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INTRODUCTION 

The Technical Committee on Radio Wave Propagation has formulated these 
standard measuring methods in frequent meetings and correspondence under the 
general guidance of the Standards Committee. Published with the approval of the 
Board of Directors, the report embodies the Institute's official recommendations to 
its members and the industry at large. 

Suggestions and comments will be welcomed as an aid to committees preparing 
future reports. Correspondence should be addressed to the Institute of Radio Engi- 
neers. 

CONCERNING THE INSTITUTE AND ITS STANDARDS ACTIVITIES 

The Institute appointed its first standards committee in 1912, and the next year 
published a report dealing with definitions of terms, letter and graphical symbols, 
and methods of testing and rating equipment. Expanded reports appeared in 1915, 
1922, 1926, 1928, 1931, and 1933, each of which combined, in a single document, data 
on all branches of the art. 

Publication of the current series of standards, of which this one is a part, was 
begun in 1938.* It differs from earlier reports in that each individual booklet deals 
with a separate field. Under present policies, subdivision is being carried even farther 
and separate booklets are being issued in each field for definitions of terms, for sym- 
bols, and for measuring and testing methods. 

Beginning with 1942, all standards are being published in the 8 1 /2 -X 11 -inch size 
to conform with the new format for the PROCEEDINGS of the I.R.E. 

Distribution of Standards Reports 

The Institute is mailing one copy of this report to every member who is in good 
standing for 1942. 

Additional copies, if available, may be obtained by members or nonmembers from 
the Institute office at the price mentioned on the inside back cover. 

Co- operation with Other Organizations 
Throughout its life, the Institute has co- operated with other bodies in the estab- 

lishment of standards. Last year, for instance, there were more than 50 official I.R.E. 
delegates to other standardization groups. The Institute is also the sponsor for the 
American Standards Association's Sectional Committee on Radio. 

The Institute of Radio Engineers 

The Institute of Radio Engineers was founded in 1912 to advance the theory and 
practice of radio and allied branches of engineering and of the related arts and sci- 
ences, their application to human needs, and the maintenance of a high professional 
standing among its members. Although dominantly in the United States of America, 
the Institute membership of over 7000 persons is distributed throughout the world. 

The PROCEEDINGS, which has been published since 1913, is issued monthly and 
contains contributions from the leading workers in the theoretical and practical 
fields of radio communication It is forwarded to all members, who receive also the 
various standards reports which are published at irregular intervals. 

Applications for membership are invited from those interested in radio. Full in- 
formation may be obtained from the Secretary. 

For a detailed list of current standards reports, see the inside back cover. 

v 
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SECTION 1. METHODS OF MEASURING RADIO FIELD INTENSITY 

1.1 GENERAL 

Most measurements with. which radio wave propaga- 
tion is concerned involve the measurement of radio 
field intensity. Thus, the determination of power radi- 
ated from an antenna (Section 2) and the meas- 
urement of noise field intensity (Section 3) depend 
principally upon the measurement of field intensity. 
Standard methods for the measurement of this funda- 
mental quantity are outlined here. 

The general symbols and units used in this section 
are given in the following list. Where more specific or 
restrictive meanings are indicated by subscripts, etc., 
they are further defined after the equation in which 
used. In some cases a symbol definition is repeated 
where used, merely for convenience. 

C= capacitance, in farads 
d= distance from transmitter to receiver, in meters 
E= radio field intensity, in volts per meter 
f = frequency, in cycles per second 
I= current, in amperes 

IL = effective length of loop antenna, in meters 
ID =effective length of dipole antenna, in meters 

LD =over-all physical length of a linear dipole an- 
tenna, in meters 

In =effective length of grounded vertical antenna, in 
meters 

Lv= over -all physical length of grounded vertical an- 
tenna, in meters 

M = mutual inductance, in henrys 
N= number of turns 
P = power, in watts 
Q = ratio of reactance to resistance in a resonant cir- 

cuit 
R= resistance, in ohms 
S =area of loop antenna, in square meters 
V= voltage, iii volts 
a = attenuator ratio (equal to or less than unity) 
X = wavelength, in meters 

As may be seen in this list, all units used are those 
of the mks electromagnetic system. A person employ- 
ing other units must reduce to these units before using 
the equations herein. For convenience in making such 
reductions a few relations are given here: 

1 mile =1609. meters 
1 meter = 0.0006214 mile 
1 square inch = 0.0006452 square meter 
1 square meter= 1550. square inches 

PREFIXES 

micro = one millionth 
milli =one thousandth 
centi =one hundredth 
deci =one tenth 

deka = ten 
hecto =one hundred 

kilo = one thousand 
mega = one million 

1 

Quantity 
Name of 

mks 
unit 

Number of 
cgs units in 
1 mks unit 

Length 
Area 
Frequency 
Voltage 
Radio field intensity 
Current 
Power 
Resistance 
Conductivity 
Inductance 
Capacitance 

meter 100 
square meter 10,000 
cycle per second 1 

volt 108 

volt per meter 10° 

ampere 1/10 
watt 10' 
ohm 10° 
mho per meter 10 -n 
henry 109 
farad 10 -9 

1.11 THE TWO BASIC METHODS 

Two general methods are applicable to the measure 
ment of radio field intensity. One consists of measur- 
ing the voltage produced in a standard antenna by the 
field to be measured and computing the radio field 
intensity from the measured voltage and the dimen- 
sions and form of the standard antenna. The other 
consists of comparing voltages produced in an antenna 
by the field to be measured and by a standard field. 
The measuring sets for the two methods are of the 
same general form. For the standard -antenna method 
there are special requirements for the receiving an- 
tenna and the voltage- measuring equipment. 

1.111 Standard -Antenna Method 

The receiving antenna is of some standard form 
such that the voltage produced in it by a field of given 
intensity and polarization may be readily computed. 
The method of coupling the standard antenna to the 
voltage- measuring instrument is generally such that 
the voltage measured is not the voltage produced in 
the antenna by the field but bears a fixed ratio to it. 
This ratio (i.e., ratio of the voltage measured to the 
voltage produced in the antenna by the field) is called 
the voltage- transfer ratio; its magnitude is dependent 
upon the point of introduction of the calibrating volt- 
age into the measuring circuit. Separate determination 
of it may be required. 

A standard voltage source is provided, usually as 
part of the radio field- intensity- measuring apparatus, 
for calibrating the voltmeter. The term voltmeter is 
here used to mean the radio receiving portion of the 
equipment. The calibrating voltage may be fixed or it 
may be variable over a wide range. It may be inserted 
in series with the standard antenna or at some point in 
the coupling circuit, or it may be applied to the input 
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2 STANDARDS ON MEASURING RADIO WAVE PROPAGATION 

terminals of the voltmeter in place of the coupling 
circuit. When a fixed calibrating voltage is employed, 
the voltmeter is calibrated at a fixed sensitivity level, 
and a calibrated voltage attenuator is employed in 
conjunction with the voltmeter in order to measure 
voltages over the wide range required. Alternately, the 
voltage attenuator may be. included in the standard 
voltage source; the calibrating voltage is then itself 
variable over a wide range and the voltmeter is cali- 
brated at sensitivities corresponding to the voltages 
being measured. In either case, the measurement re- 
solves itself into the comparison of two voltages, the 
known voltage and the voltage produced by the field, 
generally introduced at different points in the measur- 
ing circuit. The method used in determining the volt- 
age- transfer ratio is generally dependent upon the par- 
ticular form of antenna and the circuit arrangement 
employed. 

The radio field intensity is computed on the basis of 
the antenna dimensions and form, the voltage- transfer 
ratio, the voltage from the standard voltage source, 
and the voltage -attenuator ratio. 

1.112 Standard -Field Method 

The standard field may be set up by a local trans- 
mitter. The field at the receiving antenna is computed 
from the dimensions of the transmitting antenna, its 
current and current distribution, the distance, and the 
effect of the ground. The measuring equipment asso- 
ciated with the receiving antenna generally consists of 
a sensitive vacuum -tube voltmeter employing double 
detection and with an indicator in the output of the 
second detector. While it is possible to adjust the 
standard field to equality with the field to be meas- 
ured by varying the distance of the transmitter, it is 
usually more convenient to include an attenuator in 
the measuring equipment for comparing the voltages 
produced by the known and unknown fields and, hence, 
the two fields. When the angles of arrival of the stand- 
ard and measured fields differ, a correction must be 
applied for any resultant difference in the voltages 
caused by directivity of the receiving antenna and 
effects of the ground. 

