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FIELD-INTENSITY MEASUREMENTS

By RoBERT

HE measurement of the intensity
of the electromagnetic field pro-
duced by a transmitting station at
a distant point has been a problem of
considerable interest since the earliest
radio-telegraphic transmission. In fact
every reception of a radio signal con-
stitutes a field-intensity measurement,
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provided an estimate of the strength of
the audio signal is made and the ap-
proximate over-all sensitivity of the
receiving set is known. These two con-
ditions were, however, the stumbling
blocks which until quite recently pre-
vented all but qualitative results.

The earliest measurements of the
strength of the received andio signal
were made by shunting the head tele-

child Aerlal Surceys, Inc.

Fiovee 1. Radio field intensity in millivolts per meter from a survey made by Bown and Gillett

(see reference 7, page 3) for a transmitter located at 24 Walker Street in lower Manhattan, New

York City. We reproduce the photograph with the kind permission of the authors, the American
Telephone and Telegraph Company, and the Institute of Radio Engineers

(1]

IET

IET LABS, INC inthe GenRad tradition etiabe.com

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 + (800) 899-8438 « FAX: (516) 334-5088



2 Tne GexEran Rapio EXPERIMENTER

phones, so thal the signal was rendered
either just intelligible or just audible.
From the value of the shunting resist-
ance and the impedance of the tele-
phones, the amount of attenuation
introduced could be ecaleulated and
thence the strength of the original
unattenuated audio signal. This type
of measurement depends on the ex-
istence of a threshold of audibility.
This threshold is. however, a function
of Lthe audio frequency heard and of the
physieal condition of the listener, and
varies considerably among different
people. Many types of audibility meters
were built which conveniently per-
formed this shunting and indieated the
ratio of the current producing the full
signal to that necessary for the thresh-
old value.

On the other hand. litlle was known
concerning the sensitivity of the re-
ceiving set. A large antenna was used Lo
give the maximum radio-frequency
voltage. This could nol be transported
nor duplicated, so that the early field-
mtensity measurements were confined
to the study of the variation of field
strengths at one point throughout the
day and year. A survey of the variation
of field strengths with position around a
Lransmilter was impossible.

The advent of the vacunm tube
and its use as amplifier, oscillator, and
detector, both non-regenerative and
regenerative, greatly widened the scope
of field-strength measurements. L. W.
Austin® in 1917 deseribed a method of
measuring the sensitivity of the re-
ceiving set. An oscillating vacuum tube
produced in a tuned circuit a radio-
frequency current which was measurecd
by a thermocouple and galvanometer.
To this eircuit was coupled the receiv-
ing set, whose output was measured
with an audibility meter.

L1, W, Austin, ©The Measurement of Radio-
telegraphic Signals with the Oscillating Aadion,”
Proceedings of the I.R.E., Vol. 5, No. 4, August
1017, pp. 239-2406.
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In the discussion of this paper, C. R.
LEunglund® suggested that this sensitivity
measurement be made for every field-
strength observation, in such a way
that the signal introduced into the
receiver by the local oseillator produced
in the telephones the same response ns
that obtained from the radio signal he-
ing measured. The voltage thus intro-
duced into the receiver, as caleulated
from the reading of the thermocouple
meter and the constants of the circuits.
is equal to that similarly introduced
from the antenna.

In order to obtain the voltage in-
duced in the antenna by the electro-
magnetic wave, the constants of the
antenna and its coupling to the receiver
must be known. It is impossible to
introduce the comparison voltage di-
rectly into the antenna, thus making
the antenna system a part of the re-
ceiver, because generally the observer
has no control over the transmitter and
cannot shut it down when he wishes to
make a comparison measurement. (i,
Vallauri® in 1919 deseribed the use of
two similar loop antennae, so oriented
that one received Lhe radio signal with
maximum intensity, while the other
was in the null position with reference
to this signal, and so could have the
comparison signal introduced into it at
will.

