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Coranissioiio It Is expected that the information contained in this report 
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the work was done while the authors 'were members of the Subcommittee on 

Evaluating Interference from Multiple Signals under the chairmanship of 
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has yet had time to consider the enclosed report in its present form* It is 

being given general distribution at this tiffie8 prior to any formal action by 

the Ad Hoc Committee9 at the specific request of the FGC because of the brief 

time available before the beginning of the Further Proposed Rule Making 

Proceedingso Sections I through I? of this report and the associated 

Figures 1 ° 17? inclusive9 are the s&m@p accept for minor editorial revisions3 
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Methods are developed for describing the service provided by a television 
broadcasting system„ It is shown how the service range of a clear channel 
television broadcasting station is limited by receiver and cosmic radio noise and 
formulas are presented for determining the field Intensity required to provide 
a satisfactory television service in this case0 Considering the statistical 
fluctuations of the field intensity of a television station with variations in 
receiving location and time, the effective service area for the clear channel 
case may be uniquely expressed by means of an integral, with respect to distance, 
of distance multiplied by the probability of receiving service at this distance„ 
Three grades of service are defined in terms of the minimum percentage of the 
time, Ta, that a satisfactory television signal is required to be available at 
any particular receiving location; thus, Grades A, B and C service correspond 
to T - 99$, 90$ and 0, respectively0 

Methods are next developed for determining the mutual interference to be 
expected between the television signals from two stations operating on the 
same or on adjacent radio frequency channels0 This interference is conveniently 
measured by the ratio of the desired-to-umdegired field intensity and it is 
found that the correlations with respect to time and receiving location between 
the desired and the undegired fields are important factors for determining the 
expected distribution of the interference with distance,, The distributions 
used in this report were obtained by assuming zero correlation since adequate 
experimentally determined values of the correlation coefficients are not now 
available; although this assumption may lead to predicted distributions of 
service with distance considerably at variance from the true values, it is 
expected that th© predicted service areas will be influenced to a smaller 
extento Consequently, conclusions reached in this report relative to efficient 
methods of allocation are probably reliable in spite of the necessity for this 
assumption of zero correlation,, 

Methods are next developed for determining the combined interference to 
be expected when several television stations are operated within interfering 
range of each otherc In this case, because the expected service will vary with 
direction from the desired stations, the determination of the total effective 
service area of such stations involves th© integration throughout the entire 
area of th© probability of receiving service within a differential element of 
the area0 It is concluded that a maximum total coverage of area can be obtained 
with a limited number of television channels by locating them geographically in 
a triangular lattice with a co-channel separation of the order of 100=300 miles, 
the optimum spacing being dependent upon the effective radiated power, transmitting 
antenna height, grade of service, whether or not the co=channel stations are 
synchronized, ete„ 

The analysis shows that the use of high transmitting antennas and high 
transmitter power will provide television service throughout the greatest possible 
area0 

=■ 1 “ 
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I®, several reosnt r©ports»j,S/£)^ s om of the authors has outlined methods 
suitable for the efficient allocation of radio frequencies to broadcasting 
services operating on frequencies above 50 Mc0 In those reports us© was made 
of a theoretical study!/ of the ©xpacted ground wave and tropospheric wav© 
field intensitieso Sine© then two reports have become availsbl©4/2/ which 
provide a batter basis for estimating broadcast field intensities in the 
frequency rang© 50^250 Me and it is the purpose of the present report to 
use these latter data in a further study of this broadcast allocation problem,, 

li THE BASIC DATA AVAX3LABIE AMD THE ADDITIONAL ASSUMPTIONS NECESSARY FOR A 
SOLUTION OF THE ALLOCATION PROBLEM 

Th© fields received near tfa© ground from radio stations broadcasting in 
the frequency range above 50 Me are affected primarily by the irregularities 
in the terrain at distances well within the line of sight but are affected at 
distances larger than this both by the irregularities in th© terrain and th® 

1/ Kenneth Ac Morton, "Propagation in th© FM Broadcast Band/5 Advances in 
Electronics, Vol0 X, pp0 381-421 j, Academic Press9 lnc„9 Publishers9 New 
fork, N0 Iog 19480 

2/ Statement of Kenneth Ac Norton, Chief of the Frequency Utilization Research 
Section of th© Central Radio Propagation Laboratory of the National Bureau 
of Standards9 rsl&tiv® to the efficient allocation of frequencies to 
television broadcast stations, July 27, 1948<, 

2/ Statement of Kenneth Ac Norton, Chief of the Frequency Utilisation Research 
Section of th© Central Radio Propagation Laboratory of the National Bureau 
of Standards5 at the September 20, 1948 Television Hearing before the Federal 
Communications Commission relative to the comparative coverage to be expected 
from television broadcasting stations operating in the 50 to 1000 Me range0 

y Kenneth Ae Norton, Morris Sehulkin and Robert Sc Kirby, wGround=Wave 
Propagation Over Irregular Terrain at Frequencies Above 50 Me/* Reference G 
to Report of th© Ad Hoc Committee , FCG Dockets 8736, 8975 , 9175 § June 65, 19490 

j|/ Edward W0 Allen, Jr0, William C0 Boes© and Harry Fine, ''Summary of 
Tropospheric Propagation Measurements and Development of ¥HF Propagation 
Charts/' Reference D to Report of th© Ad Hoc Committee, FCG Dockets 8736, 
8975, 9175, May 26, X949o 



inhomogeneities in the atmosphere0 The irregular terrain report®' deals 
with the expected distribution of field intensity with receiving antenna 
location while the tropospheric propagation reportM provides curves suitable 
for predicting the expected distribution of field intensity with tirae0 It 
will be convenient to express the field intensitiess F% in decibels above 
one microvolt per meter for an effective radiated powers F% in decibels 
above one kilowatt radiated from a half-wave dipolep and the various ratios 
of desired-to^undesired field in decibels above unity0 Furthermores let 
L = lOOq denote the percentage of receiving locations and T == loop denote 
the percentage of the timef thus q denotes the probability of fields greater 
than some specified value with respect to receiving location and p denotes 
this same probability with respect to tim@0 In the irregular terrain reports 
it was shown that the following formula can fee used for estimating the field 
intensityt FD(]L)s> exceeded at L percent of the receiving locations at a fixed 
heightj, above the local terrain and at a fixed distances ds from a 
transmitting antenna at a height^ H^g 

F»(L) ' P'+ S(d» Hrs Hts f) + H(d,f) + 19.26 k(I) (1) 

