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SUMMARY

New propagation curves for use in television and frequency
modulation broadcasting were developed from an extensive analysis
of data accumulated since these broadcasting services were es-
tablished. A new method of applying terrain roughness factors
for improving the accuracy of field strength predictions was
developed for use with the new curves. The new curves apply for
both the median and the field strength exceeded 10% of the time.
At distances out to about 15 or 20 miles from the transmitter,
the new VHF and UHF curves are nearly the same as those presently
in the FCC Rules. At further distances, out to about 60 miles,
the field strengths indicated by the new 500 foot VHF curves are
within + 2 dB of the present curves. The new 1000 and 2000 foot
VHF curves are up to 6 dB lower than their existing counterparts
out to 86 and 106 miles respectively for Channels 2-6, and out to
73 and 89 miles respectively for Channels 7-13, beyond which dis-
tances the new curves run up to 14 4B higher than the existing
curves, For UHF the field strengths are somewhat lower than indi-
cated by the present curves, reaching a maximum change at dis-
“tances in the order of 60 miles. There is very little change
for average UHF antenna heights for distances beyond 110 miles.
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INTRODUCTION

This revision of the FCC Report No. R-6502 (Ref. 1) presents the
data and background material leading to the development of improved
field strength propagation curves in the VHF and UHF bands, as proposed
for use in television and frequency modulation broadcasting services by
the Federal Communications Commission. The existing FCC rules contain
VHF and UHF propagation curves developed in the late 1940's as a result
of studies made by the Ad Hoc Committee for the evaluation of the radio -
propagation factors concerning television and frequency modulation broad-
casting services in the frequency range 50-250 Mc/s, FCC Docket Nos. 8736,
8975, and 9175 (Ref. 2). Since then, additional field strength data have
become available to the Commission and studies have been made to improve
the accuracy of the existing curves. The first major step in this direction
was taken in 1960 by the Radio Propagation Advisory Committee (RPAC) composed
of engineers from the industry, the FCC, and other government agencies.
Results of the RPAC efforts proved helpful in the subsequent work of the
Commission's engineers in developing complete sets of VHF and UHF propa-
gation curves, culminating in rule-making proceedings in Docket No. 16004
proposing the incorporation of the new curves in the FCC rules.

Subsequently, the Association of Federal Communications Consulting
Engineers (AFCCE) filed a "Petition for Extension of Time for Filing
Comments," indicating that the AFCCE could furnish additional measurement
information, and requesting the Commission to call an Engineering Con-
ference to consider the proposed new curves. This Conference was held on
September 16, 1965. After reviewing the information available at the time,
the Engineering Conference agreed to the formation of a Working Group con-
sisting of a representative of AFCCE, FCC engineers, and volunteers from
the industry and from other government agencies. This group made extensive
studies of all information available, and developed new curves which incorpo-
rated a method of correction for terrain roughness, These curves were pub-
lished in "Report of the Working Group for the Engineering Conference in
Docket No. 16004, on the Development of New FM and TV Propagation Curves,"
dated April 12, 1966 (Ref. 3). This report also contained a nomogram for
correcting the curves for other than average terrain, a brief description
of the procedures used in developing the curves, and a recommendation
that the curves and terrain corrections be adopted by the Commission for
incorporation in the Rules and Regulatiens Governing Radio Broadcast Services.

In the present report, curves are shown for median locations and for
field strength levels exceeded for 50 percent and 10 percent of the time.
Values of field strength exceeded for 90 percent of the time may be ob-
tained by assuming that the time fading follows the normal or Gaussian
type of distribution, with symmetrical variation about the median level.
In general, the fading ratios for VHF and UHF tend to follow the dB
normal or Gaussian type of distribution, at least between the 10 percent
and 90 percent levels. Throughout this report the median fields are in-
dicated as F(50,50) fields and the interference fields as F(50,10) fields.
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This nomenclature refers respectively to field strengths exceeded at

50 percent of the locations during at least 50 percent of the time, and
at 50 percent of the locations during at least 10 percent of the time,
following the general notation F(L,T) where L and T are location and
time percentages.

