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This may be expanded by the binomial theorem.
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From (19) the amplitudes of the signal and of the
noise may be computed. In the event only one channel
is of importance, such as the sound channel, only terms
which have a frequency of 4.5 mc need be computed.
Once the amplitudes of the signal and the noise are
known, the signal-to-noise ratio may then be evaluated.

An Effective Ground Conductivity Map

for Continental United States*
HARRY FINEt, ASSOCIATE, IRE

Summary-The Federal Communications Commission has re-

cently adopted a new effective ground conductivity map. The deriva-
tion of this map and its estimated accuracy are discussed in this
paper.

INTRODUCTION

NEW EFFECTIVE ground conductivity map

for continental United States is submitted in
this report. This map represents estimates based

on measurements over approximately 7,000 paths
throughout the country which were submitted to the
FCC. The previous ground conductivity map had been
promulgated in 1938 and based upon relatively few
measured paths plus the soil type map. Subsequent
measurements had shown that the estimates of con-

ductivity provided by this 1938 map were appreciably
in error for various parts of the country. For this reason

a more accurate map was considered desirable in the
allocation of standard broadcast stations and the pres-
ent map was adopted by the FCC for use as of April 5,
1954.

* Decimal classification: R113.509. Original manuscript received
by the IRE, February 2, 1954; revised manuscript received, May 18,
1954.

t Federal Communications Commission, Washington, D. C.

At this time it is pertinent to point out that the con-

ductivity over a given path may vary over wide limits
with location, season, weather, etc. Consequently, the
effective conductivity, as used here, must be defined as

that value of conductivity which will result in the over-

all median field strength for the path or segment of path
under consideration when used in conjuncticn with the
Commission's ground-wave field strength versus dis-
tance curves.

The Central Radio Propagation Laboratory had pre-

viously undertaken a rather comprehensive effective
conductivity study based on the field strength measure-

ments, submitted to the FCC in various proof-of-per-
formance and in connection with the processing of ap-

plication for standard broadcast facilities. These paths,
most of them less than 25 miles in length, were plotted
on map overlays. From these overlays with the aid of the
Department of Agriculture soil maps (Atlas of American
Agriculture; 1935), those paths running over one sub-
soil type only were analyzed for correlation between
measured path conductivity and subsoil type. From this
study, typical conductivity values for 144 of the 243
subsoil types were evaluated. It was found that for any
given subsoil type the logarithms of the measured con-
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ductivities were distributed about the average in a nor-
mal distribution. Considering log conductivity as the
basic variable, the average standard error of estimate
for the 144 subsoil types was 0.266. In more familiar lan-
guage, this means that approximately two-thirds of the
measured path conductivities for a typical subsoil type
lay within the range of 1/1.85 and 1.85 times the sub-
soil median conductivity. Grouping these subsoil types
into parent soil groups gave so large a standard error that
this approach was abandoned. With so large a standard
error even for the subsoil types, the correlation of con-
ductivity with these subsoil types was not considered
very promising. CRPL has prepared a report' of sec-
tional maps, showing the paths over which measure-
ments have been made as well as their conductivities.
However, no effective conductivity map was planned
by CRPL. In view of proposed revision by the Com-
mission of the Standards of Good Engineering Practice
Concerning Standard Broadcast Stations, it became
necessary to promulgate the new conductivity map,
which is given in Fig. 1 on the opposite page.
The following characteristics were considered de-

sirable and incorporated into this conductivity map.
1. The indicated conductivity should not change at

less than 10 mile intervals.
2. The base map should be on a scale of at least 1 to

2,500,000 and should employ Albers equal area pro-
jection to permit accurate scaling of distances.

3. The lines of demarcation between areas of differ-
ent conductivities should be clearly defined in order that
consistent estimates may be obtained by several differ-
ent observers.
A brief study of the field strength versus distance

curves revealed that the logarithm of field strength is
approximately proportional to the logarithm of the
conductivity for the shorter distances. Since the loud-
ness of sound is approximately proportional to the log-
arithm of field strength it was decided to classify the
map in steps proportional to the logarithm of conduc-
tivities. Also, it was noted that measured conductivities
for paths over the same terrain often varied by more
than 2 to 1, depending upon direction, frequency, inter-
pretation, equipment, etc. Since the measured effective
conductivity varies more than this amount in many
cases and because of a standard error of 1.85 to 1 for
subsoil types, it was decided that there was no point in
having a conductivity map with classifications closer
together than 2 to 1. Consequently, the following con-
ductivity classes were established: 0.5, 1, 2, 4, 8, 15, 30,
and 5,000 millimhos per meter. The 15 and 30 classes
were chosen in preference to 16 and 32, respectively,
because field intensity curves for 15 and 30 are already
incorporated in the FCC Standards and, of course, the
5,000 class is for seawater. In line with the above system

I R, S. Kirby, J. C. Harmon, F. M. Capps, and R. H. Jones, "Ef-
fective Radio Ground Conductivity Measurements in the United
States," Central Radio Propagation Lab., Boulder, Colo.; approved
by the Bureau of Standards Editorial Committee and to be released
in the near future.

of classification the ranges of conductivity grouped into
the specified classes are as given in Table I, the units
being millimhos per meter.

