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Foreword 

(This Foreword is not part of the American National Standard Techniques and Instrumentation for the Meas
urement of Potentially Hazardous Electromagnetic Radiation at Microwave Frequencies, C95.3-1973.) 

In 1960, the American Standards Association approved the initiation of the Radiation Hazards 
Standards project under the co-sponsorship of the Department of the Navy and the Institute of 
Electrical and Electronics Engineers. The scope was defined as follows: 

"Hazards to mankind, volatile materials and explosive devices which are created by man-made sources of 
electromagnetic radiation. The frequency range of interest extends presently from 10 kHz to 100 GHz. It is not 
intended to include infrared, X-rays, or other ionizing radiation." 

Under this authorization, the American Standards Association Committee C95 was organized 
with six subcommittees concerned with: 

Techniques, Procedures, and Instrumentation 
Terminology and Units of Measurements 

I. 
II/III. 
IV. 
V. 

Safety Levels and/or Tolerances with Respect to Personnel 

VI. 
Safety Levels and/or Tolerances with Respect to Electro-Explosive Devices 
Safety Levels and/or Tolerances with Respect to Flammable Materials 

Presently, the Co-Secretariats of the American National Standards Committee C95 are the 
Naval Electronic Systems Command of the Department of the Navy and the Institute of 
Electrical and Electronics Engineers. The above Subcommittees have remained in effect. Current 
officers are 

Saul W. Rosenthal, Chairman Stephen Caine, Secretary 

To date, two standards of the C95 committee have been issued. These are: American National 
Standard C95.1-1966, Safety Level of Electromagnetic Radiation with Respect to Personnel, 
prepared by Subcommittee IV, and American National Standard C95.2-1966, Radio Frequency 
Radiation Hazard Warning Symbol. 

This standard sets forth evaluation techniques and instrumentation to determine the existence 
of a potentially hazardous situation due to electromagnetic radiation. 

Suggestions for improvement gained from using this standard are welcomed. They should be 
sent to the American National Standards Institute, 1430 Broadway, New York, N. Y. 10018. 

The Standards Committee on Radio-Frequency Radiation Hazards, C95, which reviewed and 
approved this standard, had the following personnel at the time of approval: 
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American National Standard 
Techniques and Instrumentation for the 
Measurement of Potentially Hazardous 

Electromagnetic Radiation at Microwave Frequencies 

1. Scope 

1.1 Purpose. Subcommittee I on Techniques, 
Procedures, and Instrumentation was origi
nally organized on April 7, 1960, to 

"Establish specifications for techniques 
and instrumentation used in evaluating 
hazardous radio-frequency radiation." 

On January 8, 1963, the intent of the scope 
was clarified by specific reference to mankind, 
flammable volatile materials, and explosive 
devices; thus the purpose was extended to 

"Establish specifications for techniques 
and instrumentation to be used in eval
uating radio-frequency hazards to man
kind, flammable volatile materials, and 
explosive devices." 

1.2 Application and Limitations. As indicated 
above, the scope of Subcommittee I includes 
hazards to flammable volatile materials and 
explosive devices. However, the required spec
ifications and definitions relating to the mea
surement of the quantities associated with 
hazards to fuel and ordnance are not yet 
available. Rather than wait for such specifica
tions and definitions, it seemed both neces
sary and desirable to prepare this standard 
which is devoted exclusively to personnel haz
ards. 

Although the frequency range specified in 
American National Standard C95.1-1966, 
Safety Level of Electromagnetic Radiation 
with Respect to Personnel, is 10 MHz to 100 
GHz, the emphasis here is on techniques 
suitable for measuring power density at mi
crowave frequencies. 

NOTE: The lower limit of the microwave frequency 
range is not well defined but is usually considered to be 
about 1 GHz. However, the techniques described here 
can, under the proper circumstances, be useful at lower 
frequencies (perhaps as low as 300 MHz) if sufficient care 
is taken with the measurements. 
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Further, these techniques are generally ap
plicable only in the far field, but reasonably 
accurate measurements can be made whenev
er the following necessary conditions are satis
fied. 

(1) The transmitting antenna and any scat
tering objects must be in the far field of the 
receiving antenna 

(2) The receiving antenna must be at least 
several "aperture diameters" removed from 
the transmitting antenna and any scattering 
objects 

NOTE: The term "aperture diameter" is used here to 
indicate the largest dimension of the radiating portion of 
a transmitting antenna or scattering object. 

(3) The transmitting antenna and any 
sources of multipath scattering must be con
tained within the main beam of the receiving 
antenna. 

Thus, leakage measurements and measure
ments in the reactive near field are specifical
ly excluded. However, measurements can be 
made in the radiating near field with a receiv
ing antenna which is small compared to the 
source antenna if the three conditions above 
are satisfied. Such measurements will usually 
be more difficult than far-field measurements 
because the orientation and position of the 
probe must be systematically varied to locate 
the regions of maximum power density. This 
can often be a laborious and time-consuming 
task. 

The reasons for these restrictions are re
lated to the quantity to be measured, namely, 
power density W. This is not the place to 
discuss the relative merits of power density as 
a reliable indicator of hazardous electromag
netic fields. It is sufficient to point out that 
there are some rather compelling reasons for 
measuring IE!2 (or !El) instead, where Eis the 
resultant electric field vector at the measure-
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ment point (see Ref 18). Note that for plane 
waves, IEl2 is simply related to W, so either 
quantity is equally valid. However, where 
str_ong multipath components exist or in the 
near-field regions (both reactive and radiative 
near fields are included) power density can be 
extremely difficult to m.easure and may not be 
the most meaningful quantity. For example, 
two waves of equal amplitude and frequency 
traveling in opposite directions combine to 
give a time-average power density of exactly 
zero, yet very intense fields will exist in cer
tain regions. In this case IEl2 provides a better 
indication of the potential hazard, particular
ly for the lower frequencies where penetration 
into the body is greater. 

Early concern about electromagnetic haz
ards centered on high-power microwave radar 
installations. For microwave and higher fre
quencies, and for measurements performed at 
a distance of several "aperture diameters" or 
more from the source, power density is a 
meaningful quantity. Unfortunately, the term 
has been almost universally adopted as a 
hazard indicator without regard to frequency, 
field configuration, ease of measurement, or 
the mechanisms which actually produce the 
biological damage. 

Below 1 GHz, IEl2 appears to be at least as 
good as W, if not better, as a hazard indicator. 
Therefore, the basic techniques for measuring 
electric field strength that have been develop
ed over the years can be applied to RF hazard 
measurements. However, the instrumenta
tion specified in existing field-strength mea
surement standards (that is, American Na
tional Standards C63.2-1963, C63.3-1964, 
C63.4-1963) is in general not suitable for high
intensity fields due to inadequate shielding, 
insufficient input attenuation, etc. 

It is in consequence of the above consid
erations that the restrictions and limitations 
given at the first of this section have been 
imposed upon this standard. 

2. Electromagnetic Environment 

2.1 Nature of Potentially Hazardous Radi
ation Fields. In general, radiation fields will 
exhibit both spatial and temporal variations 
which will be functions of the physical envi
ronment as well as the nature of the RF 

MEASUREMENT OF POTENTIALLY HAZARDOUS 

source. The reflectivity of both natural and 
.man-made structures will result in nonun
iform power densities over any region of inter
est due to the establishment of standing 
waves. This spatial variation of the electro
magnetic field is caused by the interaction of 
the flow of RF energy reflected from promi
nent features of the physical environment or 
from the multiplicity of sources. These peaks 
in the electromagnetic distribution are sepa
rated by at least a half wavelength, that is, 
they may be from a fraction of a centimeter to 
many meters apart, depending on the fre
quency of the source and the angles of arrival 
of the interfering waves. A change in frequen
cy can result in a large change in energy 
distribution. Temporal variations can occur 
as a result of scanning antennas, moving 
vehicles, etc. 
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Further, even when the physical environ
ment is otherwise static, perturbations in the 
RF field will be caused by the introduction of 
test equipment and/or personnel to monitor 
its intensity. To ensure that safety require
ments are met, it is imperative that any 
measurement program take account of the 
possibility of these and other variations dis
cussed in Section 2.3. It should, therefore, 
include a sufficiently large sampling of data to 
preclude omission of hazardous combinations 
of conditions. 

2.2 Sources. Sources of dangerous radiation 
have widely different characteristics which 
impose a requirement for versatility upon the 
monitoring equipment. Pertinent character
istics are as follows. 

(1) Modulation. The specific characteristics 
of the radiated signal in both the time and 
frequency domains are of prime importance 

(2) Antenna Pattern. Some systems radiate 
in the same direction continually while others 
sweep the region of interest by either mechan
ical or electronic scanning techniques 

(3) Frequency. Dangerous power levels may 
be present at frequencies spread over several 
octaves 

(4) Polarization. Vertical linear, horizontal 
linear, elliptical, and circular polarization are 
all in general use 

2.3 Typical Environment. The electromagnet
ic environment is determined by many fac
tors. The direction of power flow from the 
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sources, the direction and distance of the 
sources and prominent features of the physi
cal environment, the polarization, frequency, 
and strength of the sources are some of them. 
The variable nature of these factors and their 
effects on the resultant electromagnetic field 
must be understood to successfully design and 
operate instruments which measure the elec
tromagnetic environment and to obtain suf
ficient data to ensure personnel safety. 