For 50 < f < 250 Mc| 8° < < 30°p d > d0 

In the above Ss which depends upon dp HrJ) and,the radio frequency9 fs 
denotes the theoretical field intensity expectedly over a smooth spherical 
earth with a radius-'equal to 4/3 of its actual valuef S is expressed in 
decibels above one microvolt per meter and is to be calculated for a power of 
one kilowatt radiated ff’om a horizontal half-wave dipole 0 The transmitting 
antenna height^ to b& used in these calculations is the height of the 
center of the actual radiating system above the average level of the terrain 
2 to 10 miles from the transmitting antenna location,, Th© effective radiated 
power9 may be expressedg 

In the above P denotes the actual transmitter power delivered to the 
transmission line expressed in kilowatts$ P98 denotes the loss of power in 
the transmission line and antenna expressed in decibels and G denotes the 
gain of the antenna array expressed in decibels relative to that of a half® 
wave dipsle0 M(dpf) is the terrain factor shown as a function.of frequency 
and distance in Figs0 9 and 10 in the irregular terrain report®' while k(L) 
is the normal distribution function given in Table 1 and defined by (3) and (4) 
in the same reports/0 k(X)p where X may be Ls Ts pp or is also given 
graphically in Fig„ 1 of this report,, Ihu§9 we see by (l) that the field is 
l©g~normally distributed with respect to receiving location,, Although the 
above expression (l) for F°(L) is strictly applicable only for d > where 
d® is defined in the irregular terrain reports/ to be the distance beyond 
which the theoretical sm@@th,=earth field is always less than the free®spas© 
fields theoretical considerations led to an extrapolation for M(d9f) shown 

6/ Kenneth A0 Norton$ "The Calculation of Ground Wav© Field Intensity Over A 
Finitely Conducting Spherical Earth/* Proc0 I0K0Eoj, Y©1„ 29s December 1941s, 
pp0 623®639o 
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in Figo 10 of tli© irregular terrain report^’ which may be used in (1) for 
d <d0 simply by replacing S by the fy@e~f3paee field,. An alternativeg and 

probably more reliablep approach to the problem of estimating FB(L) for 
d < d0 is the us© of the theory presented by Norton and Kirby as an appendix 
to one of the allocation statements to the FGC already cited^/1 an elaboration 
of this theory is also presented in the appendix to Reference c4/0 However^ 
for the frequency rang© 50=25*0 Me the problem of estimating F#(L) for d < dQ 
is probably of little practical importance and the above described simpler9 
although possibly less exacts methods of the irregular terrain report^/ have 
been used for obtaining the numerical results shown in this report,, 

Moat of the measurements studied in connection with the irregular terrain 
report/ were mad© out to distances only a little beyond the line of sight 
s© that time variations of the field at fixed locations were relatively 
minoro Thusp if we let Fft(Lj,T) denote the field expected to be exceeded for T 
percent of the time at L percent of the receiving locations w© may writes 

Ffl (Lj, 50) = P« + F(5O950) + Rl(L) (3) 

Rl(L) 5 19o26 k(L) (4) 

F(5OS50) = 20 log10(l379600/d) + H(dpf) (5) 

where d < 

or F(50s50) = sCd^H^f) + M(d,f) (6) 

where d0 < d < 2 (■fs^ + Sa^T) 

In the above d is expressed in miless and E, and H in feet and Rr(L) is 
given graphically in Figc lo 

Cte the other hands most of the spasurements studied in connection with 
the tropospheric propagation report^/ were mad© at larger distances where 
the importance of fading was predominant and the effects of terrain were 
averaged out by the methods used in the analysis0 Thusg values of F(50sT) 
were presented in the tropospheric reports covering the range of distances 
from 15 to 400 miless transmitting antenna heights from 1005 to 5000” and 
for the specific frequencies &3S 829 98<> and 195 Me0 The results of the 
tropospheric propagation report may be expressed by the following log-normal 
distribution of the field intensity with respect to times 

F»(50/T) = F« 4- F(50s,50) + R(T) (7) 

R(T) b |j(50Pl) » F(50j,50)j k(T) s R(l)k(T) (8) 



where F(50,50) denotes the median field (fosf"?*s 0) shorn in the tropospheric 
propagation report !/ cr (at distances less than twice the distance to the line 
of sight) given pj (5) or (6) since the analysis of the data available in 
‘both reports 4/5/ indicated agreement in this range of distances. The function 
k(T) is shown graphically in Fig, 1 and is identical to k(L) except that the 
percentage of time variable T is used instead of the percentage of receiving 
locations 3L0 R(l) = [F(50pl) =» F(S0,50'3 is expressed in decibels and denotes 
the ratio between the fields exceeded for 1% and for 50% of the time , 
respectivelyj, as received at a particular receiving location from a 
particular transmitting station,, R(l) is shown in Figs, 24, 25, 26 and 27 of 
the tropospheric propagation report^/ as a function of distance, frequency and 
transmitting antenna height, 

A limited amount of data (Fig, 15 In the tropospheric propagation report^/; 
recorded for long periods of time at a fairly large number of different receiving 
locations at distances less than 2„5 times the distance to the line of sight 
indicate that (3) represents satisfactorily the distribution F(L,50) for 
T ~ 50% of the time. For allocation purposes, however, it is desirable to be 
able to estimate F{L,T) for all values of L and Tg in the absence of adequate 
experimental data, which would obviously most difficult to obtain, the 
results (3) of the irregular terrain studvy will be combined with the results 

of the tropospheric propagation study!/ by 

Assuming that the distribution (3) of the fields with receiving 
antenna location is the same at all distances, and 

(B) Assuming that the distribution (3) of the fields with receiving 
antenna location is independent of their distribution with times 
ioe0, that quantitatively similar variations of the fields with 
time will occur at good and at bad receiving locations„ 

By making these two assumptions we may write our final general formula fos 
the field expected at any distances 

FS(L,T) ^ P* + F(50,50) + Rl(L) v Kef) I 19) 

F(50,50) may be obtained from (5) or (6) at short distances or at larger e f 
distances from Figs, 19, 20, 21, 22 and 23 of the tropospheric propagation report^0 
Although the above two assumptions (A) and (B) appear to be quite reasonable, it 
should be emphasized that neither have been adequately checked experimentallye 

In order to use (9) for determining the ratio, r(L,T), between the 
fields from a desired and an undesired station which is expected to be: 
exceeded at L percent of the receiving locations for T percent of the time, 
the following two additional assumptions may be made § 