C. R. Englund % in 19922 used a single
loop which could be rotated through
907 from the maximum to null position.
He used a T-section attenuator to
control the voltage introduced into the
loop instead of the more usual method
of varying a mutual inductance. He

* €, R. Englund, Discussion on L. W. Austin’s
Paper, Proceedings of the I.R.E., Vol. 5, No. 4,
August 1917, p. 248,

*G. Vallauri, * Measurement of the Electro-
magnetic Field of Waves Received during Trans-
oeeanic Radio Transmission,” Proceedings of the
I. k. E., Vol, 8, No, 4, August 1920, pp, 286-296.

', R. Englund, ** Note on the Measurement
of Radio Signals,” Proeeedings af the 1. R. E.,
Vol 11, No. 1, February 1923, pp, 26-33.

www.ietlabs.com
TEL: (516) 334-5959 - (800) 899-8438 * FAX: (516) 334-5988



Vor. V. No. 8

also used a plate-current meter in the
detector-tube cireuit, in place of tele-
phones whenever possible. Englund’s
methods were thus identical with
present practice. All of the early meas-
urements were made on long-wave
telegraphic transmitters. The dot and
dush signals and heavy slalic inter-
ference were the factors that prolonged
the nse of head telephones and the
audibility meter as instruments of
COMPATISOT.

The advent of broadeasting on the
frequency band, 500 ke to 1500 ke.,
stimulated the interest in field-intensity
measurements and expanded the points
at which measurement should be made
to a large number scattered over the
area around the transmitter and ex-
lending outward some hundreds of
miles. A portable set built to meet
the new conditions inposed by the
higher frequencies involved was de-
seribed by Bown, Englund, and Friis®
in 1923. The most serious problems
were those of shielding the loop from
the local oscillator and of building an
attenuator whose ecalibration would
hold at a frequency of 1000 ke. The
latter consideration caused a reversion
to the old antenna practice of intro-
ducing the voltage from the local os-
cillator mnto the réceiving set, that is,
placing it across the grid of the first
tube. This increased Lhe magnitude of
this voltage by the step-up ratio of the
loop, perhaps a fifty-fold increase, and
by that much reduced the severity of the
demands on the attenuator, which took
the simple form of a voltage divider.

Surveys of the field around certain
transmitting stations in the larger cities
followed. Bown and Gillett? in 1923
made surveys in New York and

4 Jre. is here used to mean kilocyeles per second
and epy. to mean cycles per second.

i R. Bown, C'. R. Englund, H. T, Friis, * Radio
Transmission Measurements,” Proceedings of the
I. R E., Vol. 11, No. 2, April 1928, pp. 115-152.

7R, Bown and G, D, Gillett, “ Distribution of
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Wishington. Expressing field strength
as Lthe millivolts per meter of height
which would be induced in a vertical
antenna,® they plotted contour lines of
equal field strength around the trans-
mitter ranging from 100 to 0.1 milli-
volts per meter. The shapes of these
contours are determined in the densely
populated eity areas by the location of
the tall buildings and in the outlying
districts by the topography of the
country, especially by river valleys and
large water areas. Tall buildings cast
shadows and canse rapid attenuation
while water courses allow minimum
attenuation.

Bown, Martin, and Potter ? extended
the New York City survey and dis-
covered peculiarly shaped contours to
the northeast of the ecity which sug-
gested interference between waves
which have traveled by slightly differ-
ent paths to reach a given point.

Two recent surveys are those hy
Mellwain and Thompson ' in Philadel-

Radio Waves from Broadcasting Stations over
City Districts,” Proceedings of the I. K. E., Vol.
12, No. 4, August 1924, pp. 895-409. A, G,
Jensen, “ Portable Receiving Sets for Measuring
Vield Strengths at Broadeasting Frequencies,”
Proceedings of the 1. R. L., Yol. 14, No. 3, June
1826, pp. 983544,

#The relation between a feld intensily o,
expressed in microvolts per meter, and the total
voltage I which it induces in a loop is

2afAN
= —""'— s
—2.00 x 10-5 fANe
= ha (microvolts),

where f={requency in eps.
A= aren of loop in square meters
N=number of turns on loop
v= velocity of light in meters per second
=3x 10%
h= the equivalent height of loop in meters
=209 x 107 AN,

"I, Bown, D. K. Martin, and R. K. Potter:
“Bome Studies in Radio Broadeast Transmis-
sion,” Proceedings of the 1. B. E,, Vol. 14, No. 1,
February 1926, pp. 57-131.