In a typical radar site or communications 
complex, multipath interference often makes 
it difficult to obtain meaningful measure
ments. The region of concern may be irra
diated from different directions by multiple 
sources with different characteristics, and will 
encompass structures causing standing waves. 
This leads to a complex radiated field with 
"hot" spots at different locations for different 
frequencies. Further, at least some of these 
may be time dependent if the sources utilize 
moving antenna beams. Even when the polar
ization characteristics of all threatening 
sources are known beforehand, it is possible 
for certain types of structures (such as grat
ings or angled supports) to modify the polari
zation in the region under investigation. 

Radiation leakage from poorly designed 
electronic equipment presents special prob
lems. The source of radiation is never clearly 
defined at the outset; the leakage is present by 
accident, not by interest. It could be corning 
from a crack in the shielding cabinet or from 
poorly bypassed connecting cables. The polar
ization of the electromagnetic field and the 
location of the leak are not known ahead of 
time. This is a special case of the general near
field situation, and the same problems can 
exist for all near-field measurements, whether 
the radiation is intentional or accidental. 

A general theoretical treatment of the leak
age (near-field) problem is beyond the scope of 
this standard. The survey techniques differ 
from those associated with the radiating an
tennas of radars and other communication 
equipment. In the leakage case, the location 
of the source is found by trial and error. A 
"sniffer" type of instrument is indicated; a 
nondirectional nonpolarized detector is desir
able. The probing is done in the immediate 
vicinity of the equipment where directive 
pickup antennas would give poor readings 
because of their inability to respond to multi-
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path signals and because of inaccurately 
known gain reduction factors in the near field. 
The following material is directed toward 
other than leakage problems. 

3. Theoretical Calculations 

3.1 Technical Considerations. The calcu
lation of expected power-density levels may be 
a complex procedure. In addition to the usual 
factors such as peak power, pulse duration, 
and pulse recurrence frequency, consideration 
must also be given to antenna radiation pat
terns, antenna placement, scanning rates, 
and so on. It is also necessary to consider 
corrections for near-field effects. Calculations 
that should be satisfactory for the first-order 
computation of the maximum field intensity 
may be made by the methods cited below. 

Calculations, which should be performed in 
advance of on-site measurements, require the 
following information on system operating 
parameters. These will be necessary to obtain 
the average radiated power from the antenna 
and the resultant power density at any point 
in space: 

Rated peak power (PP) 
Pulsewidths available (PW) 
Pulse repetition frequency (PRF) 
Duty factor 
Antenna 

type and size 
gain 
orientation limits 
beam width 
height above ground 

Operating frequency (f) 
Orientation angles required to support sys
tem missions 
System insertion losses 

The maximum peak power is used, and a pulse 
duration and pulse repetition frequency are 
selected that will most closely approximate, 
but not exceed, the maximum rated duty 
factor. If the maximum value of the average 
power density in the near field is less than the 
radiation protection guide limit (RPGL), no 
further calculations are necessary unless re
flections could occur that might increase the 
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power density. (See American National Stan
dard C95.1-1966.) In the case of multiple 
sources, the effects of each source must be 
considered to get the combined effect. 

3.2 Parabolic Antennas - On Axis. The field 
in front of an antenna can be characterized by 
referring to three separate regions. 

(1) Reactive Near-Field Region. This is the 
region of space immediately surrounding the 
antenna where the reactive components pre
dominate and energy is stored in the field. 
This region usually extends only a few 
wavelengths from the antenna and is, there
fore, not ordinarily important at microwave 
frequencies. 

(2) Radiating Near-Field Region. This is 
the next region (sometimes called the Fresnel 
region). Here the antenna gain and the an
gular distribution of the radiated field vary 
with distance from the antenna. This is be
cause the phase and amplitude relationships 
of the waves arriving at the observation point 
from different areas of the antenna change 
with distance. 

(3) Far-Field Region. This region (some
times called the Fraunhofer region) is the one 
sufficiently far from the source where the 
phase and amplitude relationships of the 
waves arriving from different areas of the 
antenna do not change appreciably with dis
tance. The antenna gain and angular pattern 
are essentially independent of distance, and 
the power density is inversely proportional to 
the square of the distance from the source. 
Although the transition from the radiating 
near field is a gradual one, the far-field region 
is commonly assumed to begin at a distance of 
about 2D 2/A and extends to infinity (D being 
the largest aperture dimension and A the 
wavelength). For accurate measurements this 
criterion may not be adequate and should not 
be applied indiscriminately. 

To compute an approximate value of the 
maximum power density Win the radiating 
near field for_ a_ circular dish transmitting 
antenna, useL 

.·:. \ 

16P 4P W= --=-
1TD2 A 

(Eq 1) 

1 An alternative method of calculating Wis given in the 
Appendix. 
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where 

P radiated power 
D effective diameter of antenna 
A effective area of antenna 

NOTE: If P is average power, W is average power 
density; if P is peak power, W is peak power density. 
Average power is used for calculating personnel hazards. 

If this computation gives a power density 
less than the RPGL, then there is no need for 
further calculations, since Eq 1 gives the max
imum power density that can exist on the axis 
of the beam of an antenna focused at infinity 
in the absence of reflections. (An antenna 
focused at a lesser distance could give a higher 
power density in the region of its focal point, 
but this condition is not usual.) 

If the computation from Eq 1 reveals a 
power density greater than the RPGL, then 
one assumes that this value may exist any 
place in the near-field region, and attention is 
directed to the far-field region. 

In the far-field region, the approximate free
space power density on the beam axis may be 
computed from 

W= GP = AP 
41Tr2 x2r2 

(Eq 2) 

where 

A = wavelength 
r = distance from antenna 

G = far-field antenna gain (power ratio) 

The near-field equation 1 is valid for distances 
less than 2 

A =-
2A. (Eq 3) 

For distances greater than: r 1 Eq 2 should be 
used. The errors associated with these equa
tions are less than 1.5 dB and are on the safe 
side since greater than actual power densi
ties are predicted. 

These equations do not include the effect of 
ground reflections. Values of power density as 
much as four times the free-space value can 
result when the main beam is directed toward 
a planar ground or reflecting surface. If the 

2 See Ref 8 for the derivation and discussion of Eqs 1- 3. 
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shape of the reflecting surface is such as to 
produce focusing effects, even greater values 
may result. 

Setting the power density equal to the po
tentially hazardous level, one may calculate 
the distance to the boundary of the potential
ly hazardous zone. More involved calculations 
are necessary when the antenna shape and 
illumination are complex. 3 

3.3 Circular Parabolic Antennas - Off Axis. 
To calculate accurately the power density off 
the main beam requires the solution of a more 
difficult mathematical problem. One ap
proach reveals that the collimated beam in 
the near field falls off approximately 12 dB per 
radius. Many antennas do not have simple 
shapes or illumination tapers. In such cases, 
the approximate formulas will not apply 
directly and a more complex analysis is in
dicated. Ref 14 provides curves for such com
putations. However, a high order of precision 
is not warranted because of the many un
certainties affecting the physical parameters 
of the environment. 

3.4 Scanning Correction. In the case of the 
scanning antennas, the average power absorb
ed by a fixed subject will be reduced by the 
ratio of the effective beamwidth to the 
scanned angle. Accordingly the potentially 
hazardous distance is reduced by the square 
root of this ratio if the period of rotation is less 
than the averaging time specified for the radi
ation protection guide limit in American Na
tional Standard C95.1-1966. The effective 
beamwidth in the far field will, in general, be 
somewhat different from the 3 dB beamwidth 
and somewhat less than the width to the first 
null. The exact value depends, of course, upon 
the form factor of the radiation pattern. 

In the near field, the effective angle of the 
beamwidth will vary with distance [see Sec
tion 3.2 (2)]. Here, the average power density 
of the scanning antenna is given approximate
ly by the relations 

w- (~,) (2~) (3:0) (Eq 4) 

3 See Appendix. 

for 

e > (2~r) 360 

where 0 is the scanned angle in degrees, and 

11 

for 

4P 
W= wD2 

4. Methods of Measurement 

(Eq 5) 

4.1 General Procedures. A successful power
density evaluation program should include 
the three requisites listed below. 

(1) Evaluation of radiating sources from the 
standpoint of personnel hazard potential; this 
will include the calculation of expected RF 
power-density levels 

(2) Planning and conducting a com
prehensive survey of potential hazard areas 

(3) Correlation of calculated values with 
field survey data to ensure a minimum of error 

The measurement procedure requires ex
posing the instrument to the field being eval
uated; readings obtained are proportional to 
the power density. However, depending on the 
type of instrument, the specific operational 
procedure will vary. In general, the survey 
procedure includes provisions for moving the 
instrument throughout the area being 
scanned, and the performance of necessary 
checks and adjustments to minimize error due 
to battery voltage change, temperature drift, 
and other factors. Error in measurements may 
also be introduced by exposure of the instru
ment to RF fields, flexing the interconnecting 
cables, and exposure to environmental ex
tremes. These latter items are not normally 
cited by equipment manufacturers. Polari
zation-sensitive probes must be oriented nor
mal to the beam and rotated to align them 
with the wave polarity. If not aligned, the 
received power may be reduced as listed in 
Table 1 for several cases. 

It is essential while making the survey to 
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Table 1 
Approximate Loss in Indicated 

Power Due to Polarization 
Effects 

Polarization 
Probe Wave 

Horizontal Vertical 
Horizontal Circular 
Vertical Horizontal 
Vertical Circular 
Circular Horizontal 
Circular Vertical 
Circular (LH) Circular (RH) 
Circular (RH) Circular (LH) 

dB Loss 

>20 
3 

>20 
3 
3 
3 

> 25 
> 25 

simultaneously move the pickup antenna and 
change its orientation to establish whether 
the reading is being affected by reflections 
or multiple sources or both. The maximum 
reading should be recorded. Since it can be 
very difficult and time consuming to position 
the probe for the maximum response, there is 
a need for a reliable probe with an isotropic 
response pattern. A few promising probes that 
are less polarization sensitive have recently 
been developed, but they have not yet been 
thoroughly evaluated. 