1.12 SIMPLIFICATIONS AND 
PRECAUTIONS 

The problem of radio field- intensity measurement is 
generally complicated by the varying nature of the 
field resulting from variability of the transmission 
medium, by the complex nature of the emission, and by 
the influence of the ground and of disturbing struc- 
tures. Simplifications are introduced into measure- 
ment methods to keep the measuring apparatus from 
becoming unduly complex or unduly difficult to use or 
to facilitate analysis of the data. 

In the case of ionospheric -wave fields, a really com- 
plete measurement would involve determination, from 
instant to instant, of the intensity of the vertical, 

longitudinal, and lateral electric- and magnetic -field 
components in each wave arriving at the receiving 
point ; of the phase angles between the different com- 
ponents; and of the direction of arrival of each wave 
component. Fortunately, considerable practical in- 
formation may be obtained by measuring only the 
vector components of the field which are used for com- 
munication and by treating the data statistically so as 
to determine over -all effects. Simple forms of receiving 
antennas thus become useful, the type of antenna 
used being dependent upon the component of the field. 
Statistical treatment of the data may be facilitated 
by employing a recorder in the radio field- intensity- 
measuring apparatus. 

A further example of simplification is in the measure- 
ment of complex emissions. Thus, with frequency- or 
amplitude- modulated waves, it is desirable to remove 
the modulation so that a single- frequency field (the 
carrier) is measured. In emissions without carrier 
waves, such as a single -sideband wave, it is desirable 
to restrict the modulation to a single frequency, so 
that a single- frequency field is again measured. Occa- 
sions arise, however, when it is necessary to retain 
the normal modulation ; for example, when considering 
the interfering effect of the over -modulation products 
of an amplitude -modulated wave or the interfering 
effect of a single -sideband emission. 

In the case of complete modulation by telegraph - 
code signals, a good approximation may be obtained 
by using a voltage- measuring device with a perfectly 
linear and highly damped response, taking account of 
the fact that such a device will measure one half ( = 6 
decibels below) the maximum or "mark" field, if the 
average keying is 50- per -cent marking. 

In analyzing or reporting measured data, it is im- 
portant to take into account the influence of the re- 
ceiving site and surroundings (including topography), 
electrical properties of the ground, the proximity of 
disturbing structures, etc., and the orientation and 
height above ground of the receiving antenna. In view 
of the effect of ground reflection, the question arises 
as to whether the measured values of the resultant 
field should be reported or an attempt should be made 
to measure (or compute) the value of the incident 
field. In the case of a well- defined incident angle and 
when the electrical properties of the ground are ac- 
curately known, such a measurement would indicate 
the actual variation of the field at points equidistant 
from the transmitter without regard to the nature of 
the ground at various receiving points. In general, 
dealing with the incident field will eliminate confusion 
in the study of laws of attenuation and in the measure- 
ment of the directionl characteristics of antennas. 
However, the measurement of the incident field is 
always an indirect measurement involving a knowl- 
edge of the angle or angles of arrival and the electrical 
properties of the ground, and its proper determination 
thus introduces some difficulty. 
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A useful expedient under such circumstances is to 
use a horizontal doublet antenna for the measure- 
ment of resultant sky -wave fields, regardless of whether 
vertical or horizontal polarization is used. Practically, 
an equal amount of each type of polarization is present 
in the incident ionospheric -wave field for any condition 
of polarization at the transmitter. The advantage 
gained by receiving the resultant horizontal compo- 
nent is that the measured field is then practically in- 
dependent of differences in the electrical properties 
of the ground at different receiving points. Hence, so 
long as the height of the receiving antenna above 
ground is stated or standardized, measurements (on a 

3 

given frequency) at different sites may be directly 
compared. 

In some cases, even though the resultant field is 
largely influenced by the nature of the ground, it 
should nevertheless be the field measured since it 
provides a more nearly correct picture of the actual 
conditions encountered in service. This is particularly 
true for measurements at standard broadcast fre- 
quencies (550 to 1600 kilocycles) where the antenna 
used by the average listener is principally responsive 
only to the resultant vertical component of the 
ionospheric waves. 

1.2 STANDARD -ANTENNA METHOD 

1.21 THE ANTENNA 

The form of the standard receiving antenna which 
may be employed is governed by the polarization of 
the field component to be measured, by the nature of 
the field (i.e., high or low intensity, fading or steady, 
frequency, etc.), and by the degree of convenience of 
handling the antenna. The types generally employed 
are the loop antenna, the vertical- or horizontal- dipole 
antenna with a length of one -half wavelength or less, 
and the simple vertical antenna with output between 
one end and ground. Other types of antennas are 
frequently used, in which case they are calibrated in 
terms of one of the simpler antennas just enumerated 
or in terms of a standard field.'= 

The loop antenna may be used from the lowest fre- 
quency into the ultra- high- frequency range. Below 
about 3 megacycles, it is the practical equivalent of a 
vertical antenna (for low sky -wave angles), with the 
advantages of ease of computation of the voltage 
produced by a given field and convenience of handling 
(including the availability of a zero -response position). 
At higher frequencies, the effect of the response of the 
loop antenna to horizontal components of the electric 
field becomes more pronounced (since the loop antenna 
may then be at a substantial fraction of a wavelength 
above ground) so that the null becomes ill- defined, 
and there is increasing difficulty in defining the 
polarity of the component measured. Also, as the fre- 
quency is increased, there is increasing difficulty of 
securing a balanced connection of the loop antenna to 
the voltage- measuring set; moreover, because of the 
desirability under some circumstances for maintaining 
substantially uniform current distribution along the 
loop antenna, its pickup decreases rapidly with in- 
creasing frequency. At ultra -high frequencies, the loop 
antenna again becomes the practical equivalent of the 
vertical antenna, since low -angle reception is generally 
involved; however, technical difficulties in its use are 
materially increased. 

1 H. Pender and K. Mcllwain, "Electrical Engineers Hand- 
book," volume 5, "Electric Communication and Electronics," 
third edition, John Wiley, New York, N. Y., 1936. 

2 J. V. Cosman, "Portable field- intensity meter," Communica- 
tions, vol. 18, pp. 22 -23; September, 1938. 

The shielded type of loop antenna has come into 
general use for direction finders and has been applied 
successfully in radio field intensity- measuring work. 
With this type of antenna, the loop- antenna circuit is 
generally not symmetrical with respect to ground, but 
it is desirable that the loop antenna shield be split at 
the top so that the shield is symmetrical with respect 
to ground. 

The simple vertical antenna with output between 
one end and ground is conveniently applicable in the 
range from low frequencies up to about 30 megacycles. 
Care must be taken to make sure that the indicated 
voltage is not partly due to voltage induced in the 
ground system. A small symmetrical counterpoise 
ground is usually desirable. 

The dipole type of antenna is generally applicable 
at frequencies above about 3 megacycles. It is particu- 
larly convenient at frequencies above 40 megacycles. 

In addition to the foregoing, a type of antenna is occa- 
sionally used consisting of spaced parallel plates with a 
short conductor between centers. 

Measurements of radio field intensity in established 
radio communication services are often made with 
more complex types of antennas or arrays. They 
afford the advantages of operating convenience and 
noise discrimination. The complex antenna is cali- 
brated by comparison with either a loop antenna or a 
dipole antenna; however, this calibration may be of 
limited significance because of difference in the vertical 
directivity of the array and the comparison antenna. 

1.22 CALIBRATION METHODS 

In practice, a variety of circuit combinations are 
employed to carry out the standard- antenna method of 
radio field- intensity measurement. They are all essen- 
tially of the fundamental form previously described 
but differ primarily in the manner of calibrating the 
voltmeter. 

1.221 Loop -Antenna Calibration 

Figs. 1(a) and (b) illustrate two methods of loop - 
antenna calibration that have been used over the fre- 
quency range below 10 or 15 megacycles. In both, the 
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4 STANDARDS ON MEASURING RADIO WAVE PROPAGATION 

loop antenna is oriented and tuned for maximum out- 
put. The receiver attenuator is adjusted to give any 
convenient deflection on the output meter m and left at 
this setting. Then, with the loop antenna turned to a 
right -angle position so that the measured output is 

LOOP 
ANTENNA 

ó 
sat- 
ce< 
az 

úá 

LOOP 
ANTENNA 

Jr . L2 

N 

á 2 W o u< 
W 

(b) 
Fig. 1- Measuring sets using calibration input at level 

of field to be measured. 

low, the comparison- voltage generator is turned on 
and tuned to approximately zero beat with the residual 
measured field, and the comparison -voltage attenuator 
is adjusted to give the same indication on meter m that 
was obtained when receiving the measured field. From 
the indication of meter m' and the comparison-attenu- 
ator setting, the current through the resistance R of 
Fig. 1(a) or inductance L1 of Fig. 1(b) may be deter- 
mined. 