K. Mellwain and W. 8. Thompson, “A
Radio Field Strength Survey of Philadelphia,”
Proceedings of the 1. R. E., Vol. 16, No. 2, Feh-
ruary 1928, pp. 181-192.
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phia and by C, M. Jansky, Jr.." in
Minneapolis. Mellwain and Thompson
made their receiving set into a direct-
reading portable field-strength meter
by calibrating it in the laboratory and
by providing sufficient controls to
assure the constancy of this ealibra-
tion. While their work shows that this
is an entirely feasible method, the
consensus of opinion at the present
time seems Lo favor the older compari-
son method. It is much easier Lo stabi-
lize an oscillator and attenuator with
their one thermocouple meter than a
mullistage radio-frequency  amplifier
having i voltage gain of a million fold
at its maximum. The extra care neces-
sary lo insure the constaney of calibra-
tion of this multistage receiver cer-
tainly balances the time taken by the
comparison measurement with the
local signal generator, and the latter
procedure removes the possibility that
a whole day’s work will be lost by a
change in calibration, discovered only
al the end of the day’s run.

The survey reported by Jansky
covered a greater rural area than the
earlier urban surveys and in it is dis-
cussed the quality of reception ac-
corded large farming districts in a
sparsely settled community. It appears
that the field strengths of 5 to 30
millivolts per meter, which are nsually
considered necessary in urban areas to
raise the signal level sufliciently above
the high static level (mostly man-
made) existing there, are unnecessary
for the rural dweller. Artificial inter-
ference is much less in the country, and
the demands for continuous service
are perhaps not as exacting. At any
rate, a field strength of 100 microvolts
per meter is an acceptable lower level.
This report is typieal of recent surveys
in its emphasis on the economics of

T, M. Jansky, Jr., “Some Studies of Radio
Brondeast Covernge in the Middle West,™
Proceedings of the I. R. E., Vol. 11, No. 1,
Octaber 1928, pp. 1336-1367.

IET

534 Main Street, Westbury, NY 11590

broadeasting and on the general prinei-
ples which must govern the allocation
of broadcasting stations in this country,

Edwards and Brown ' in two recent
papers have discussed the coverage in
city and suburban areas which may
reasonably be expected from trans-
mitters of different power ratings. The
latest equipment used by the Radio
Division of the United States Depart-
ment of Commerce is also deseribed.
It is a refinement of the sets desceribed
by Friis and Bruce™ and has a fre-
quency range of 200 ke. Lo 6000 ke, and
a field-strength range of 10 microvolts
per meter to 4 volts per meter. These
large ranges are obtained by introduc-
ing into the loop a voltage from the
local signal generator large enough to
be measured by a vacuum-tube volt-
meter and attenuating this large signal
in the intermediate-frequency amplifier
of the superheterodyne receiver. This
transfers the difficulties attendant on
the design of an attenuator giving 110
db attenuation at these frequencies
to those arsing from the design and
calibration of a detector which may
operate linearly over an equal voltage
range. This method is applicable only
where the signal generator, attenuator,
and receiver are constructed and
calibrated as a unit.

The older method, where the signal
generator and attenuator are a wunit
independent of the receiver and indi-
cating instruments, is illustrated sche-
matically in Figure 2. The signal
generator produces a radio-frequency

28, W, Edwards and J. E. Brown, “The Use
of Radio Field Intensities as n Means of Rating
the Outputs of Radio Transmitters,” Proceedinga
af the I. R. E., Vol. 18, No. 9, September 1928, pp,
1173-1193. “The Problems Centering about the
Measurement of Field Intensity,” Proceedings of
the I. R. E., Vol. 17, No. 8, August 1929, pp.
13771884,