In a complex situation where there are no 
reflections hut several different transmitters 
(for example, as could exist at an operational 
field-radar site), the power densities from the 
radars operating on different frequencies 
should be added directly, but not the field 
strengths. When two or more sources of RF 
radiation are operated coherently (that is, at 
exactly the same frequency), special consid
erations apply. 

Where possible, before measurements are 
made, a visual inspection of the area should be 
conducted to identify potential RF radiation 
hazard areas. If the system is located at a 
distant site, maps drawn to scale showing the 
orientation of antennas with respect to other 
facilities and true north should be consulted 
in lieu of an on-site inspection. Topographic 
maps are desirable. Special emphasis is given 
to areas where reflection or elevated towers 
could possibly cause an increase in power 
density. . 

Fixed sources should be measured starting 
from a safe distance with measurements care
fully taken while approaching the source. 

MEASUREMENT OF POTENTIALLY HAZARDOUS 

Protective clothing is available for measure
ments in hazardous fields (see Section 5.3). 

4.2 Equipment Requirements. The following 
equipment is required to conduct a survey: 

Power density meter; basic types are dis
cussed in Section 4.5 

NOTE: The following equipment has been found help
ful in conducting surveys: 

(1) Portable two-way radios for communications 
(2) RF radiation protective clothing and equipment 

4.3 Survey Procedure. The following proce
dures, based on consideration of a radar power 
source, are to be followed by monitoring per
sonnel and modified, where necessary, for 
other transmitters. 

(1) Brief the site supervisor on the purpose 
of the survey, the test procedure, and the 
support required from operating personnel. 

(2) Select an area irradiated by the antenna 
that is relatively level and free of obstructions 
which may reflect or absorb RF. 

(3) Orient the antenna at a safe elevation 
angle and at an azimuth pointing away from 
the antenna platform entrance; activate the 
interlock to prevent antenna movement. 
Monitor the exterior waveguide couplings and 
antenna mount, including the area directly 
behind the antenna. 

(4) Using the previously calculated distance 
as a guide to select the initial measurement 
point, determine the distance from the anten
na to the boundary of the radiation protec
tion guide limit. This calculation is always 
made for the center of the radiated beam. If 
the calculated power density in the center of 
the beam at any field survey point exceeds the 
detecting instrument range, the average pow
er output should be reduced where feasible or 
suitable attenuators may be inserted between 
the test antenna and the power meter, when 
measurements are performed at this point. 
The measured density should then be cor
rected by calculations which take the reduc
tion into account. 

(5) With the system high voltage applied, 
but with the RF drive off or the output power 
attenuated, orient the antenna toward and 5 
to 10 degrees above the monitor. Depending 
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on the system involved, this operation is ac
complished by use of a TV monitor, optical 
tracker, antenna elbow scope, sighting by 
monitors, or by use of predetermined antenna 
azimuth and elevation angles. Antennas cov
ered by radomes or employing electromag
netic scanning techniques (such as phased 
arrays) may require direction based on field 
measurement at reduced power by monitoring 
personnel. 

(6) Commence the radiation at a pre
determined average power level and slowly 
decrease the antenna elevation angle until the 
beam has passed below the monitor or until 
the maximum depression limit is reached. It 
may be necessary to reduce the average output 
power due to instrument limitations or to 
prevent overexposure of monitoring person
nel. Note the highest power detected during 
depression of the antenna, and then have the 
antenna elevated to the angle which produced 
the highest reading previously noted. With 
the antenna remaining at this elevation 
angle, traverse the angle slowly in both direc
tions to an azimuth where the highest reading 
is obtained. Repeat the above procedures until 
satisfied that the beam center has been lo
cated. 

(7) After determining the maximum read
ing for the beam center, evaluate the reflec
tion effects and side lobes. Holding the anten
na at the same azimuth, decrease the eleva
tion angle slowly while observing the survey 
instrument. Initially, the reading will de
crease. However, at some point, reflection 
may reinforce some portion of the main beam 
(not the center) and result in the highest 
reading at the survey point. In addition to 
checking for ground reflection, slowly direct 
the antenna toward any object in the area 
which could possibly cause an increase to the 
reading at the survey point. 

If the power densities exceed the RPGL, 
similar procedures should be followed to es
tablish contours of constant power density at 
various elevations and azimuths for a fixed 
position of the antenna. The antenna should 
then be scanned through its ranges to define 
the variation in the map of power density and 
establish safety zones for selected operational 
modes. 

A survey should be made inside the trans
mitter room for stray RF radiation, with 
particular care in monitoring areas around 
transmitter and waveguide couplings. 

Warning: High-voltage transmitter tubes 
may also generate X-rays. 

4.4 Safety Precautions. The following pre
cautions are mandatory where calculations 
indicate the possibility that safe exposure 
levels may be exceeded. 

(1) The transmitting antenna is never 
pointed directly at the monitoring personnel 
for the initial power measurement at any 
point. Orientation of the antenna and other 
system operating procedures related to the 
survey are performed at the direction of the 
monitor. 

(2) Systems operators should pay particular 
attention to the instructions issued by the 
monitoring personnel. The transmitting an
tenna should be moved slowly to prevent 
accidental exposure of personnel to high levels 
of RF radiation. 

(3) When there is a probability that ex
posure of monitoring personnel will exceed the 
recommended levels, remote detecting devices 
should be used or the average power output 
reduced and the readings raised proportion
ately. 

(4) Protective clothing or shielded vans 
should be used by monitoring personnel when 
exposure to high levels of RF radiation is 
possible. 

(5) Personnel occupancy of an area must be 
controlled while measurements are being 
made, to prevent inadvertent exposures to RF 
radiation. 

4.5 Uses of Test Equipment. The equipment 
employed for radiation hazard measurements 
may be broadly categorized by frequency spec
tnim. In the range from about 300 MHz to 100 
GHz, antennas are suitably directive and not 
prohibitively large, so that it is feasible to 
employ the fundamental measurement tech
nique of a calibrated antenna, attenuator, 
and power meter. In the frequency range 
below about 300 MHz, it is generally more 
feasible to use a resonant antenna such as a 
dipole, or a short nonresonant antenna such 
as a whip. It is also common to use an instru
ment which measures the voltage at the an
tenna terminals, resulting in a field-strength 
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measurement. In the far field, under plane
wave conditions, this measurement can be 
converted to power density by a simple calcu
lation if it appears desirable to do so. 

Since known radiation hazards to personnel 
are, at present, primarily confined to the 
microwave spectrum where high-power radars 
are common, this standard places primary 
emphasis on the fundamental method of mea
surement. However, in all cases, field-strength 
measurement instruments may also be used in 
this frequency range and will give comparable 
results. 

Other methods are available, such as the 
use of gas discharge tubes, resonant circuits, 
and similar techniques which have not met 
with widespread acceptance. These methods 
are chiefly limited in respect to repeatability 
and difficulties in calibration of the detecting 
device. 

In addition to the laboratory-type systems 
described above, compact portable power-den
sity and field-strength measuring devices are 
also available for field use. Such instruments 
will facilitate taking data for field purposes; 
however, the accuracy of these field instru
ments cannot be expected to be equal to that 
of the laboratory type. 

In the use of instruments, certain pre
cautions should be taken to avoid erroneous 
interpretation of the readings and possible 
hazardous exposure of personnel. The time
average power density at any point in an 
electromagnetic wave varies with pulse re
petition frequency and pulse duration in the 
same manner as the time-average power out
put of the transmitter which produces the 
wave. It is this time-average power density 
that power-density instruments attempt to 
measure. Consequently, depending on the 
pulse duration and pulse repetition frequency, 
the peak power density (or even the average 
power density during each pulse) to which a 
person is exposed may be many times larger 
than the time-average power density in
dicated by the instrument he is carrying. This 
factor has been accounted for in establishing 
the standards on tolerable levels of RF radi
ation for personnel. Unless otherwise stipu
lated, power in the following discussion is, by 
definition, the time-average power. (See 
American National Standard C95.l-1966.) 

MEASUREMENT OF POTENTIALLY HAZARDOUS 

The fundamental approach to power-densi
ty measurement employs a bolometer element 
which converts RF energy into heat energy to 
produce a change in the bolometer resistance. 
The bolometer is operated in a bridge circuit, 
and the amount of de or audio-frequency 
power required to rebalance the bridge and 
keep the bolometer resistance constant is tak
en as a measurement of the RF power. 

Power meters cannot, in themselves, mea
sure power density in a radiation field; they 
can only measure the RF power delivered to 
the bolometer that has been extracted from a 
radiation field by a precisely calibrated probe 
antenna. The power reading of the meter can 
be interpreted as an indication of the power 
density in the radiation field by the appli
cation of a conversion factor which is deter
mined by the properties of the probe. The 
accuracy of a power-density measurement 
made in this manner depends on two factors: 

(1) The accuracy of the probe calibration 
(2) The accuracy with which the power 

meter measures the power delivered to the 
bolometer 

From a theoretical point of view, all that is 
needed is to measure the RF power collected 
by the probe. If the gain of the probe under 
any given set of circumstances is known, its 
effective aperture is known. If the effective 
aperture of the probe is known, the measured 
power can be converted to a measurement of 
power density by a relatively simple calcu
lation. 4 The accuracy of this power-density 
measurement will depend only on the ac
curacy with which the probe gain is known 
and the accuracy with which the power col
lected by the probe is measured. 