TERRAIN ROUGHNESS

The new propagation curves are intended to be representative of
propagation over average terrain in the United States. In order to make
maximum use of the available data, which were taken over terrain of vary-
ing roughness, the data were adjusted by applying the correction factor
described below. Several terrain roughness correction techniques were
considered and the method described herein was found to be most readily
adaptable to the job at hand. In this method the CCIR criterion for
roughness (Ref. 4). was used to determine a terrain roughness factor for
each radial. '

Using this criterion for determining roughness, an analysis was made
of data from VHF and UHF surveys involving 118 radials, with path-lengths
ranging from about 10 to 90 miles. - For each radial, the deviation of
field strength from the overall average for the pertinent frequency range
(low VHF, FM, high VHF ‘and UHF) was found. There was no significant
variation of the correction factor with distance from the transmitter.

The deviations for all radials were plotted to detemmine the ‘trends of
field strength variations with wavelength and Ah. This analysis resulted
in the derivation of the following equation: . ' S

AF, = 0.03 Ah [L*rl.. = 0.03 an [1 +§cfm]
where AF, is the change in field strength due to variatiohs
in terrain roughness, in dB, :

A is the wavelength in meters,

f ' is the frequency in Mc/s and

Ah  is the CCIR terrain roughness factor, i.e. the
difference (meters) in elevation between the
levels exceeded for 10 and 90 percent of the
terrain along the radial in the range 10 to
30 kilometers (6 to 31 miles) from the trans-
mitter. See Figure 1.

This equation is plotted in Figure 2, along with the data used in
deriving it. In the development of the final propagation curves it was
assumed that a value of Ah equal to 50 meters was appropriate for
average terrain roughness in the United States, and the data were adjusted
to this average using the above equation.,

]
1

1

After the final field strength curves were derived, the root-mean-
'squares of the deviations of the mobile data from the F(50,50) curves, with
and without the terrain roughness correction, were calculated for the
various frequency ranges. These values are shown in Table I. Also shown
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in Table I are the root-mean-squares of the deviations for WHYN-FM and
WHYN-TV, channel 40, Springfield, Massachusetts and channels 2, T, and

31 in New York City. The Springfield data were included to show the effect
of the roughness correction in areas where the terrain is extremely rough.
The New York City data are of particular interest in,correlating‘frequency
with other parameters because measurements were made over the same paths
for all three stations. It should be kept in mind that the values for
individual stations may be in error due to uncertainty in determining the
effective radiated power in a given direction. .

TABLE I
Without terrain With terrain .
roughness correction roughness correction Difference
dB dB : . dB '
I.Dw VH'F 900 ’ 7.7 103
High VHF 7.4 6.8 0.6
UHF 14,2 9.3 k.9
N. Y. Channel 2 5.8 ' 1.k
N. Y. Channel 7 9.9 6.7 3.2
N. Y. Channel 31 10.6 7.3 3.3
WHYN-FM 17.2 12.1 5.1
WHYN-TV 22,6 10,8 11.8

The deviations used in calculating these values were for the average or
median field strength over 10-mile radial segments from 10 to 60 miles
from the transmitter. The relatively low values for high VHF were largely
due to the fact that nearly all these data were taken over relatively
smooth terrain,

The curves in Figure 3 may be used for adjusting the new propagation
curves (Figures 17, 18, 19, 20, 29 and 30) for terrain roughness. Where g
greater detail is required in determining variations due to frequency, the
curves in Figure 3 may be applied by interpolation within the frequency
ranges for which the propagation curves were designed. This procedure
would be especially useful for Channels 14 to 83 curves, where terrain
variations have greater influence on propagation as affected by frequency
The new propagation curves were designed to represent approximate centers
of the respective frequency bands at 75, 195 and 650 Mc/s. '

The corrections for terrain roughness are intended for application in
estimating median (or average) field strengths over areas where the general
character of the terrain is fairly uniform, or where there is no abrupt
change in terrain roughness. It is not possible to accurately predict the
field strength at any given receiver site. Useful predictions are possible
when medians are required in describing the distributions of field strength
over areas of appreciable extent. The standard error of estimate for median
values will diminish when the area under consideration is increased.