(C) Assume that the distribution with 2xec©iving antenna location (3) of the 
desired field is independent of that for the undesired field, i0e„, 
that good receiving locations for the desired station may be either 
good or bad for the undesired station, and 
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(D) Assume that the distribution (7) of the desired field with time is 
independent of that for the undesired fields ±0&o9 that times of 
strong fields for the desired station may be times at which either 
strong or weak fields will be received from the undesired station,, 

By making these two additional assumptions, we may write the following expression 
for the ratio ‘between the fields of the desired and undesired stationss 

r(L„T) = P* - + Fd(50»50) - Fu(50»50) + rL(L) + r(T) (10) 

rL(L) 5 tT2 R^L) = 27.24 k(L) (11) 

r(T) m 1 Rd(T) + r£<T) = k(T) "N Rd(l) 7 1^(1) (12) 

The above formulas for r. (X,) and r(T) follow from the factf that the 
mean value of the difference of two normally distributed variables is 
simply the difference of their means andj, when the variations of the two 
variables occur1 independently^ the variance of the difference is simply 
the sum of the two variances„ The function rrCL) is shown graphically 
in Fig„ 10 It is recognized that neither of the assumptions (C) and (D) 
are likely to be borne out exactly in further experimental investigations| 
in facts it is believed that the desired and undesired fields are probably 
characterized by positive coefficients of correlation^/9,, with respect to 

time and /° T with respect to receiving antenna location0 To the extent 
that this is true the coefficient of k(L) in (11) should be replaced by 
27o24 ll 1 ° P •/ and the coefficient of k(T) in (12) should be replaced 

by H^(l) + H^(l) <= 2/^TR^(l) R^l), In the tropospheric propagation report^/ 

a study of the correlation with respect to time indicated values as large as 
Ptp ~t095| howevers the conclusion was reached in that report that/9^ should 

be set equal to zero in calculating the mutual interference between two stations0 

Sine© adequate experimental determinations of P ^ and P^ are not now 

availablep their effects will be neglected in our present study% since 
andP™ are probably always positive 9 their neglect will be an over= 

estimation of the mutual interference to be expected between stations for 
large values of L and T0 

7/ Harald Cramers “'Mathematical Methods of Statisticss” Pages 188 and 212 9 Princeton 
University Press9 1946s Princeton^ N„ J0 
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HI THE FIELD INTENSITY REQUIRED TO PROVIDE SATISFACTORY TELEVISION BROADCAST 

RECEPTION 

In the allocation of broadcast facilitiess figures for the field intensity 
required for satisfactory reception are needed in two connectionss (a) to 
determine the field intensities which should be protected from further 
degradation by undesired signals from other stations on the same or adjacent 
channelss or (b) to determine the number of televiewers provided by a given 
station with a satisfactory service0 

It is important to distinguish between these two applications since the 
required fields applicable to (a) above may be substantially less than for (b)0 
Thus9 useful signals from the desired station are subject to interference from 
the undesired station only in an annular ring at the outer edge of the desire, 
station’s service area and within this annular ring the population will be 
predominantly rural in character In faetj, although there may be some large 
towns or even cities within this annular ring? well over half of its area will 
always consist of widely dispersed homes where television reception will be free 
from interference from man-made noise for nearly 100$ of the time0 Thus., it 
seems fair to conclude that the field required for satisfactory reception by 
these rural and suburban televiewers will not be substantially influenced by 
man-made noise0 Furthermore9 these televiewers will9 of necessity^ have 
provided themselves with good television receivers and may conveniently use 
directive receiving antennas since many of the stations they wish to receive 
will lie in the same general direction 

FigSo 2 and 3 give the results of applying the above considerations to 
the determination of the field intensities which should be protected from 
further degradation by other undesired signalsQ These results were obtained 
as followso By definition of effective noise figure9 NF’S/j the available 
noise power at the input to the second detector of the receiver9 referred 
to the terminals of the receiving antenna^, may be written % 

?n = NF5 kTB watts (13) 

NF • = EN - 1 + L°NF (14) 

=>15 
where kTB = 16044°1Q ' ^ watts for a 4000 kc television receiver bandwidth and 
T = 300° Kelvino 

EN = External cosmic radio noise factor as reported by JQ W0 Herbstrei 

L ss Transmission line and antenna power loss factor0 

NF = Receiver noise figure as measured at the receiver terminals with 
a dummy antenna at room temperature (T ” 300° Kelvin)0 

8/ Kenneth A0 Norton and Arthur G0 Omberg 9 "The Maximum Range of a Radar Set/’ 
Proc0 I0R0E0S Volo 35$ ppo 4”24<> January 19470 

2/ Je Wc Herbstreitg ’'Cosmic Radio Noise^," Advances in Electronics^ Volc I» 
PPo 347=380s Academic Press9 IncOJ Publisherss New Yorks Ne J99 194Se 
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Figo 2 shows as a function of frequency the values of EN and L together 
with two assumed values of NF and the resulting values of NFJ determined by 
(l4)o The curves of NF and NF* indicated as applicable to a typical good 
television receiver are probably representative of only the best television 
receivers now on the market while the lower values of NF and NF* indicated 
as applicable to a television receiver designed for weak signal reception 
can be achieved only by using special care in the design g, alignment and 
maintenance of the receiver0 

The power received from the visual transmitter during the synchronisation 
pulse that is available at the receiving antenna terminals is equal tot 

(E°106)2 Ar 

Z 
watts (15) 

where E is the received field intensity (i0e0* the ms field Intensity 
during the synchronization pulse which is the value reported in field intensity 
measurements and is a direct measure of the visual transmitter power) expressed 
in microvolts per meter9 1 “ 3?607 ohms9 the impedance^of free spaee? and Aj, is 
the absorbing area of the receiving antenna Q Ar =2 g ?* V4'Tr w-iere g is the 
antenna gain relative to an isotropic antenna and A is the wavelength in 
meters0 g " 1064! for a half-wave dipole0 

The intermediate frequency band°pass characteristics of the television 
receiver are so designed that the video carrier is reduced in intensity at the 
input to the second detector to just half of its value at mid“tend and? since 
most of the composite video signal energy is contained in a range of frequencies 
very near to the carrier, the composite video signal voltage is also reduced to 
very nearly one“haIf of the value it would have if the carrier were (improperly) 
tuned to mid=band0 As a consequence of this the peak“Video^signal to noise= 
power ratio (S^/N) at the input to the second detector will be only one“fourth 
as large when the receiver is properly tuned as it would be when the receiver is 
improperly tuned with the picture carrier in the middle of the intermediate 
frequency band as would be the case, for examole9 in a measurement of the 
television receiver noise figure0 In the output of the television receiver 
second detector the d0e0 synchronization pulse voltage, VS9 will be equal to 
the peak value of the intermediate frequency prise voltage (i0e„ , “'TsTtimes 
the intermediate frequency rms voltage during the pulse) but the-^jqtected rms 
video noise voltages Vn, will (for large signal-to^noise ratios)^' be equal 
to the intermediate frequency rms noise voltage0 Thus, the square of the 
synchronization^ pulse ^voltage to rms “Vi d eo “iio 1 s e ratio (1L /V’n) in the output 
of the second detector will be 2 times the value of (S /N; at the Input)„ 

