,000 300,000 MHz 

Wavelength 

1 m-lOcm 

10 cm - 1 cm 

1cm- 1mm 

Although the 100 - 300 MHz range is not normally considered 

to be part of the microwave region, it certainly deserves 

considerable attention in view of its intensive use in high

power radio transmitters. However, because of the technical 

limitations of the measurement equipment, it is extremely 

difficult to perform exact measurements of the field strength 

or the power density in the near field of a transmitter 

working at these frequencies. The Committee will therefore 

in principle confine its considerations to microwaves as 

defined above, but also, to ensure a complete coverage of 

diathermy equipment, will take ultrashort-wave therapy into 

account withput restricting itself to a particular micro-
'· 

wave range. 

For the present purposes the Committee defines a microwave 

energy source as an installation that in free space, or in 

an enclosed space, produces electromagnetic radiation in 

the frequency range between 300 and 300,000 MHz. 

The radiation may be emitted continuously or in pulses. 

The radiation may be concentrated in a certain region, by 

means of directional antennae. 

It is normal practice to express the exposure to microwaves 

in terms of the power density, usually in the form of milli-
2 2 2 

. watts per cm (l mW/cm = 10 W/m )_. 

- 1.2. -
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1.2. Introductibn 

The use of non~ionizing electromagnetic waves, particularly 

microwaves, is steadily increasing. Microwave radiation·is 

finding application in the following fields: .. 

1. 

2. 

3. 

Collection and transmission of information (e.g. by 

radio transmitters and rad~r equipment); 

heating processes (e.g. microwave ovens in the paper, 

printing-ink, metal, and paint industries, and also 

in the preparation of_ food); 

medical applications (mainly diathermy. Other applica

tions, such as the heating of supercooled transfusion 

blood, warming of hypothermic patients, and cancer 

therapy are still in the stage of development). 

Re 1. In the case of the collection and.transmission of 

information the high-frequency energy is transmitted into 

space in the form of electromagnetic radiati'on, usually 

(but not necessarily) highly concentrated bij directional 

antennae. 

Re 2. In the use of high-frequency energy for heating the 

aim is to keep the energy confined within a relatively small 

enclosed space. As a result of technical imperfections some 

high-frequen~y energy also often occurs in the form of· 

(undesired) ~lectromagnetic radiation outside this space. 

Re 3. The medical application is defined as microwave the

rapy (radar diathermy), which generally implies "deep 

heating" of selected parts of the patient's body. As a re

sult of secondary phenomena, the high-frequency energy 

directed at the tissues to be treated may also occur else

where in the_ irradiation room. 

Animal tissue located in the field and absorbing the high

frequency radiation becomes heated. This is the principle 

behind microwave ovens. The magnitude of the heating effect 

depends on the intensity of the radiation and on the degree 
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to ~hich it is absorbed. In turn, the absorption depends 
on the tissue composition and on the frequency of the elec
tromagnetic radiation (see Chapter II). 

Other phenomena also occur in addition to this thermal ef
fect. The radiation intensities at which these other ef
fects are perceived are in some cases higher and in others 
lower than that at which the thermal effect occurs_. The 
occurrence of these other effects is specifically related 
to the frequency. This point will be examined more closely 
in the discussion of the biological effects {see_Chapter 
II). 

1. 3. Categories 

1.3.1. People exposed to electromagnetic radiation can be 
divided into three categories: 

1. Microwave workers. These are peopie engaged in the 
development, installation, repair, and maintenance-of 
equipment in which sources of microwave energy are 
used. By the very nature of their work they may be exposed 
regularly to power densities in excess of 1 mW/cm2 • 

2. Users of microwave equipment, such as ship's crew 
members, military personnel, medical and paramedical 
personnel, or kitchen staff. 

3. People not falling into category 1 or category 2 who 
are unwittingly and accidentally exposed to microwave 
radiation, e.g. when walking past a radar installation. 

, 
1.3.2. Microwave energy sources can be divided into three 
categories in accordance with the nature of their effect 
and power: 

1. Microwave sources in which the mean power density of 
l mW/cm2 is never exceeded under normal working condi
tions. 

2. Microwave sources in which the mean power density of 

- 1 -
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2 1 mW/cm can be exceeded under normal working condi
: 

tions. 

3. . Microwave sources in which the mean power density. of 

1 mW/cm2 is exceeded under all conditions. 

With regard to the first of these categories, ·the Committee 

considers that~- apart from special standards recommended 

for certain equipment {see Section 5.2.) -- this can be con

sidered harmless to man. 

The Committee has therefore concentrated on the last· two 

categories in the preparation of their recommendations for 

microwave workers .. 

1.4. Observation 

_The increasing use of electromagnetic radiation, referred 

to in the request for recommendations, has led to a scien

tific study of the physical and biological effects of ex-- , 

posure to microwave radiation. The results obtained so far 

still leave various uncertainties regarding th~ hazards, 

including the various side effects {see Section VI). 

In view of the still existing uncertainties the Committee 

has arrived at recommendations only with reservations, 

adopting the point of view that the recommendations may 

have-- to be -~od:i,fied in the future. 

CHAPTER II: 

.. .... ~-.. ·, 
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CHAPTER II: The physical and biologicalaspects of 
microwave radiation 

2.1. Physical aspects 

The effect of-microwave radiation depends, among other 
things, on the quantity of energy that is absorbed, which 
in turn depends closely on the frequency. 

a. Between 300 and 1000 MHz (wavelength 1 - 0.3 m) ap
proximately 40% of the incident energy is absorbed. 

b. Between 1000 and 3000 MHz (wavelength 0.3 --0.1 m) 20 
- 100% of the energy is absorbed, depending on the 
composition of the irradiated tissue and the nature 
of the clothing. 

c. Beyond 3000 MHz (wavelength shorter than 0.1 m) ap-
proximately 40% of the incident energy is absorbed. 

Absorption in various types of tissue also depends on the 
dielectric constant and the electrical conductivity of the 
tissue. Reflections may occur at interfaces between tissues 
differing in these respects, which can have the effect of 
increasing or lowering the power density. 

The depth of penetration is highly frequency-dependent but 
also deuends on the tissue composition (the penetration in - ... ---~ ' 

. 
fatty·tissue,. for example, is several tirnes greater than the 
penetration in tissue having a high water content). 

a. Between 300 and 500 MHz (1 - 0.6 m) the penetration 
depth is several centimetres, accompanied by diffuse 

. energy absorption. 

b. Between 500 and 2000 MHz (0.6 - 0.15 m) the depth of 
penetration depends considerably on composition of the 
tissue, namely the thickness of the skin and thickness 
of the subcutaneous fatty layer. 

c. At 2000 MHz (0.15 m) the penetration depth isl cm. 
With increasing frequency microwave radiation behaves 

- more -
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more and more like the infrared, i.e. the penetration 
and the absorption decrease (Schwan:µ, 1969}. 

2.2. Biological aspects 

As a general rule, two effects of microwave radiation are 
described, namely the thermal and the non-thermal effects. 

2.2.1. The thermal effects (which depend, inter alia, on 
the frequency, intensity, reflection, absorption, duration 
of the_exposure, and the pulse length of the radiation) 
include a rise in the tissue temperature, this rise depen
ding closely on the thermal conductivity of the irradiated 
tissue. The thermal conductivity is moderate in £at and 
high in parts of the body well supplied with blood •. The 
heat r~tention in fat, the bladder and testicles, and under 
the crystalline lens is nigh owing to the low thermal 
conductivity and/or the limited flow of blood in these or
gans. When heat develops in the skin there is an immediate 
sensation of pain, i.e_. a warning signal, and simultaneously 
a temperature regulating mechanism comes into operation. 
There are various other organs in which this is not the 
case. The absence of an effective temperature regulation 
makes the crystalline lens, in particular, extremely vul
nerable. The effect that occurs is the formation of a cat
aract. 

Experiments have been carried out on animals to see what 
radiation levels produce changes in biological material. 
Some of· these experiments will now be briefly summarized 
(I.R.E., 1956): 

a. 

b. 

Protracted exposure to· 120 mW/cm2 can induce cataract 
-' in rabbi ts. 

Protracted exposure (i.e. one exceeding approximately 
20 min) of the entire body of a dog to 5 rnW/cm2 pro
duced a temperature rise in the testicles which was 
considered only just acceptable. 

- c. -
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c. Experiments with rats, rabbits, and dogs have indica

ted that a body temperature rise of 1°c could be 

maintained in these animals in an electromagnetic 

field having a power density of 10 mW/cm2 • 

Although direct extrapolation to man is impermissible, it· 
2 . 

can be estimated that approximately 100 mW/cm is needed to 

maintain a temperature rise of 2°c in man. 

