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SUMMARY

New propagation curves for use in television and frequency
modulation brgadcastlng were developed from an extensive analysis
of data accumulsted since these broadeasting services were es-
tablished, A new method of applying terrain roughness factors
for impraving the acciuracy 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 19 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 tne new curves run up to 14 dB higher than the existing
curves. For UHF the field strengths are somewhat lower than indi-
cated by the present curves, reaching & maximum change at dis-
tances in the order of 60 miles. There is very little change
for average UHF anteanna heights for distances beyond 110 miles,
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INTRODUCTTION

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,
8979, 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 1660 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
ctugies of all information available, and developed new curves which incorpo-
rated a method of corrsctlion 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
caorrecting 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
incerporation in the Rules and Regulations 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
sype of distribution, with symmetrical variation about the median level.
Tn general, the fading ratios for VHF and UHF tend to follow the dB
rormal or Gaussian type of distribution, at least between the 10 percent
and 90 gercent levels. Throughout this report the median fields are in-
dicated as F(%0,50) fields and the interference fields as F(50,10) fields.
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Tnis 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.

TERRATIN 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 fac*or
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 fer

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 invelving 118 radials, with path-lengths
ranging from about 10 te 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 determine the trends of
field strength variations with wavelength and Ah. This analysis resulted
in the derivation of the following equation: .

AF, = 0.03 ah [-?\_EL] = 0.03 Ah [1 +§55]

where AF, is the change in field strength due to variatiofs

in terrain roughness, in dB,

A is the wavelength in meters,

f is the frequency in Mc/s and

Ah  is the CCIR terrain roughnesg factor, i.e. the

difference (meters) in elevation between thg
levels exceeded for 10 and 90 pexcent of the
terrain along ithe radial ig the range 10 fo
20 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.
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After the final field strength curves were derived, the root-mean-
'squares of the deviations of the mobile data from the F(SO,SQ) 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, 7, and

31 in New York City. The Springfleld 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. Tt should be kept in mind that the values for
individual stations mey be in error due to uncertainty in determining the
effective radiated power in a given direction.

TABLE T
Without terrain With terrain
roughness correction roughness correction Difference
dB dB dB
Low VHF 9.0 TeT 1.3
High VHF 7. 6.8 0.6
UHF .2 9.3 4.9
N. Y. Channel 2 5.8 L.u 1.k
N. Y. Channel 7 3.9 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 valuea 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 propagatlon
curves (Figures 17, 18, 19, 20, 29 and 30) for terrain roughness, Where
greater detail 1s 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. Thils 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 genersl
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 &F, bpro-
vided information for distances out to about 60 miles, and for values of
Ah up to LOO 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 nending the development of better information from measurements
which may be accumulated later for these distances.



It is recegnized that many considerations other than overall terrain
roughness, such as obstructions of nills, trees, etc., antenna heights,
local structural environment, inclination of the land, and weather condi-
tions over the propagaticn 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 BTAS CORRECTIONS

A review of the available data indicated that the differential between
the day and night field strengths was negligible in the VHF 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 - D5 in Miles Diurnal Correction jin dB
Less than -15 0
-13 to 5 +1
5 to 15 +2
15 to 35 +3
35 to 45 12
45 to 55 +]
More than 55 0

Most of trne 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 staticns in Ohic (1959 TASO Report,
Page 3123 Ref. %) 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 parts:
{1} Low band VHF, including the FM band, 54 to 108 Mc/s; (2) high band
VHF, 174 to 216 Mc/s; and ()} UHF, 470 to 890 Mc/s. Examination of the
zvailable information and data in each of the three freguency 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
drawr and redrawn until the smoothest possible coherence was obtalned, and
until the best possible fit with the data was shown, considering the natural
correlations betw@enﬁall these variable factors.



In this report the transmitter antenna height was considered fo be
the height of the electrical center.of the antenna above_the average qof
aTT €lévations within the range from 2 to 10 miles from the antenna.. When
sufficient information was availlable, these elevatlons were taken along
the tadial in the direction of the receiver.

The details of the develcpment of the VHF and UHF curves are treated
separately later in this report. GHowever, 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-“f"

horizon curves, with the two merged together near the Iadlo horlzon. =ar
trangmitiing antennzg within fhe radig horizon, 1] in was
gssumed. For height gains beyond the horizon a B - Dro relaliooship de-
scribged Relow wis aoRlisd, Departure from linear height gain occurs close
in where the curves are restricted from exceeding free~space fields, and
near the horizon where cone antenna is within line-of-sight and other lower
antennas ars 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 radioc horizeon can be rep-
resented as the result of two trends: a trend of 10 log D (D = trans-
mitting distance} plus a trend with distances bewond the horizon, D - Drgs
where Dpg 1s the line-of-sight distance. All of the pertinent beyond-
the-norizon data adjusted by 10 leg D were plotted versus the appropriate
D - Dpg values, with best fit base curves drawn through such data
(Figures 4, 5, 22 and 24)., The long-term fixed-location data used in
this project are listed in Tables I], 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 kias to 4 for heavily biased data.