The data available in formulating the empirical equation for AFO pro-
vided information for distances out to about 60 miles, and for values of
Ah up to 40O meters. At distances beyond 60 miles, for both the F(50,50)
and F(50,10) curves, the terrain roughness corrections should be used with
caution pending the development of better information from measurements
which may be accumulated later for these distances,
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It is recognized that many considerations other than overall terrain
roughness, such as obstructions of hills, trees, etc., antenna heights,
local structural environment, inclination of the land, and weather condi-
tions over the propagation path, will all contribute toward variations of
individual measurements of field strength. As further experience is gained
in the study of these effects, greater accuracy in the prediction of field
strength coverage will be possible.

DIURNAL AND RECEIVER LOCATION BIAS CORRECTIONS

A review of the available data indicated that the differential between
the day and night field strengths was negligible in the VHE bands, insofar
as any adjustment for mobile measurements taken in daylight hours was con-
cerned. In the UHF band, a diurnal correction was applied for adjusting
the .daytime mobile measurements as follows:

D - Dig jn Miles Diurnal Correction in dB
Less than -15 0
-15 to 5 +1
5 to 15 +2
15 to 35 +3
35 to 45 +2
45 to 55 +1
More than 55 0

Most of the fixed-point, long-term measurements were made at sites
which were engineered to take advantage of the surrounding terrain, thus
making them in effect, "preferred" locations, while all other measurements
were adjusted to conform with average terrain conditions in the derivation
of the new curves. An examination of measurements taken at randomly selected
locations at 85 and 125 miles from FM stations in Ohio (1959 TASO Report,
Page 313; Ref. 5) provides information applicable to the correction of long-
term measurements made at "preferred" locations. From this study it was
estimated that the fixed-location, long-term data should be corrected by
-4 dB on VHF, and by -6 dB on UHF.

GENERAL DEVELOPMENT PROCEDURES

The development of the curves was divided into three major partss
(1) Low .band VHF, including the EM band, 54 to 108 Mc/s; (2) high band
VHF, 174 to 216 Mc/s; and (2) UHF, 470 to 890 Mc/s. Examination of the
available information and data in each of the three frequency ranges
resulted in the determination of antenna height-gain relationships, of
terrain correction factors, of fading ratios for the F(50,10) curves, and
of frequency effects. The various curves for all these parameters were
drawn and redrawn until the smoothest possible coherence was obtained, and
until the best possible fit with the data was shown, considering the natural
correlations between all these variable factors.



In this report the transmitter antenna height was considered to be
the height of the electrical center of the antenna above the average of
all elevations within the range from 2 to 10 miles from the antenna. When
sufficient information was available, these elevations were taken along
the radial in the direction of the receiver.

The details of the development of the VHF and UHF curves are treated
separately later in this report. ‘However, the general procedure was the
‘same, namely, the derivation of a base curve through the corrected data
and derivation of a family of curves from this base curve. These deri--
vations were made in two steps; within-the-horizon curves, and beyond-the-
horizon curves, with the two merged together near the radio horizon. For
.transmitting antennas within the radio horizon, linear height gain was.
assumed. For height gains beyond the horizon-a D - DLg relationship de- -
scribed below was applied. Departure from linear height gain occurs close
in where the curves are restricted from exceeding free-space fields, and
near the horizon where one antenna is within line-of-sight and other lower
antennas are beyond the line-of-sight. '

- For distances beyond the horizon, height gain was based on studies
made by the Radio Propagation Advisory Committee, and by the National ‘
Bureau of Standards, which indicate that field strength is a function of
distance between horizons (Refs. 5, 6, 7, 8). Using this concept, the
attenuation of field strength well beyond the radio horizon can be rep- -
resented as the result of two trends: a trend of 10 log D (D = trans- A
mitting distance) plus a trend with distances beyond the horizon, D' - D;q,
where Drg is the line-of-sight distance. All of the pertinent beyond-
the-horizon data adjusted by 10 log D were plotted versus the appropriate:
D - Dig values, with best fit base curves drawn through such data
(Figures 4, 5, 22 and 24). The long~term fixed-location data used in i
this project are listed in Tables II, III and IV. The relative weights
indicated in these tables were assigned according to the degree ‘in which
the measurements were likely to contain seasonal or diurnal bias, ranging.
from 1 for little or no bias to 4 for heavily biaséd data. ‘