In the first case, when the natural resonance fre- 
quency of the loop antenna alone is at least two or 
three times that of the field measured, the measured 
radio field intensity E in volts per meter is 

aIR E_- 
IL 

(1) 

where a= comparison -attenuator ratio (equal to or 
less than unity) 

I= current at input to comparison attenuator, 
in amperes 

R= resistance shown in Fig. 1(a), in ohms 
/L =effective length of loop antenna, in meters, 

defined as follows: 

lL = 2.094(10)-8 JSN 

2T-SN 
or lL = 

X 

(2) 

(3) 

For Fig. 1(b), with a similar precaution concerning 
design, 

afMI 
E = 2r 

IL 
(4) 

where M= mutual inductance of coupled input, in 
henrys. Substituting from (2), (4) becomes 

aMI 
E = 3(10)8 

SN (5) 

In Fig. 1(a) and Fig. 1(b) the calibrating voltage 
injected into the loop antenna may in some instances 
be a fixed value. In such cases, the relationship be- 
tween the field and calibrating voltages is determined 
by a calibrated attenuator in the receiver or by a 
calibrated output indicator. 

Owing to difficulties that have been experienced 
with attenuator design at frequencies above a few 
megacycles, another method of calibration, illustrated 
schematically in Fig. 2(a), has been employed' exten- 
sively in the high- frequency range. The comparison - 
voltage attenuator is eliminated, and the receiver at- 
tenuator (which in the previous instances was not 
necessarily calibrated) is placed in the intermediate - 
frequency stages of a superheterodyne amplifier and 
accurately calibrated. At intermediate frequencies of 
the order of a few hundred kilocycles this is readily 
possible. To make a measurement, the loop antenna is 
oriented and tuned for maximum output, and the 
calibrated receiver attenuator is adjusted to give any 
convenient deflection on the meter m (Fig. 2(a)), then 
the attenuator ratio a is recorded, after which con- 
siderable attenuation is added and the comparison - 
voltage generator is turned on and tuned to the 

LOOP 
ANTENNA 

BEATING 
OSCILLATOR 

- W 

C 
C C 

j 
a - 

IL/ CF alo 
Wz= < wts 

W 
U.U. 17, 

a 
U. 

Q- C 

(a) 

W 
LL 

rr W ó 
> ̀77 V2P 

W 
LL. 
J -a 
X 

Ñ 

ar_ ^ 

-+ 

BEATING 
OSCILLATOR 

Fig. 2- Measuring set using high -level input for calibration. 

frequency of the field to be measured. The beating 
oscillator is then turned off, and, using the first de- 
tector as a vacuum -tube voltmeter, the coupling M 
between the comparison -voltage generator and the 
loop antenna is adjusted to give V volts input as 

' H. T. Friis and E. Bruce, "A radio field- strength measuring 
system for frequencies up to forty megacycles," PRoc. I.R.E., vol. 
14, pp. 507 -519; August, 1926. 
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MEASURING RADIO 

indicated by meter m' (Fig. 2(a)) in the first -detector 
plate circuit. The beating oscillator is then turned on, 
and the receiver attenuator is then adjusted to give 
the same indication of meter m that was used in the 
field measurement. The attenuator ratio is recorded 
and considered as "set gain" gl. 

Without changing the coupling M, a switch is 
thrown which effectively converts the first part of the 
circuit in Fig. 2(a) to that shown in Fig. 2(b). The volt- 
age originally produced in the loop antenna is thus 
measured directly. The loop- antenna step -up or Q is 
normally so great that this measurement cannot be 
made on meter m'. It is determined by again adjusting 
the receiver attenuator to give the original field read- 
ing on meter m. This attenuator ratio may be called 
g:. The radio field intensity in volts per meter is 

zV 

E = 
gl 

(6) 
ag,lL 

where V= voltage input to first detector as read by 
meter m' ( = voltage from comparison -volt- 
age generator multiplied by half the loop - 
antenna Q factor) 

a = receiver -attenuator ratio (equal to or less 
than unity) to give a convenient deflection 
of meter m for antenna voltage produced 
by the field 

g1= receiver -attenuator ratio (equal to or less 
than unity) to give same deflection of meter 
m when V volts are applied to the input of 
the first detector 

g3 = receiver- attenuator ratio (equal to or less 
than unity) to give the same deflection of 
meter m when the voltage from the com- 
parison- voltage generator is applied to the 
input of the first detector. 

If desired, V may be made one volt, all attenuator 
ratios given in decibels, and the effective length of the 
loop antenna expressed as decibels above 1 meter as 
LL, so that an expression for the field in decibels above 
1 volt per meter in this case is 

Edb = 2G 1 -A - G2 -L L (7) 

where all quantities are the equivalent in decibels of 
those represented by the small letters of (6); the letter 
A corresponds to a. 

An important requirement in connection with the 
above method of measurement is that the amplifica- 
tion of the amplifier be the same for the high input 
used during calibration as it is when receiving weak 
fields. It is also important to avoid nonlinearity of the 
first detector. 

In another method of calibration, the calibrating 
voltage is applied to the input of the vacuum -tube 
voltmeter and is adjusted to equality with the voltage 
developed across the input by the loop antenna. A 
measurement of the voltage step -up in the loop antenna 

FIELD INTENSITY 5 

is then required for computing the field voltage in- 
duced in the loop antenna. The radio field intensity is 
computed on the basis of the induced -field voltage 
and the antenna dimensions. 

The method of measuring the voltage step -up factor 
is such as to avoid errors which arise from the dis- 
tributed capacitance between turns of the loop an- 
tenna, when the calibrating voltage is inserted in the 
center of the antenna. The method utilizes a precision 
variable condenser of low capacitance connected in 
parallel with the tuning condenser. The condenser is 
set at its mid -value for loop- antenna resonance and is 
adjusted on either side of resonance until the voltage 
across the condenser drops to 0.707 times its value 
at resonance. Then, calling Cl and C2 the two cor- 
responding capacitance values of the auxiliary con- 
denser, and OC= C2= C1, the Q of the loop antenna 
may be shown to be very nearly equal to 

2C 
Q = 

AC 
, (8) 

where C represents the total tuning capacitance at 
resonance. 

Thus, if V is the voltage across the antenna -tuning 
condenser, the radio field intensity in volts per meter is 

V VAC 
E 

1LQ 21LC 
(9) 

It should be noted that V is the total voltage across 
the tuning condenser. 

Generally speaking, the errors in the final result 
depend on four factors, namely, errors in computation 
of effective length, errors in determination of voltage - 
transfer ratio, errors in the calibrating current or volt- 
age, and errors in the attenuating means. The error in 
the determination of voltage- transfer ratio is generally 
less than 3 per cent if the working frequency is greater 
than 2.5 times the natural frequency of the loop 
antenna. 

The accuracy of measuring the calibrating current 
or voltage is dependent on the instrument used. If 
instruments of the rectifier type such as vacuum -tube 
voltmeters are used, errors of about 10 per cent (about 
1 decibel) can result if the waveform of the voltage - 
generator output is not sinusoidal. 

Errors in the attenuating means depend on design, 
construction, and calibration. 

A loop antenna tuned to a frequency differing by a 
fixed amount from the operating frequency is particu- 
larly suitable for measuring high field intensities of the 
order of 10 millivolts per meter to 50 volts per meter. 
The Q factor of the loop antenna may be computed 
directly from the values of the operating frequency 
and the frequency to which the loop antenna is tuned. 
Furthermore, since the operation is considerably off 
resonance, the error in the determination of voltage - 
transfer ratio may be made negligible. 
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6 STANDARDS ON MEASURING RADIO WAVE PROPAGATION 

In this method the loop antenna is tuned to a known 
frequency fi which differs from the operating fre- 
quency f by at least 10 per cent. The calibrating 
voltage is applied directly to the input circuit of the 
voltmeter, replacing the loop antenna. A voltage at- 
tenuator operating at an intermediate frequency is 
used to compare th voltage delivered by the loop 
antenna (across one half the tuning condenser) with 

W 

íg>í4i 

`m0., 
Kj 
á w 

ú< 

DIPOLE 
ANTENNA 

Fig. 3- Measuring set using dipole antenna. 

the calibrating voltage. The voltage induced in the 
loop antenna by the measured field is computed from 
the measured voltage and a voltage step -up factor 
derived from the ratio of the operating frequency to 
the frequency to which the loop antenna is tuned, 
f /fi. The radio field intensity is computed from the 
induces voltage and the dimensions of the loop an- 
tenna. 