Since, in our present problem we are dealing with fluctuation noise which 
will completely degrade the picture before spoiling the synchronization, it 

10/ s. 0o Rice, "Properties of a Pine Wave Plus Random Noise981 Bell System 
Technical Journal, Volc 27s ppQ 109c=I57£> January, 194SC 
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would seem that the peak~to“peak®picture<=signal to rms-video-noise ratio 
(VrAn) might be an even better index of performance than the synchronization- 
pulse°voltage to rins-video-noise ratio (V,3/?n)0 Since the black level picture 
signal voltage is set at 0,75 times the synchronization pulse voltage and since 
the white level is preferably held to a value not less than 0,15 times the 
synchronization pulse voltage*9 it follows that the peak-to-peak-picture- 
signal to rms-video-noise ratio (¥p/?n) will 'be about 0,6 times (4,4 db 
below) the synchronization-pulse-voltage to rms-video-noise ratio (Vs/Vn)0 

*'The FCC Standards of Good Engineering Practice state that the maximum white 
level shall be 15 percent or less of the peak carrier amplitude but it 
seems to the authors that the advantage gained by complete modulation is 
surely very small compared to the danger from occasional over-modulation. 
Thusj over-modulation may be expected with a frequency of occurrence in 
direct proportion to the smallness of the maximum white level and9 when 
over-modulateds the signals received by all televiewers throughout the 
entire service area will be degraded,. This should be weighed against the 
fact that the use of an average maximum white level of 5 percent^ for 
example, rather than 15 percent will increase the effectiveness of the 
picture signal with respect to fluctuation noise (there will be no effect 
on synchronization) by (0o7/0,6) i0e»P 1,3 db, Thusg referring to the 
R-j^L) distribution on Fig, 1 we may estimate the effect of operating 
consistently at 5 percent rather than 15 percent. Suppose we are at the 
distance from the transmitter at which 90 percent of the receiving locations 
have a signal (Rl(90) = =1007 db) satisfactory with respect to fluctuation 
noise when the transmitter is operated with a maximum white level of 15 percent. 
If the maximum white level is now changed to 5 percent? R-(l) = “10,7 - 1,3“ “12 dbg, 
and we see by Fig, 1 that L = 92,6 percent, Thusg at this distance we have 
increased the number of receiving locations with satisfactory signals from 
90 percent to 92,6 percent. However,, at shorter distances the percentage 
improvement is even less so that the net increase in televiewers with a 
detectably improved picture-signa1 to video-noise ratio will undoubtedly be 
found to be much less than one percent when allowance is mad© for the fact that 
most of the televiewers live within a very few miles of the station0 
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Th’JSy after allowing for th© &bov@ factors <, w© may writ® g 

(ps/pa) - 4(sp/H) - 2(?sAn)2 - (v/g2 (16) 

Sfesfegiituting (13) aid (15) 1b (16) and solving for Ep w® obtains 

Ijj - 0,05881 (8j/») W/* fBC microvolts per meter (17) 

T!m§p with reception oa -a-half-wave dipole a psak-video-signal to noise- 
power ratio of 24 db^ (^>/N) « 2503 will bs provided at the second detector 
input when? 

(18) Er ~ 0,727 1HF8 microvolts per meter 

Th© subscript r refers to the field required with a half-wave dipole, 
According to (16) the field intensity given by (18) will also provide at 
th© second deteetor^ output a synchronization-pulse-voltage to rms-video- 
nois® ration (VSA«) ” 220369 and a peak-to-peak-pieture-signal to 
ras=video=2ioise ratiop (¥_/?„) = 13<>42p since these values correspond to 
a value of (Sp/l) «* 250o 

It should be noted that the value finally adopted as an FCC standard 
for (Sp/N) should correspond to a level at which the desired picture signal 
degradation dm© to noise is about equal to the corresponding degradation due 
to an undesired imgyuehronized signal at the FGC standard levels i,e<,, 
40 db weaker than the desired signal0 By attempting to equalize these two 
degradations it should be possible to determine more accurately the minimum 
separation between co-channel stations which is permissible without further 
degradation from co-channel interference in areas in which the service is not 
already degraded by noise, It is not now known whether a peak-video-signal 
to noise-power ratio of 24 db as used in (18) and in Fig, 3 is appropriate 
in the sens© defined above and laboratory tests are now being undertaken at 
GRPL to determine the reaction of groups of observers to typical television 
pictures viewed at various levels relative to th© first circuit plus cosmic 
radio noise0 If these laboratory tests indicate that a value different from 
th© 24 db assumed in this report should be adopted9 then the required fields 
as determined by (18) and shown on Fig0 3 should bs corrected accordingly. 
Fig, 3 gives the values determined by (18) for the two receivers with noise 
figures as shown on Fig, 20 The two lower curves shown on Fig, 3 correspond 
to th© us© of a receiving antenna with a gain of 6 db relative to that of 
a half-wav© dipol©f these latter curves were obtained by assuming that the 
required field will be less than that given by (18) very nearly in direct 
proportion to the signal gain of th© antenna used relative to that of a 
half-wave dipol©, Th® support for this assumption follows from the fact that 
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th® cosmic radio noise arrives at the antenna more or les$ tmiformly from 
all directions and its intensity will thus be affected very little by the 
receiving antenna directivity0 

In the remainder of this report the values of required field intensity 
given by the upper curve on Fig0 3 are used as an indication of the values 
of field intensity which should be protected in rural receiving locations 
from further degradation toy other undesired signals. In order to determine 
the actual number of televiewers with satisfactory reception throughout the 
service area of the station^ it is necessary to consider9 in addition to the 
above minimum values of required field intensity3 the additional intensity 
necessary to overcome the effects of various man-made noises such as auto 
ignition^ electric razors^, oil burnersj, jste. Such noise sources become 
increasingly important more or less in proportion to the population density 
and those televiewers with homes immediately adjacent to w@11°'traveled 
highways will require comparatively strong television signal fields in order 
to overcome the effects of the auto ignition which might otherwise limit their 
reception for a fairly large percentage of the time0 This latter problem 
has been studied by R. Wc GeorgeiS/ Howevers sine© this latter problem^ 
for the reasons mentioneds is probably of secondary importance in connection 
with the present allocation problem* no further analysis will be mad® her© 
of what this actual distribution of service may be expected to be. 