For each frequency range, families of beyond-the-heorizon field
strength versus distance curves were derived from the appropriate best
fit base curves for various heights of transmitting antennas in the
following manner. Fog g given trapsmitting antenna heigh |
strength at a distance D can be determined Dy reading the F + 10 log D
value from the Degi fif pase cyrve gt a digtance equal to D - Drs, _and

ubtracting 10 10g Do uhelg

F
Drs

field strength in dB above 1 microvolt/meter, .
= JoH /2ty (miles), and H,, H_ are the transmitting

r
and receiving antenna heights respectlvely in feet.

e mobile measurements were made aleng radials at intervals of
sbout two miles, using the technique described by TASO (Ref, ). At each
5f these road segments the mobile field strength measuring vehicle was
driver slowly for a distance of about 100 feest with the antenna extended to
3 heignt of 30 feet avbove ground. Chart recordings were made for each of
these runs. The sources of these data are shown in Table V.



TABLE Il - Low Band VHF Data

b, cali vecording | Pericd Distence |[Frequenc He b-b 4 (,l) ¥ ) F(50) el Ly
to.| transmitter Leestion heceiver Toocution Letiere | Source [References| From ¢ To {miles) ;L/B v (feet) (feet) 7};;71;'_1575]7 f.gf);_'f’;w} S-g?u;,f;k) :(.(:Sujlil:;“; p ‘.-fe;;'” T
1 | Chicego, I11, Urbapa, Jii, WHEG CRPL 10/50 P 126,3 51,75 595 110 77,0 33,7 25 415 Y
2 | Owaha, Neh, Gr, Tsland, Neb, WOW CRPL 4751 6451 13C.7 41,75 570 30 89,2 10,40 5,3 0.% 3

3 | Cwehe, neb. ¢r. Island, heb, KTV FCC /51 12/51 131.4 65,775 590 ED 94,7 17.2 6.1 I
L | Bouston, Sexma Austin, Texns FFFC CRFL 351 |12/53 142,7 53,75 500 32 05,7 | 18,7 T4,0 N s
5 | patroit, Mich, Allegun, Mich, WJBK CRPL 10/52 4753 L.l 59,75 485 30 107,5 3.2 =0.5 8., | P

6 ) chlcago, I13. Ur! . 111, WHEB U, of J11 1/52 1/53 126,6 71,75 &50 50 75.8 3.0 : 5. 7

2 | Pnite, Fa, Leurel, ¥, YPTL FiE o 24,6 | 3fi4 T 108,0 71,75 286 30 764, s | 3
3 ] vew York, H. Y. Princeton, N, J. HARD FCE ITID 2.4.6 | 8/45 9/45 46,0 83,75 647 30 A S 35.C i

9 | Hew York, i, ¥, | apdalusie, Pu. WAHD FoC D 2.4.6 | 845 9/45 71,0 83,75 [ 30 7.4, 4.6 17,6 B

10 | New York, N. ¥, Laurel, MG, WAFD FGC ITID 2,4.6 | 8/4% 9445 187,0 831,75 647 50 11,1 EN AT
| 11 ] Chicago, I11. Allegan, Mich, WHEH 3 ITTT 2,4,6 |10/43 1/42 103,0 55,75 390 50 65,1 2.0 CRR
12 | Alpine, W, J. laurel, Mi, W2 FoL TID 2,4,6 | 2/43 /s, 194 428 300 30 150.2 2.9 -11,7

13 | Paxten, Mass, Laurel, M3, WGTHR - FGC MID 2.4.6 | 2/43 1744 337 e [ 7 30 250,00 1 TLC*

1. | Fhils, Te, Laurel, Md, KM FCC 11D 2,4,6 | 2/43 9/43 10/, 45.7 346 30 70,0 21, 7.0

15 | Wilwoukce, s, A)legan, Mich, WM ¥CC T 2,4.6 [10/43 8/14 122 45,5 711 50 Tha 17,2 IR A

16 | tew York, 4, 1, Andelusia, Pa, WABC-FM | FCC ITIC 2.4.6 | 8745 9745 70 LET 750 20 zz.8 [T M. 25,7 16,4

17 §Hew York, H. ¥. laural, M, HiBC-Y koo TiD 2.4.6 | 8/48 /L5 186 46,7 120 50 16,5 e

15§ Midwaukes, Wis, | MMFH Fee [ 24,6 | 8/45 928 76.3 45,5 390 3 40,7

1y | Mew York, ¥, Y, Hivertead, W, ¥, W2XHG FCC ITiD 2,4.6 | 2/41 6/i2 70 5.1 1370 &0 8.8

o0 | ilew Tork, . Y. Princeton, N, J. WAAH FCC T 2,46 | 5746 5467 45 47,1 500 50 0.4

21 | ew ¥erk, 1, Y. Southempton, Fa. WRAN FCO T 24,6 | 5/46 11/46 43 47,1 600 30 29,7