From a practical point of view the situation 
is somewhat different. If a direct indication of 
RF power density is desired, the gain charac
teristics of the probe antenna must be used as 
a basis for calibrating the power-measuring 
device in terms of power density. This cali
bration may be accomplished by a coupling 
circuit which has a gain (or an attenuation) of 
precisely the right amount to match the gain 
characteristics of the probe antenna to the 

4 An example is given in the Appendix, Section Al. 
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sensitivity of the power-measuring device. Be
cause of limitations on the power-handling 
capabilities of the power-measuring device, it 
may be necessary to use several coupling cir
cuits to cover the desired range of actual 
power densities. Because the gain (or atten
uation) of both the probe antenna and the 
coupling circuit will, in general, vary with 
frequency, it may be necessary to employ 
several combinations of these items to cover 
the desired range of frequencies. In any event, 
the accuracy with which the overall system 
measures RF power density depends on the 
accuracy with which the coupling circuit per
forms its intended function under the pre
vailing conditions of actual power density, 
frequency, temperature, and humidity. 

5. Test Equipment 

5.1 Instrumentation Requirements. 
5.1.1 Suggested Electrical Performance 

Characteristics. 
(1) Bandwidth. Limitations on bandwidth 

or frequency range are primarily linearity of 
receiver gain and antenna gain and pattern. 
(The "gain" may actually be a loss factor if 
unamplified detectors and broadband an
tennas are employed.) 

(2) Power Supply. The instrument should 
employ a self-contained power supply, iso
lated from external fields by appropriate 
shielding and filter decoupling. Provision 
shall be made for determining the condition of 
batteries, if used, by a "press-to-test" button. 

(3) Antenna Directivity. The instrument 
should provide an indication of the direction 
of the radiating source within ± 15 degrees of 
the true position. Sidelobes shall be atten
uated sufficiently at all frequencies to prevent 
ambiguity in locating the source. 

(4) Polarization. The antenna should be 
sensitive to both vertical and horizontal com
ponents of the electromagnetic field. This 
may be accomplished either with dual anten
nas or by physical rotation of the antenna on 
its mount. 

(5) Sensitivity. For personnel hazards, the 
instrument should read average power in mil
liwatts per centimeter squared (mW /cm2 ). 

With the present RPGL as an upper guide 
limit, a range of ± 10 dB should be adequate. 
The instrument should be sensitive to CW 

and PCW fields, independent of duty factor, 
for pulse durations from less than 1 µs to 10 
ms. However, it is permissible to have a de
tector or indicator time-constant switch for 
the CW and PCW modes. 

(6) Accuracy and Calibration. The de
viation from the "true" power density should 
not exceed ±20 percent of the midscale read
ing at any point on the scale. Provision should 
be made for adjusting full-scale sensitivity 
against a standard instrument, within 10 per
cent, without overall deviation from the 20 
percent limit throughout the remainder of the 
range. 

(7) Shielding. The instrument housing and 
antenna cables should provide a minimum of 
80 dB of shielding. 

(8) Battery Life. The instrument should be 
capable of at least 8 hours of operation within 
its rated accuracy before replacement (or re
charging) of batteries. 

5.1.2 Suggested Physical Characteristics. 
(1) Portable. The instrument should be 

portable to permit convenient operation. 
(2) Lightweight. The weight should be kept 

as low as possible in keeping with good engi
neering practice, not exceeding 5 lb (2.3 kg). 

(3) Small in Volume. The volume should be 
as small as possible, approximately a 15 cm 
cube or less, excluding the probe or antenna. 

(4) Independent of Temperature, Humid
ity, and Pressure. Accuracy of the instrument 
should be independent of the effects of tem
perature in the range 0°F to 130°F, high 
humidity, and pressure variation between sea 
level and 10 000 ft (3 km) of altitude. 

(5) Durable. The indicating meter and oth
er system components should be rugged 
enough to withstand vibration and shock re
sulting from transport. A carrying case is 
advisable. 

(6) Nonresponsive to Ionizing Radiation. 
The inherent accuracy of the instrument shall 
not be altered by exposure to ionizing radi
·ation, artificial light, or sunlight. 

(7) Easy to Read. The indicating meter dial 
markings should be large enough to be easily 
read at arms length. The reading for the safe 
limit should appear in the center of the dial. If 
more than one range of sensitivity is provided, 
the dial markings should change auto
matically to read directly in the units of 
interest in the measurement being made. 
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(8) Easy to Adjust. The unit should have a 
minimum number of controls which should be 
clearly labeled as to their functions. There 
shall be no requirement for moving two con
trols at the same time. The electrical zero 
should be upscale from the mechanical zero of 
the indicating meter. 

(9) Easy to Use. The procedure for oper
ating the instrument shall be such that ac
curate measurements can be made quickly by 
the average technician. 

5.2 Calibration. 
5.2.1 Instruments. The instruments avail

able fall into two general categories: RF pow
er-density meters and RF power meters. 

(1) RF Power-Density Meters. These are 
self-contained instruments specifically de
signed to measure RF power density. They are 
an integrated system, basically consisting of a 
variable attenuator, thermistor bridge, bat
tery power supply, RF probes (calibrated), 
and a power-density indicator (direct read
ing). 

(2) RF Power Meters. These instruments 
cannot, in themselves, measure power density 
in a radiation field; they can only measure the 
RF power delivered to a sensing element, such 
as a bolometer, from a precisely calibrated 
probe antenna. The power reading can be 
converted to power density by a conversion 
factor determined by the properties of the 
probe. Therefore, when used for power-densi
ty measurements the power meter is not a self
contained unit and usually requires an ex
ternal power source. 

5.2.2 Basis of Instrumentation Calibration. 
To calibrate an instrument designed to mea
sure RF power density, the instrument must 
be placed in an RF field at a location of known 
power density (or known prior to the in
troduction of the instrument under test). A 
power-density reading obtained from the in
strument is compared with the known power 
density to evaluate the instrument's ability to 
accurately measure RF power density. It 
makes little difference whether discrepancies 
between the known power density and the 
instrument reading arise from inaccuracies 
within the instrument or from distortion of 
the original RF field caused by the in
troduction of the instrument; in fact, the 
problem of ascertaining which factor is re-

MEASUREMENT OF POTENTIALLY HAZARDOUS 

sponsible for an inaccurate reading is not 
easily solved. The principal problem involved 
in the evaluation and calibration of a power
density instrument is how to determine the 
power density that exists at the location in 
space where the instrument will be in
troduced. 

There are two methods to determine the RF 
power density at a specified location in an RF 
field. First, the power density at a given point 
may be calculated from certain data con
cerning the nature of the radiation source. 
Second, the power density at a given location 
may be measured with proper instrumenta
tion. The basic features of each of these meth
ods can be developed as follows. 

(1) Calculating RF Power Density from 
Source Data. Consider a hypothetical "isot
ropic radiator" operating at a single frequency 
in a homogeneous isotropic lossless medium 
of infinite extent. Assume that this source of 
electromagnetic waves radiates RF energy at 
a rate of P T watts. At a distance 01 r meters 
from the source, the radiated power in the far 
field must be uniformly distributed over a 
spherical surface of 41rr2 square meters. Con
sequently, the RF power density at any point 
r meters from the source is 

PT 
Wo = -- (W/m2 ) 

41rr2 
(Eq 6) 

where the subscript O emphasizes the fact that 
the source is an isotropic radiator. If the 
isotropic radiator is replaced by the trans
mitting antenna of gain GT (actual gain 
ratio, not decibel gain) radiating RF power at 
the same level, P T watts, the power density 
at any point on the axis of the major lobe of 
the antenna is 

41rr2 
(W/m2

) (Eq 7) 

where r is now measured in meters from the 
effective aperture of the transmitting anten
na, along the axis of the major lobe. Eq 7 
indicates that if the gain of the transmitting 
antenna is precisely known and the total 
power output of the antenna can be precisely 
measured, the power density produced by a 
single source of radiation, at any field point on 
the axis of the major lobe of the transmitting 
antenna, can be calculated. Further informa-
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tion about the directional properties of the 
transmitting antenna is required for the de
termination of the RF power density at field 
points off the axis of the major lobe. If this 
information is available in the form of a 
directionality function D T (0, <I>) for the 
transmitting antenna, the power density pro
duced by the source at any field point may be 
calculated from a modified form of Eq 7: 

(W/m2 ) (Eq 8 J 

(2) Measuring RF Power Density. Consider 
an essentially plane electromagnetic wave, at 
a particular frequency, propagating in a 
homogeneous isotropic lossless medium of in
finite extent. Assume that the power density 
in the wave, at a particular location, is W 
watts per square meter. If a receiving antenna 
with an effective aperture of A square meters 
is placed at that location with its effective 
aperture normal to the direction of the source, 
it will collect a total power 

Pa= WA (W) (Eq 9) 

Since the effective aperture of any antenna is 
related to the gain of that antenna by 

'A_2 
A = - G (m2 ) (Eq 10) 

47T 

where;\ is the wavelength of the radiation, Eq 
9 may be written as 

'A_2Ga 
Pa =W--

41r 
(W) (Eq 11) 

where G R is the gain ratio (not decibel gain) 
of the receiving antenna. Solution of Eq 11 for 
W gives 

41rPa 
W=-- (W/m2 ) 

'A_2Ga 
(Eq 12) 

Eq 12 indicates that if the gain of a receiving 
antenna is precisely known and the power 
received by that antenna can be precisely 
measured, the power density in the received 
wave can be determined, provided that the 
receiving antenna is oriented with its effective 
aperture normal to the direction of arrival of 
the incident wave and properly polarized. If 
the receiving antenna is not oriented in this 

manner, further information about its direc
tional properties is necessary for the deter
mination of the power density. In the fore
going discussion it has been assumed that the 
paraphernalia associated with the receiving 
antenna cause no distortion of the electro
magnetic field. 