A B 

Fig. 4- Measuring set using dipole antenna. 

The voltage step -up Q at the operation .frequency f 

One of the several possible direct i'Iiethods of calibra- 
tion is illustrated schematically by Fig. 3. The output 
of a comparison -voltage generator indicated on meter 
m' is attenuated by a known amount before passing 
through the resistance R. If the current through meter 
m' is I and the comparison -attenuator ratio a, the 
voltage in the dipole system is aIR. If, without disturb- 
ing the receiver, the comparison attenuator is adjusted 
to give the same deflection on the measuring -set out- 
put meter m as was obtained when receiving the field, 
then the radio field intensity in volts per meter is 

aIR 
E _ -, (12) 

lD 

where lD is the effective length of the dipole antenna 
in meters. It is defined as follows: 

LD 
ID = - , (13) 

2 irLD 

2X 

where LD =the over -all physical length of the dipole 
antenna, in meters. 

The effective length of a half -wave dipole antenna is, 
consequently, ñ /a. When the dipole antenna is very 
short compared to the wavelength, the effective length 
is practically one half of the over -all physical length. 

A calibration of this kind can be accomplished satis- 
factorily only when the measured field is absent, since 
the dipole antenna does not offer as convenient a 
means for suppressing the received field as a loop an- 
tenna that may be rotated. To use such a method in 
the presence of the measured field it is necessary to 
provide a known attenuation ratio of about 10 (i.e., 
20 decibels) or more in the receiving circuit ahead of 
meter m and to arrange for this to be switched into 
the circuit when calibrating. 

,LD 
tan 

2X 

is 
f IQ' 

COMPARISON 
VOLTAGE 

GENERATOR 

Q= 

' 
l2 

fi / 

(10) AND 
ATTENUATOR ,/ 

2f ,V 1 

( 
+ Q12\ 

where Qi is the voltage step -up at the frequency fi to 
which the loop antenna is tuned. 

For f /fi <0.9 and usual practical values of Qi, the 
voltage step -up is given within 1 per cent by the simple 
expression 

1 

Q = (11) 
2(1 - (Mir) 

1.222 Dipole -Antenna Calibration 
The methods of calibration used in a measuring set 

with a loop antenna may, in general, be applied to a 
half -wave dipole antenna. 

COMPARISON 
VOLTAGE 

GENERATOR 
AND 

ATTENUATOR 

VERTICAL 
ANTENNA 

RECEIVER 
7__ r- 

i 

(a) 

illROD ANTENNA 
(VERY SHORT 
COMPARED TOE) 

RECEIVER 

(b) 
Fig. 5- Measuring sets using a vertical antenna with output from 

one end against ground. The setup is to be mounted on a tripod 
or other insulating support. In (b), C, is made equal to the 
capacitance of the rod antenna. 
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MEASURING RADIO FIELD INTENSITY 

Another arrangement for making measurements 
with a dipole antenna is shown in Fig. 4. This system 
has been used in the frequency range from 4 mega- 
cycles to well above 100 megacycles.. 

In this arrangement the dipole antenna is operated 
at half -wave resonance. Generally it will have a length 
about 95 per-cent of a half wavelength. For this condi- 
tion it will have an impedance Z of about 70 ohms and 
an effective length of 0.31 wavelength. 

For this system the following constants are used: 

AB = 0.475X 

effective length = 0.31X 

EF =CD 

R1 + R2 + R3 = 70 ohms 

generally R3 < R1 and R2 

The procedure is to determine the voltage -generator 
output V to give the same receiver output as given by 
the field being measured. V is then divided by effec- 
tive length to give the radio field intensity in volts per 
meter. 

In cases where the voltage drop in line CD is known, 
line FE may be made short and the voltage drop 
accounted for in the calculation of results. 

It should be noted that the assumption that the 

7 

dipole antenna impedance Z is 70 ohms is an approxi- 
mation subject to appreciable error, if the dipole an- 
tenna is operated in a location less than a half wave- 
length from a reflecting surface. 

1.223 Calibration of Simple Vertical Antenna 

Arrangements for measuring radio field intensity 
with a simple vertical antenna with output between 
one end and ground are shown in Fig. 5 (a) and 5 (b). 

The effective length of a grounded vertical antenna 
(in meters) may be defined as follows: 

lv - 
2 

IrLv 
tan - 

Lv )\ 

7Lv 
(14) 

where Lv = over -all physical length of grounded vertical 
antenna, in meters. 

When the vertical antenna is very short compared to 
the wavelength, the effective length is practically one 
half of the over -all physical length. 

In Fig. 5(b) is shown a method particularly ap- 
plicable to rod antennas which are very short com- 
pared to wavelength. In this arrangement the receiver 
is calibrated through a capacitance C1 which is made 
equal to the capacitance of the rod antenna. 

1.3 STANDARD -FIELD METHOD 

The standard -field method of radio field- intensity 
measurements consists of setting up a known field at 
the receiving antenna, generally through the agency 
of a local transmitter,4 and comparing the voltages 
induced in the receiving antenna by the known and 
unknown fields. 

000, 

d 

RECEIVER 

4/7777 //7/////44/41.4///////////////// 
Fig. 6 -Over -all calibration by field from a local transmitter. 

The local transmitter generally employs a loop an- 
tenna, because of the ease in computing its radiation 
and of checking stray radiation from the transmitter. 
At frequencies above about 40 megacycles, some form 

4 J. C. Schelleng, C. R. Burrows, and E. B. Ferrell, "Ultra- short- 
wave propagation," PROC. I.R.E., vol. 21, pp. 427 -463; :\larch, 
1933. 

of open antenna may be used, as for example the paral- 
lel -plate antenna or the rod antenna. 

/////////////7////////////1/7/7/11! 
(a) 

-/////77/7////,////7/////!/Z4/./..W./../.460:4 
(b) 

Fig. 7- Over -all calibration by radiated field. 

www.americanradiohistory.com

www.americanradiohistory.com


8 STANDARDS ON MEASURING RADIO WAVE PROPAGATION 

The field at the receiving antenna is computed from 
the dimensions of the transmitting antenna, its current 
and current distribution, the distance, and the effects 
of the ground, taking into account the elevations of 
the transmitting and receiving antennas. 

The method is illustrated in Fig. 6. At the higher 
frequencies it is generally possible to reduce the effect 
of ground to a small value by suitable choice of the ele- 
vations and distance apart of the transmitting and 
receiving antennas. 

The radio field intensity at short distances from a 
radiating loop antenna in free space in volts per meter is 

2.2 
E = 1.316(10)-14P aSI,I/ 1 -F dg (10)" (15) 

120r2NSi 
or E= 

JZd Y 1+ 
(-!)2. 

(16) 

When the distance between the radiating loop an- 
tenna and the receiving antenna is a half wavelength, 
the radical expression becomes V1 +0.101 which is 
about 1.05 (0.4 decibel above unity). Hence the sec- 

ond term increases the field to 1.05( = 0.4 decibel 
above) the radiation field at this distance. 

Another method of calibration using the field radi- 
ated by a local transmitter is shown in Fig. 7. In this 
system the local transmitter is provided with an in- 
strument having considerable scale range and a read- 
ing proportional to antenna current. A vacuum -tube 
voltmeter V, may be used for this purpose. A range of 
several hundred to one (50 or 60 decibels) is readily ob- 
tainable in a multirange instrument. Transmitter out- 
put can be adjusted by variation of voltage or other 
means. 

The first step is shown in Fig. 7 (a). Here the trans- 
mitter is set to radiate high power and the reading of 
VI observed. The field at a desired location is measured 
directly by means of a dipole and a simple voltmeter 
V2. This operation gives radio field intensity for that 
value of V1 for that location of receiving antenna. 

The antenna of the system to be calibrated is then 
placed in that location (Fig. 7(b)) and the transmitter 
output reduced by an amount indicated by VI. The 
radio field intensity is now at a value directly derived 
from the previous operation and may be used to 
calibrate the over -all sensitivity of the receiving sys- 
tem. 