22 |ilew York, §. Y. laursl, M, WHAM FGC [TIE 2,4,6 | 5/46 S/L7 186 47,1 _ 600 0| 3.7

21 | alpine, . J, Riverhesd, N. Y, W2 FGC TID 2,4,6 | &/47 LT .66 | 4.1 i &0 16,0 j

2o | alpine, oM, J, idverhesd, I, Y. M2 RS FCC o 2,46 | 6/47 11/47 &6 4.1 70 30 19.2

25 | Alpine, N, J, Westhamptop Deach, N T4 woxMy FCL 110 2,4,0 | 9/47 10447 67 4l TG JAg 14,5

24 | alpdine, W, J, Mt, itcddy, ¥, 1, W2X0 FCC IR 2,40 | 2749 39 |80 ] 44,1 L B00 40 71,0 j

27 | Chevenne Min, 8 Favetbevilla, Ark, GRPL | .8f=2 2/53 617.7 100,0 2271 38 5416

23 | Fresco, Cal, Livermore, Gal, KARM-FM | FCC [Ty, ptfa] 7/51 12/51 121,7 | 10,9 360 30 SR [

(29 | chico, cal, Livermore, Cal, KVCi-FM | FGC L N 7453 N 12/31 138.5 W01, _4B2 B 119,0 e

30 | chicage, Ill. illeran, Mich, WENR-FH | chpt, 7/50 7/52 116,5 95,9 605 30 76,3 15,1

31 Y jnderson, 5. C, Powder Springs, Ga, WCAC-FH CHPL 4151 252 127,35 10,1 373 30 9y, s 17,2

32 ]st, Louis, Mo, Urbana, 11, Kank-iti | CRPL 1/51 6/52 140,5 93,7 550 50 P 5.0 1 e

33 | ohicago, 13, Usbana, T11, WBILFN | CRPEL /51 6/52 126.0 | 95.5 440 9u 82,9 23,3 |16 |

45 | Golumbus, Tod, Urbene, 11, WCST-FM | GRPL 7/50 5752 139.0 92.7 250 90 103,32 15,4 .5

| 35 | Tounystowm, Chio Hudson, Ghio WHBI-FM ChPL I It 11752 4 eD 989 492 30 2,7 Wit 7,9

36 | Younpsiom, Ohio Hudson, Ohia WEMI-FH CRFL 11/52 6453 45,7 105,1 395 30 4,8 el b 3,2

— j T
[~ Hy = jversge 2-10 knije haight, trepsmsute D1g ;Lh”t "‘Fﬁr - o . R
- L F(1), #(1d), F(50) =|Field strehgth in ¢B [above 1 wf/u for 1 ky Sl - vl Project Ffoum. Lepert] (5. 7
= Height above otmd, receiver exceedod {for 1, 10,|and 50 perpeat of Lige, B 15T To 13T, THT | )
[ : * ictrapolhied _ L i - -