5.2.3 Calibration Procedure. This proce
dure includes the following steps. 

(1) Determining the RF power density at a 
given location, either by calculation or mea
surement, or both 

(2) Placing the instrument to be calibrated 
at that location and reading the indicated RF 
power density 

(3) Comparing the power-density reading 
obtained in step (2) with the power density 
determined in step (1) 

However, several important factors must be 
considered in establishing the techniques for 
performing these steps. 

First, complications arise in either calcu
lating or measuring the RF power density at a 
field point illuminated by more than one 
source. Therefore, only one source of illumi
nation should be used for the calibration 
procedure. Since materials or objects which 
reflect or reradiate electromagnetic waves act 
as virtual sources, a nonreflecting or anechoic 
environment is also indicated. 

Second, the preliminary determination of 
the RF power density (at the location where 
the instrument will be placed for evaluation) 
by means of the measurement method de
pends on the use of a receiving system which 
might distort the RF field. When feasible, all 
such determinations should be verified by 
calculation of the RF power density from 
source data. 

Finally, antenna gain is important. In the 
far-field (Fraunhofer) region, antenna gain is 
independent of the distance from the ap
erture, but this situation does not prevail in 
the radiating near-field (Fresnel) region. Con
sequently, a valid measurement of RF power 
density can be made only when the source of 
RF energy is sufficiently far away that it is in 
the far field of the probe antenna of the 
measuring instrument. On the other hand, 
the calibration of an RF measuring instru
ment depends on a knowledge of the actual 
power density at the field point where the 
instrument's probe antenna is located. Since 
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Fig 1 
Block Diagram of Fundamental Chamber Illumination System 

this knowledge is, in turn, dependent upon a 
knowledge of the gain of the source antenna, 
the evaluation is most easily accomplished 
when the probe of the instrument under test is 
also in the far field of the source antenna. 
However, if the probe antenna is much small
er than the source antenna, and if there are no 
large multipath components present, reliable 
measurements can be made well into the 
radiating near field of the source. (Refer to 
comments in Section 1.2.) 

5.2.4 Chamber Illumination Systems. The 
calculation of RF power density at a specified 
field point depends only on a knowledge of the 
gain characteristics of the transmitting an
tenna and the total power being radiated by 
that antenna. Thus, a chamber illumination 
system (CIS) employed in the calibration 
should be arranged to serve the dual purpose 
of providing the RF energy at the particular 
frequency necessary for instrument eval
uation and the information essential to the 

calculation of the RF power density at the 
location where the instrument being eval
uated would be placed. 

The block diagram in Fig 1 shows the essen
tial features of a CIS in a typical RF facility. 
An RF energy source generates a pulsed or 
CW output power P O which is fed into a 
calibrated directional coupler. The direction
al coupler extracts a power Pw, which is a 
small but precisely known percentage of Po, 
from the main circuit and couples it into the 
monitoring circuit. The remaining portion 
PT = (Po - P w ) is coupled to the trans
mitting antenna through a lossless matching 
network which assures a "flat line." The 
extracted power P w is fed through a precision 
attenuator where it is reduced to a convenient 
level P M on the meter. This power is fed to a 
power-measuring system through another 
lossless matching network. A direct relation
ship between PT and PM can be obtained as 
follows. 
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By definition of the coupling factor C (in 
decibels) of the directional coupler, 

p = p [lO(C/lO)] (W) (Eq 13) 
0 W 

But 

PT = Po -Pw (W) (Eq 14) 

Consequently, 

P'I, =Pw [lO(C/l0)_ 1] (W) (Eq15) 

Also, by definition of the attenuation A (in 
decibels) at the precision attenuator, 

Pw = PM po<A!lO)] (W) (Eq 16) 

Substitution from Eq 16 into Eq 15 gives 

PT = PM [lO(A/10),l [lO(C/10) -1] (W) 

(Eq 17) 

Further substitution from Eq 17 into Eq 7 
gives the power density on the axis of the 
major lobe of the transmitting antenna in the 
far field in terms of the precisely calibrated 
quantitiesA, C, and GT: 

W= GTPM lO(A/10) [lO(C/10)_ 11 (W/m2 ) 

41rr2 

(Eq 18) 
where PM is the monitored power in watts. 
Since A, C, and GT are fixed parameters of 
the CIS, these three quantities may be collect
ed into a "system constant" 

Kw= GT lO{A/10) [lO(C/10) -1] (Eq 19) 
41T 

In this event, Eq 18 becomes 
PM 

W=K -
w r2 

(W/m2 ) (Eq 20) 

It should be noted that in applying Eq 18 or 
Eq 20 to the calculation of RF power density, 
PM must be measured with the frequency 
meter (Fig 1) detuned so that it extracts no 
power from the monitoring circuit. 

Either Eq 18 or Eq 20 provides a means of 
calculatingthe RF power density at any "far
field" point on the axis of the major lobe of the 
CIS transmitting antenna. It should be point
ed out that this calculated value of the on-axis 
power density could be significantly in error 
since the material lining the chamber walls is 
not perfect and does reflect some energy into 
the useful regions of the chamber. The errors 
due to this effect tend to become larger at the 
lower frequencies. It is difficult to predict the 
magnitudes of such errors since they will de
pend on the chamber size and shape, the type 
of material used, the transmitting anten
na, and perhaps other factors. Therefore, the 
calculated power density should be checked by 
actual measurement within the anechoic 
chamber. This precautionary statement is not 
intended to discourage the use of chambers, 
but to indicate that the chamber properties 
should be either well known or established by 
means of a survey at the frequency of interest 
before undertaking accurate calibrations. 

5.2.5 Field Probing System. The measure
ment of RF power density at a particular field 
point depends only on a knowledge of the gain 
characteristics of a receiving antenna and a 
measurement of the total power received by 
that antenna. Thus, the essential features of a 
field probing system (FPS) designed to mea
sure RF power density are those shown in the 
block diagram of Fig 2. In this FPS, the 

Fig 2 
Block Diagram of Fundamental Field Probing System 

INCIDENT WAVE 
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CALIBRATED 
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pR CALIBRATED 
COUPLING 
CIRCUIT 
(ATTEN= AR) 

~ OVERALL GAIN= GRO ~ 
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received power PR is related to the measured 
power PM by the equation 

(Eq 21) 

where PM is in watts and A R is the decibel 
attenuation of the calibrated attenuating cou
pling circuit. Substitution of the value of PR 
in Eq 21 into Eq 12 shows that the power 
density in the received wave is 

47rpM [lO<AR/10)] 
W=--------

'A2GR 
(W/m2 ) (Eq 22) 

provided that the receiving antenna of gain 
ratio (not decibel gain) GR is oriented so that 
the source is on the axis of its major lobe, 
properly polarized, and in the far field. If the 
combination of the receiving antenna and 
attenuating coupling circuit is considered as 
an effective antenna with an overall gain 

(Eq 23) 

Eq 22 can be written as 

(W/m2 ) (Eq 24) 

which corresponds to the form of Eq 12. Since 
A R and G R are fixed parameters of the FPS 
at a particular frequency, these two quantities 
may be collected into a probe constant, 

41T [lO<AR/10) - 16]{2 
= ----------' 

9GR 

(Eq 25) 

and Eq 24 can then be written as 

W = KPPM (W/m2 ) (Eq 26) 

The calibrated attenuating coupling circuit 
is necessary only when the power density to be 
measured exceeds a certain level, which de
pends on the range of powers that can be 
measured by the power-measuring system. A 
specific example will serve to illustrate this 
point. Suppose that it is desired to measure an 
RF power density of approximately 20 
mW/cm 2 (200 W/m 2 ) at an S-band frequency 
corresponding to a wavelength A = 10 cm (0.1 
m). Suppose further that a probe antenna 
with a gain of 10 dB (gain ratio = 10.0) is to be 
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used. According to Eq 11 the received power 
will be 

(0.1) 2 (10) (200) 5 = = 
41T 1T 

= 1.6 (W) (Eq 27) 

If the power-measuring system used in con
junction with the FPS comprises an ordinary 
RF power meter and bolometer arrangement, 
its maximum power-measuring capacity will 
be approximately 10 mW (0.010 W). Con
sequently, the received power PR must be 
attenuated by a precisely known factor before 
the power density can be measured. 

If an FPS is used to measure RF power 
density, a calibrated directional coupler 
should be employed as an attenuated coupling 
circuit. Thus, the coupling factor C becomes 
the attenuation AR. In those cases where the 
power density· being measured is sufficiently 
small, the directional coupler should be 
omitted from the FPS probe. For these cases, 
C =AR = 0 in Eqs 21, 22, 23, and 25. 

5.2.6 Component Calibrations. 5 The im
portance of precisely calibrated components 
(antennas, directional couplers, attenuators, 
and so on) to accurately determine the RF 
power density at a particular field point has 
been established. Although pertinent charac
teristics of most of the critical components 
used in both the CIS and FPS are available 
from manufacturers' specifications, it is rec
ommended that all such components be re
calibrated. Such a procedure not only defi
nitely establishes the accuracy of the cali
brations, but also provides valuable experi
ence in measuring techniques similar to those 
to be used in evaluating instruments. 