On the basis of recent research.results the following basic 

principles were adopted in the discussions conducted at the 

International Symposium on Biological Effects and Health 

Hazards of Microwave Radiation, held at Warsaw in October 
1973 (Michaelson, 1974): 

a. It can be shown that in some cases power densities 

exceeding 10 mW/cm2 have deleterious consequences re
sulting from the thermal effects produced. 

b. Thermal effects are considered most unlikely with po
wer densities below l mW/cm2 • 

c. Small but demonstrable thermal effects occur with po

wer densities between 1 and 10 mW/cm2 • 

2.2.2. The non-thermal effects can be subdivided into ef

fects that occur at power densities which also give rise 
to thermal effects and effects not associated with a mea~ 
surable temperature rise. 

Some non-thermal effects observed at "high" intensities are 
the "pearl-chain". phenomenon (a term used to designate 

a geometric arrangement, in vitro, of round or elongated 
cells caused by a dipole effect and visible in undiluted 
lymph and blood (Wildervanck et al., 1959)) and the reso

nance phenomena in protein molecules, causing the latter 
to be destroyed by vibration. 

The non-thermal effects detected at "low" intensities in

clude biological changes in the permeability of membranes, 
macromolecular changes~ and altered electrical properties 

- in -
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in nerve cells, nerve fibres, and muscle fibr~s {Sher et 

al., 1970 and Schwann, 1972). These biological ch9-nges can. 

result in the inactivation of enzymes, variations of the 

cell-d~vision cycle, chromosome irregularities {James et 

al., 1969 and N.M.G.T. 24, 1971), changes in the composi

tion of blood, vegetative-asthenic syndromes, irregulari

ties in the electro-encephalogram, angiodystonia resulting 

from disturbances of the brainstem, diencephalic syndromes 

(the last two syndromes are thought to occur after protrac

ted exposure to "low" intensities), conduction disturbances 

in the peripheral ner•ous system, and other effects •. 

It is still insufficiently clear what role these phenomena 

may play in man. Singingin the ears, headache, fatigue, 

insomnia, dizziness,· anxiety, cardiovascular effects, and 

some other, usually subjective, symptoms have been reported, 

but not enough work has been done in this field to say with 

certainty that such symptoms are completely reversible, 

particularly in the long term. They may all be due to the 

above.-mentioned non-thermal effects, which can induce. elec

trophysiological changes in the bonds between and movements 

of protein molecules, or which could influence the trans

port of electrons along axonal membranes in the central and 
...... 

. peripheral·nervous system (Cleary, 1973). 

Observation: A clear anc: readable treatment of the biological 

effects of electromagnetic waves on the life environment 

was obtained .. fr.om __ the Institute of Industrial Hygiene and 

Occupational Diseases in Prague (.f1arka et al., "Electro

magnetic Fields and the Life Environment", 1971). 

- CHAPTER III: 
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Su'rvey of standards used outside the 
Netherlands 

3.1. The, standards in force outside the Netherlands will 
now be briefly surveyed. The exposure duration is often 
incompletely specified. 

3.1.1. The following standards apply in various Western 
European countries: 

10 mW/cm2 is considered acceptable for continuous whole
body irradiation; for shorter times the permissible level 

6000 . can be calculated from the formula TP =¥""'with the, 
proviso that a power density of 100 mW/cm2 must never be 
exceeded (TP is the permitted exposure duration in minutes 
per hour and Wis the power density in mW/cm2). 

3.1.2. In the United States and Canada continuous whole
body irradiation is subject to a maximum power density of 

2 , 
10 mW/cm per hour. For shorter times a maximum energy . 2 
density of 1 mWh/cm for 6 min is considered acceptable. 
This means that higher power densities are per~itted for 
shorter times, provided that the average energy density 
for a period of 6 min does not exceed 1 mWh/cm2 ~ 

3.1.3. In the Soviet Union and in Poland only 0.01 mW/cm2 

is considered acceptable for continuous whole-body irradi
ation for up to 8 h per day. For shorter durations the 
permissible level_can be increased to a maximum of 1 mW/cm2 

for a period of 15,min per day. These standards are con
siderably lower than the ones adopted in most Western coun
tries. They are said to be based on reversible neurovege
tative disturbances (see Section 2.2.2.). 

3.2. In general, it can be stated that standards in Western 
European countries are not mutually comparable because of 
the differences in the way in which the averaged acceptable 
radiation level is calculated. The term "averaged" depends 

~ on -
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on the one hand on the method of approach to the form of 

the radiation emitted -- continuous or pulsed -- and on the 

other hand on the period over which it is proposed to ave

rage the radiation received. 

Although harmful consequences to man have never been obser

ved with certainty with the standards adopted in Western 

countries (maximum power density of 10 mW/cm2 for continuous 

irradiation), this does not necessarily mean that the 

standard is really safe. In the light of present-day know

ledge, however, it is not realistic to tamper with this 

standard. In this connection various authors point out that 

so far as thermal effects are concerned the safety factor 

is only 2 to 3 (Joly et al., 1969). The non-thermal effects 

have not been taken into account in the determination of 

the above-mentioned acceptable radiation levels. 

- CHAPTER IV: -
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CHAPTER IV: Standards for users 

4.1. General 

For the purpose of establishing standards the Committee as
sumed that, for the saine mean power density, continuous 
and pulsed microwaves exert the same biological and parti
cularly thermal.effects. 

In the absence of relevant data no allowance will be made 
for the suspected different effects of pulsed waves. In 
Section 6.6. below, the Committee makes special reference 
to a revision of this assumption. 

In the establishment of the standards the Committee was 
concerned with the harmful action of microwaves due to the 
thermal effect. The non-thermal effects, whose biological 
significance is only partly known, and which include some 
reversible deviations only demonstrable by means of sta
tistics, were not considered by the Committee. Nevertheless, 
the Committee wishes to point to an increasing awareness 
of these effects, which can occur at power densities below 
the recommended standards, and recommend in Section 6.6., 
making allowance for new data.concerning the inf~uence of 
non-thermal effects on man, that this assumption be recon
sidered at a_ future date. 

4.2. Persons engaged in the development, installation, re
paiX:-, · a·na maintenance of microwave sources (microwave 
workers) 

In view of the importance of health of the employees invol
ved, .the Committee considers that its recommendations must 
be as follows: 

4.2.1. Expertise 

The term "expertise" is defined for the present purpose·as 
knowledge of the possible hazards associated with the use 
of microwave radiation and of the application of control 

- and 
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' and protective measures. Two levels of expertise are dis-
tinguished: 

Level A: 

Level B: 

· ........... _ 

Level-A microwave workers must be completely 
-.familiar with the possible hazards and to have 
a thorough knowledge of how to apply control and 
protective measures. In addition to the theore-

·tical knowledge, they should have acquired prac
tical skill. For the assessment of the hazards 
associated with a particular working situation 
it is also essential, in the Committee's view, 
that they should be able -- more or less inde
pendently, or if necessary. after clear instruc
tions -- to make observations or to carry out 
measurements of the situations that can occur 
under certain circumstances when microwave 
sources are used. 

Level-B experts should have a reasonable know
ledge of the possible hazards associated with 
the operation of microwave sources. They should. 
be.capable of working with microwave radiation 
under the direct leadership and supervision of 
a level-A expert. 

Whereas an exact description of the theoretica:l and prac
tical knowledge implicit in the above definitions is beyond 
the scope of the formulation of standards for microwave 
radiation, the-Committee considers it desirable to pay due 
attention to the matter in the short term, to allow stat
utory regul~tions regarding expertise in microwave radia
tion. 

4.2.2. Standards 

There are many uncertainties as a result of tqe widely dif
fering standards laid down in various countries and the 
recent accident reports containing, inter alia, descriptions 
of opacification of the crystalline lens and irregularities 
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in the EEG; another contributory cause is the fact that 

the absorbed dose is usually lower than the dose measured 

in the free field. Taking these various factors into con

sideration, the Committee believes that it must set the 

maximum acceptable- radiation levels for microwave workers 

as follows: 

a. For continuous exposure of the body in whole.or in 

part 10 mW/cm2 , avaraged over l second, for at the 

most 5 h per day. Lower densities* are permitted for 

longer times provided they do not exceed a maximum 

of 50 mWh/cm2 per day (180 joules/cm2). 

b. For an exposure of short duration a higher power den

sity is permitted, with a maximum of 50 mW/cm2 • The 

permissible exposure 

form the formula: Tp 

4.2.3. Medical supervision 

duration should be calculated 
6000 = -- minutes per hour. 

w2 

There are many uncertainties concerning the consequences 

of microwave .radiation in man; in particular, it has been 

reported in various publications that cataracts occur more 

frequently in an exposed group than in a control group; 

other authors contest this (Clearly, 1965 and 1966J. 

With regard !o the medical supervision of microwave wor

kers, the Committee recommends that those who may be regu

larly exposed to intensities in excess of 10 mW/cm2 should 

receive closer than normal medical attention. 