TABLE |l - Low Band VHF Data { Continued }

Pt. Gall frecoring teriod |Distance | Frequency f HI' - LS elptive
o, } Transnitter Location fiegoiver Location Letters | Sowee | Meferemce] From Te (milea} He/s (rent) | {mitos)
5% | Sucramente, Cglif, Livermore, Culil, KX =1 Chil _ﬂﬁ!&/?ﬂ _7?;./54 0,0 107.9 20 R -
14 | Sacromrnro, Calif, Liveriere, Calil, KCharM CREL /53 &/5s 63.6 06,1 E) .5 T
3 | 5an nntondo, Texap | _ustin, Texus KISA=FM | ChEL 4450 10/50 2,2 101.5 sl PR T
40 | San Antonio, Temss Avatin, Texas KYFePM [ ewpl | Y g9/ ] ifs0 78.1 101,5 9.7 A
0 f Remc iuy, fu, Laurel, M, ERUFH | ORFL _ 9/5L | 11/%2 95,6 852 | 75 | dwad | el | e | E
42 f pibtsvurph, Pa, Huleon, Chio D KA 1 CLFL 2752 6453 a6, 7 {
;1 | Fresne, Calif, Livermors, Calil, QR =iH ChFL 1/53 5753 117,58
%4 | Fresno, Tulif, Idvermore, Calif, RTTwFH CRPL 8/32 /42 13E,5
25 | Delrolt, tien, #13egan, e, WDRT-FM | CEPL BETE 753 1 1395
46 | iew tork, WL Y. billia, Hess, TEVD-iM [ CcrPL _ | 952 5755 | 160
A7 § lampa, ila, M, Lewderdals, Tl., Ao ™) - L /50 5/53 | 1B5,7
Wt | oriecda, e, T1. lauderdals, fla, 10/52 7/53 195.3
43 1 clinman's P Pouder Srrings, Ga, - c/sa /33 b 129,58
Cl.yepne Btn, 8 dendriclt, Cola, 12/32 7433 L9.2
I Chuyenns Mtn, B ¥arval, Uolo, 11457 7/33 70,2
Cheyenne bn, S Haswall, Golo, nfal 1453 96,4
boyorne Mg, 8 Heswell, Colo, _ 2f52 /50 90,3 B30
cho-onna bln. 8 Gerden Lity, fans, 2/52 24 34, 21,5 109,9
55  theysnne Fin. S Marcio, Colo, /3L LT 141,49 1709
4G | Fortlund, Cre. Seattlse, Waah. KT T CHFL _ /51 01,1
5 1, Cursan, Cola, Gapden Cily, Raps, CHPL | 352 14005
£ JT. Carsocn, Colo, smlhony, Kang. GiPL a/52 L3O
59 heysme W, S anchony, Kans, Cuil N P82 1m0,
G | t. carsan, Cole, Javetileviile, dvrk, GRPL Y52 ﬂ 1001
51 | Ft. Sarson, Cola, ¥ondrick, Colo, GREL | 4752 100,12
&z | Feo Garson, Cola, Farval, Jolo, CufL i 38 14,75
63 | Yarvisharg, Pa. Leural, M, WaHA-FM BCC 7451 T
6, | FL. Carson, Golo, Yaawell, Cola, - CHPL /52 10,0
| 45 § Motile, wla, Pulr, Sprxs,, Ga, AARB--N [ 9752 192.1
Ge | Pittsburgh, fa, Laur=1, Mi, ED AT FLC o
07 | Choyenae Y, B Gurden Gily, Kang, CiiFL _| zfs2 5
e it Mtn, 8 Anghony, Kans. CLPi. 2fae 160, %
1R tovlke, i, T, Prircetan, 1. J, WBAM FCC =/l6 _ 13,5
ol ew fork, By ¥, Southumpien, Fa, WRBALL 766 5446 17,5
_ = _
1. = aversge -1 mfle hedohit, Lrepsrdtler +¥ 2
- P11, OBy, FU560) 4 14218 atrbugth in 3B wboev: Ludki ter 1 . - T
— Hy = eight abova gound, Tegeiver erecodedf Tor 1, 10] end 50 cepoent ol time, ‘___ - o 7i__;ﬁ: .
__ﬂ{ * cxtrupgflated e - . L
_—— . R S I I B ]
e — —4—
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TABLE 11 - Low Band VHF Data ( Continued )
H H Tl 1) ()
Pt . call Recordingl Ferled Distenca T Is {dlai¥ /i Ldd/m
.g] iransmitter Loculiaop Hacelver Locatien Lettera Eourga | iielerence| From Ta e {mites) {foat} (miltos) ror ko | 1er 7ot
Tl dow York, 8. Y, Laur=1, M, WHAM Fee TRE_2,4.12]  5f46 5/ | 1800 e 144.7 | LT
72 | MNew York, #. Y. Ardelusin, Pa, W2Xrh FCC ThR_2,4,12{ 8/45 sfis | 304 30
73 % Forusmoulh, Ya. Vlashin:ton, ¥, O, WEAP FLS TiIL 5748 - ].LJ!Q 192,.0
24 | ichmond, Ya. Weshington, D, C, Weoo FCC TiuL 68T ] 8S47 S50
" Alpine, 11, J, hiverhead, U, ¥, W2 FCC TR LYIA
i | Elpdne, Cla J. Rivsrhoead , N, Y. W2XEA FCL THI &6/47
il New fork, M. ¥, Rlverhesd, N, ¥, Wi BC=M FLL YRR 2 6/L7
] Cmahin, Hub, Gr, Isload, Rab, KOAD FCC THR - 1fhs
7 | mpane, 1. J, : ¥t, Holly, W, J1, WIKEA FCe 2/89
—o_ ecaville, 8, G, rowder Springs, Us, YHRC-H 00 Prog, bappd AL
—j_ enville, 5, Ca __Powd-r dprings, Us, WHLC- = ¥CC Tro;m,Repsal 7151
Fiy) Ureemocu, 5. G Powder Springs, Gu, WS- o L rop. NepFs 8/ud
43 Cleseland, Ohig Detroit , Mich, WS- FCC Lrog heped| 149
34 Clevglumi, Ohio Detreitl, Her, I rog, HapyAl. 10/43
55 Clovelund, Ohio Detroit, “dch, Iroc, beprdl G409 10,7 i
B toslen, Mass, Hiverhesd, W, ¥, Eror, g 2/:‘,‘}' 42,9
37 Loston, Mess, Bauppaupe, Cl, T, Erom,helpl] 344 92,2
48 shping, |, 3, Giverheid, N, ¥, Troc.hep s £l20 93,1
19 | Tousien, Texms Austin, Tesus PPRC-2TL 132.9
;W Lallus, Jems ) sustin, Towas [ G 7
) Lallus, Texas i dasiin, Tgemg KIXL-PH
G Abilenu, Texas aastin, Tewms KMBC-UH |
wh | Columcus, Shio 4 taggea, (uic R VR |
oo | tolueus, Ghio Hud.gn, tliig WECL-
pelroit, Wicnigan - ifaicgn, Ohio HUJE-T"H
Luslon, Pa, Jlate (olizpe, Fo MEST-rld
Clean, N, ¥, . Jtebe Collepe, Fu, WHEL-F B
Fitlaburgsh, Pa, Stite Coliwpe, Fa, WIS+
Wwashin,_tun, D, C. - dlere G - Fa, AR
taglinston, B, 0, Jtete Colloon, Pa, WL Pl
Eoy i'(u'),_ Teis ~ Austin, 'sma ="K
Shrev.cort, Ia, austin, Tesag KW=M
longvicew, Texms austin, “=xms FLTI-F1) | .
. Sentile, dash, _} Lortlupd, Creq, fallc}
135 | 3un Disco, Galdf, Santa Ana, Culif, M=t
196§ Philodolphds, Pa, | Lewrel, M, WTr-rH
[107 | tactiord, Cenmn. Hillis, Vhss. WIIC. ¥l ]
Linzoln, lab, Ui ud, heb, Ot | K
Pittsbue;th, Fag L urel, . WIaS-F1. 2 10,0
i B = .Lveragn-.' 2-1J mfle bl ht, trupsmitter I R B ; Cert=ree | ope . t
spresgth in BA above 1 |uV/a for 1) ky v N B ]
Vo teight sbove afund, recoiver o €, wna 50 | pereent of tiue, - R T .- — 7—7——5