During component calibrations, all power 
measurements can be made with an RF power 
meter in conjunction with associated hard
ware. Similar arrangements can be employed 
to monitor the power output of various cham
ber illumination systems during the actual 
evaluation tests. Repeated measurements 
with a calorimetric power meter can establish 
the accuracy of the RF power meter (depend-

5 For those desiring them, calibrations of all. required 
components are available at the Electromagnetics Divi
sion of the National Bureau of Standards, Boulder, Colo. 
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ing on the limit of the range of operation of 
the calorimetric power meter). 

(1) Antennas. In Eq 7, the power density 
produced at any point on the axis of the major 
lobe of a transmitting antenna is expressed in 
terms of the transmitted power and the trans
mitting antenna gain. In Eq 12, the power 
density in an electromagnetic wave falling 
normally on the effective aperture of a receiv
ing antenna is expressed in terms of the re
ceived power and the gain of the receiving 
antenna. The basic equation for calibration of 
antenna gains is obtained by equating the 
right sides of Eqs 7 and 12 and rearranging 
terms to get 

(Eq 28) 

This equation indicates that the product of 
the gains of two antennas can be determined 
by transmitting energy from one to the other 
and measuring the transmitted power, re
ceived power, distance between the two an
tennas, and the wavelength (or frequency) of 
the electromagnetic energy. If the gain of one 
of the antennas is known, Eq 28 can be solved 
for the gain of the other antenna. Thus, the 
gain of any antenna can be determined by 
comparing it with a "standard gain" antenna. 
In the event that several antennas are avail
able, but none of the gains are known, succes
sive applications of Eq 28 can be made in what 
might be called an "absolute" determination 
of gain. Assume three antennas are selected 
and designated as 1, 2, and 3. With antenna 1 
transmitting and antenna 2 receiving, mea
surements can be made in experiment A to 
obtain 

(Eq 29) 

The receiving antenna 2 is replaced by an
tenna 3, and measurements can be made in 
experiment B to obtain 

...:.(47rrB)2(PRB ) G1 Ga - "\ 
I\ .pTB 

(Eq 30) 

Finally, the transmitting antenna 1 is re
placed by antenna 2, and measurements can 
be made in experiment C to obtain 

(Eq 31) 

Simultaneous solution of Eqs 29-31 give G1, 
G2, and Ga, and the gains of other antennas 
can now be determined by comparison with 
any one of these gains. 

In each of the experiments above, the posi
tions of the transmitting and receiving an
tennas could have been interchanged. Such 
an interchange of antennas has absolutely no 
effect on the gain of either provided that (1) 
the transmitting antenna is matched to the 
source, (2) the receiving antenna is matched 
to the receiver system in each case, and (3) the 
Fresnel regions of the two antennas do not 
overlap. However, although the gain product 
of the two antennas theoretically remains the 
same, experimental errors may change the 
computed gain product slightly. In the course 
of antenna gain calibrations, antennas under 
calibration can be interchanged, and the two 
gain products for a given pair of antennas can 
be averaged. 

Special care may be required if an anechoic 
chamber is used for "absolute" gain measure
ments. Since anechoic chambers are not per
fectly anechoic, it is possible that reflections 
can produce considerable errors in certain 
regions within the chamber. Consequently, 
additional checks of antenna gain products 
should be made at various spacings for each 
frequency to be used during the course of the 
evaluation program. If the results of these 
measurements corresponding to various sepa
ration distances are in significant dis
agreement, 6 a survey of the chamber at the 
frequency of interest may be required. 

(2) Directional Couplers. According to the 
notation in Eq 13, the coupling factor of a 
directional coupler having matched loads on 
both the monitoring and output arms is given 
by the expression 

p 
C = 10 log ___Q (Eq 32) 

Pw 
However, 

(Eq 33) 
Consequently, 

(p + p ) 
C = 10 log T w 

Pw 
(Eq 34) 

6 A near-zone gain correction may be required for proper 
comparison of the measured gain products; see the Ap
pendix. 
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The coupling factors of the directional cou
plers are determined at the test frequencies to 
be used in the evaluation measurements. 
These determinations are made by termi
nating the two coupler output arms with 
matched (reflectionless) loads, measuring PT 
and P w , and applying Eq 34 in the calcu
lation of the coupling factor. 

(3) Variable Attenuators. The attenuation 
of a component having its input matched to 
the source and its output matched to the load 
is given by 

Pw 
A= 10 log

PM (Eq 35) 

For a variable attenuator, the attenuation at 
a particular setting B of the attenuator dial is 
the attenuation at zero setting (that is, fixed 
attenuation) plus the difference between the 
zero-setting attenuation and the attenuation 
at the dial setting B. The fixed attenuation for 
each attenuator can be found by measuring 
the power transmitted to a matched load 
through the zero-set attenuator and com
paring this power with the power transmitted 
to the load with the attenuator removed from 
the circuit; the generated power is held at a 
constant value. Subsequent to this deter
mination of the fixed attenuation, each atten
uator is calibrated at a sufficient number of 
dial settings to allow a plot of attenuation 
versus dial setting for each test frequency. 

Effective attenuation in excess of 50 dB over 
a wide frequency range has been achieved. In 
special applications covering a somewhat nar
rower frequency band encompassing only the 
common carrier microwave frequencies, at
tenuations of 100 dB have been achieved. 

5.3 Protective Clothing. Protective garments 
have been developed that limit exposure of 
personnel to microwave energy. In general, 
these garments are light, strong, relatively 
inexpensive, and easy to care for. Their use is 
becoming fairly commonplace. Such protec
tive clothing permits personnel to work in 
areas where energy densities are 2 to 3 orders 
of magnitude greater than would otherwise be 
permissible. 

A few models of rather bulky non ventilated 
materials have been available, but the obvious 
drawbacks limited their use. Two of the re
cently developed garments utilize metallic sil
ver deposited on nylon mesh to provide a 
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covering having low-loss conduction for the 
wearer. This material allows satisfactory vi
sion through the mesh and also permits nor
mal ventilation for the body. The garments 
are light, strong, washable, and neither un
comfortable nor bulky to wear. With the eli
mination of the physically uncomfortable 
characteristics present in the previous gar
ments, the mesh type will gain much wider 
acceptance and use. 

Protecting the integrity of the shielding 
provided by these garments through careful 
use and inspecting for rips or tears in the 
garment before each use will ensure safe levels 
inside the suit as long as the energy levels of 
the environment do not exceed the safe level 
by an amount greater than the attenuation 
provided by the garment. 

The metallic silver on the surface of the suit 
results in its being a good conductor of elec
tricity. Consequently, care should be taken in 
the vicinity of exposed voltages such as appear 
on battery terminals, fuse panels, or bus bars 
to prevent electrical shock or short circuits. 
This problem can be overcome to some extent 
by wearing a cotton overall garment, or its 
equivalent, over the microwave radiation-pro
tective garment. 

In very intense fields, arcs will occur be
tween folds in the fabric and between the arm 
and body, etc. These arcs will burn holes in 
the suit, exposing the wearer to the harmful 
radiation. Information on the field strength 
required for arcing to occur is meager. It no 
doubt depends on the frequency and atmo
spheric conditions, but more study is needed. 
In any event, extreme caution should be ex
ercised in wearing one of these suits. 

6. Definitions 

anechoic chamber. A room in which wave 
reflections from the boundary surfaces have 
been reduced to a negligible amount. 

antenna. A means for radiating or receiving 
radio waves. 

antenna array. A system of antennas coupled 
together for the purpose of obtaining direc
tional effects. 
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antenna, dielectric. An antenna which em
ploys dielectric as the major component m 
producing the required radiation. 

antenna, dipole. A straight radiator, usually 
fed in the center, producing a maximum of 
radiation in the plane normal to its axis. The 
length specified is the overall length. 

NOTE: Common usage considers a dipole antenna to 
be a metal radiating structure which supports a line
current distribution similar to that of a thin straight wire, 
a half-wavelength long, so energized that the current has 
two nodes, one at each of the far ends. 

antenna directivity. The value of the directive 
gain in the direction of its maximum value. 

antenna effective area. In any specified direc
tion, the square of the wavelength multiplied 
by the power gain (or directive gain) in that 
direction and divided by 41r. 

NOTE: When power gain is used, the effective area is 
that for power reception; when directive gain is used, the 
effective area is that for directivity. 

antenna effective height. (1) The height of the 
antenna center of radiation above the effec
tive ground level. (2) In low-frequency appli
cations, the term applied to loaded or non
loaded vertical antennas, and equal to the 
moment of the current distribution in the 
vertical section divided by the input current. 

antenna gain. See power gain of an antenna. 

antenna gain, relative. The ratio of the power 
gain of an antenna referred (relative) to a 
standard antenna. 

NOTE: The relative gain may be in decibels or it may 
be a numeric. The standard antenna is usually a half
wave dipole or an isotropic antenna. The latter would be 
preferable if such an antenna existed. 

antenna, isotropic. See isotropic antenna. 

antenna, lens. In radio practice, a structure 
substantially transparent to radio waves but 
which inserts a phase delay over the cross 
section of an aperture so as to effect a con
vergence (or divergence) of a radio wave. Such 
structures may employ dielectrics or metallic 
configurations. 

antenna, parabolic. An antenna consisting of 
a parabolic reflector and a source at or near its 
focus. 

antenna regions. It is convenient to dis
tinguish between the regions of small radi-

ators (one wavelength or less) and large radi
ators (much larger than one wavelength). . 