1.4 MISCELLANEOUS 

1.41 ACCURACY OF MEASUREMENT 

The precision attainable in practice depends not 
only upon the design of the equipment but upon the 
conditions under which the measurements are taken. 
The number of operating steps required in taking a 
reading, the number of instruments which must be 
read, and the number of adjustments to be made all 
have a bearing on the attainable accuracy. Assuming 
ideal conditions of location, weather, operation per- 
sonnel, etc., an accuracy to within about 5 per cent 
(about jï decibel) can be attained for frequencies below 
about 3 megacycles per second, and an accuracy to 
within about 10 per cent (about 1 decibel) for fre- 
quencies from about 3 to about 100 megacycles per 
second. The foregoing estimates are for a range of 
radio field intensities from about 100 microvolts per 
meter tq about 1 volt per meter. Under usual operating 
conditions the accuracies may not be better than to 
within about 10 per cent (about 1 decibel). for fre- 
quencies below 3 megacycles per second and to within 
40 per cent (3 decibels) for frequencies from 3 to 100 
megacycles. 

The attainable accuracies cited for ideal conditions 
appear to be adequate for practical purposes although 
improvement in the precision of measurements is al- 
ways acceptable. It is desirable that the accuracy" of 
measurement of any data "sorted be stated. 

1.42 AUTOMATIC RECORDING 

In the measurement of fields of variable intensity, 
such as ionospheric -wave fields and disturbance fields, 
the accumulation of data is facilitated by the use of 
automatic recording methods. Arrangements for adapt- 
ing the measuring apparatus to provide for recorder 
operation have been treated in a number of publica- 
tions. The rectified output of the intermediate-fre - 
quency amplifier is used for automatic volume con- 
trol of the amplifier and also, by direct -current ampli- 
fication, for operating the recorder. Ordinary receiving 
equipment may also be adapted for radio field -in- 
tensity recording by connecting the recorder in the 
plate circuit of one or more of the tubes under auto 
matic volume control. In either case, a substantially 
logarithmic relation between the recorder deflection 
and the radio field intensity may be obtained and is 
convenient in view of the great time variation of 
intensity often encountered. " -lo 

'Harry Diamond, Kenneth A. Norton, and Evan G. Lapham, 
"On the accuracy of radio field -intensity measurement at broadcast 
frequencies," Nat. Bur. Stands. Jour. Res., vol. 21, pp. 795 -818; 
December, 1938. 

W. W. Mutch, "A note on an automatic field -strength and 
static recorder," PROC. I.R.E., vol. 20, pp. 1914 -1919; December, 
1932. 

7 K. A. Norton and S. E. Reymer, "A continuous recorder of 
radio field intensities," Nat. Broad. Sys. Jour. Res., vol. 11, pp. 
373 -378; September, 1933. 

I R K. Potter and A. C. Peterson, Jr., "The reliability of 
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MEASURING RADIO FIELD INTENSITY 9 

The time constant of the automatic -volume -control 
circuit will determine whether nearly instantaneous 
values" of the field or values representing short -time 
averages are obtained. The choice of the time constant 
will depend upon the ultimate use to be made of the 
measured data. It will be evident from the following 
remarks that a short time constant should be chosen, 
if the measured data are to be used in indicating the 
variations caused by the phase interference of waves 
arriving over various transmission paths; whereas a 
time constant long compared to the fading period 
may be chosen, if the measured data are to be used 
for showing the effects of variation in the transmission 
medium from hour to hour, day to day, season to 
season, etc. 

A useful presentation of the measured data for fad- 
ing fields is obtained by showing graphically the radio 
field intensities exceeded for various percentages of 
the time. It is obvious that for an accurate representa- 
tion of the distribution of radio field intensities over a 
short time, such a graph must be determined from 
measurements of instantaneous radio field intensity. 
This graph will correspond to the Rayleigh distribu- 
tion curve and will remain the same for time periods 
during which the layer absorption remains constant 
(i.e., up to about one hour). However, it can be shown 
that, if a graph representing the distribution of radio 
field intensities over a long time period is desired, 
accurate results will be obtained whether the graph 
is computed from instantaneous measurements or 
measurements which correspond to short -time aver- 
ages of the instantaneous radio field intensities. This 
arises from the fact that the variations caused by 
changes in layer absorption are usually much larger 
and thus of greater influence than the short -time varia- 
tions due to phase interference. An obvious advantage 
of using average values is that these may be obtained 
automatically by a proper choice of time constant in 
the measuring apparatus, and a material reduction in 
the work of analyzing the records is thereby obtained. 

short -wave radio -telephone circuits," Bell Sys. Tech. Jour., vol. 15, 
pp. 181 -196; April, 1936. 

g J. P. Taylor, "Graphic recording of field intensities," Broad - 
case News, vol. 23, pp. 6-9,28,33; December, 1936. 

10 Testimony of K. A. Norton, R. Bateman, and C. A. Ellert 
at Federal Communications Commission hearing on Ship Power, 
November 14, 1938. (F. C. C. mimeo 30539.) 

11 Lord Rayleigh, "On the resultant of a large number of vibra- 
tions of the same pitch and of arbitrary phase," Phil. Mag., vol. 10, 
pp. 73-78; 1880. Also, "Theory of Sound," by Lord Rayleigh, 
second edition, paragraph 42a, Macmillan and Company, London, 
England, 1894. This problem is also treated in the "Collected 
Works" of Lord Rayleigh. 

An integrating circuit of about 1 minute charge and 1 

minute discharge time constants has been found useful 
for many purposes. 

1.43 RECEIVING- ANTENNA POWER OUTPUT 

When using certain types of antennas, a considera- 
tion of the relation between impressed radio field 
intensity and power output of the receiving antenna 
is sometimes of more practical use than a determina- 
tion of open- circuit voltage. The receiver with a 
calibrated resonant circuit at its input then simulates 
a wattmeter rather than a voltmeter. The antenna is 
connected either directly or through a transmission 
line to this wattmeter, and, if the transmission loss is 
known, the power in the antenna may be determined. 
When the antenna impedance matches that of the 
connected circuits, half of the power is dissipated in 
the antenna and the remainder in the connected sys- 
tem including the wattmeter. 

The maximum power output in watts of a receiving 
dipole antenna operated at half -wave resonance is, 
very nearly: 

E2 
P = 3.12(10)[' i (17) 

x2E2 
or, P 

2885. 
(18) 

1.44 PRESENTATION OF THE DATA 
OF MEASUREMENT 

In view of the several factors which influence meas- 
ured values of radio field intensity, information per- 
taining to the following should be provided to render 
measurement data generally useful: 

(a) statement of which vector component of the 
field is measured; 

(b) complete description of the measuring location 
and antenna setup, including topography,, electrical 
properties of the ground, the proximity of disturbing 
structures, orientation of the receiving antenna and its 
height above ground, etc.; 

(c) detailed description of the measuring equipment 
and procedure; 

(d) in the case of ionospheric -wave fields, the time 
distribution of instantaneous or short -time- averaged 
radio field intensities throughout the time occupied 
by the measurements; 

(e) for measurements made in the proximity of the 
ground, statement of which field is measured, i.e., 
incident or resultant; 

(f) estimated accuracy of the measurements. 

1.5 ADDITIONAL REFERENCES 
A. A. Pistolkors, "The radiation resistance of beam antennas," 

PROC. I.R.E., vol. 17, pp. 562 -579; March, 1929. 
P. S. Carter, "Circuit relations in radiating systems and ap- 

plications to antenna problems," Paoc. I.R.E., vol. 20, pp. 1004- 
1041; June, 1932. 

S. Goldman, "Dipoles and reflectors, a short review," Elec- 
tronics, vol. 13, pp. 20-22; May, 1940. 
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SECTION 2. METHODS OF MEASURING POWER RADIATED 
FROM AN ANTENNA 

2.1 GENERAL 

This section outlines briefly methods of measuring 
the radiated power of an antenna and describes the 
important considerations for securing useful and ac- 
curate measurements. In all the methods, radiated 
power is calculated from measured radio field intensi- 
ties. 

The general symbols used in this chapter are the 
same as those used in Section 1 (page 1). The follow- 
ing additional symbols are used in this Section: 

ED= radio field intensity of direct wave, in volts per 
meter 

F= radiation efficiency of antenna system 
hi =elevation above ground of transmitting an- 

tenna, in meters 
h2= elevation above ground of receiving antenna, 

in meters 
P,= equivalent radiated power, in watts 
P; =power input to antenna, in watts 

e= specific inductive capacitance of the ground, 
i.e., ratio of permittivity (dielectric constant) 
of the ground to that of air 

o= ground conductivity, in mhos per meter 

2.2 EQUIVALENT RADIATED POWER FOR GROUND -WAVE TRANSMISSION 

This method is primarily useful at frequencies be- 
low 5 megacycles. The equivalent radiated power for 
ground -wave transmission may best be determined by 
the measurement of radio field intensity near the an- 
tenna. The method applies for the antenna at the 
ground or not more than 1 wavelength above the 
ground. If the soil were a perfect conductor; if the 
radiation pattern of the antenna were perfectly circu- 
lar; if all measuring points gave absolutely reliable 
results; and if the distance of the measuring point 
from the antenna were determined with perfect ac- 
curacy; the radiated power could be obtained by the 
measurement of the radio field intensity at a single 
point and by using the following general relation be- 
tween radiated power and measured radio field in- 
tensity: 

E12 P.=- 
E22 

(19) 

where E1= measured inverse -distance radio field in- 
tensity at 1 kilometer 

E2= radio field intensity from an ideal antenna 
having the same effective length as the 
actual antenna, at 1 kilometer, for 1 watt 
radiated, from Fig. 9. 