T TABLE 11 - High Band VHf Data
- —— R . i e _
. ¥ (1) L (10) ¥ (50)
Ft. ] call wscording}] Puriod | Dstnes | Froquomed  Ho LS D=0y (aiv/m | {cout/m Nodub/a P10 Sepbelu . dve
o, | Trensmittar Location Receiver location Letters Seurce |heferences| From Ta {milus) Mefs | (feel) (feet} {miles) [ror 11} | For 1 lw)lier 1 ) ) e Bt
| 1 | Birminghem, ala, | Powder Jpribaa, Ue. HAFH-TV FCQ 7751 12/51 197.3 STn T Ts - g ] e e
2 { Cincinnatl, Cile Allzgan, Mich, UERC-TY|  FOC Yt 6/53 21,46 202,75 550
3 ] Sen Diege, Csldf, Santa Ana, Calif, BTV FOC 11/51 10/53 7,9 185,75 7o
[ 4 | Wilmington, Del, laurel, M. WOSL-TV]  FOC 6/53 | Tf54 | 819 09,7 480
L 5 ] Cideapo, T1, | Urbana, T11. WENR-TV| CHEL 05 | 6f83 | 127,0 179,74 560
& | Chicage, I11, Urb.na, 111. LGEHSTY GRPL 7/51 6/53 127.0 191,75 585
7 | chicago, 111, Urbana, 113, WGHl=TV | CRPL 7451 o)Ay | G 19175 585
L Y Cidergo, Tid, fcbans, 111, WGH=TV | CItPL 7/51 6/53 127,0 191,75 585
[0 | tewari, N. J. Millis, Mess. WATY ¥CC 11451 10/52 179.8 | 215,75 595
[0 [ Puiladelphia, P, Laurel, Md, Weal-Tv|  Feo 351 2/52 103.9 197,75 | 50
11 | 3an Fruncisco, Calif, Livermore, Galif. HO0-TV CiiPL 7/51 9/54, 18,2 179,77 ‘lz:nfl.f 1
12 | Detroit, Wich, Hudson, (hia WKrZ-Tv|  CRPL 5/50 4/53 1118 179.75 w35 [
11 | Dalles, Texas Austin, Texns WEAA-TY CRPL £/51 5/53 175,1 5,75 350
1. }puev Yors, N. Y. Riveprnced, N, ¥, FoC THH 2,4,13  A/i6 11746 70,1 36,0
15 tole, Spes,, Colo, Haswell, Colo. CHyL 2/53 4753 BN 192,8
16 | Colo. Spga., Cola. Garden  [ily, Hens, 1 _eery 2/52 2/513 2265 102,70 B
tolo, Sprs. Colo. Haswell, Colo, CitFL 1752 4752 96,6 210,4
Cheyrnne Mtn, B Kendriel, Col.. CREL 13/52 1753 49,4 310, E
1) | Cheyorme MEn, B Kendriek, Colo. CHEL 2/5¢ 8754 (9., 236,0 0
Cheyenne Min, D Karval, Cols, CiiFY, 1/53 /53 .2 2104 b
Cheyenna Mtn, B Karval, cole, CiFL 2454 8754 70,0 36,2 36
Chevenne ko, S Haswell, Colo, ___Chrv 2758 3154 9E .6 230,0 13
Cheyeane i'tn, B tigswell, Cola, ChEL 58 3754, B 35
Cheyenns itn. S Gargen City, Kans, ChEL 254 8754 2005 i3
_JChoyenne Hta, B tardan £1ty, Kans, GREL 12/52 /53 226,6 36
Cheyenne Min. 5 ) Marble, Golo, CRFL 2/54, B/54 141 32
Chuyenny Min, 9 Gerden City, fans, CREL 2/52 __2f53 226,5 192,8 1321 17
Cheyenna litn, B .nthony, Hena, ) CRFL 2/53 3/53 197,06 210, 14,07 9
Choyonns Fin, B Mithony, Hing, CHEL 7752 /52 93,4 17 1 1Al 49
o, G, Povl.r Sprincs, 08, UROMTY o 6/57 1757 23,2 191,75 720 A
Chat lunooms, Seon, Towder Springs, Ga, WIELY FCo G 2,009 259 s [ Fe0 19,7 140 A€
faurney, ilch, rrend Tsland, Web, HOTATV FiiC Tidt 2,4.18 11746 w87 | 4P 210,77 550 e
Lincoln, ieb, grond Tslend, Heb, KULH-TV LIS Thit 2,4,38 6735 5T 6,2 197,76 1 1coc |
Hutchinscn, Kens, Grend Ialaoc, Heb, _RivH-1Y ¥Co The 2,4.10 2/55 9/56 198 04,75 410
- | el ¥ . _ —_— — L .
[ 1 Pt = averege 2-10 wmilk heisbt, trénsmitter DL =Y<By ﬂ%}_i_r__ T I e
[ B Fl1), Flin LM) = Flsli strdngt': in dBlabove 1 uWm for 1 ky ’ T e
— | T sxceeied| for 1, 10] and 50 pefeent of tihe, -1 - — 1"
[ 1 Br = Heipght above groled , recaiver Wixtrepolaled - ]
= U S S I _ o S