(1) small radiators: The regiqns of small 
radiators (current elements and small linear 
radiators) are the electrostatic field region, 
the induction field region, and the radiation 
field region. 

(2) large radiators: The regions of large 
radiators or aperture antennas are the reac
tive near-field region, the radiating near-field 
region, and the far-field region. The term 
induction field as defined for small antennas 
is not meaningful, but important vector field 
terms decaying inversely as higher powers of 
the distance than the first are usually called 
near-field terms. 

antenna terminal impedance. The ratio of 
complex voltage to complex current at the 
terminals of a transmitting antenna, or the 
ratio of the open-circuit voltage to the short
circuit current at the terminals of a receiving 
antenna. 

NOTE: Sometimes called antenna driving-point im
pedance. 

aperture (unidirectional antenna). The por
tion of a plane surface near the antenna 
perpendicular to the direction of maximum 
radiation through which the major part of the 
radiation passes. 

athermal effect (nonthermal effect). Any effect 
of electromagnetic radiation absorption ex
clusive of the production of heat. 

attenuation. A general term used to denote a 
decrease in magnitude in transmission from 
one point to another. 

NOTE: It may be expressed as a ratio or, by extension 
of the term, in decibels. 
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average power P. The time-average rate of 
energy transfer: 

P= 1 1t2 
t2 - t1 t1 

P(t) dt 

average power output, amplitude-modulated 
transmitter. The radio-frequency power deliv
ered to the transmitter output terminals aver
aged over a modulation cycle. 

backward scatter. Scatter directed into the 
rear hemisphere with respect to the direction 
of incident energy. 
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beamwidth, half-power. In a plane containing 
the direction of the maximum of the lobe, the 
angle between the two directions in that plane 
about the maximum in which the radiation 
intensity is one-half the maximum value of 
the lobe. 

bolometer. A device capable of absorbing radi
ant energy and of using the heat so developed 
to change its electrical resistance, thus in
dicating the magnitude of absorbed radiant 
power. 

directional pattern, antenna (radiation pat
tern). Graphical representation of the radi
ation ofreception of the antenna as a function 
of direction. 

NOTE: Cross sections in which directional patterns 
are frequently given are vertical planes and the horizontal 
plane, or the principal electric and magnetic polarization 
planes. · 

directive gain (given direction). 41r times the 
ratio of the radiation intensity in that direc
tion to the total power radiated by the an
tenna. 

NOTE: The term is also applied to receiving antennas. 

driving-point impedance. At any pair of termi
nals of a network, the ratio of an applied 
potential difference to the resultant current at 
these terminals, all terminals being termi
nated in any specified manner. 

duty cycle. Deprecated; see duty factor. 

duty factor (duty ratio). Of a wave composed of 
pulses that recur at regular intervals, the 
product of the pulse duration and the pulse 
repetition frequency. 

duty ratio (duty factor). In a pulse radar or 
similar system, the ratio of average to peak 
pulse power. 

effective aperture. See antenna effective area. 

effective area. See antenna effective area. 

electrical length. The length of any electrical 
conductor, such as an antenna or trans
mission line, expressed in wavelengths, radi
ans, or degrees. 

NOTE: When expressed in angular units, it is distance 
in wavelengths multiplied by 21r to give radians, or by 360 
to give degrees. 

far-field region. That region of the field of an 
antenna where the angular field distribution 
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is essentially independent of the distance from 
the antenna. 

NOTES: (1) If the antenna has a maximum overall 
dimension D which is large compared to the wavelength, 
the far-field region is commonly taken to exist at dis
tances greater than 2D 2/),. from the antenna, >,. being the 
wavelength. 

(2) For an antenna focused at infinity, the far-field 
region is sometimes referred to as the Fraunhofer region 
on the basis of analogy to optical terminology. 

gain (transmission gain). General terms used 
to denote an increase in signal power in trans
mission from one point to another. 

NOTE: Gain is usually expressed in decibels and is 
widely used to denote transducer gain. 

gain factor. See power gain of an antenna. 

horn antenna. An antenna having the shape 
of a tube whose cross-sectional area increases 
toward the open end and through which radio 
waves pass. 

horn radiator. See horn antenna. 

incident wave. A wave, traveling through a 
medium, which impinges on a discontinuity 
or a medium of different propagation charac
teristics. 

index of refraction (refractive index). Of a 
wave transmission medium, the ratio of the 
phase velocity in free space to that in the 
medium. 

indirect effect. See athermal effect. 

insertion loss. The loss resulting from the 
insertion of a transducer in a transmission 
system. It is the ratio of the power delivered 
before the insertion to that part of the system 
following the transducer to the power deliv
ered to that same part after the insertion, 
usually expressed in decibels. 

NOTE: If more than one component is involved in the 
input or output, the particular components used must be 
specified. 

iris (electronic). In waveguide technique, a 
metallic plate, usually of small thickness com
pared with the wavelength, perpendicular to 
the axis of a waveguide and partially blocking 
it. 

NOTE: An iris acts like a shunt element in a trans
mission line; it may be inductive, capacitive, or resonant. 

isotropic. Having the same properties in all 
directions. 
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isotropic antenna. A hypothetical antenna 
radiating or receiving equally in all directions. 

NOTE: In the case of electromagnetic waves, isotropic 
antennas do not exist physically but represent convenient 
reference antennas for expressing directional properties of 
actual antennas. 

lobe (directional, radiation, antenna). A por
tion of the directional pattern bounded by one 
or two cones of nulls. 

lobe pattern. See lobe. 

microwave region. See microwaves. 

microwaves. A term used rather loosely to 
signify radio waves in the frequency range 
from about 1 GHz upward. 

modulation. The process, or result of the pro
cess, whereby some characteristic of one wave 
is varied in accordance with another wave or 
signal. 

NOTE: For the purpose of this standard, CW operation 
is considered to be a special form of modulation, that is, 
zero modulation. 

near-field region, radiating. That region of the 
field of an antenna between the reactive near
field region and the far-field region wherein 
radiation fields predominate and wherein the 
angular field distribution is dependent upon 
distance from the antenna. 

NOTES: (1) If the antenna has a maximum overall 
dimension which is not large compared to the 
wavelength, this field region may not exist. 

(2) For an antenna focused at infinity, the radiating 
near-field region is sometimes referred to as the Fresnel 
region on the basis of analogy to optical terminology. 

near-field region, reactive. That region of the 
field immediately surrounding the antenna 
wherein the reactive field predominates. 

NOTE: For most antennas the outer boundary of the 
region is commonly taken to exist at a distance A/21r from 
the antenna surface, where,\ is the wavelength. 

nonthermal effect. See athermal effect. 

peak power output. In a modulated carrier 
system, the output power averaged over a 
carrier cycle, at the maximum amplitude 
which can occur with any combination of 
signals to be transmitted. 

peak pulse amplitude. The maximum absolute 
peak value of the pulse excluding those por
tions considered to be unwanted, such as 
spikes. 

NOTE: Where such exclusions are made, it is desirable 
that the amplitude chosen be illustrated pictorially. 

power density. see Poynting vector. 

power gain. Of an amplifying device, the ratio 
of the power delivered to a specified load 
impedance to the power absorbed by its input. 

NOTES: (1) It is usually expressed in decibels. 
(2) If more than one component is involved in the input 

or output, the particular component used must be speci
fied. 

power gain of an antenna. In a given direction, 
41r times the ratio of the radiation intensity in 
that direction to the net power accepted by 
the antenna from the connected transmitter. 

NOTES: (1) When the direction is not stated, the power 
gain is usually taken to the power gain in the direction of 
its maximum value. 

(2) Power gain does not include reflection losses arising 
from mismatch of impedance. 

(3) Power gain is fully realized on reception only when 
the incident polarization is the same as the polarization of 
the antenna on transmission. 

power level. At any point m a transmission 
system, the ratio of the power at that point to 
some arbitrary amount of power chosen as a 
reference. This ratio is usually expressed as 
decibels referred to 1 milliwatt (dBm) or de
cibels referred to 1 watt (dBW). 

Poynting vector. A vector, the flux of which 
through any surface represents the in
stantaneous electromagnetic power trans
mitted through this surface. 

NOTE: It is expressed in watts per square meter. 

pulse repetition frequency. In a system using 
recurrent pulses, the number of pulses per 
unit of time. 

pulse repetition rate. See pulse repetition fre
quency. 

radar. A system that radiates electromagnetic 
waves and utilizes the reflection of such waves 
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from distant objects to determine their exis
tence or position. 

NOTE: The name is derived from initial letters of the 
expression "radio detection and ranging." 

radiation intensity. In a given direction, the 
power radiated from an antenna per unit solid 
angle in that direction. 

radiation protection guide. The radiation level 
that should not be exceeded without careful 
consideration of the reasons for doing so. 

radio beam. A radio wave, most of whose 
energy is confined within a relatively small 
angle in at least one plane. 

radio frequency (RF). A frequency that is 
useful for radio transmission. 

NOTE: The present practicable limits of radio fre
quency are roughly 10 kHz to 100 GHz. 

reflected wave. When a wave in one medium is 
incident upon a discontinuity or a different 
medium, the wave component that results in 
the first medium in addition to the incident 
wave. 

NOTE: The reflected wave includes both the reflected 
rays of geometrical optics and the diffracted wave. 

transmission loss. In communications, a gen
eral term (frequently abbreviated "loss") used 
to denote a decrease in power in transmission 
from one point to another. 

NOTE: It is usually expressed in decibels. 
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Standards and Measurements (30 Hz to 1000 
MHz), Proceedings of the IEEE, vol 55, Jun 
1967, pp 970-981. 