TABLE I

Conductivity Class Range of Conductivities

0.5 .707
1 .707- 1.414
1 1.414- 2.828
4 2.828- 5.657
8 5.657-10.95

15 10.95 -21.21
30 21.21 -45

5,000 seawater

The resulting conductivity map was drawn freehand
almost entirely from data in the map overlays supplied
by CRPL. These overlays, showing the locations and
conductivities of all the measured radials, proved in-
valuable. Unfortunately, the distance scale of these over-
lays was not a standard size and an original map was
not available, so that all the stations had to be relo-
cated on standard maps. When there was more than
one measured conductivity available for a given path or
area, the geometric mean conductivity was used. Where
there were no measurements available, the conductivity
was estimated from those measurements in the same
general area over the same subsoil type. If no measure-
ments were available even for nearly similar subsoil
types, then reference was made to the typical subsoil
type conductivities computed by CRPL. Undoubtedly,
had someone else drawn the lines of demarcation be-
tween the areas of different conductivity the map might
have looked substantially different, especially in the
region west of the Mississippi and east of the Pacific
coast where comparatively few measurements were
available. It is believed, however, that this map is a
vast improvement over the old standard and does agree
far better with the available data.
The estimation of a standard error for this effective

conductivity map is not an attractive proposition in
view of the variable density of the measurements
throughout the country and in view of the freehand proc-
ess of drawing the map. However, the writer believes
that the utility of the map is greatly enhanced if its
accuracy is known, even though this accuracy is only an
educated guess. If there were no error of measurement
or interpretation in the value of conductivity attached
to each path or segment of path on the CRPL overlays,
then, considering log conductivity as the basic variable,
the estimated standard deviation or error in codifying
the country on the conductivity map would be about
0.15-i.e. approximately two-thirds of the measured
path conductivities were within 0.71 and 1.4 times the
conductivities shown on the map. However, for the true
over-all standard error the above standard deviation
should be added in quadrature with the standard error
of measurement and interpretation. The over-all stand-
ard error is then estimated to be in the order of 0.23.
In other words, it is estimated, that approximately
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two-thirds of the true effective median path conductivi-
ties for distances less than 25 miles from the transmitter
were within 0.59 and 1.7 times the values which are
shown on the map.

In summary, there is submitted a map of effective
conductivities for the continental area of the United
States. This map was based for the most part on meas-
urements, submitted to the FCC by various standard
broadcast stations. Enlarged copies of this conductivity
map on a 1 to 2,500,000 scale are available for $3.50
from the Superintendent of Documents, Government
Printing Office, Washington, D. C.
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On Minimum Range for Radiation Patterns *
D. R. RHODESt

Summary--It is shown that the 2D2/X antenna criterion ensures
a phase variation less than wr/8 and an amplitude variation less than
10 per cent over D when using a paraboloidal or optimum horn an-
tenna for illumination, providing its aperture dimensions do not ex-
ceed D. The pattern of a uniform line antenna illuminated by such a
paraboloid is shown to be essentially the same as its conventional
pattern (point source illumination). It is also shown that the ap-
propriate criterion for back scattering patterns is 4D2/X.

INTRODUCTION
T HAS BEEN long recognized that there is a range
dependence in all radiation measurements. Serious
error may result whenever long range measurements

are attempted at short range. Therefore a criterion for
minimum range has come into common use for antenna
measurements, based on two assumptions: (1) the
measurement is to be made in the field of an isotropic-
point source, and (2) the maximum-phase variation over
the model antenna shall not exceed r/8. The minimum-
range criterion is given by

2D2
R

where D is the maximum cross-sectional dimension of
the model antenna and X is the wavelength. This crite-
rion is actually quite arbitrary because of the arbitrari-
ness of the assumption of the xr/8 phase variation. It
may be so weak as to be useless for certain types of
supergain antennas, whereas it may be too restrictive
for antennas with less sensitive current distributions.
For the uniform line antenna, however, it has been
shown' to be a practical criterion, and hence is probably
the best single criterion available.

* Decimal classification: R120. Original manuscript received
by the IRE, October 9, 1953; revised manuscript received, May 27,
1954. The work described was supported, in part, by a contract be-
tween Wright Air Development Center and the Ohio State University
Research Foundation.

t Cornell Aeronautical Lab., Buffalo, N. Y., formerly with Dept.
of Elec. Eng., Ohio State University, Columbus, Ohio.

' H. T. Friis and W. D. Lewis, "Radar antennas," Bell Sys. Tech.
Jour., vol. 26, p. 270; April, 1947.

The assumption that the measurement is to be made
in the field of an isotropic-point source does not apply
strictly to either the paraboloidal or horn antennas usu-
ally used to illuminate a model. As a consequence a
modified form of the minimum-range criterion is fre-
quently used, based on the assumption that the maxi-
mum-phase difference between any point on the model
and any point on the source antenna shall not exceed
7r/8:

2(D + d)2

where d is the maximum cross-sectional dimension of
the source antenna. But this criterion is very weak in-
deed since it does not take advantage of interference re-
sulting from radiation by the entire source aperture.
The full advantage of interference is readily evident
whenever the source is a portion of a plane wave (such
as a paraboloid) for then the radiation on the axis of the
source antenna has nearly a plane wave front at all
ranges.

MINIMUM RANGE FOR ANTENNA PATTERNS
The dependence on range of the radiation pattern of

a uniform line antenna in the field of a point source has
been shown by Friis and Lewis' using wave front analy-
sis. The dependence for antennas other than the point
source cannot be shown using simple wave-front anal-
ysis but require a more advanced approach. The con-
cept of "reaction" proposed recently by Rumsey2 pro-
vides an exact analytical representation for the open-
circuit voltage produced at the terminals of one antenna
when a unit current generator is connected to the ter-
minals of a second antenna, irrespective of the types of
antennas. The induced voltage, or reaction, is the scalar
product of the radiated field of one antenna by the cur-

2 V. H. Rumsey, "The Reaction Concept in Electromagnetic
Theory," McGill University Symposium, June, 1953; also Phys. Rev.,
vol. 94, p. 1483; June 15, 1954.
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