For each frequency range, families of beyond-the-horizon field.
strength versus distance curves were derived from the appropriate best
fit base curves for various heights of transmitting antennas in the
following manner. For a given transmitting antenna height, the field
strength at a distance D can be determined by reading the F + 10 log D
value from the best fit base curve at a distance equal to D - Drg, and
subtracting 10 log D, where

F = field strength in dB above 1 microvolt/meter; . . :
Drs = oty * V2H, (miles), and Hy, H, are the transmitting
and receiving antenna heights respectively in feet,

The mobile measurements were made along radials at intervals of
about two miles, using the technique described by TASO (Ref. 5)., At each
of these road segments the mobile field strength measuring vehicle was
driven slowly for a distance of about 100 feet with the antenna extended to
a height of 30 feet above ground. Chart recordings were made for each of

these runs. The sources of these data are shown in Table V.
7/
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DEVELOPMENT OF THE VHF PROPAGATION CURVES

Figure 6 shows the plot of low VHF median field strengths from mobile
surveys listed in Table V. These measurements generally started at 10
miles from the transmitter, going out to about 70 miles and were taken at
the receiving antenna heights of thirty feet. The data were normalized by
adjusting the various antenna heights to 1000 feet by means of the linear
height gain relationship. The average transmitter antenna height for the
VHF data was near 1000 feet. Each data point represents a median field
strength value for a 10 mile segment at a given distance from a station for
all the radials. All of these data were further corrected to correspond to
average terrain ( Ah = 50 meters) as described previously. Finally, a best
fit curve was drawn through the data resulting in a base 1000 foot curve.
Appropriate height gains were then applied to this base 1000 foot curve to
obtain within-the-horizon curves for other transmitting antenna heights.
Figure 7 shows a plot of the identically processed high VHF mobile data
with the base 1000 foot curve. -

X o
‘These median within-the-horizon curves were subsequently merged
smoothly with their beyond-the-horizon counterparts derived from Figures
4 and 5. The composite Low and High VHF band curves appear in Figures 8
and 9.

The final step of this development concerned the derivation of the
composite F(50,10) curves, which were again constructed by merging of
the within and beyond-the-horizon curves. To derive the within-the-
horizon F(50,10) curves, it was necessary to apply appropriate fading
ratios to the corresponding F(50,50) curves. Fading ratio is defined as
the difference in decibels between the F(50,10) and F(50,50) fields.
These ratios vary both with distance and antenna height as shown in
Figure 10, following the general concept originated by the Central Radio
Propagation Laboratory of the National Bureau of Standards: They were
determined from long term measurements listed in Tables I1 and III and also
using the F(50,10) minus F(50,50) values for corresponding transmitting
antennas as obtained from the beyond-the-horizon curves. Since no VHE
frequency trend was observed in the derivation of the fading curves, the
same fading ratios were employed in the derivation of the low and high
VHF F(50,10) curves. The composite low and high VHF F(50,10) curves are
shown respectively in Figures 11 and 12.

Figures 12 and 14 shew comparisons with measurements of the proposed
and existing FCC F(50,50) low and high band VHF curves for transmitting
antenna heights of 2000, 1000 and 500 feet. These measurements were
corrected for terrain roughness and preferred location bias as previously
described. The improvement resulting from the present treatment of the
data is evident by examining together the plots for three ranges of antenna
heights as shown in these Figures. The fit of the data to any one curve
is' not an adequate criteria, 'since the curves had to simultaneously satisfy
consistent and smooth trends with distance, frequency and antenna height.

i
—
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Figures 15 and 16 show comparisons with measured data of the proposecd
low and high band VHF F(50,10) curves for the same 3 transmitting antenna
heights. There are no existing F(50,10) curves in the FCC rules. Curves
of field strength versus transmitting antenna height for constant distances
are shown in Figures 17, 18, 19 and 20, which are identical in form with
those appearing in the present TV rules.