With regard to further occupational medical superv;sion the 

Committee envisages an examination on recruitment and an 

examination upon the termination of particular activities; 

a special detailed examination should be carried out in the 

event of complaints that may possibly be connected with 

- microwave -

*"Energy density" is
2
defined as the quantity of energy per unit area, 

expressed in mWh/cm or joules/cm2 • 
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microwave radiation .. A job analysis should first be con
ducted and the case history of spontaneous complaints exa
mined, followed by a specialized examination of the medical 
history. If this yields positive results, an extensive 
aimed examination can be performed. In these examinations 
attention should be paid to: 

the crystalline.lens, an examination recorded in photo
graphic form (the results of an examination with the 
slit lamp referred to here should be kept at a single 
centre) 

the blood picture 

the desirability of an electro-encephalogram and a 
neurological examination. 

The above examinations should be reported to a central 
authority, e.g. the Directorate General of Labour, for the 
purpose of facilitating a scientific and epidemiological 
study of the consequences of exposure to.microwave radia
tion. The same applies to accidents involving microwave 
radiation. 

4.2.4. Protective measures 

In the area around the equipment in which the power and 
energy densities specified in Section 4.2.2. a. and·b. above 
may be exceeded all microwave workers should wear protec
tive clothing adapted to the wavelength. In connection with 
disturbing factors, such as reflections in the area con
cerned, it, should be checked by means of measurements whether 
the calculated safety zone is in fact correct. 

4.3. Users of microwave energy sources and accidental ex-
posure 

In addition to microwave workers there is a category of 
persons who use the equipment but from whom the expertise 
specified in Section 4.2.1. above cannot.be demanded (e.g. 
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a first or second mate using the ship's radar or a cook 
using the microwave oven). The microwave equipment concer
ned can be divided into two groups on the basis of its 
function: 

1. Microwave sources in an enclosed space (e.g. microwave 
ovens). 

So far as this equipment is concerned, the manufac

turers must have incorporated such measures in their 
appliances that _expertise on radiation protection is 
not required. 

2. Microwave sources in free space (e.g. marine radar and 
medical equipment). 

The nature of this equipment is such that, apart from 
the need to make the equipment as safe as possible, 
the manufacturers are obliged to supply express di
rections for its installation and use, since expertise 
with radiation protection should not be demanded of 
the users. Medical microwave equipment should only be 
used under the supervision of an expert responsible 
for safety. 

Separate standards are recommended for these sources of 
microwav~-energy {see Chapter V). With regard to the non
expert users of such equipment in general, and to people 
who might by chance find themselves in the vicinity of 
microwave sources {accidental exposure), the Committee re
commends the following standards: 

a. 

b. 

For continuous exposure of the body in whole or in 
part 1 mW/cm2 , averaged over 1 second, per day,. This 

corresponds to a maximum energy density of 24 mWh/cm2 

per day. 

For exposures of short duration a higher power density 
is permitted, with a maximum of 50 mW/cm2 • The per~ 
missible exposure duration should be calculated with 

- the -
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the aid of th f 1 T 60 . t . h e o;rmu a: P = W minu es per our. 

4.4. Medical application of microwave equipment (radar 

diathermy) 

The physiotherapeutic arsenal includes, inter alia, various 

forms of diathermy ("deep heat"), in which the energy of 

high-frequency electromagnetic waves is converted into heat 

by absorption in the living tissue. 

In.addition to ultrashort-wave therapy and decimetre-wave 

therapy (wavelengths respectively 11.06 m and ~9 cm), one 

of the most usual forms nowadays is microwave therapy, also 

called radar diathermy, in which use is made of frequencies 

of the order of 2450 MHz (wavelength ca. 12.4 cm). 

The dose used by the physiotherapist is subjected to a num

ber of criteria. It is determined, inter alia, by the lo

cation and nature of the disease, and is laid down in dose 

tables based on extensive clinico-therapeutic experience. 

The patient's individual and constitutional aspects, 

assessed by the doctor and/or physiotherapist constitute 

additional factors. The dose is normally first set at a low 

or a medium level and then, depending on the patient's reac

tion in :the hours and days following the first irradiation, 

it-is adapted individually in subsequent treatments. 

Although the consequences of.diathermic treatment for the 

patient are beyond the scope of these recommendations, the· 

Committee.wishes-to point out that certain methods of 

treatment may endanger the patient and that the risks to 

which the patients is subjected are not always fully appre

ciated. 

Measurements on dummies (Schwa1111, 1965) and experiments on 

animals (Scott, 1957) have shown that a number of variables 

are involved in the absorption of microwave radiation in 

tissue, such as the shape and size of the aperture of the 

electrode or radiator, the wavelength (Patzhold, 1953), 

and reflections from interfaces between different types of 

- tissues -
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tissues such as fat, muscle, and bone (Schwan, 1956). The 
relationship between the doses administered and the actual 
doses absorbed by the patient can therefore only be calcu
lated or estimated with a degree of approximation. 

With decimetre-wave diathermy (69 cm) particular care must 
be taken to avoid overdoses, because there is an almost 
complete.absence of perceptible local sensation of heat on 
the part of the patient. The temperature distribution for 
the various wavelengths in dummies and living tissue has 
been reported in detail (e.g. by Schwann,1965). 

In the latest forms of diathermic therapy use may be made 
of high-frequency radiation applied in short pulses with a 
duration of 65 (or 400) psec, either the pulse repetition 
frequency or the pulse duration .or both being varied. Since 
the pulses are short (65 psec) and the intervals are·long 
in relation to that duration (25 x) the possibility of a 
measurable temperature rise in the irradiated living tissue 
is practically zero at the power densities used. Only non
thermal biological effects may therefore occur in tissue 
irradiated with pulsed short waves (microwaves). 

It is still uncertain whether such "athermal diathermy" 
will prove to be a new physiotherapeutic measure for hea
ling wounds -.i~ general and for the. treatment of traumatolo·
gical, surgical, rhewnatic, and neurological disorders 
(Cameron, 1961; Schiffman et al., 1943; and Erdman, 1960). 

With regard to medical and paramedical personnel, the Com
mittee recommends that the standards and measures specified 
in Section 4.3. above be declared applicable, together with 
the following special regulations: 

a. The physiotherapist is considered able to satisfy the 
requirements specified in Section 4.2.1. for level-A 
expertise. The knowledge and skills listed there should 
constitute part of his training. 

b. -
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b. The paramedical personnel should work under the super
v.ision of an expert, the physiotherapist, who is 
responsible for safety of'this group. In the· course 
of its training such personnel must become familiar 
with the dangers associated with the operation of 
diathermic appliances, so that it can be considered 
to satisfy the requirements specified in Section 4.2.1. 
for level-B expertise. 

A number of variables are involved in the emission of scattered 
radiation in therapeutic applications: 

(a) the forms of the radiation sources used in diathermy 
vary for the various applications and wavelengths, 

(b) the patient or the operating personnel may act as re
flectors, 

(c) walls, appliances, furniture, etc. within the irradia
tion room may reflect scattered radiation with the forma
tion of standing waves, i.e. local concentrations of 
energy. 

Dosimetry at the various wavelengths is still inadequate 
to determine with certainty any overdoses occurring in such 
complicated fields. 

Continued study of the hazards to the operating personnel 
is therefore recommended. In particular, the Committee con
siders it necessary to draw attention to two important 
recommendations formulated during the international sympo
sium on the effects and hazards of microwaves, held in 
Warsaw in 1973, and further explained in a survey by Pro
fessor Michaelson (~ichaelson, 1974). 

In the first place, the development.and improvement of . 
# 

simple quantitative measuring equipment (tell-tales) in 
irradiation rooms and to be worn by personnel are recommen
ded, rightly so in the Committee's view. 

If it is found that the operating personnel are running an 
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increased risk, measures should be taken such as the ·erec

tion of screens made of microwave-absorbing material around 

the appliances and patients, .if neces'sary combined with the 

use of a coating over the part of the patient's body to be 

irradiated which will improve the dielectric transition 

from the air to the patient, so that the reflection of ra

diation is reduced and energy absorption in the patient 

increased. 

The second measure advocated is periodicophthalmicexamina

tion of the staff by specialists, including photographs of 

the fundus of the eye and slit-lamp examinations to check 

the crystalline lens (for cataract), the vitreous body, and 

the retina {see Section 6.2.) (Burger, 1974). 

Finally, there remains the question of whether the athermal 

biological effects referred to above might not be harmful 

in the long run to people working in radar fields and in 

physiotherapy departments. A great many uncertainties per

sist, even regarding the existing threshold values. 

- CHAPTER V: 
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CHAPTER V: Standards for some microwave applications 

5.1. Microwave ovens 

Microwave ovens, gene:i;-ally operating at a frequency of 2450 
MHz (frequencies between 890 and 6000 MHz are possible) and 
with a power of several kilow,atts, are used increasingly 
in industry and in the home. 