The relation between radio field intensity and effec- 
tive lengthr2.13 shown by Fig. 9 assumes an ideal an- 
tenna having a sinusoidal current distribution. 

Actually the theoretical measuring conditions enu- 
merated above cannot be expected in practice, and the 
accurate determination of the 1- kilometer radio field 
intensity is considerably more involved than the mak- 
ing of a single measurement of radio field intensity. 
Possible errors in measuring the radio field intensity 
near the antenna include (a) errors in determining the 
exact distance of the measuring point from the an- 

12 Stuart Ballantine, "On the optimum transmitting wave 
length for a vertical antenna over perfect earth," PROC. I.R.E., 
vol. 12, pp. 833 -840; December, 1924. 

13 Stuart Ballantine, "High quality radio broadcasting," PROC. 
I.R.E., vol. 22, pp. 564 -629; May, 1934. 
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tenna; (b) the possibility that the value of radio field 
intensity at that particular measuring point is not 
representative but is influenced by directivity of the 
radiated pattern, uneven terrain, proximity of over- 
head wires, and in some cases underground conductors; 
and (c) inherent inaccuracy of the radio field -in- 
tensity meter plus the inaccuracy caused by the ob- 
server in the operation of the equipment. 

14 

12 

cc 

',.2io 

2 

o 
0 0.1 o 2 0.3 0.4 0.5 04 0.7 0.8 0 9 1.û7 

EFFECTIVE LENGTH IN FRACTIONS OF WAVELENGTH 

Fig. 9- Unattenuated radio field intensity at 1 kilometer 
from an ideal antenna, for 1 watt radiated. 

The measurements of radio field intensity should be 
made on a number of equally spaced radials, each 
extending from about 0.8 kilometer (about mile) to 
about 25 kilometers (about 15 miles) from the antenna. 
These distances may be reduced, for frequencies above 
1600 kilocycles, approximately in the square of the 
ratio of 1600 to the frequency in kilocycles. The 
number of radials, the distance to which each radial 
is carried, and the number of measurements to be 
made on each radial, will depend inversely upon how 
good the measurement points are. In general, 8 radials 
should be used and 30 to 40 measurements should 
be made on each radial. An approximate guide which 
may be followed is to make the distance interval 
between successive points along the radials approxi- 
mately equal to 10 per cent of the distance of these 

Q 
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MEASURING POWER RADIATED FROM AN ANTENNA 11 

points to the transmitting antenna. The data cor- 
responding to each radial should be plotted on log -log 
co- ordinate paper similar to that of Fig. 8 with the 
values of radio field intensity as ordinates and dis- 
tances as abscissas. Radio field intensity and distance 
may be in any units. It is preferable to use thin, al- 
most transparent, co- ordinate paper unless a light -table 
is available. 

The data should be plotted only for distances greater 
than 1 wavelength (or, for single antennas higher 
than 0.2 wavelength, five times the vertical height of 
the antenna; or for directional antennas, ten times the 
spacing between elements). The graph paper plotting 
the measured data is superimposed upon the curves of 
Fig. 8, shifting the data sheet vertically and hori- 
zontally (keeping the vertical lines on both sheets 
parallel) until the plotted data fit best one of the 
curves of Fig. 8. If it is found desirable to reconstruct 
Fig. 8 with a different scale of co- ordinates, the data 
given in the Appendix, page 13, may be used. 

On account of the irregularities of data obtained in 
practice it may be difficult to determine which of the 
curves is best fitted by the plotted data. In such case 
it is desirable to aid the choice by calculation based 
on whatever may be known or estimated regarding 
the ground conductivity and the specific inductive 
capacitance of the terrain over which the measure- 
ments are made. One calculates the angle whose 
tangent is 1/1.8(10)10 (ef /Q). In fitting the plotted 
data to the curves, one then gives preference to that 

2.3 EQUIVALENT RADIATED POWER 

This method is primarily useful at frequencies above 
3 megacycles. The radiation from antennas at these 
frequencies is usually greater at some angle to the 
horizon than it is along the horizon. For this reason 
measurements made along the ground are not usually 
indicative of the main power which is used for trans- 
mission. 

One of the methods used to measure the equivalent 
radiated power from a high -frequency antenna is to 
compare the radiation at a distant point after reflec- 
tion from the ionosphere with the radiation from an 
antenna of known characteristics such as a half -wave 
dipole antenna. This can be done by shifting from one 
antenna to the other and recording the radio field in- 
tensity continuously. This should be done a sufficient 
number of times, sufficiently spaced, to average out 
the errors caused by fading. The comparison antenna 
should be placed at the same height from the ground 
as the height of the center of the antenna being tested. 

A refinement of this method is to measure the dif- 
ference in gain of the two transmitting antennas by 
connecting the two antennas to two transmitters 
operating on the same frequency and keyed alternately 
by fast dots," e.g., 100 words per minute, of unequal 

curve marked with the angle nearest this value. 
When the data sheet is finally adjusted, the value of 

radio field intensity corresponding to the intersection 
of the inverse -distance line of Fig. 8 with the 1 -kilo- 
meter ordinate on the data sheet is the inverse -distance 
radio field intensity at 1 kilometer. (The value of radio 
field intensity corresponding to the intersection of 
the curve of best fit of Fig. 8 with the 1- kilometer 
ordinate on the data sheet is the attenuated radio field 
intensity at 1 kilometer.) 

When the data for all the radials have been analyzed 
in this manner, a curve should be drawn on polar co- 
ordinate paper from the inverse -distance 1- kilometer 
radio field intensities obtained, which gives the un- 
absorbed field pattern at 1 kilometer. The radius of 
a circle, the area of which is equal to the area bounded 
by this pattern, is the effective unabsorbed radio field 
intensity at 1 kilometer. This value of radio field 
intensity corresponds to E1 in (19). E2 is next de- 
termined from Fig. 9 based on the assumed effective 
length of the actual antenna. The equivalent radiated 
power in watts P. may now be computed from (19). 

The radiation efficiency of the antenna system in per 
cent is 

P. 
F = 100- 

Pi 
(20) 

While making the radio field- intensity survey, the 
output power of the station should be maintained 
constant. 

FOR IONOSPHERIC TRANSMISSION 

lengths. The resulting field is observed at the receiving 
station by means of a cathode -ray oscillograph. During 
the observations the power of the transmitter supply- 
ing the antenna of greater gain is reduced until the 
two fields are equal at the receiving station. Then the 
relative power supplied to the two antennas is the 
measure of gain. 

The equivalent radiated power from a half -wave 
dipole antenna in free space, in watts, is 

P. = 70.12, (21) 

where I is the current measured at center of dipole an- 
tenna, in amperes. When the dipole antenna is less 
than approximately 1 wavelength from surrounding 
objects the radiation resistance is slightly different and 

14 Andrew Alford, "A method for measuring the gain of trans- 
mitting antennas," Presented, Joint Meeting, U.R.S.I.- I.R.E., 
Washington, D. C., April 28, 1939. Not published. Abstract: 

"Difference in gain of two transmitting antennas may be ac- 
curately measured by connecting the two antennas to two trans- 
mitters operating on the same frequency and keyed alternately by 
fast dots, e.g., 100 words per minute, of unequal lengths. The re- 
sulting signal is observed at the receiving station by means of a 
cathode -ray oscillograph. During the observations the power of the 
transmitter supplying the antenna of greater gain is reduced until 
the two signals are equal at the receiving station. Then the relative 
power supplied to the two antennas is the measure of gain." 
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12 STANDARDS ON MEASURING RADIO WAVE PROPAGATION 

a correction factor must be used'" with (21). When 
using a dipole antenna to determine the gain of a direc- 
tive antenna, considerable care must be exercised to 
eliminate all stray coupling between the directive an- 
tenna and the comparison antenna." 