TABLE 1V - UHF Band Data

J— i e .
it Call rex { hecodine| Yeriod Disiuace Presuoney {0 = (oo Ll Uive
o, | lrunsmitter Locstion leeiver location lLattars Sourca {isferinces From to {mdllea} r r .
L b Ter-, 4, ¥, Frinceton, 4. J, 20T | ica 9,17 o/ 274k 9/ |
N AT Southary «on, [ G e [ 17,8 [5/1G/8 | 9/wie |
| 5 fe ¥ Hauppauge , Il ¥, __;j H(m_: *2_,1 10 ?3 and | 2/
L Lo Yerie : _ Ii_jvarhead, N. X, : |__KGn .EJ'LS:OJ_EEEZE:S end
Tfors b, W, fwet,w. 1 T e | g /lifi
6 fCedar Kapids, Iowa lauk:cn, Towa Collins Ins 8 Surmer
7 Caler hupids, Touwm Mitchellville, Toua Collins 11,188 | dnter
y eediz jvpds, Iowa Muiney, 111incis Cellins _ [11,38,8 |  spring|
| 9_[Cedar Rupdids, Towe Hey: Londua, Towa lcoliing  |11,18,8 [a/1e (,S_jt
10 Bun ladro, Calif, Sun Ddego, callf, usi 17,38 la/zo/rs |
L rigreport, Conn, fiiverhoeod, d, ¥, HC 24 HCA a0 bo2f0 0 ]

Brideenort, Conng Fringoton, H, J,
Bridpecort, Conn, Millin, Mass.
Colorado Springs, Cele, Haswell, Colo
Syrings, Golo. Morden Chty, Fan. |
Jprines, Cole, finthony, Xan,
pritlds, Mass.,
nitlic, Mass,
Foider Srrihes, G,

JSoF) 2 | 5/50 i
oo Gz s
i At ]
B )
7izassy | /o
[ 10753 | L
28 2/59
354 :| 9/%6

_ . i¥i1lds, vass. MHY =TV C&sh | igrs
Miilis, thss, Henc-1ty ‘_EL",:?_
i E LY 3w )
s Livernore, Calir, J-TY @50 § 452,72
oulh Kepd, Indiung a1leman, Michirey HSE1-TY 5/59 Eilgg | BR3.P5 | ST
Seranton, Pa. e Maurel, Mi, _ _3/i0 174G 521 74?‘
, Cuddf. Livermore, =11t | 9/38 136,z | 673,75 )
shury;;, Pa, o _|Laurel, md, 9/58 81.0 LTS
s arre, Fu, 11)is, Mass, { T |25 241.7 | __5592.75 |
lkon Barprs, Pa, laurel, Wi, YERE-TY 7/ 56 150,00 559,75
L 1kus Parve; Fa, Laurel, Md, VILE=1Y /5 7.8 595,75
ork, Fa, Taurel, M3, WSA-"Y | g/es 53,8 649,75 |
[Fooria, Til, . Jaie;mon, tach. WEER-TVY ' 8/%4  i_9fs6 |_ 230,99 (gg_,ﬁ{,‘ _
Fat1ls Crociy, Mich,  Wllegn, tieh, WRIZ=1V | ] /54 Y 3/ a4 3 42W0 ) 7975 ) .
You', b X, o lteshinie, 1, J, Bell 15,19 4 8fan o daofs | 401 ] oms .