The Committee considers i~self obliged to recommend the 
following more stringent standards for these ovens, which 
are used by non-experts: 

The manufacturer is responsible for supplying a sound ap- · 
pliance. It is believed that the standard for operating 
personnel (see Section 4.3.) will be satisfied throughout 
the· service life of the overi, even in the event of abnormal 
use, if the manufacturer observes the following points: 

1. :Measures must be incorporated such that under all. 
conceivable conditions in which the oven might be ope
rated the leakage of radiation will never exceed 
5 mW/cm2 at a distance of 5 cm from any surface, a 
point that would have to be demonstrated by the manu
facturer by mean~ of tests. 

2. The oven mus·t be provided with two systems operating 
independently of each other and installed in such a 
way that if the oven door is not completely closed 
the :microwave radiation remains switched off. 

5.2 • .Mar.:j.ne radar with a line antenna 

Marine radar with its rotating line antenna having a length
to-width ratio of about 10:1 nowadays forms part of the 
standard equipment of a ship of any size. Rotation of the 
antenna means that the non-expert user is exposed to micro
wave radiation during a fraction of each rotation cycle. 
The standard formulated in Section 4.3.a above is modified 
as follows for users in the case of rotating antennae: 

-. For 
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For continuous irradiation of the body in whole 
. 2 

or in part, 1 mW/cm avaraged over the rotation 
time. 

With stationary antennae the power density considered ac
ceptable-for users, namely 1 mW/crn2 µVaraged over 1 sec in 
accordance with Section 4.3.a., is considerably exceeded. 
The current types have an avarage power of less than 10 
watts and, in the Committee's view, present no hazard 
provided the following special rules are observed (for a 
detailed specification see Appendices 2 and 3): 

1. The manufacturer is responsible for supplying a sound 
apparatus. It should be accompanied upon delivery by 
a detailed manual containing instruction for instal
lation and us·e. 

2. The rotation mechanism of the antenna must incorporate 
a safety system such that the microwave soul:'ce cannot 
remairi in operation with the antenna stationary. Only 

.expert personnel may be allowed to override this 
safety system temporarily for the purposes of repair 
and testing. 

CHAPTER VI: 
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General observations 

In conclusion, the Committee considers it its duty to draw 
attention to the following points. 

6. 1. Statutory regulations 

The Committee is inclined to consider that, at least as a 
temporary measure, a future statutory regulation should 
make it necessary to register microwave category 3 as de~ 
fined in Section 1.3.2. above, namely microwave sources in 
which the average power density of l mW/cm2 is exceeded 
under all circumstances. Registration of microwave equip
ment could yield an insight into applications and received· 
doses in the Netherlands (see Appendix 1). 

6.2. Epidemiology 

From the epidemiological point of view, a follow-up of 
microwave workers, a study of the secondary effec"ts of 
diatherrnic therapy, and the registration of accidents and 
their subsequent histories might give a better idea of the 
effects of microwave radiation on man. 

Special attention should be paid to the pulse repetition 
frequency, since this is believed to have particular ef
fects on the function of the nervous system from the con
duction point of view, and perhaps also on the heart rate. 

6. 3. Contacts abroad 

Contact and consultation with international committees are 
essential to keep abreast of the changing views concerning 
microwave radiation. Study of new developments in research 
into the biological effects and the associated consequences 
should be supported with the view to the formulation of. 
standards. 

A Euratom study committee is at present engaged on work 
directed at the formulation of EEC standards. 

- 6.4. -
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6.4. Cardiac pacemakers 

The effect of microwave radiation orr cardiac pacemakers is 

by no means negligible, because of the interference with 

the signals by pulsed radiation of this kind (Tromp et al., 

1972; Mitchell et al., 1974). 

Cases of pacemaker failures caused by the wearer entering 

an electric field have in fact been reported. 

The Committee therefore considers it important to draw 

attention to this point, although it is not part of its 

task to work out relevant measures. In particular, it is 

suggested that doctors, physiotherapists, and wearers of 

pacemakers be given appropriate information. 

6.5. X-rays formed as a by-product 

With every high-voltage unit used to generate microwaves 

there is a danger that x-rays will be emitted in ad-

dition to the more obvious electrical hazard. The radiation 

protection must be adequate. 

6.6. Revision 

The use of microwave radiation is continuing to increase 

at a rapid rate. The proposed standards, which have been 

based on the thermal biological effects, have been formu

lated for the case of pulsed radiation with certain maximum 

pulse power, but this does not mean that the same standards· 

would apply for extreme pulse powers which at present 

appear practically impossible with conventional methods of 

generation. Indications can however already be found in the 

literature that the generation of such extreme pulse powers 

is aimed at, and the biological effect of these is still 

unknown. 

In recent literature there is a noticeable trend towards 

an increasing recognition of the many uncertainties asso

ciated with non-thermal biological effects. It i.s still an 

- open -
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open question whether these effects might not in the long 

run prove harmful .to people working with microwaves. 

For the above reasons the Committee considers that a new 
· evaluation of .. the standards will be necessary in the fu-

ture. \ . ~ ·~ : 

Secretary/Reporter, Chairman of the Committee, 

(A.W. van der Wielen) (H. Huizenga) 
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Appendix 1 

Registration form 

1. a. What is the type number of the radar equ~pmEmt? 

b. Who is the· manufacturer? 

c. Who are the users (civil/military)? 

d. How many hours per day is the equipment used? 

2. Installation of the radar equipment 

a. Is the equipment permanently installed? 

b. 

If so, where? 

Is the equipment mobile? 

If so, what is it installed on (road vehicle, air

craft; ship)? 

3. Specifications of the equipment 

a. What is the PEAK POWER (in watts)? 
b. What is the PULSE DURATION (in psec}? 
c. What is the PULSE REPETITION FREQUENCY {in Hz)? 
d. What is the energy per pulse cw.sec)? 
e. What is the duty cycle (%)? 
f. What is the avarage power (watts)? 
g. What is the frequency or frequency band (MHz)? 

4. Specifications of the antenna . 
a. What are the dimensions of the antenna reflector 

(height, width) (m)? 

b~ What is the __ gain of. the antenna (dB)? 

c. What is the polarization? 
d. Specify·the radiation pat'.;tern: 

1. horizontal beam-width 

2. vertical beam-width·and·coverage 

3. how lqrge is the side lobe level? 

e. $pecify the antenna scanning pattern: 

1. Does the antenna rotate continuously? 

If so, at how many revolutions per minute? 

.· l; 

- a. -



a. minimwn 

.b. maximwn 

c. nominal. 

;.. 30 -

2.- Has the antenna a sector scan in azimuth? 

If so, over what angle and at what angular 
speed •(rad/sec)? 

3. Has the antenna a scan in elevation?· 

If so, over what angle and at what angular 
speed (rad/sec)? 

f. What is the height of the antenna above ground
·level . (height of the primary radiator)? 

Appendix 2 -
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Appendix 3 

TNO Physics Laboratory 

Report IR 1974-15 March 1974 

Power density of radar antennae in 
the near field 
Provisional results 

dr. J. Snieder 

1.0. Introduction 

The energy derived from microwave sources finds useful appli
cation, among other things, in radar installations. 

. 2 . If the power density with continuous power exceeds 10 mW/cm 
and a perso~ is exposed to it for protracted periods, his or 
her health may be adversely affected (the same applies to 
animals). 

An excessive level can also result in premature explosion of 
ammunition. 

Very high power is used in high-frequency (microwave) ovens 
in order to cook meals. This is one reason why it is impor
tant to know the spatial power density distribution around 
such ovens. The space round a radar antenna can be divided 
into two parts. The first is the far field, where the radar 
antenna may be regarded as a point source from which energy 
propagates spherically. The power density in the far field 
therefore decreas.es with increasing distance R as l/R2 • · 

The second part is the near field, in which antenna cannot 
be considered as a point source and where the radar waves 
originating in the antenna are variously composed with 
respect to phase and amplitude until the better-defined 
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radar beam is formed in the far field. The ~ower density 

in the near field is difficult to describe by a formula 

and is extremely 'irregular in character. It is.also diffi

cult to measure in this region. Some data relating to the 

power density in the near field are known from the litera-
·•· 

ture, and a smooth curve through the maximum values as a 

function of distance from the centre of the antenna has 

been used in this report (Figs. 2 a~d 3). 

A committee of the Health Council is engaged in a study of 

the effect of microwave radiation on human health. The aim 

is to determine a power value, in watts, below which a given 

· antenna cannot in practice present any danger to human 

beings. This will immediately eliminate a very large number 

of microwave systems, so that only those still remaining 

need by subjected to safety regulations. 

The present report concerns a study of the combited effects 

of transmitted power and antenna gain in certain directions 

(beaming of the energy}. 

2.0. Circular antenna 

The beginning of the far field at a distance R from the 

antenna having a diameter D, for a wavelength~, is given 

by R = · 2~~-• ( 1) 

4'1T'O 
The antenna gain G = ~ 1\, where O is the surface area of 

the antenna and~ an efficiency factor. 