It is possible to measure the equivalent radiated 
power of a high- frequency antenna by measuring the 
direct -wave field using an airplane or balloon to sup- 
port the receiving antenna. If an airplane is used, 
care must be taken to make sure that the receiving - 
antenna pattern is not distorted by the presence of the 
airplane, or, if it is distorted, this must be taken into 

" P. S. Carter, "Circuit relations in radiating systems and ap- 
plications to antenna problems," PROC. I.R.E., vol. 20, pp. 1004 - 
1041; June, 1932. 

consideration. The direct -wave radio field intensity' 
from a half -wave dipole antenna suspended in free 
space, in volts per meter, is 

E 
7.ov 

D= (22) 
d 

14 H. T. Friis, C. B. Feldman, and W. M. Sharpless, "The de- 
termination of the direction of arrival of short radio waves," 
PROC. I.R.E., vol. 22, pp. 47 -78; January, 1934. 

17 C. R. Burrows, Radio propagation over plane earth, -Field 
strength curves," Bell Sys. Tech. _lour., vol. 16, pp. 45 -77 and 574- 
577; June and October, 1937. 

1° E. J. Sterba, "Theoretical and practical aspects of direc- 
tional transmitting systems," PROC. I.R.E., vol. 19, pp. 1184 -1215; 
July, 1931. 

" B. Trevor and P. S. Carter, "Notes on propagation of waves 
below ten meters in length," PROC. I.R.E., vol. 21, pp. 387 -426; 
March, 1933. 

2.4 EQUIVALENT RADIATED POWER FOR ULTRA -HIGH FREQUENCIES 

These methods are for frequencies over 30 mega- 
cycles. The equivalent radiated power may be calcu- 
lated from (22), if the direct -wave field is known. The 
measurement of the direct -wave field is ordinarily 
difficult on the ground, since the field at any point is 
the sum of the fields of the direct wave and the ground - 
reflected wave. Two methods have been used on ultra- 
high frequencies to evaluate the direct -wave field. 
They may be called the variable -height method and 
the variable- distance method. 

With the first method40 the receiving antenna is set 
up about 10 or 12 wavelengths away from the trans- 
mitting antenna. The receiving- antenna height is 
changed and, hence, the phase relations between the 
direct and ground- reflected waves varied, so that both 
the sum and difference of these two components are 
obtained. The direct -wave component is then 

E3 E4 
ED - (23) 

where ED= direct -wave radio field intensity, 
E3 = measured radio field intensity when the 

height of the receiving antenna is adjusted 
for maximum field intensity, 

E4= measured radio field intensity when the 
height of receiving antenna is adjusted for 
minimum field intensity. 

Care should be taken when using this method to 
make the radio field -intensity measurements over 
fairly level terrain, since an uneven terrain will intro- 
duce a possibility of error. 

The second method of measuring the direct -wave 

to C. R. Burrows, A. Decino, and L. E. Hunt, "Ultra- short- 
wave propagation over land," PRoc. I.R.E., vol. 23, pp. 1507 -1535; 
December, 1935. 

field, called the variable- distance method, has been 
used on ultra -high frequencies below 300 megacycles 
(1 meter)?' The procedure is to move the receiving 
antenna away from the transmitting antenna, measur- 
ing the maximum and minimum values of the received 
field E3 and E4, respectively, and recording the respec- 
tive distances d3 and d4. The receiving and transmitting 
antennas should be kept several wavelengths above the 
ground and the data carried out to about 50 wave- 
lengths from the transmitter. Then the direct -wave 
radio field intensity at an intermediate distance d is 

ED = 
E3d3 + E4d4 

2d 
(24) 

The equivalent radiated power can then be calculated 
using (22). 

The comparison method of measuring equivalent 
radiated power described in Section 2.2 may also be 
used for ultra -high frequencies. The principal applica- 
tion of this method is to compare directive or special 
(wide -band etc.) antennas with simple antennas. These 
comparisons should be made somewhat inside the 
horizon so as to minimize possible errors due to fading. 

Another method of measuring the equivalent radi- 
ated power on ultra -high frequencies is to take a large 
number of measurements of radio field intensity on a 
radial from the transmitter out to 30 or 40 kilometers 
(about 20 or 25 miles). It is preferable to make con- 
tinuous recordings using mobile recording equipment? 
The measurements should be made over level ground 
free from major obstructions. The recording of radio 

u B. Trevor and R. W. George, "Notes on propagation at a 
wavelength of seventy -three centimeters," PROC. I.R.E., vol. 23, 
pp. 461-469; May, 1935. 

77 G. S. Wickizer, "Field- strength survey 52.75 megacycles from 
Empire State Building," PROC. I.R.E., vol. 28, pp. 291 -296; July, 
1940. 
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MEASURING POWER RADIATED FROM AN ANTENNA 13 

field intensity will, of course, show considerable varia- 
tions caused by multiple reflections. By averaging the 
data it is possible to arrive at the following relation: 

The received radio field intensity in volts per meter 
from a half -wave dipole antenna at grazing angles and 
at distances within the horizon may be shown to be 

E = 2.93(10)-' dhlh! , (25) 

88N/1'. hlh: 
or E = 

xd2 
(26) 

where h1= elevation above ground of the transmitting 
antenna, in meters, and 

h2= elevation above ground of the receiving an- 
tenna, in meters. 

a H. H. Beverage, "Some notes on ultra -high- frequency prop- 
agation," RCA Rev., vol. 1, pp. 76-87; January, 1937. 

From (25) or (26) it will be noted that for the condi- 
tions assumed, the radio field intensity is inversely 
proportional to the square of the distance. 

The averaged data obtained from the mobile record- 
ings are plotted on logarithmic co- ordinate paper with 
radio field intensities as ordinates and distance as 
absciassas. A straight line, having an inverse -square 
slope is drawn through the averaged data. From any 
point on this line the equivalent radiated power may 
be calculated using (25) or (26). 

Substituting the value of P. measured by one of the 
other methods, the equivalent elevations of the an- 
tennas above ground can be calculated from this 
relation. If the receiving locations are free from inter- 
fering objects, the equivalent elevation h2 is the actual 
elevation, and the equation permits calculating hl. 

On account of possible effects from buildings and 
other objects near the antennas, the method must be 
used with caution. 

2.5 ADDITIONAL REFERENCE 
J. A. Stratton, "Electromagnetic Theory," McGraw -Hill Book Company, New York, N. Y., 1941. 

2.6 APPENDIX 

Users of this process of measuring the power radiated 
from an antenna may prefer to make their own copies 
of Fig. 8 on co- ordinate paper of their own choosing 
and thus have the figure on paper of the exact size as 
that on which they plot their measurement data. 
Fig. 8 itself has co- ordinates that match approxi- 
mately those of Keuffel and Esser log -log co- ordinate 

paper No. 358 -127 (translucent sheet) and 358 -127G 
(opaque sheet). Table I of the data from which Fig. 8 
was constructed will permit anyone to draw the curves 
on any paper desired. Data are not given for the 180 - 
degree curve, as that is not used in cases which occur 
in actual practice. 
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SECTION 3. METHODS OF MEASURING NOISE FIELD INTENSITY 
3.1 GENERAL 

The measurement of noise field intensity, while in- 
volving the same basic procedure as the measurement 
of radio field intensity, presents additional problems 
because of the fact that, in general, the direction of 
propagation, polarization, relative phases, and ampli- 
tudes of the components of noise fields are not well 
defined and are subject to variations with reference to 
time and space. 

The measuring apparatus, including the antenna, is 
identical with that employed in measuring radio field 
intensity, except that the output circuit must satisfy 
special requirements as to time constant, and the 
effective bandwidth and phase characteristics of the 
selective circuits must be taken into account. 

The measuring apparatus is tuned to the frequency 
at which the noise field intensity is to be measured, 
and the voltage produced in the receiving antenna by 
the noise is measured. Since the voltmeter is usually 
calibrated in terms of a known voltage of single fre- 
quency, the noise field intensity is measured in terms 
of the equivalent effect of a single- frequency field and 

of the effective bandwidth of the radio receiver. The 
time constants of the output circuit and the nature of 
the rectifier determine whether the average, root - 
mean- square, peak, or quasi -peak value of the noise 
field intensity is measured. Since the noise field is 
generally distributed over a wide frequency range, the 
noise field intensity measured is a function of the effec- 
tive bandwidth of the radio receiver; hence, accurate 
specification of the effective bandwidth of the measur- 
ing set is important. 