8. Revision of American 
National Standards Referred 

to in This Document 

When the following American National 
Standards referred to in this document are 
superseded by a revision approved by the 
American National Standards Institute, the 
revision shall apply: 

American National Standard Safety Level of 
Electromagnetic Radiation with Respect to 
Personnel, C95.1-1966 

American National Standard Specifications 
for Radio-Noise and Field-Strength Meters, 
0.015 to 30 MHz, C63.2-1963 

American National Standard Specifications 
for Radio-Noise and Field-Strength Meters, 
20 to 1000 MHz, C63.3-1964 

American National Standard Methods of 
Measurement of Radio-Noise Voltage and 
Radio-Noise Field Strength, 0.015 to 25 
MHz, Low-Voltage Electric Equipment, and 
Nonelectric Equipment, C63.4-1963 
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Appendix 

Calculation and Measurement of 
On-Axis Power Density 

(This Appendix is not part of the American National Standard Techniques and Instrumentation for the Measurement 
of Potentially Hazardous Electromagnetic Radiation at Microwave Frequencies, C95.3-1973.) 

RF electromagnetic radiation is not visible, 
and its presence must be measured by instru
ments or approximated by theoretical calcu
lations. This Appendix provides a method for 
calculating the on-axis power density radiated 
from large-aperture antennas and the proce
dures for making power-density measure
ments. 

Al Calculation of On-Axis Power Density -
Basic Equations. The important regions of 
radiation associated with a large-aperture an
tenna are the radiating near-field (Fresnel) 
and the far-field (Fraunhofer) regions. The 
radiating near-field region is that portion of 
the radiation field lying approximately be
tween a wavelength ;\ from the antenna and a 
distance given by two times the square of the 
largest linear dimension D of the aperture 
divided by the wavelength (that is, from A to 
2D 2 A). This is the region in which the beam 
is formed, and both the antenna gain and 
beamwidth vary with the type of antenna il
lumination and the distance from the anten
na. Beyond the radiating near-field region is 
the far-field region where the secondary pat
tern characteristics are well-defined, and the 
on-axis power density is given by the Friis 
free-space transmission formula: 

where 

W= PG 
41rr2 

W = power density 
P = power transmitted 
G = far-field gain (power ratio) 
r = distance from antenna 
If the antenna gain is not known, it can be 

approximated conservatively by the formula 

where 
;\ = wavelength 
A= area of antenna 
Since the antenna gain and beamwidth are 

both degraded in the radiating near field, the 
power density is given as 

where 
N = near-field correction factor 
The near-field correction factor depends on 

the type of antenna illumination and the 
distance from the antenna. If the antenna 
illumination is unknown, it can be estimated 
by the formula 

R = 1.78 X 10-5 {BL 

where 
R = constant for estimating illumination 
f = frequency, in MHz 
B = beamwidth (horizont,al or vertical) at 

3 dB points 
L = horizontal or vertical dimension of an

tenna in feet 
After R is calculated, the illumination can 

be estimated from Tables Al and A2. Illumi-

Table Al 
Rectangular Apertures 

Estimated 
Limits of R Illumination 

0.88-1.2 Uniform 
1.2-1.45 cos 
1.45-1.66 cos2 
1.66-1.93 cos3 
1.93-2.03 cos4 

NOTE: F = Fh X Fv· 
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Table A2 
Circular Aperture 

Estimated 
Limits of R Illumination F 

1.02-1.27 Uniform 1.00 
1.27-1.47 (1-q2 ) taper 0.75 
1.47-1.65 (1 - q 2 )2 taper 0.56 
1.65-1.81 (1 - q 2 )3 taper 0.44 

>1.81 (1 - q 2 )4 taper 0.36 

nations above cos 4 or (1 - q 2 )
4 are omitted 

since the gain reduction in the near field 
would be almost negligible. When R is found 
to be borderline between two orders of illumi
nation, the higher order should be tried first 
since the power density in the near field will 
be greater and, therefore, more hazardous to 

personnel. If the choice of the higher order 
illumination causes the efficiency to be too 
high, then the next lower order can be tried. 
The antenna efficiency can be checked by 

where 
K 
A 
F 

ax2 
K=---
. 41rAF 

efficiency 
antenna aperture area 
factor depending on antenna illumi
nation (see Tables Al and A2) 

A value of K within the limits of 0.4 to 0.9 is 
reasonable. 

Al.1 Calculation of Power Density from 
Large Rectangular-Aperture Antennas in the 
Radiating Near Field. After the illumination 
has been determined, the near-field gain cor
rection factors for both the horizontal and 

Fig Al 
Near-Field Gain Correction for Uniform Illumination 

C 

10 

r. DISTANCE FROM ANTENNA 
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r, DISTANCE FROM ANTENNA 

FigA2 
Near-Field Gain Correction for cos Illumination 

vertical planes can be found. Graphic curves 
of gain versus distance are provided for find
ing the gain correction factors within the 
radiating near-field region of antennas, de
pending on the type of illumination of the 
antenna. Graphs showing uniform, cos, cos 2

, 

cos3 , and cos4 illumination are given by Figs 
Al-A5, respectively. On each graph, the ab
scissa is the distance from the antenna in 
wavelengths, and the ordinate is the gain 
reduction in decibels within the radiating 
near-field region. The aperture dimension L is 
in wavelengths. 

The near-field gain is always less than the 
far-field gain and is determined by sub
tracting the appropriate gain reduction for 
both horizontal and vertical planes from the 
far-field gain. Therefore, by the use of this 
gain reduction in the far-field equation, the 
power density in the near field can be calcu
lated. 

Al.2 Calculation of Power Density from 
Large Circular-Aperture Antennas in the 
Radiating Near Field. After the illumination 
has been determined, the near-field power 
density can be determined by calculating the 
far-field distance (r = 2D 2/A.), the power densi
ty at this point [ W = GP/(41rr 2

)], and multi
plying this power density by the gain correc
tion factor given in Fig A6 for the desired 
distance. 

A2 Measurement of Power Density. Radio
frequency power is usually measured by either 
of two methods. The first method represents 
an application of the calorimeter principle. A 
mass is heated by the absorption of the RF 
power to be measured, and the amount of de 
or audio frequency power required to heat an 
exactly equal mass to an exactly equal tem
perature is taken as a measurement of the RF 
power. 
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WAVEGUIDE 
COAXIAL 
ADAPTOR 

RG-9A/U 
(10 FT.) 

THERMISTOR 

RG-58/U 
(6 IN.) 

POWER 
METER 

RG-9A/U 
(LENGTH AS 
REQUffiED) 

DIRECTIONAL 
COUPLER 

HIGH-POWER 
TERMINATION 

Fig A7 
Typical Microwave Test Configuration 

The second method employs a bolometer 
element which converts RF energy into heat 
energy to produce a change in the bolometer 
resistance. The bolometer is operated in a 
bridge circuit, and the amount of de or audio
frequency power required to rebalance the 
bridge and keep the bolometer resistance con
stant is taken as a measurement of the RF 
power. One type of bolometer is the barretter, 
which uses a short length of resistive wire; 
another type is the thermistor, which uses a 
small mass of resistive material. Power meters 
cannot measure power density in a radiation 
field; they can only measure the RF power 
delivered to the bolometer element. However, 
when the power that is delivered to the bo
lometer has been extracted from a radiation 
field by a precisely calibrated probe antenna, 
the power reading of the meter can be inter
preted as an indication of the power density in 
the radiation field by the application of a 
conversion factor that is determined by the 
properties of the probe. Power-density mea
surements are usually made with thermistor
type power meters. 

The general method of operation is as fol
lows. 

(1) Determine the frequencies at which the 
measurements are to be made. Select the 
proper horn antenna or dipole antenna ele
ments. and directional coupler or attenuator 
according to frequency band designation. To 

avoid damage to the meter, use an attenuator 
or directional coupler having maximum atten
uation for the initial measurement. 

(2) Connect thermistor to the power meter 
input (a special cable is provided) and turn on 
meter. 

(3) Set power meter to zero using bias 
(coarse) and zero (fine) adjustment. 

(4) Connect equipment as shown in Fig A7. 

NOTE: Last connection should he from directional 
coupler to thermistor, watching for overload on power 
meter. 

(5) Orient pickup antenna for maximum 
reading on power meter. 

(6) Take readings as required. 

The following is included as an example. 
The information recorded during the mea
surements was as follows: 

Radar frequency .................. 3250 MHz 
Pickup antenna ............... horn antenna 
Connecting cables ....... 110 feet of RG-9A/U 
Directional coupler 
Power meter reading. . . . . . . . . . . . . . . 1.5 mW 

From the proper charts and curves, the 
following data were obtained: 
Effective area of pickup 
antenna at 3250 MHz ........ 213 cm2 (given) 
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Directional coupler 
attenuation at 3250 MHz. . . . . . 20 dB (given) 
Cable attenuation 

at 3250 MHz. . . . . . . . . . . . . . 20 dB (obtained 
from graph for 

RG-9A/U cable) 

Total attenuation.. . . . . . . . 40 dB (sum of 

coupler and cable 
attenuation) 

40 dB = 20 dB + 20 dB = power ratio of 104 

P d ·t ~p_o_w_e_r_r_a_ti_o_X_m_e_t_e_r _re_a_d_in_,g.._,_( m---'-'-W'-'-) ower ens1 y = 
pickup antenna effective area ( cm2 ) 

(104 )(1.5) 
= 

213 
~70.5(mW/cm 2 ) 

-
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