~ is equal to unity for a uniform energy distribution over 

the antenna, and to less than unity for a non-uniform dis

tribution. On the whole, we may state that in practice 

G = ~- (2) 
. 2 

For a circular antenna O ='ll'D/4.· 

The power density 
p G 

PR tot. (4), 
= 41rR2 

the antenna. 

P at a distance R from the antenna is 
r 

where Ptot is the total power radiated by 

- At -
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At the beginning of the far field we find after substituting 
(1), (2), and (3) into (4) that: 

: 0 .15 pt ... = o ..... ( 5) • 

D2 

3.0. Rectangular antenna 

In ,the case of a rectangular antenna the largest dimension 
should be taken, which is here JA2 + B2 • 

The surface area of the antenna is Ax B. Consequently, 
we obtain in the same way as in Section 2: 

0.2 AB p 
2 2 2 tot. 

(A + B ) 
(6) 

AB ... 
It is necessary to investigate the variation of (A2 + B2)2 

as a function of the ratio x = A/B. 

Substitution of the latter in (6) yields: 
. 1 

0 . .2. F 1/x 0 .• .2. - .. 
PR 

X p 1? 
( .! ) ) 2 A2 tot. = 2 tot. T•Tith ,..._ 

o+ c.!2> 2 (l+ A - -
X X 

The variation of Fas a function of xis plotted in Fig. 1~ 

The maxi~um occurs at x = 1.75 and the F value at the maxi
mum is 0.325. 

In this way PR= O. 
065 

ptot (7) for A = l. 75 x B and is lower 
A2 

for other values of x. 

4.0. Uniforrn line antenna 

For a uniform line antenna of length L, the gain G 
2L2 

R = A determine the beginning of the far field. 

2L = X and 

Their substitution in PR 
pto·t G p )-. (8) tot • 

= 41rR2 yields PR = 4 '1fL3 

It follows form equation (8) that PR is no longer indepen
dent of the wavelength. 
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5.0. The near field 
i 

Calculations in the near field cannot be based on a spheri-

cal propagation of energy as in the case of the far field 
1 (factor 4TIR2 ). In the literature the variation of the power 

density in the near field is normalized to its value at the 
- 2 

beginning of the far field (R = 2~ ). 

Its behaviour is shown in Fig. 2 for a circular (rectangular) 

antenna. 

It follows from this that the power density attains a maxi

mum value of 41 at a distance from the antenna equal to 0.1 

the distance at the beginning of the far field. 

The response of the uniform line antenna is shown in Fig. 3. 

It can be seen that the power density continues to increase 

with decreasing distance from the antenna. 

For a circular antenna we therefore have: 

= 41 x 0.15 P tot=6.15 P tot f R = 
2 2 - or 

D D 

0.2 D
2 

A 

For a rectangular antenna the expression becomes: 

P . -·· _ 4ix0.065 P tot ·2.67 P tot for A 1 75 B 
R max - 2 = = · • 

A AZ 

This value is thus smaller than that given by eq. (9). 

For frequently occurring small antennae A = 10 B. 

We then have F = O.l (Fig. 1) and 

0 • 0 2 X 41 P tot 
PR max= A2 = 

0.82 P tot 
A2 

(9) 

(10) 

(11) 

which is 2/15 of the value for the circular antenna (9). 

The behaviour for a uniform line antenna is shown in Fig •. 3.· 

6.0. Some numerical results 

With the aid of eq. (9), PR max= 
6 .15 P tot. 
-----, the ratio 

D2 
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mW/ · 2 PRmax ( cm ) 

P tot (watts) 

was calculated for a circular antenna at a distance R = 
at which the maximum power density occurs. 

0.2 o2 

A 

The results are shown as a function of D by the continuous 
line in Fig. 4. 

For a rectangular antenna with A= 10 B (length 10 times the 

width) the relationship 

y = 

2 PRmax mW/cm 

P tot (watt) 

0.82 Ptot 
was found with the aid of eq. (11); PR max=----- and 

A2 , 
is represented as a function of D by the dashed line in Fig. 4. 

0.2 D
2 

is shown in Fig. 5 as a function of D for).= 3.2 cm. A 

A list of some results for a circular antenna with A= 3.2.cm 

· is given in Table l; these results are also shown graphically 
in Fig. 6. 

Table l 

D (cm) p tot .(watt) p mW/ 2 
. R(cm) !t 

R cm 
-

l 5 30·750 0.0625 
l 5 ~10 ~5 .4 

10 5 307.5 6.25 
10 5 dlO ~56 .3 
20 5 76.9 25 
20 5 ~10 ~107.5 
30 5 34.2 56 
30 5 ~10 ~154 
40 5 19.2 100 
40 5 ~10 >195 
45 5 15.2 126.6 
45 5 ~.ro (12. 7 

) 208 .o 
50 5 12.3 156.2 
so 5 ~ 10 < 65 .6 

)218.7 
53 5 10.95 175.6 
53 5 :$ 10 <117.7 

)'219.5 
55 5 10.2 189 
55 5 ~ 10 <189 
80 5 4.8 400 

!t..l = 3.2 cm 

- Tablei 2 -
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Tabie · 2 shows the same results for P tot = 3 watts instead. 

of 5 watts. 

These results are represented in Fig. 6 by the dashed line. 

Table 2 

D cm p tot (watt) Pr (mW/ cm2} R(cm) ~ 

10 3 184.5 6.25 
10 3 ,,$10 ~40.6 
20 3 46.1 25 
20 3 .$10 -~80 
30 3 20.52 56 
30 3 ~10 >144 .8 
35 3 15.06 76.6 
35 3 ~10 <. 7. 6 

>126.3 
. 40 3 11'.52 100 

40 3 ;:;10 <55 
">130 

43 3 9.98 115.6 
45 3 9.12 126.6 

~A=3.2cm 

Table 3 shows the results for Ptot = 1 watt. 

The dotted line in Fig. 6 illustrates these results graphi

cally. Th_e maximum distance at which Pr = 10 mW/cm2 as a func

tion of Pt~~ is given in Fig. 7 •. The associated antenna di

ameter is also shown in this figure as a function of P tot. 

Table 3 

D (cm) ·p tot (watt) Pr (mW/ cm2} R(cm} ~ 

10 1 61.5 6.25 
. 10 1 ~-10 > 22.3 
15 1 27.3 14.1 
15 1 ~10 )33. 7 
20 1 15.38 25 .. 
20 1 ~10 < 2.5 

>41.8 
23 1 ll.63 33.1 
23 1 -~10 <17.2 

)43 .6 
25 1 9.84 39.1 
30 1 6.83 56.25 

.. 
. ,~; 

!t ;\. = 3.2 cm 
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The results in Tables 1-3 and Figs. 6 and 7 can also be 

used for a rectangular antenna whose length is 10 times 

its width, except that these results apply to a power 

Ptot that is 7.5 times as large (6.15/0.82); see eqs. (9) 

and (11). A very small deviation can be caused by the fact 

that the diagonal of the rectangular ~ntenna is slightly 

larger than A. It is in fact (1.005 A). 

The following have been worked out for a uniform line·an

tenna for A = 3. 2 cm with the aid of eq. 8 and Fig. 3: 

2L2 
R = 

A. 

2L2 
R = 0.1 -X--

2L2 
R = 0 .·02 T 

2L2 
R = 0.01 A-

L = 2 0 cm . P tot = 5 watts 

2L2 
R = = 250 cm ---x--
R = 25 cm 

R = 5 cm 

R = 18.75 cm 

L = 30 cm Ptot = .5 watts 

2L2 
R = T = 562.5 cm 

R = 11.35 cm 

R = 5.625 cm 

R = 4.7 cm 

p 
r = 

P tot A 

41rL3 

20 P tot..l 
pr= 4-KL3 

p 
r = 100 P tOtA 

41T L 
3 

200 P tot" 
4 'Jt L 3 

P = 0.16 mw/cm2 
r 

mW 2 
Pr= 3.2 /cm 

P = 16 mw/cm2 
r 

Pr = 10 mW/cm2 

Pr= 0.0474 mw/cm2 

Pr= 4.74 mw/cm2 

mW 2· 9.48 /cm 

10 mw/cm2 

- For -
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For still larger L the values of the power density P become r 
even smaller. With Ptot = 5 watts this type of antenna does 
not require any precautions. 

Fig. 1 .. 
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.Uniform Line Source Power Density in the Near Field 
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Appendix 4 

TNO Physics L~boratory 

Report IR 1974-36 May 1974 

Power density of radar attennae in the 

near field 

by 

dr. J. Snieder 

1. Introduction 

Further to report IR 1974-15 of March 1974, additional dis

tance calculations have been performed for antennae of 

various dimensions and for various powers. 

In addition to the power density of 10 mW/cm2 , values of 

5, 1,. ~nd O. 5 mW/cm2 have been included, the 1 mW/cm2 be

cause of the possible introduction of this value by the 

Health Council Committee on Microwave Radiation Hazards 

under certain conditions. 