The general method of determining the effective 
bandwidth of the measuring set, and the manner in 
which it influences the measured value of noise field 
intensity, are indicated in the definitions of effective 
bandwidth and noise intensity. 

It is also of importance to record a classification of 
the noise (e.g., ignition noise, atmospherics, random 
noise, impulse noise), since there may be a difference 
in the radio -field -to -noise ratio required for operation 
through various types of noise. 

3.2 MEASUREMENT METHODS 

The measurement of particular characteristics of 
noise field intensity which bear a definite relationship 
to the disturbing effects of the noise would, if found 
feasible, provide means for establishing the degree of 
disturbance which the noise causes to the different 
types of communication. Specialized methods in this 
category have,,been developed for measurement of the 
disturbance caused by noise to telephone (voice and 
music) signals. This apparatus takes the form of a 
field- intensity- measuring set of the standard- antenna 
type with a special output circuit which includes a 
rectifier, an integrating circuit, and an indicating in- 
strument. From experience gained with such measure- 
ments, it has been determined that the effect of noise 
in telephony (voice or music) is more nearly propor- 
tional to the peak intensity than to the average in- 
tensity. A joint committee of the Edison Electric 
Institute, National Electrical Manufacturers Associa- 
tion, and Radio Manufacturers Association accord- 
ingly recommended" the measurement of a quasi -peak 
value, the specified time constants of the output indi- 
cator circuit being 10 mjlliseconds charge and 600 milli- 
seconds discharge; an effective bandwidth of 10 kilo- 
cycles was recommended. 

A single quasi -peak value is not in general propor- 
tional to the disturbing effect of all types of radio noise 
and for all types of signals. Thus, for wide -band service 
requirements, it may be desirable to make noise 

Si C. V. Aggers, D. E. Foster, and C. S. Young, "Instruments 
and methods of measuring radio noise," Trans. A.I.E.E. (Ekc. 
Eng., March, 1940), vol. 59, pp. 178 -192; March, 1940. 

15 

measurements with apparatus of greater effective 
bandwidth and indicating devices with the equivalent 
of lower time constants. 

A cathode -ray oscillograph may be advantageously 
used in measuring noise peaks. It has the advantage of 
showing the noise wave shape. It has the disadvantage, 
however, that if the noise peak is very short the top of 
the peak is hard to read, unless the room is darkened, 
because of the low illumination for a transient pulse. 

3.21 ATMOSPHERICS 

Both short -time and long -time distributions of the 
noise field intensity of atmospherics are of interest. 
Measurements by automatic -recorder methods of the 
time distribution of both the average and peak values 
provide data in a desirable form for most purposes. 

For recorder operation, it is possible to measure the 
average intensity by using approximately equal charge 
and discharge time constants of the order of 1 minute. 

It is possible to measure the instantaneous peak in- 
tensity in terms of a quasi -peak value of very short 
duration, of the order of 0.1 millisecond; for recorder 
operation, a discharge time constant of the order of 1 

minute has been found desirable. 
The average or quasi -peak data (or both) may be 

presented in the form of time distribution curves, as in 
recording received intensities from radio stations 
which are fading; and provide information on the 
noise field intensity of atmospherics at a given place 
for a given percentage of time of the period considered. 
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16 STANDARDS ON MEASURING RADIO WAVE PROPAGATION 

3.3 ADDITIONAL REFERENCES 
J. R. Carson, "Selective circuits and static interference," Bell 

Sys. Tech. Jour., vol. 4, pp. 265 -279; April, 1925; Elec. Commun., 
vol. 3, pp. 267 -275; April, 1925. 

J. R. Carson, "The reduction of atmospheric disturbances," 
PROC. I.R.E., vol. 16, pp. 966 -975; July, 1928. 

J. R. Carson, "The statistical energy- frequency spectrum of 
random disturbances," Bell Sys. Tech. Jour., vol. 10, pp. 374 -381; 
July, 1931. 

V. D. Landon, "A study of the characteristics of noise," 
PRoc. I.R.E., vol. 24, pp. 1514 -1521; November, 1936. 

Statement of J. H. DeWitt, Jr., chairman of Engineering 

Committee of Clear Channel Group, Federal Communications 
Commission hearing on "Proposed Rules and Regulations Govern- 
ing Standard Broadcast Stations," June 6, 1938. 

K. A. Morton, R. Bateman, and C. A. Ellert at Federal 
Communications Commission hearing on Ship Power, November 14, 
1938. (F.C.C. mimeo 30539.) 

H. Kahl, "A sound -level distribution recorder," Bell Lab. 
Rec., vol. 17, pp. 254 -266; April, 1939. 

Karl G. Jansky, "An experiment investigation of the char- 
acteristics of certain types of noise," PROC. I.R.E., vol. 27, pp. 763- 
768; December, 1939. 
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CURRENT I. R. E. STANDARDS Price 

1) Standards on Electroacoustics, 1938 $0.50 
Definitions of Terms, Letter and Graphical Symbols, Methods of Testing 
Loud Speakers. (vi +37 pages, 6X.9 inches.) 

2) Standards on Electronics, 1938 Out of Print 
Definitions of Terms, Letter and Graphical Symbols, Methods of Testing 
Vacuum Tubes. (viii +59 pages, 6X9 inches.) 

3) Standards on Transmitters and Antennas, 1938 Out of Print 
Definitions of Terms, Graphical Symbols, Methods of Testing Trans- 
mitters, Methods of Testing Antennas. (vi +42 pages, 6X9 inches.) 

3a) Standards on Transmitters and Antennas : Definitions of Terms, 1938... $0.20 
A Reprint (1942) of the like -named section of "Standards on Transmit- 
ters and Antennas, 1938. (vi +8 pages, 8 1/2 X11 inches.) 

3b) Standards on Transmitters and Antennas : Methods of Testing, 1938 .... $0.50 
A Reprint (1942) of the like -named section of "Standards on Transmit- 
ters and Antennas, 1938." (vi+ 10 pages, 8 1/2 X11 inches.) 

4) Standards on Radio Receivers, 1938 Out of Print 
Definitions of Terms, Graphical Symbols, Methods of Testing Broadcast 
Radio Receivers. (vi +58 pages, 6 X9 inches.) 
Note: Two sections of this report are being reprinted as individual book- 
lets in the larger format: "Definitions of Terms" and "Methods of Testing 
Broadcast Radio Receivers." 

4a) Standards on Radio Receivers: Definitions of Terms, 1938 $0.20 
A reprint (1942) of the like -named section of "Standards on Radio Re- 
ceivers, 1938." (vi +6 pages, 8 1/2 X11 inches.) 

4b) Standards on Radio Receivers : Methods of Testing Broadcast Radio 
Receivers, 1938 $0.50 
A reprint (1942) of the like -named section of "Standards on Radio Re- 
ceivers, 1938." 
(vi +20 pages, 8 1/2 X11 inches.) 

5) Standards on Radio Wave Propagation: Definitions of Terms, 1942 $0.20 
(v i +8 pages, 8 1/2 X11 inches.) 

6) Standards on Radio Wave Propagation: Measuring Methods, 1942 $0.50 
Methods of Measuring Radio Field Intensity, Methods of Measuring Power 
Radiated from an Antenna, Methods of Measuring Noise Field Intensity. 
(vi +16 pages, 8 1/2 X11 inches.) 

7) Standards on Facsimile: Definitions of Terms, 1942 $0.20 
(vi +6 pages, 8 1/2 X11 inches.) 

8) Normas sobre Receptors de Radio, 1938* Two 
Argentine 

Pesos (Postpaid) 
A Spanish -language translation of "Standards on Radio Receivers, 1938" 
by the Buenos Aires Section of the Institute of Radio Engineers. (viii +64 
pages, 6X9 inches.) 

Not carried in stock at I. R. E. Headquarters in New York. Obtainable only from Señor Domingo Arbó, Editor of Revista Tele- 
paJica, Peru, 165, Buenos Aires, Argentina. 

ASA STANDARDS 
(Sponsored by the I. R. E.) 

9) American Standard: Standard Vacuum -Tube Base and Socket Dimen- 
sions $0.20 
(ASA C16.2- 1939). (8 pages, 7 3/4 X10 5/8 inches.) 

10) American Standard : Manufacturing Standards Applying to Broadcast 
Receivers $0.20 
(ASA C16.3- 1939). (16 pages, 7 3/4X10 5/8 inches.) 

Prices are net and include postage to any country. Include remittance with order and address: 

THE INSTITUTE OF RADIO ENGINEERS, Inc. 
330 West 42nd Street, New York, N. Y. 
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