DEVELOPMENT OF THE UHF PROPAGATION CURVES
== T N U FROPAGATION CURVES

In the derivation of the new UHF propagation curves, *he long-term
fixed-point data shown in Table IV were corrected for preferred location
bias, and mobile data from the surveys listed in Table V were corrected
for terrain roughness and diurnal variations as previously described,
In the graphs in this section each of the long-term data points represents
méasurements made over one path, and each mobile data point represents the
median field strength of the: 10 mile segments of all radials for one
station.

The within-the-horizon data were normalized to a transmitting antenna
height of 500 feet by assuming linear height gain and plotted versus dis-
tance as shown in Figure 21. The beyond-the-horizon data were plotted on
a graph showing median field strength plus 10 times the logarithm of the
distance, versus distance beyond the horizon as shown in Figure 22. A
smooth curve was drawn through each plot and the two curves merged to-
gether near the horizon. The resulting S00-foot continuous curve was
used as a base curve for deriving field strength versus distance curves
for 100, 200, 1000, 2000, and 5000 feet.

In deriving these curves from the base curve, linear height gain
was assumed within the radio horizon, and the D - Dps relationship de-
scribed previously was assumed for distances beyond-the-horizon. The
two resulting families of curves were then blended together to generate
the final family of median field strength versus distance curves as shown
in Figure 23,

In order to derive a base curve for 10 percent fields, the available
10 percent data were plotted on a graph of F(50,10) + 10 log D versus
D - DLs and a smooth curve was drawn through the data. See Figure 24.
Guided as far as possible by the available long-term measurements, a
smooth fading curve of F(50,10) - F(50,50) versus distance for a 500-foot
transmitting antenna height was drawn so as to yield a 10 percent curve
which would merge into the 10 percent, beyond-the-horizon curve. For
other antenna heights the same procedure as for the median curves was
foliowed, with the necessity of obtaining a smooth set of fading curves
taking precedence over the desirability of having linear height gain.
The final F(50,10) versus distance curves are shown in Figure 25 and the
fading ratio curves in Figure 26.

Figure 27 shows the F(50,50) versus distance curves for antenna
heights of 2000, 1000 and 500 feet with the pertinent data, both long-
term and mobile. Appropriate corrections as previously described were
applied to the data plotted in these graphs. For comparison, this
figure also shows the present curves as obtained from Figure 9,

Vd ]
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Section 73.699, of the FCC Rules and Regulations. Figure 28 shows the
F(50,10) versus distance curves with the pertinent 10 percent, corrected
data.

Figures 29 and 30 show the final UHF, F(50,50) and F(50,10) versus
transmitting antenna height curves for various distances.

CONCLUSIONS

In the course of the development of the new TV and FM propagation
curves, all available data were examined with respect to field strength
variations with terrain roughness, path length, distance beyond the
horizon, and antenna heights, as well as fading ratios and frequency
trends. : ’ '

By correlating these variable relationships in several different
ways, maximum utilization of the data was possible, and natural trends
in distance, antenna height, terrain roughness, time and fading were in .
reasonable coherence when these factors were applied to the data.

The new curves were designed for use either with average terrain ‘
conditions, or for conditions differing from average by applying rough-
ness correction factors. In a test case with terrain considerably rougher
than average, application of terrain roughness corrections resulted in an -
improvement of % dB for VHF and 12 dB for UHF in the root-mean-square
deviations of measured data from the new curves,

The new graphs for estimating field strength may be used for general
assignment purposes or for providing a rough estimate of the probable
field strength distribution as applied to a proposed or existing facility.
When so used, they will provide information which is believed to be sub-
stantially better than that provided by the existing graphs in the FCC
Rules and Regulations. They cannot be used to predict with any accuracy
the field which would be established by any specific operation over a
particular path to any equally specific area, even when the terrain
correction factor is employed. For such information, resort should be
made to measurements wherever and whenever practicable.

- 17 -
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Field Strength (F) in Decibels Above One Microvolt Per Meter for One Kilowatt Radiated Power
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