If THE SOLUTION OF TYPICAL ALLOCATION ffiOBXEMS 

The preceding discussion has provided the data necessary for a 
solution of typical allocation problems and the following equations and 
tables provide examples of the procedure to be followed in obtaining th© 
answers to particular problems0 

In generalp it is believed that a reasonably accurate solution of 
any allocation problem can ‘be obtained when it is possible to determine 
the percentages Lp of receiving locations at any distancep ds from a 
station which will have a specified grade of' service? -for examples th© 
percentage of receiving locations which will have a field intensity 
greaterj, for a specified percentage of time, T * than the value required 
to overcome the effects of first circuit noise or at which the desir@d=-t©“ 
umdesired ratio will exceed some specified value for a percentage of time9 T. 
In the examples which follow* T will fc© taken to be 9&%g 99% and 99a9% of 
the time3 the field intensity required for satisfactory service will be taken 
from the upper curve on Fig. 3§ l.eo* for 63 Me* Fr s 4609 db above one 

11/ R0 W0 George3 mField Strength of Motorcar Ignition Between 40 and 450 
Megacycles3" I¥oc0 loR.Eo* ¥©10 28* ppc 409=4123 Sept. 1940. 
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mi©r©v©lt par meter and for 195 Ktej, Fr ” 5707 db above one microvolt per 
meterf and the following ratios of desired-to^undesired field intensities 
are assumed to b© required for freedom from internstation interferences 
for ©©“©hamel unsynchronized operation? 4 = 40 db? for co°channel 
synchronized operation,, A 38 28 dbp and for adjacent channel operation^, 
A 53 6 db0 These values are not based on tests made at GRPL but merely 
represent values which have been chosen to illustrate the problem0 

The percentage of receiving locations9 Ls at which the desired field 
for a television station operating on 63 Me is greater than Fr for a 
percentage of time,, T9 may be determined simply by setting the right 
hand side of (9) equal to Fr and then solving for L§ 

(19) po + f(50s5G) + El(L) + R(T) - Fr « 46*9 (f - 63 Me) 

(20) .\Rl(L) - 46o9 - P” = F(50s50) - R(l) k(T) 

From Fig0 1, k(T) = =1,33 for T = 99o9$3 k(T) » -1 for T = 99$ and 
k(T) * =0o55 for T = 90$o 

Table 1 gives a sample of the calculations needed to determine 
L from (20) at various distances from a station with transmitting 
antenna height of 500 feet0 The values of F(50^50) and R(l) are 
taken from Figs0 19 and 24$ respectively^ of Reference D^/0 

The percentage of receiving locations9 l>9 at which the field from 
a desired station (represented by the subscript d) is acceptable for a 
percentage of time9 T? in the presence of interference from an undesired 
station (represented by the subscript u) may be determined simply by 
setting the right hand side of (10) equal to the acceptable ratio9 
and then solving for Ls 

PJ - EJ t Fa(5°»5°) - F„(50,50) + rL(L) + r(T) « A (21) 

rL(L) = A + P* - - Fd(50,50) t Fu(50,50) - k(T) ^Rj(l) + R^(l) (22) 
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TABLE I 

SAMPLE CALCULATIONS OF THE PERCENTAGE OF RECEIVING LOCATIONS, L, AT WHICH 
THE DESIRED FIELD EXCEEDS FOR T PERCENT OF THE TIME THE FIELD, Fr 46.9 db 

ABOVE ONE MICROVOLT PER METER9 WHICH IS REQUIRED ON 63 MC FOR SATISFACTORY 
RECEPTION IN RURAL AREAS 

(Ht = 500® j Hr = 30®j f * 63 Me) 

T - 9956 T = 90% 

P® - 0 po s 10 il 0
 

P® « 10 

d F(50,50) R(99) rl(l) L Rr(L) L R(90) Ml) L rl(l) L 
miles db db db % db % db db % db % 

5 78.0 -0.65 “30.45 99.988 “40.45 100 -0.36 -30.74 99.99 -40.74 100 

10 6606 -1.3 -18.4 98.7 “28.4 99.97 -0.7 “19.0 98.93 “29.0 99.977 

15 59o4 -1.95 “10.55 89.6 =20.55 99.37 =1.05 “11.45 91.6 “21.45 99.52 

20 54.1 -2.6 =4 06 710 5 “14 06 96.2 -1.4 »5.8 76 =15.8 97.2 

30 4601 “3.9 4o7 28.5 -5.3 74.3 -2.1 2.9 36 “7.1 80.6 

40 38.9 = 5.7 13c7 4o9 3o7 32.5 =3.1 11.1 9 1.1 44 

50 31o9 -8.6 23o6 0.22 13 06 5 -4.7 19.7 0.85 9.7 11.8 

60 25.1 ■=12 0 3 34ol 0 24.1 0.18 -6.8 28.6 0.03 18.6 1.2 

70 1806 =16.0 44o3 34.3 0 =8.8 37.1 0 27.1 0.05 



14 

Tab!© II gives a sample of the calculations needed to determine L from 
(22) at various distances9 d3 from a desired station along a line in the 
direction of an undesired station^ the desired and undesired stations both 
operate on 63 Bfe with a transmitting antenna height of 50030 The values 
of Fd(50s50) and of Fu(50s50) are taken from Fig0 19 of Reference D2/ for 
distances d and (D => d)s respectively, while the values of Rd{l) and R^Cl) 
are similarly taken from Fig0 24 of Reference B-l/ for the same two distances 
d and (D => d)0 

TABLE II 

SAMPLE CALCULATIONS OF THE PERCENTAGE OF RECEIVING LOCATIONS, L, ALONG A 
LINE BETWEEN THE TWO STATIONS AT WHICH THE DESIRED FIELD IS A db GREATER 
FOR A PERCENTAGE OF TIMEj, Ts THAN THE UNDESIRED FIELD WHEN THE STATIONS 

ARE SEPARATED BI A DISTANCE D 

(Ht* 50081 Hr — a8 to 10081 f - 63 Me| D * 300 miles? T — 99^| Ru(l) - 22 c 9 db) 