WH, T. Friis and E. Bruce, “A Radio Field
Strength Measuring System for Frequenciez up
to Forty Megacycles,” Proceedings of the [. . E.,
Val. 14, No. 4, August 1026, pp. 307-318
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Fravke 2, Schematic arrangement of apparatus for measuring radio field intensity by the comparison
method deseribed in this article

voltage at the input terminals of the
attenuator which is adjusted so that
there is introduced into the loop the
same voltage as that induced by the
ineoming signal. The attenuator is set
at zero when the incoming signal 1s
observed, with the loop turned for
maximum response, while the loop is
set at its null with respeet to the in-
coming signal when the loeal signal is
used, The attenuator may be shunted,
if the resistance which it introduces
into the loop is comparable to that of
the loop, thereby increasing the selec-
tivity and sensitivity of the receiver.
This shunt is nsually so chosen as to
decrease the resistance of the attenua-
tor and also the induced voltage by a
power of ten. It should have a balane-
ing resistance if the loop is balanced.
The receiver may have either a multi-
ple-stage radio-frequeney amplifier, or
udetector, oscillator, and intermediate-
frequency amplifier. Its low-frequency
detector is used as an uncalibrated
vacunm-tube voltmeter. The direct-
eurrent meter in the plate circuit of
this detector indicates by the equality
of its deflections when the local signal
has been made equal to the incoming
signal. Its reading s independent of
whether the carrier is modulated or not,
exeept as the modulation affects the
output of the transmitter. Thus, field-
intensity measurements may be made
at any time that the transmitter, is
operating without interruption of its
regular schedule.

Some audio amplification is usually
added to make easy the finding and
identifying of any incoming signal with
head telephones. With an output meter
replacing the head telephones, the

response produced by a modulated
radio signal may be observed. The
variations in the fractional modulation
of the transmitter may be observed
qualitatively. When the field strength
produced by any two transmitters has
been measured in the manner just
described, using the direct-current
meter, the audio-frequency responses
produced by their modulations may be
compared by noting the corresponding
deflections produced on the output
meter and correeting for any difference
in field strength between the two sta-
tions. These readings indicate the
degree to which these stations utilize
their respective carriers.

If the signal generalor can be modu-
lated, the fractional modulation of the
imcoming signal may be estimated. A
field-strength measurement is made
and the attenuator set 1o give equality
of carriers of local and incoming signal,
The fractional modulation of the signal
generator is then varied until equal
response is indicated on the output
meter for the local and inecoming signal.

The following equipment is necessary
for making field-strength measurements
by the method schematically illus-
trated in Figure 2. A Type 403-C
Standard-Signal Generator™ with 400
cps. internal modulation and  self-
contained attenuator feeds a balanced
loop through a Tyer 403-P10 Output
Shunt, which shunts the attenuator to
one-tenth its normal resistance and
inserts one ohm into each side of the

" Charles T. Burke, *The Standard-Signal
Method of Measuring Receiver Characteristics,”
Gieneral Radio Experimenter, 1V, 10, March 1930,
Also General Radio Company, Catalog F, pp.
nH=A).
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Fiovre 8. A field-strength measuring set making
use of o Type 403-C Standard-Signal Generator.
See aceompanying deseription

loop. The normal frequency range of
the signal generator is that of the
broadeast band, 500 ke. to 1500 ke.
The wvoltage range extends from 5
microvolts to 50,000 microvolts used
directly or from 0.5 to 5000 microvolts
using the ontput shunt.

A receiver having, with one stage of
audio amplification, a sensitivity of 10
microvolts per meter will give satisfac-
tory results. The betler grade of pres-
ent-day broadeast receivers meets this
requirement. The greatest drawback to
their use is the large capacity low-
voltage storage battery needed to heat
their alternating-current tubes. A
micro-ammeter is inserted in the
plate circuit of the low-frequency de-
tector. The head telephones and a
Tyrr 486 Output Meter™ are con-
nected in the output eirenit of the

1 John D, Crawlord, A Rectifier-Type Meter
for Power Output Measurements at Audio
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audio amplifier, which must be so
arranged that there is no direct-current
voltage across the output meter.

The design of the attenuator in the
Tyrr 403-C Standard-Signal Genera-
tor is such that its maximum error at
maximum attenuation is less than 15
per cent. The shielding of the signal
generator as built at present ! is such
that at no point more than six inches
away from the case is the effect of the
magnetic field on a loop greater than
that of an electromagunetic field of 50
microvolts per meter, At a distance of
2 feet above the generator, the equiva-
lent field is less than 2 microvolts per
meter.