Rotation of the·antenna has been taken into account. 

The continuation of the 3 dB beam width in the near fie1d 

as a function of the antenna dimensions and the distance 

from the-antenna was determined. 

2. Effect of the total average transmitted power Ptot on the 

maximum distance from a circular antenna at which power 

densities of 5 and 10 mw/cm2 occur 
6.15 Ptot 

(9) in IR 1974-15, namely PR = max 
0

2 · I Starting from eq. 

0 2 D2 
for R = · A . , the result of Fig. 6 

extended to higher Ptot values for). 

in that report was further 

= 3 • .2 cm .• 

The new results are shown in Fig. 1. 

- The -
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The value ];>tot as a function of the diameter 1at which 

PR max= 10 mW/cm2 occurs can b~ seen in Fig. 2. 

The variation of Ptot as a ·function of the maximum dis-

tances R at which PR= 10 mW/cm2 and at which PR= 5 
2 max 

mW/cm can be seen in Figs. 3 and 4 respectively. 

The relationship proves to be linear, as follows from the 

line on the extre..."Ile left in Figs. 3 and 4. 

The other lines in these two figures will be discussed in 

Section 3. In the case of the lower Ptot values the result 

for the circular antenna is again included in Fig. 5 for 

PR =.10 mW/cm2 and in Fig. 6 for PR= 5 mW/cm2 • 

3. Effect of the dimensions of rectangular antennae on the 

maximum distance at which power densities PR of 5 and 

10 mW/cm2 occur 

With the aid of Fig. 1, the equation PR= OA~ Fptot from 

Section 3, page 39 and the observation on p. 43 of IR 1974-

15, Fig. 7 of the abcve mentioned report was further ex

tended to rectangular antennae with various A/B ratios and 

larger Ptot values. 

The res_ul t for PR = 10 mW/cm2 is given in Fig. 3 for high 

P tot vai1.ies_ and in Fig. 5 for low P tot values. The result 

for PR= 5 mW/cm2 is shown in Fig. 4.for the high P tot 
values ~nd in Fig. 6 for the low Ptot values. 

4. Results for circular and rectangular antennae but now 

for power densities of 0.5 an:d l·mw/cm2 instead of 5 

and l,O mW/cm 2 

The power density at a given distance from a particular 

antenna is proportional to the radiated power. 

On this basis the same r~sults are found for Ptot = 5 watts 

and PR= 0.5 and 1 mW/cm as were previously obtained for 
2 

Ptot = 50 watts and PR= 5 and 10 mW/cm, etc. 
:- The -
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The relation between the diameter, power, and distance R 

for a power density of PR= l mW/cm
2 

is give~ in Fig. 7. 

The relation_between_Ptot and the antenna diameter for which 

the maximum distance from the antenna occurs with P~ = 1 mW/cm2 

is shown_ in Fig. 8. The relation between Ptot and the.maxi-

mum distance with PR= l mW/cm2 is given in Fig. 9. 

Both the case of the circular antenna and those of various 

rectangular antennae are included in this figure. 
. 2 

The result for PR= 0.5 mW/cm can be seen in Fig. 10 

5. Effect of antenna rotation on the power density, on the 

assumption that the beam-:width is ident_ical with antenna-

- width 

Up to·now an average radiated power of Ptot has been assumed 

and the results are valid for a stationary antenna. If the 

antenna rotates,' only a proportion of the average power will 

be beamed in a given direction averaged.over time. 

The width of the antenna beam is important in this connec

tion. In the far field the.antenna can be regarded as a 

point source and the width of the beam can be calculated in 

a straightforward manner. 

The antenna beam-width is defined as a distance 

between the points at which the power is half of the maxi

mum value in the middle of the beam (half-power points). 

We therefore speak of the 3 dB beam.;..width 6.0. This b.8 value 

depends on the wavelength?..., the antenna diameter D, and 

the -energy distr_ibution over the antenna (illumination)'. The 
0 67A. . 

average value has been taken as /J. e = 7:>• 

In the near field, however, the beam-width is less straight

forward to determine. Most of the R · values in preceding - · 
max 

graphs lie in the near field. 

In the first instance we adopted as our basis a constant 

beam-width in the near field that is the same as the dimen-

- sion -
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sion of the antenrta. 

The power is ·therefore radiated in a parallel beam. {column) 

perpendicular to the antenna (see Fig. 11). 

With increasing distance• from the antenna the angle ex. sub

tended by the beam cross-section {identical with the sur

face area of the antenna) at the antenna centre (point of 

rotation) decreases. The situation is illustrated in Fig. 11 • 

The vertical longitudinal section through the column is also 

shown in Fig. 8. 

It follows from this that tan\~=½ A (or½ 0 ). 
· R R 

The exposure time is now 3~0 times the rotation period tr 

of the antenna, with oi: = 2 tan-l .<\f>. 
0 For small values of ct, tancx.~ CLrad = (57 .311) • 

This applies up to a maximum of 30°~½ rad and the error is 

then less than 10%. 

This yields: 

~rad 57.3 ~ 2 (\ A/R) 57.3 = 0 159 ~ t (of 1 At) 
3 6 0° 3 6 0° . • R r 2 Jt R r • 

For R > D or A we therefore have that the exposure time = 
D 0.159 R.~r' i.e. on average per unit time the power density 

at- a distanc~ R ( for R > D) times 0 .159 D/R. · . 

The above mentioned fraction of the power density was cal

culated as a function of R for various antenna dimensions. 

The exact result for D =A= 6, 12, 24, 48, 60, 120, 240, 
and 480 cm is shown in Fig. 12. 

It can be clearly seen from this that the straight parts 

of the iines extend to approximately R = 2D and that the 

error for R =Dis about 10%. 

The result of Fig. 12 has been used to correct the value 

of Rmax in Figs. 5, 6; · 9 and 10 fo.r a stationary antenna 
to the case of a rotating antenna. 

- The -
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The case taken as an example is A= 10 B for Ptot = 5 watt~ 

and PR= 10 mW/cm2 . It follows from Fig. 5 that for this case 

R = 30 cm. It can be seen, with the aid of Fig. 12, for_ max 
the antenna with A= 120 cm that 

R 
f (R) 

13 = 30 for R = 13, since 0 __ 44 = 30. 

In Fig •. 13 this yields point R = 13 for A= 120 cm on the 
2 line A= 10 B for PR= 10 mW/cm. 

All other points were calculated similarly for various A 

and A/B values and for the circular antenna with different 

diameters D, namely for cases with 5 and 10 mW/cm2 and for 

0.5 and 1 mW/cm2 • 

It follows from this example that the reduction factor is 
13 
30 = 0.44. This means that Ptot = 5 watts for R = 13 cm 
corr.esponds to 1/0.44 x 5 watts = 11.5 watts for R = 30 cm 

or that 10 mW/cm2 at a distance of 13 cm corresponds to. 

0 ~~ 4 ~ 23 mwicm
2 

at a distance of 30 cm. 

2 For A= 10 B, Ptot = 5 watts and PR= 1 mW/cm, it follows 

from Fig. 9 that Rmax = 30 cm for the stationary antenna. 

For A= 120 cm it follows from Fig. 12 that R/f(Rl = 300 

for R = 97.5 cm • 
... 

This point is illustrated in Fig. 13. The reduction factor 

is 97.5/300 = 0.325. 

The effect of a rotating antenna for the cases PR= 10 mW/cm2 

and Ptot = 10 watts, which is identical to PR= 5 mW/cm2 
and 

2 Ptot = 5 watts, and for PR= 1 mW/cm and Ptot = 10 watts, 
which is identical to PR= 0.5 mW/cm2 

and Ptot = 5 watts, 
is similarly presented in Fig. 14. 

6. Beam-width in the near field of a circular antenna 

Page 36 of Microwave Engineers' Handbook Vol. II~ shows 

- a -

!t Microwave Engineers' Handbook, Vol.- II, Artech House Inc., Dedham, 
Massachusetts, U.S.A. (1971). 

,·ii,'.•• 
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a curve for a circular antenna with non-uniform ~llumination. 

This curve can be used to determine the beam-broadening factor 

for the beam-width under far field conditions as a function 

of the distance from the antenna normalized to the distance 
2.)!2 

at which the far field begins. 

This curve is reproduced in Fig. 15. 
. 2 

The resulting beam-broadening factor as a function of R/~ 

is shown in Fig. 16, while the numerical values are also 

included in Fig. 16 in tabular form. 

The actual beam-width as a function of distance from the 

antenna was calculated for antennae with diameters D of 

6,· 12, 18, 24, 48, 60, 120, 180, 240 and 480 cm. The re

spective results are shown in Figs. 17 to 26. 

We take as an example the case in Fig. 23, with D = 120 cm. 

The 3 dB beam-widtht.6 = 6
~). = 6\;o 3 •

2 = 1.86°. 

tan~ 9 = 0.0163, from which it follows that at a distance 

R = 9000 cm from the. antenna the beam-width is equal to 

2 x 0.0163 x 9000 cm 

The far field begins 

= 283 cm. 