A +P8 = 
u 

po 
d 

A 4- Pt 0 P» 
k 11 rd U + Pi- P| 

- £ - db « 28 db = 40 db 

D = d 

miles 

Fd(50,50) 

db 

Fu(50,50) 

db db 
r(99) 
db 

rL(L) 

db 

L) 
% 

r (I) L 
db 

L 
% 

r^CL) 

dfe 

L 
% 

285 59 0 4 =28 o0 lo95 “23 o0 “58c4 100 =36 0 4 99o90 “24 0 4 98 c 2 

280 54oO “27o2 206 “23005 “52ol5 100 “30o15 99o5 “18cl:5 94o0 

270 4601 =25o7 3o9 -23«2 -42 c 6 99 c 99 “20 0 6 96c 1 =■806 77c0 

260 3S09 =24 oO 5o7 “23s 6 -33c3 99o77 “llc3 83 0 2 0o7 4706 

250 31o9 =22 0 2 806 “240 5 »23c6 9708 “106 55o3 10o4 I806 

240 25ol =20 0 7 1203 “26„0 1 “13 08 88 01 802 24 o0 20o2 4o3 

230 IB06 ~19o0 l6o0 ”27 0 9 ' “3o7 6206 18 0 3 6o0 30o3 0o 49 

220 1202 =17 0 4 19o3 “29o9 6o3 29c 6 28c3 0o79 40c3 0o03 

210 6o9 =15o9 2108 “3106 . 14 0 a 10o2 36/8 0.09 48c 8 0 

200 3o0 “14o2 22o8 =32 o 3 2ioi 3c7 43 ol 0 

190 102 =12 0 5 22 0 9 ,”320i : n 4 7 1075 

180 ~0o7 “10 0 8 22o9 “320/ 2 80 3. 0o79 

170 =2o4 “901 2209 ”32c4 31 „ 7 0c34 

160 °4o2 c=7 £ 22 0 9 =32 0 4 ;5„i 0o14 

150 =5o8 =5 08 22 0 9 “32o4 38.4 0oll 
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Other examples of the service and interference ranges are presented in 
Figs, 4=17 which illustrate the effects to be expected with a wide variety 
of variables, It is interesting to note that, as a consequence of the 
conclusion that the theoretical receiving antenna height®gain relation for 
horizontal polarization is applicable on the average up to a height of at 

ibly as high as 100 \ irrespective of terrain^/ or 
bets, the distance at which a given interference con= 

dition may be expected will also be independent of the receiving antenna 
height since the median desired and the median undesired fields will be 
affected the same by any changes in this heightc This may be seen most 
readily by noting, in (21)s that any change in T,^(50950) to allow for 
receiving antenna height will be^exactly balanced (for d > d04/) by a 
corresponding change in Fu(50s50)o Thus9 all of the interference curves 
shown in this report may be considered reasonably applicable for random 
receiving antenna heights throughout the range most often encountered in 
practice9 ±0e,, up to say 10080 

least 308 and pos 
tropospheric^/ ef 

It should be noted that the service curves9 which are obtained from 
(19) or (20)s are not independent of receiving antenna height, and, in fact, 
the use of a 100® receiving antenna will, on the average 9 increase the 
received field by about 10 db above the values for Hr = 30® used in this 
report and this is equivalent to a 10 to 1 increase in the transmitter power. 
Thus, to determine9 of the receiving locations at which 100® rather than 
30® antennas are used, the percentage at which a specified grade of service 
is availables the curve for 1000 kw radiated power should be read for 
estimating the service expected from a station with 100 kw power and the 
curve for 100 kw used to determine the service expected from a 10 kw station. 

V A UNIQUE DEFINITION OF THE SERVICE OF AN ACCEPTABLE GRADE9 T&, AVAILABLE 

AT A DISTANCE, d, FROM AN ASSUMED CLEAR CHANNEL TELEVISION 

BROADCASTING STATION 

In this section, a definition will be developed for the probability9 
Q0(dg pa), with respect to both time and receiving location of receiving 
an acceptable signal for a percentage of time, Ta s 100 pa, or greater at 
a distance 9 d, from a television station which is assumed to be located 
sufficiently far away ftom other stations and other sources of man=made 
interference so that the only limitation to service is that arising from 
cosmic radio noise and the radio noise in the television receiver9 as 
discussed in Section III above0 Under these circumstances (19) provides 
a relation between the probability, p s T/100 with respect to time and the 
probability, q s L/100 with respect to receiving location of receiving a 
field equal to or greater than the required value, Frs at the distance, d, 
from a television station which has a radiated power, P®, and for which the 
median field at this distance is expected to be F(50,50)o An example of 
this relation between p and q is given by the curve on Fig0 18 for a 
distance, d ~ 60 miles, from a television station on Channel 3 (f = 63 Me) 
transmitting from an antenna at a height of 500 feet with an effective 
radiated power of 100 kilowattsf the assumed value of field required for 
an acceptable service in this example was 46,9 db above one microvolt per 
meter0 We see by this curve that the field at the best 10% of the 



receiving locations at a distance of 60 miles may be expected to be acceptable 
for 96% or more of the time„ Similarly the field at the best 41% of the 
receiving locations at 60 miles may be expected to be acceptable for 50% or 
more of the time0 However, considering the fact that a televiewer who has 
a service available for less than some percentage of time, Ta, will not 
bother to tune his receiver to this channel, it is clear from Fig0 18 that 
there will be a -percentage of receiving locations, 100 £l - q(pa)3 * 
distance, d, at which the probability of service is essentially zero0 This 
minimum acceptable value, Ta = 100 pa, will probably depend to some extent 
on the number of other satisfactory radio and television signals available 
to the televiewers, but it seems most unlikely that many people would attempt 
to use a signal available for a percentage of the time less than say Ta 50% 
even if this were their only available radio or television signal0 It would 
seem to be desirable that a study be made of the attitudes of rural televiewers 
towards signals available for various percentages of the time from one or 
more sources with the object of determining the appropriate value of Ta to be 
used in particular circumstances <, In the absence of quantitative data of this 
kind, the following three grades of broadcast service will be arbitrarily 
adopted for illustrating this problem? Grade 4 corresponding to Ta = 99%, 
Grade B corresponding to Ta = 90% and Grade G corresponding to Ta= 0o Th® 
lowest grad© of service, Grade C, should probably correspond to some value of 
Ta other than 0% (perhaps 50%), but there are no simple means for calculating 
Q0 (d, 0o5) whereas a simple formula is available for calculating Q0(d, 0)„ JtJ 

W© now see by Fig„ 18 that the probability with respect to both time and 
receiving location of receiving a service of grade pa or better may be deter- 
mined by the integrals 