notong, by u, laltinore, b, HG2ALL Jegtipshio 16,19 [2/2149 /11400 30
or', il. Y. _ forinceton, i, J. HYHE FCe . flal /62 10/€2

5 fow iore, i 1. lealkfora, ra. WUHF e T Y Y o
39 hiew York, d, 1, HMaurst, M, neE | Fge i 1/62 3/63 126 o
i -. . A ;Elf . _ I I -
Ht = Trangytting entdons belght above ayerapd SR g L LY T | 1. . - AR .- PR
irf {axcept where + <L_____ o - e texi R S
B ] _denntes hedght alpve ground) R | Fglz_;_:ﬂ 56 Figly atrengty i dp cbove 1 '&__/}1 Tor L Kyt . B SR Y TEISERETEN TR
Hr = Receiving antenna beight above ground, excoeded £OT 1, 10, und 50 periant - f time.
B S - = i e - . - = e e e




TABLE V - List of Mobile Surveys

Transmitter Call Recording| Period Frequency Ht. Hr.
Location Letters Source From To Mc/s (feet) (feet)

_ggtoa Rouge, La. WBRZ-TV |A. D. Ring 7-25-57 10-25-57 50,75 890 AT;éO o _:j:j
Madison, Wisc. WISC-TV and 10-25-57 12- §-57 65.75 795 30 o L
Baltimore, Md. WBAL-TV _ |Associates| 10-26-60 12- 5-6C| 203.75 730 30 -

| Philadelphia, Pa. WCAU-TV " 1-11-61 3-16-611 197.75 979 30 L
Columbia, S. C. WIS-TV " 1-20-58 3-19-58 | 193.24 640 30 R
Wilkes-Barre, Pa. WBRE-TV v 6-17-57 8-20-57| 559.75 | 1220 30 -
Columbia, S. C. WNOK-TV " 1-20-58 3-19-58 | 789.25 624 3o
Buffalo, N, Y. WBUF " 6- 2-58 8-14-58| 493,75 686 30 o
Madison, Wisc, WMTV " 9-25-57 | 12- 5-57| 585.26 690 30 -
Philadelphia, Pa. WHYY-TV " 4-21-58 6-15-58| 601.74 503 30
Springfield, Mass. WHYN-TVY " 9-16-58 | 10-22-581 631.75 | 1200 30 ]
Pniladelphia, Pa. WHY Y -FM " 4-21-58 6-15-58|  90.9 463 30 } |
Buffalo, N. Y. WGR-TV " 6- 2-58 8-14-58] 959.75 380 30
Springfield, Mass. WeY N-FM g 9-16-58 | 10-22-38| 93.1 968 30 T
Wilkes Barre, Pa. WBRE-FM " 6-17-57 8-20-571 98.5 1160 30
[Detroit, Mich. WIBK-TV  |A.E.Cullum| 9- 5-56 9-26-561 53.75 | 1000 30 o
Milwaukee, Wisc. WISN-TV Jr. and 8-23-55 10- 6-55 209.75 1200 30 L
Dallas, Tex. WFAA-TV __[Associates| 6-26-56 10-27-56| 185.75 1680 30 7
Boston, Mass. WHDH-TV " 7-15-58 8- 3-58| 87.25 | 1140 o |
St. Louis, Mo. KWK~TV " 12-1-54 | 12-14-54| 71.75 520 30 T
Boston, Mass. WNAC-TV " 7-30-58 | 8- 5-58| 179.75 480 30 ]
Cleveland, Chio WJW-TV u 10-25-56 | 11- 9-56| 135.75 | 1000 30
New York, N. Y, wcBs-TV | F.C.C. 11- 3-61 | B-14-62| 55.25 | 1330 30 -

New York, N. Y. WABC-TY " (Ref.25) | 11- 3-61 8-14-621 175.75 1330 30 ‘__u_:j

New York, N. Y. WUHE " 11-26-61 | 13-31-62] 573.25 | 1290 |

Richrond, Va. NTVR-TY  {J.C.McNaryl May 1954 8325 2.0 0 |
Consulting

Engineer




DEVELOPMENT OF THE VHF PROFAGATICN 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 ty
adjusting the various antenna heights to 1000 feet by means of the linear
height gain relationship. The average transmitier antenna height for the
VHF data was near 1002 feet, Each data point represents az median field
EEESEEED.HELEE.EEEgéulg_mi19 segment at a given distance from a station for
all the radials. All of these data were further corrected to correspond %o
average terrain { A h = 50 meters) as described previously. Finally, a bes
fit curve was drawn through the data resulting in a base 1000 foot curve,
Appropriate height galns were then applied to this base 1000 foot curve io
obtain within-the-horizon curves for other transmitting antenna heignts.

Figure 7 shows a plot of the identically processed high VHF mobile data
with the base 1000 foot curve.