2 D2 
at R = -- = 

). 
2 X 120 2 

= 9000 cm. 
3.2 

At 0.1 of this distance, i.e. at 900 cm, the beam-broadening 

factor according to Fig. 16 is 1.585. 

The original' width of the beam under far field con~litions 

is 0.1 x 283 cm= 28.3 cm. 

The actual width is 1.585 x 28.3 = 45 cm. 

This point is indicated in the figure. 

The method can now be used to determine the actual beam

width at all distances from the antenna. 

Very close to the antenna the beam-width is approximately 

that of the antenna. 

In this example the beam-width is smaller than the antenna

width at distances shorter than 3750 cm. 

- At -
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At longer distances the actual beam-width is larger than 
the antenna dimension. , 

The effect of a beam-width differing from that of the an
tenna on the value of R when, for example, a 10 mW/cm2 

max 
power density occurs for a rotating antenna, is determined 
as follows. According to Fig. 13, ,Rmax = 57 cm (D = 120 cm, 
PR= 10 mW/cm2 , circular antenna), and according to Fig. 23 • 
the beam-width 57 cm from the antenna is 80 cm instead of 
120 cm. 

E 
" 0 
N 
~ 

" 0 

_Vj __ 

Rold ,=. 57 
value R = 

from: 

tan½ ex. = 

cm for 

~ (ew) 

120/2 
= 

Rold 

D = 120 cm and for the same angle ex. the 
for a diameter of 80 cm. ~ now follows 

8.0/ 2 i.e. ~= 
80 

x Rold 
· 80 

57 = ~ 120 = 120 X 

This correction is used to find the eventual maximum dis
tance~ from the rotating antenna at which the power den
sity is 10 mW/cm2 

The corresponding distance for the case of a power density 
of 1 mW/cm2 is found in similar fashion. 

The results of ·. these cal cu la tions are given by the dashed 
lines in Fig. 27. It follows that, generally speaking, the 
beam-width is smaller than the antenna dimension. 

Only for small diameters this is no longer the case and a 
beam-broadening relative to the antenna dimension occurs. 

This last point can be seen·in Figs. 17 to 26. 
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The distance from the antenna at which the beam-width is 
equal to the antenna dimension is plotted as a function 
of the antenna diameter in Fig. 28. In double-logarithmic 
coordinates the line through the points is found te be 
straight. This can also be seen from the values given in 
the figure, the distance being 100 times as large for a · 
diameter ten times as large. The same also follows from 
R = 2

1D
2 

for the beginning of the far field and from the 
A j.,e 0 67i\. · beam-width~ = -D-. 

At the distance RD at which the beam-width 
tan ½~0 = ½D 

RD 

For small angles tan ½ 49 = ½..60 = 
5 7 • 3 D __ 5 7 • 3 o_2 

hence RD= L10 6 7). 

For D = 60 cm, RD= 962 cm • 

is D, we have 

= 57.3 X ½D 
\ll0 ' 

The beam-broadening factor reduces this in Fig. 22 to approxi
mately 900 cm. 

Thus, as soon as R at which the particular power density max 
occurs exceeds the R0 that Fig. 28 shows to be associated 
with this antenna diameter, an increase of the R value in 
Fig. 27 will occur. 

This is the case for the 1 mW/cm2 curve in Fig. 27 for R 
values great~r than 70 cm and in the case of 10 mW/cm2 for 
R values greater than 11 cm. 

2 . The antenna diameter in the first case, i.e. for 1 mW/cm, · 
is then about 17 cm and in the second case, i.e. for 10 mW/cm2 , 
about 6 cm. 

As a final point, it may be stated that it should be possi
ble to construct a universal figure for Figs. 17 to 26, in 
which the distance and the diameter are shown to scale on 
the basis of the above~mentioned quadratic dependence of 
Ron D. 
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7. Beam-width in the near field of rectangular antenna 

Page 27 of Microwave Engineers' Handbook, Vol. II,•shows 
a series of curves for a rectangular antenna for various 
illuminations. This enables the beam-broadening factor to 
be calculated in the same way as was the case with Fig. 15~ 
These curves are shown in Fig. 29. In this case,- however, 
the square root need not be taken. 

A comparison between the cosine illumination and the tapered 
R illumination in Fig. 15 shows that for 

20
2 /).. extending from 

1 to 0.02 the differenc~s are on average only 6.5%., 

A comparison of the averaged line through the "sinusoidal" 
curve for uniform illumination in Fig. 29 with the cosine 
illumination results in an average broadening factor that. 
is 2.8 times larger for uniform illumination. 

Comparison of this uniform illumination with the tapered 
illumination for the circular antenna in accordance with 
Fig. 15 gives a factor that is 2.5 times larger for the 
uniform illumination. 

Uniform illuminat~on will frequently occur for the antenna 
cross-section in the B direction. 

The beam-broadening factor in Figs. 17 to 26 will then be 
2.5 times larger, with the result that¾ in Section 6 will 
become Larger and the broken lines in Figs. 31 to 36 will be 
located further to the right. 

For the sake of convenience Figs. 17 to 26 will be used, 
and at the end of the section it will be shown on .a single 
example what error is then incurred. 

The question now, ~owever, is at what distance the far field 
begins. For a circular antenna the antenna dimension is the 
same for every cross-section (diameter). 

For the case in which A= 10 B with A= 60 cm and B = 6 cm, 
the far field for A= 60 cm begins at 2 A2 

= 2250 ..l cm • 

- For 
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. 2 B2 
For B = 6 cm we have -x_- = 22.5 cm. 

If we now assume that for B. = 6 cm the far field also begins 
· 67 ).,_ o at 2250 cm, it follows from.19 = -.-8- = 35. 7 and from the 

beam-broadening factor according to Fig. 12 for D = 6 cm that 

the beam close to the antenna is wider than the antenna it

self, as can be seen in Fig. 30. 

The beam-width curve moves to a value 100 times greater than 

the antenna dimension for zero distance. 

This is because the same beam-broadening factor occurs here. 

at a distance from the antenna 100 times greater than is the 

case in Fig. 17, while the 3 dB beam-width value is the same. 

The consequence is a beam 100 times wider for zero distance 

from the antenna. 

Since this is impossible, it can be concluded with a high 

degree of probability that for every antenna dimension the 

corresponding distance from the beginning of the far field 

must be taken. This means that Figs. 17 to 26 can also be 

used for corresponding A and B. 

The maximum distances at which power densities of 0.5 and 
2 1 mW/cm occur were calculated as a function of the dimen-

sion A. (B) ·for rotating antennae with A = 10 B and A = 20 B. 

The result for the case in which it is assumed that the beam

width is equal to the antenna dimension A (B) is shown by 

the continuous lines, and that for the case in which the 
actual beam-width derived from Figs. 17 to 26 is used is 

shown by the dashed line in Figs. 31 to 36. 

The result fo~ Ptot = 5 watts and tr= 1 sec is shown for 
Pr= 10 mW/cm and 1 mW/cm

2 
in Fig. 31. 

Fig. 32 is included to giye more details for the small 
· A (B) value. • 

The case of Ptot = 10 watts and t = 1 sec w~th PR= 
2 2 r 

10 mW/cm and 1 mW/cm is the sa1e as for Ptot; 5 

and tr= 1 sec with PR= 5 mW/cm and 0.5 mW/cm. 

watts 

The -
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The result is shown for various values of A in Figs. 33 to 

36. 

Fig. 33 illustrates the effect in closer detail· in the case 

of very small A (B) values down to 25 cm. 

Fig." 34 shows the continuation up to a maximum A {B) = 60 cm 

and.Fig. 35 the continuation up to a maximum of A= 250 cm~ 

The complete survey will be found in Fig. 36, with maximum 

values up to 500 cm. It can be seen from this last figure, 

among other things, that for very large antenna dime.nsions 

no further reduction occurs in the, distance R. This is 

because the beginning of the far field is so far away and 

R-values of the order of 200 cm occur very close ~o the 

antenna. We are then practically dealing with the complete 

antenna dimension, as can be seen clearly e.g. in Fig. 26. 

The effect of using tapered illumination of the circular 

antenna in the case of a rectangular antenna was examined 

for the situation in which Pt t = 5 w, tr _1 sec, A = 
. . 2 0 

10 B, and PR= 1 mW/cm (Fig. 32). 

The variation of the distance from the antenna at which 

1 mW/cm2 occurs was again determined for a rotating anten

na with the aid of Figs. 17, 18, 19 and 20 and Fig. 29. 

The results is represented by the dotted line in Fig. 32. 

With decreasing values of B we get further and further away 

from the antenna in relation to the far field distance and 

the beam-broadening factor approaches unity, as is also the 

case for the circular antenna. 

The con.sequence is that the dotted line approaches the 

continuous line and begins to coincide with it. 