Q0(d*Pa)s pdq 

where q(p ) = value of q corresponding to p = p = Ta/l00o Thus Q0(d,pa) is, 
in the example shown for p = 0„5 on Fige 18, simply the cross-hatched area 
under the curves i0e0, Qot60,0o5) = 0o33 for T = 50%o Unfortunately no 
simple methods have been developed for calculating th© value of this 
probability exactly except for the case pa = 0o In this case the probability, 
Qo(d,0), may be determined by noting that, since the field has been assumed 
to vary independently with respect to time and receiving location, (19) becomes: 

(23) 

P° + F(50,50) + k [Qo(d,0)] ^^(1) + R2(l) = Fr (24) 

Another approach to the problem of illustrating television service, using grades 
of service based on minimum percentage of time of acceptable service, and 
evaluating the service of stations not on the basis of field intensity contours 
but on the basis of total area or total population receiving each grade of 
service, is presented in Reference H to the Report of the Ad Hoc Committee, FCC 
Dockets 8736, 8975,9175, "Deterioration of Service with Increasing Distance," 
R0 M0 Wilmotte and Harry Fine, May 26, 1949o 
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and this may be solved for k ^Qo(d^0)] s 

k [<Jo(d,0)] 
Fr - Pc - F(50,50) 

■'14(1) + R2(i) 

(25) 

The value of Qo(d50) may now be determined from (25) by reference to the 
upper probability scale on Figc 1 which gives k(l) as a function of the 
probability Xp i0e0£i in the present case X ~ Qo(ds0)t> For other values of 
pa the following considerations provide a method for estimating Q0(dspa) which 
will be increasingly accurate the nearer pa is to unitys ice.? for the better 

grades of servicee Thuss we see by a careful examination of the example on 
Figo 1SP that must be less than q(pa) but greater than paq(pa)s 

Paq(Pa) < Q0(d*Pa) < q(pa) (26) 

This suggests that we may use the following approximations for Ta s 99$ and 
905$ § 

Q0(ds0o99) = qo(d,0o99) (27) 

Qo(ds0,9) = q^d^) (28) 

The values of qo(ds,0o99) and qo(d50o9) may be determined simply by setting 
T s 99$ or 905$, respectively^ in (19) and noting3 in that equations that 
L = 100 qp0 The use of these approximations will always slightly over= 
estimate the probability 0o(d^pa) with respect to both time and receiving 
location of receiving a service of grade pa or betterj in fact q(pa) is 
simply the probability^ with respect to receiving location only0 of 
receiving a service of grade pa or better0 Consequently5 we may consider 
that Grades A and B service are defined in terms of the probability of 
service of a given grade or better with respect to receiving location only, 
recognizing that the influence, of the time variable on the probability of 
service with respect to both time and receiving location is negligible in 
the case of these particular grades of service0 Thus^ Grades As B and C 
service will be defined by the probabilities q.(ds0o99)s q~(dj,0o9) and 
Qo(ds0)j, respectively0 The subscript zero on these probabilities refers 
to the fact that the service measured by these probabilities is limited by 
noise only and thus corresponds to the special case where the television 
station is at a sufficiently great distance from any other station that 
no mutual interference is to be expectedD 



Before giving ©staples showing the variation with distance of the 
probabilities of receiving tires© three grades of service* one additional 
probability distribution will be discussed„ This is the variation5, with 
respect to receiving location* of the field intensity* Fn* required for 
satisfactory reception? % = 20 log^Q E^s Fr - 10 log^g where denotes 
the receiving antenna gain relative to that of a half-wave dipole,, Thus* 
the variation in required field arises from the differences in television 
receiver noise figures and the differences in receiving antenna gain to be 
expected at various receiving locationss It has been estimated that the 
best 5% of the television receivers may fe© expected to have a noise figure 
of the ©rd©r of 8 dfe or better at 63 Me while the poorest 5% may b© 
expected to have a noise figure greater than 25 db at 63 Me? in estimating 
this value of 25 db for the poorest 5% of th© receivers an allowance of 
10 db has been added to allow for a deterioration in the sensitivity of 
some of the receivers du© to tube aging and drift in alignment0 Th© 
corresponding noxs® figures at 195 Me have been estimated to b© 8 db for 
th© best 5% and 30 db for the poorest 5% of the receivers„ These values 
may b© combined with cosmic radio noise and antenna gain in accordance 
with th© method given in Section 1X1 to determine th© required field? 
th© following results are based on th© further assumption that a half-wav© 
dipole receiving antenna will be used in the receiving installations cor™ 
responding to th© poorest 5% of the receivers while s receiving antenna 
with a gain of 6 db over a faaif~wav® dipole will b© used at th© installations 
corresponding to th© best 5% of the receivers0 On the above assumptions* 
the required field for 63 Me will exceed a value of Tns 60 db for th© 
poorest 5% of the receiving installations but will be less than Fn- A0o9 db 
for th© best 5% of th® installationsf the corresponding values for 195 Me 
are FI - 74c5 db and F = 4605 db for th© poorest and best 5% of th© receiving 
installations„ The above values of Fn correspond to an assumed value of 
(Sp/N) of 24 db although preliminary measurements made at GRPL indicate that 
this ratio may need to b© increased by as much as 6 db? if later* more 
comprehensive* tests confirm that (Sp/N) should be 30 db* then the above 
values of required field intensity should also bs increased by 6 db„ If* 
for convenience$ we assume that the required field is log-normally distributed 
with respect to th® above estimated values 5 then th© difference * R~(l)p 
between th© 1% and 50% values of required field is equal to 1305 do at 63 Me 
and is equal to 19oS db at 195 M©0 It might bs supposed that these values 
should be added in quadrature to the corresponding value for the terrain 
effects * i0@e* Rj^(l) — 19o26 db in order to determine the relation between 

th© median value of th© required field intensity and that required at a 
given percentage of receiving locations0 However * such an addition would only 
bs appropriate if there were no correlation between the receiving location 
and the type of receiving installation., Actually* howsvery it seems that 
these two variables are likely to b® closely correlated on the average and 
that particularly good installations will* in general* fee found in those 
receiving locations where reception would otherwise be unacceptable0 Thus* 
it would appear that the tost index to the probable television station 
coverage will to obtained by assuming that th© field intensity required for 
acceptable reception is th© constant minimum value* say Fr - 4609 db on 
63 Me* which may readily be achieved in © practicable receiving installation., 
This constant value will be used throughout this report for estimating the 
effects of receiver and cosmic radio noise on reception at 63 Me0 

fli 
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Figc 19 gives, as a function of distance .from the television station, 
the above defined probabilities. The values of Qo(d,0.99) and q (d,0.99) 
differed too little to be shown as separate curves. The values Qo(d,0„9) and 
Qo(&90„5) were obtained by determining with a planimeter the area under curves 
of the type shown on Fig. 18. Qo(d,0) was determined by (25). 