A recent installation of a Tyer 403-C
Standard-Signal Generator in a porta-
ble field-strength set for use by the
Shepard Broadeasting Service of Bos-
ton, Massachusetts, is shown in Figure
3. Here a rack-type mounting is used
with the loop and signal generator
separated by the receiver. The loop is
turned by the handle at the center top
of the panel through bevel gears. The
leads from the loop pass down through
the hollow shaft and then in shielded
cable, one pair to the receiver and one
pair 1o the output shunt mounted on
the signal generator. The receiver is a
Radiola Superheterodyne, Model 80,
with the alternating-current tubes
supplied from a large storage battery
(not shown). Their control rheostat
and switch are shown at the left on the
receiver panel. Near them is the 200-

Frequencies,” General Radio Experimenter, 1V,
2-4, July- August 1029. Also General Radio
Company, Catalog ¥, p. 106; Bulletin 932, p. 40,

15 The recent improvements in shielding con-
sist in: doubling the thickness of copper on the
top over the oscillutor coil; soldering all parts of
the box lining; encasing the modulation and
output voltmeters in copper shields: and placing
an L-shaped shield along the upper front edge.
These changes may be made on the older Type
408-C Standurd-Signal Generator at a cost of
2.00. All signal generators ordered on or after
January 24 have the new shielding.
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micro-zmpere Weston
meter in the plate cir-
cuit of the low-fre-
quency detector. The
dial at the right tunes
the loop. This unit is
mounted immediately
behind the driver's
seat in a Ford truck.
Figure 4 shows the
field-strength  meas-
uring set mounted in
the truck. The
senger's  seat
Ti;lpt'll
to give a
of the panel.
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Fraune 4. The measuring sel in position

MISCELLANY

INCE the publication of the an-
niversary number of the Erperi-
menter lust June, two new members

have been added to our Engineering
Department. They are William N.
Tuttle and Roy L. Steinberger.

Mr. Tuttle received his
degree for work in physies at Harvard
Universily last year. He is specializing
in problems pertaining to acoustics.

Mpr, Steinberger is also from Harvard,
He has completed the necessary work
for his doctor’s degree and, after a year
and a half of part-time work, is now
able to devote all of his time with us.
During this period, he has been work-
ing on special applications of mag-
netostriction, particularly those relat-
ing to subagueons communication, This

doctor’s

work has been carried on under the
direction of Dr. G. W. Pierce of Cruft
Laboratory at Harvard, with whom we
have just executed a patent license
which will permit us to investigate
the subagqueous field in an active
manner,

The Type 403-P10 Output Shunt is
obtainable for a price of $4.00. It is
fitted with plugs for connecting to the
ouTpuT terminals of the standard-
signal generator and with three binding
posts for eonnecting to the loop. We
are prepared, on request, to supply it
without extra charge in place of the
Tyre 418 Dummy Antenna usually
supplied with the Type 403-C Stand-
ard-Signal Generator,

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY

CAMBRIDGE A, MASSACHUSETTS
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MEASURING
FIELD STRENGTH

Type 403-C Standurd-Signal Generator. Price $§600.00

JENSITIVITY measurements on radio receivers
' and measurements of radio field intensity by the
comparison method require the same basic instru-
ment, a General Radio Type 103-C. Standard-Signal
Generator. Several are now being used successfully
in field-strength surveys, the information obtained
being a valuable assel to the engineer responsible for
obtaining good coverage from his broadeast trans-
mitter.

Field-strength measurements are described in the
January, 1931, issue of the General Radio Erperi-
menler. Extra copies are available on request. Please
address Section X, Engineering Department, for
further information.

GENERAL RADIO COMPANY
OFFICES  *  LARORATORIES ¢  FACTORY
CAMBRIDGE A, MASSACHUSETTS

PACIFIC COAST WAREHOUSE? 274 BRANNAN STREET, SAN FRANCISCO, CALIFORNIA

AUMFORD PRESS
CONCORD.N.H

IET | ET LABS, INC in the GenRad tradition I etiabe.com

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 * (800) 899-8438 « FAX: (516) 334-5988




	Jan 1931 p1
	Jan 1931 p2
	Jan 1931 p3
	Jan 1931 p4
	Jan 1931 p5
	Jan 1931 p6
	Jan 1931 p7
	Jan 1931 p8