For larger B-values the dotted line is to the right of 

the broken line and the distance is therefore greater. 

For B = 20 it is twice as far. 

This value of B .is already very large for small navigation 

radars, where for a wavelength_of 3.2 cm we have to think 

- rather -
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rather in terms of about 10 cm, yielding a required beam

width of approximately 25° which is necessary for a small 

wave-tossed vessel. For this last value the increase is 

only 2 cm (17-15). 

For larger dimensions, which will then be A values, it is 

not necessary to have a uniform distribution, so that the 

marked deterioration which that would give does not apply~ 

8. Some particulars of small marine navigation radars 

The Kelvin Hughes radar of TNO Physics Laboratory. 

Antenna: A= 180 cm ~8H = 1.2°, low side lobes in the 
horizontal plane 

B = 8.9 cm Aev = 25° 

hence 
A = 3.2 cm 

A~ 20 B, 

Peak power 3 kW. 

Pulse duration 0.05, 0.2 and 0.5 psec for ranges of respec

tively Q.3 - 0.9 km, 1.2 - 5 km and 10 km. 

Pulse repetition frequency 1100 for ranges of 2.5, 5 and 

10 km. Pulse repetition frequency 2000 for ranges smaller 

than 2 • 5 km:. 

The avera~e power is therefore 0.3 W, 1.2 Wand 1.65 w. 

Rate of rotation 24 rpm. 

Rotation time 60/24 = 2.5 sec .. 

liei.ght of radome 25. 4 cm. 

Safe distance s.tated 15. 25 cm (;:::. 6: inch.e~d from the radome 

(aperture} of the antenna. The di.stance from the antenna 

will therefore be slightly larger, but is not stated. 

It may be assumed that a power density of 10 rnW/cm2 for a 

stationary antenna has been adopted. 

It follows from Fig. 5 that for 1.65 w with the antenna 
2 , 

stationary the maximum distance at which 10 mW/cm occurs for 

A= 20 Bis 5 cm. 

Strongly tapered illumination is used because of the low 

- side -
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side lobes in the horizontal plane and the power at the 
·centre of the antenna will be approximately 3 times the 
average value (10 dB taper). 

It duly averages out for every rotating antenna, and we can 
therefore use the average values for the whole antenna. 

2 X 180 The beginning of the far field is 3 _2 = 20,250 cm away, 
so that 10-20 cm from the antenna the beam will have prac
tically the same dimension as the antenna itself (see Fig. 24). 
The distance will not be a matter of any consequence in the 
case of a rotating antenna, since the distance of 15.24 cm is 
well within the turning circle of the antenna (radius 90 cm) . 

. 2 . For l mW/cm the distance according to Fig. 9 is 50 cm. 

As a general rule, small navigation radars fall-within the 
following limits: 

rotation period approximately 3 sec; 

peak power 3-10 kW; 

pulse repetition frequency 1000 to 2000; 

wavelength approximately 3.2·cm; 

pulse duration 1/4 µsec. 

The resultant average power is then between: 

3.10 3 W x _l/4.10-6 x 1000 = 0.75 Wand 
10.10 3 W X i/4.10-G X 2000 = 5 W 

hence on average the power will be 1/3 of these values per 
second, i.e. between O. 25 and 1. 7 W. 

The fact that the rotation period is longer than 1 sec means , 
that averaging out over 1 sec does not give an unqlllbiguous 
answer and that the answer depends on the position of the 
antenna relative t6 the point from which the averaging is 
carried out. 

9. Conclusions 

From Fig. 31 we may conclude that for Ptot = 5 W, -tr= 1 sec, 
2 P = 5 mW/cm, and A= 10 B, the-value of R is always smaller R 

- than -
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th~n A/2 for the dimensions A that can be expected in prac

tice. 

The minimum value of A to which this applies i~ 5 cm. 

The safety distance for A~ 5 cm is then always within the 

turning circle with a radius A/2 and there are already good 

reasons for staying outside this range. From Fig. 32 it fol-
. 2 . 

lows for Ptot = 5 W, tr= 1 sec and PR= 10 mW/cm that this A 

value is~ 4 cm. 

In the case of a stationary antenna with the power switched 

on it would be possible to get nearer to the antenna. This 

possibility could be excluded by specifying a safety re

quirement that it must be impossible for inexpert personnel 

to switch the power on while the antenna is stationary. 

Manufactures can have little objection to such a· requirement. 

In the case of the distance from the antenna in the vertical 

plane, i.e. in the space above (or below) the rotating an

tenna, we may be confronted with B-values smaller than 5 cm. 

It follows from Fig. 33 (5 mW/cm2) that, for example, for B = 
1.8 cm and A= 10 B the distance is about 6 cm. The distance 

to the centre of the antenna is the plane of the antenna at 

a distance'of 6 cm is:~ x 6/2.025 x 4.2 cm= 6.2 cm (see 

Figs. 19 arid 24). 

This corresponds to a distance of 6. 2 - 1
2 

8 = 5. 3 cm from the 

rotating antenna. 

As a general rule, the antenna dimension in the vertical plane 

is greater than the illumination aperture. For the radar set 

referred to in Section 8 the height is 25.4 cm for a B-value 

of 8.9 cm. For a B-value of 1.8 cm the height will probably 

be 25.4 - 7 = 18.4 cm. Half of that is 9.2 cm, which is more 

than the required 6.2 cm from the centre of the antenna. 

In this case too the safe distance occurs within the volume 

of rotation of the antenna. 

In the case off mW/cm2 as the safety standard the situation 

- is -
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is as follows. 

For A= 10 B (see Fig. 3) and A values smaller than 22 cm we 

obtain distances greater than the radius of the rotating 

antenna. 
. 2 

For Ptot = 5 W, PR= 0.5 mW/cm or Ptot = 10 Wand PR= 

1 mW/cm2, this A-value according to Fig. 36 is equal to 

275 cm. 

For B-values of the order of 6 cm the distance is already 

20 cm {see Fig. 31), and for still smaller B-values this 

distance increases very rapidly (see Figs. 31 and 33). 

For'B = 6 cm it follows from Fig. 17 that the vertical dis

tance from the centre of the antenna for a 20 cm distance 

from the antenna is 20/22.5 x 14.5/2 = 6.4 cm. 

This is therefore 6.4 - 3 = 3.4 cm below the radiating an

tenna. For a scaled-up version of the radar set in Sedtion 8 

this would have a half-height of about 25 · 4
2 -

3 = 11.2 cm, 

so that the safe distance in the vertical plane· is within 

the volurae of rotation of the antenna. 

The distance is within the safety distance required to avoid 

being struck by the rotating antenna. 
. 2 

For Ptot ~ 5 Wand a PR-value of 0.5 mW/cm the 7.1 cm value 

occurs beneath the volume of rotation of the antenna. 

The same value of 7.1 cm also applies for Ptot = 10 Wand 

P = 1 mW/cm2 . 
R 

With regard to the distance resulting from· the dimension A· 

for .Ptot = 6_0 W, PR = 1 mW/cm
2

, A = 10 B and tr - l sec., it 

may be noted that it is 240 - 174 cm= 66 cm from the circle 

described by the rotating antenna having a diameter· A= 480 cm 

{see Fig. 36). This value decreases via 200 - 162 = 38 cm 

for an antenna with A= 400 cm to zero for one with A= 275 cm. 

For A< 10 B the situation is less favourable and we approach 

the results for a circular antenna (see Figs. 9, 10 and 27). 

This type of antenna is much more expensive than the 

- types 
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elongated types and-will generally radiate an average power 

much higher than 5 W. 

This case will be examined again separately. 

Additionally, an antenna with A= 10 Band with an A-value 

greater than 275 cm will seldom occur. 

If the assumptions made in Section 7 are correct, we can 

conclude that the elr..igated navigation radars which send 

out not more than 10 W average power and have a rotation 

period not shorter than 1 sec (t) will produce more than 
. '2 r 

l mW/cm hardly anywhere outside the antenna's volume of 
2 rotation and never more than 10 mW/cm. 

With 5 W average power the distances will occur inside the 

volume of rotation of all practical antennae .. 

Because of the low speed of rotation averaging over l sec· 

does not yield an unambig·uous answer. The averaging time 

should be the same as the rotation period of the antenna. 

Fort ~ l the average power density will be even lower r 
than is shown in Figs. 31 to 36 fort = 1 sec. r 

- _Fig. 1 -
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_ 2 D2/-,. FACTOR 

1 -------- 1,00 
. 0,55 -------- 1,023 
0,3 -------- 1,052 
0,2 ·-----~-- 1,127 
0,15 -------- 1,23 
0,10 -------~ 1,585 
0,09 -------- 1,778 
0,08 -------- 2,051 
0,07 -------- 2,57 
0,06 -------- 3,55 
0,05 -------- 4,47 
0,04 -------- 4,68 
0,03 -------- 6,84 
0,02 --------11,22 
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