‘These median within-the-horizon curves were subseguently merged
smoothly with their beyond-the-horizon counterparts derived from Figures
4 and 5. The composite Low and High VHF band curves appzar 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,%0) 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, fellowing the general concept criginated by the Central Rzadio
Propagation Laboratory of the National Bureau of Standards. They were
determined from long term measurements listsd in Tables IT and TIII and also
using the F{%0,10Y minus F(50,%0) values for corresponding transmitting
antennas as obtalned from the beyond-the-horizon curves. Since no VHF
frequency trend was observed in the derivation of the fading curves, the
same fading ratios were employed in the derivation of the low and hign
VHF F(52,10) curves. .2 composite low and high VHF F(%0,10% curves are
shown respectively in Figures 11 and 12,

Figures 13 and 14 chow comparisons with measurements of the progesed
and existing FCC F{30,20) low and high band VHF curves for transmittiing
antenna heights of 2002, 1000 and 200 fest. These measurements wers
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 anternna
heights as shown 1n these Figures. The fit of the dats Lo any one curvs
is not an adeqguate criteria, -since the curves had to simultaneously satisfy
consistent and smooth trends witn dis+tance, freguency and antenna heighf.



Figures 15 and 16 show comparisons with measured data of the proposed
low anc nigh band VHF F(50,10)} curves for the same 3 transmitting an*snna
heights. There are no existing F(50,10) curves in the =0C rules. Turvas
of field strength versus transmitting antenna heigh% for constant dis*ances
are shown in Figures 17, 18, 19 and 20, which are identical in form wi+h

those appearing in the present TV rules.

DEVELOPMENT OF THE UHF PROPAGATION CURVZS

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
measurements made over one path, and each mobile data peint represeris the
median field strength of the 10 mile segments of all radials for ore
station.

The withig-tha-horizon data were normalized transmittin a
height of 500 feet by assuming linear hei i is-
tance as snhown 1 adure 21. = = i ted on
2 grapr 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 twoe curves merged to-
ge*her near the horizen. The resulting 500-foot continupus curve was
used as a base curve for deriving field strength versus distance curves
f~r 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 - Dpg relationship de-
scribed previously was assumed for distances beyond-the-horizon. The
two resulting families of curves were then blended together to generate
tne final family of median field strength versus distance curves as shown
‘n 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 - Dig and a smooth curve was drawn through the data. See Figure 24,
Juided 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
“rensmitting antenna height was drawn so as %o yield a 10 percent curve
wnich would merge intoe the 10 percent, beyond-the-horizon curve. For
sther 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 antenra
lheights of 2000, 1000 and 500 feet with the pertinent data, both long-
term and mobile. Appropriate corrections as previously described wsre
applied to the data plotted in these graphs. For comparison, this
figure also shows the present curves as obtained from Figure 3,
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Section 73.699, of the FCC Rules and Regulations. Figure 28 shows the
F(530,10) 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.

CONCLUSTIONS

In the course of the development of the new TV and FM propagation
curves, all avallable 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
conditiens, ¢r 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.

Jhe new graphs for estimating field strength may be used for geperal
assigrment purposes or for providing a tough ectimate of the probahle
field strepgth distribution ac gopiied 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 1o nredict with any accuracy
the field which wanld be sstablished by any specific operation over a
rarticular path to any equally specific area, even when tne terrain
correction factor 15 egploved, For such information, resort should be
made to measurements wherever and whenever opracticable.
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DEFINITION OF THE
TERRAIN ROUGHNESS FACTOR Ah
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3 = Correction in dB
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COMPARISON OF DATA WITH THE ROUGHNESS CORRECTION

Ah = Terrain Roughness Factor in Meters
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F(50,10) + 10 Jog I, dB Abave Luvim for 1 Kilowatt

FI50,50% + 10 log D, dB Abave I uV/m for 1 Kitowall
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VARIATION WITH DISTANCE BEYOND LINE OF SIGHT
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Field Strength, F(50,50), dB Abave 1 uVim for 1 Kilowatt

Field Strength, F(50,50), dB Above 1 pVim for 1 Kilowatt
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Field Strength, FI50,50), dB Above 1,v/m for 1 Kilowalt

Field Strength, F150,50), 0B Above ! uVim lor 1 Kilowatt
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Field Strength, F(50, 104, dB Above I uVim for 1 Kilowatt
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Field Strength, F{30 501 dB Above luvimfer ] Kilowatt
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Field Strength (F) in Decibels Above One Microvolt Per Meter for One Kilowatt Radiated Power
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Field Strength (F) in Decibels Above One Microvolt Per Meter for One Kilowatt Radiated Power
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Field Strength (F) in Decibels Above One Microvolt Per Meter for One Kilowatt Radiated Power
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Field Strengih (P in Decibels Above One Microvolt Per Meter for One Kilowatt Radiated Power
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Figld Strength, F(50,50), dB Above 1 uV/m for 1 Kilowatt
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Field Strength, FU(50,50), dB Above | xV/in for I Kilowatt
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VARIATION WITH DISTANCE BEYOND LINE OF SIGHT
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Field Strength (F) in Decibels Above One Microvalt Per Meter for One Kilowatt Radiated Power
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