Sine© Qo(d,pa) is the probability of satisfactory reception at the distance, 
d, and since this will be the same in all directions from the station, it also 
represents the probability of service within a differential annulus of radius, 
r = d and area 2TT rdr„ Thus, the effective service area, Ago, and effective 
service radius, dgn, of a hypothetical clear channel television station may 
be defined by the integral life/ 

Effective Service Area = Ag0(pa,P9)= Q0(r,pa) rdr h IT <^0(pa,P‘) (29) 

Fig. 20 gives r»qo(r,0o99) as a function of r for the effective radiated powers 
P! = 0, 10, 20 and 30 db above one kilowatt. We s©e by (29) that r»qo(r,0.99) 
is a measure of th© Grade A service, the Grade A service area being proportional 
to the are© under the curve defined by this function of r°9 this area may be 
obtained by means of a planimeter. It may also be shown that the effective 
service radius, dso, defined in (29) may b© obtained in each case simply by- 
determining the area within the particular triangle (defined by the distance 
dso) on Fig. 20 which is equal to that under th© curve. Figs. 21 and 22 
give data similar to that on Fig. 20 but corresponding to Grade B and Grade C 
service, respectively. Fig. 22 also gives a graphical comparison between 
the three grades of service for the ease of an effective radiated power of 
100 kw (P0 = 20). The following table gives the values of A (pa, P9) and 

as determined by th© use of a planimeter from the curves on 
Figs. 20, 21 and 22. 

12/ This measure of television broadcast service was developed in a paper, 
"A Study of Efficient Methods for the Allocation of Frequencies to 
Television Broadcasting Stations," presented by X. A. Norton on 
May 20, 1949 as a part of a Symposium on Statistical Methods in 
Electrical Engineering at the University of Illinois. 
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TABLE III 

THf 'LIVE SERVICE RADIUS AM) EFFECTIVE SERVICE AREA EXPECTED FOR A CLEAR 

CHANNEL TELEVISION BROADCASTING STATION 

(f a 63 MeI EL £ 500 feet| H 30 feet | F, r 4vo^ 9 dbf g| 

Effective Radiated 
Power in Kilowatts 1 10 100 1000 

P°(db above on© kilowatt) 0 10 20 30 

Grad® of Service 
^s© 

miles 
^80 

sq,miles 
f^so 

miles 
Ago 

sqoffiiles 
^g© 

miles 

AgQ 

sq,miles 
^so 

miles 
^so 

sq,miles 

A 26,9 2273 37,0 4301 47 0 2 6999 57,1 10243 

B 280 9 2624 40o0 5027 51o8 8430 63,1 12509 

C 32c 3 3278 4702 6999 63 c 8 12788 87,1 23833 

The values in the above table correspond to reception on a half-wave 
dipole and to a peak-video-sxgnai to noise-power ratio of 24 dbs i 0®09 

/N) = 250* by using an equivalent power*, P@ = P8 t 10 log^CSp/N)-24-10 log^Qgj^ 
lues given in the above table may be considered applicable’ to other 

assumed values of (S^/N) or g^. 

VI METHODS FOR CALCULATING THE INTERFERENCE TO BE EXPECTED FROM MORE 

THAN Om SOURCE 

Section V above9 definitions were given for the service to be expected 
for the case where no other interfering signals are present and the only 
limitation to service was assumed to be the fluctuation nois© in the radio 
frequency circuits of the receiver plus the cosmic radio noise picked up by 
th® antennao Sine© these sources of noise have practically identical 
characteristics and have random relative phases. has been found convenient 

(14) and Refo 8) to refer each of these noises to the terminals of the 
receiving antenna and then add the effective noise powers at that point from all 
of ‘these contributing sources<, Finally,, this combined' noise power is used 
with an appropriate signal-to-nois© ratio t© determine th© field intensity^ 
EnS(Eq0 17)s which must be available from th® desired station in order to 
provide a satisfactory clear-channel television broadcasting service„ In view 
of the fact that th© interfering signals from other television stations will 

arrive at th© receiving antenna with random relative phases it would 
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appear reasonable to assume that the following formula is appropriate for 
estimating the field intensity9 which must be available from the desired 

station in order to provide a satisfactory television service not only in 
the presence of noise alone but also in the presence of other interfering 
signals s 

Sd Edr = Er + 2 gidoo E1)2 + jjT g>(25 e±)2 + gj(2 E^2 — 
i = l i=u+l i= u + s + 1 

u 4* s + a 

4+gd S 4r (30) 

In the aboves denotes the receiving antenna gain for the desired signal 
relative to that of a half-wave dipole while the g| are corresponding values 
of receiving antenna gain for the directions corresponding to each of the 
undesired signals0 Ep B gjj E^ where E is defined by (17)C Ej_(for i*l to u) 
denotes the field intensity of one of the u unsynehronized eo=channel inter¬ 
fering stations so that E^_r = (100 denotes the field intensity which 
would have to be available from the desired station to provide satisfactory 
service in the presence of this single source of interference only! similarly9 
E^(for i = u+1 to u+s) denotes the field intensity of one of the s synchronized 

or ’"off-set88 co“Channel interfering stations while E|(i= u + s + 1 to u+s+aj 
corresponds to the field intensity of one of the a adjacent channel interfering 
stationso The factors 100(A = 40 db)9 25(A = 28 db) and 2(A = 6 db) are 
considered to represent with reasonable accuracy the required ratios of desired- 
to=undesired field intensities necessary in the presence of these three kinds of 
interfering signals to provide similar qualities of acceptable television service. 
It shouldj, of course9 be noted that the resultant annoyance arising from several 
sources of interfering signals will not necessarily be directly proportional to 
their independently added signal energies^ as is implied by (30)p and it is 
probable thatp in their ultimate effect on the picture9 these interfering signals 
will actually combine in some complicated fashion in the eye of the televiewer to 
produce either more or less annoyance than is indicated by (30)0 For examples 
th© presence of one undesired signal may either enhance or mask the annoying 
effects of otherso However9 the exact mechanism for th© addition of inter¬ 
fering signals is of secondary importance sine© each of the interfering 
signals will vary more or less independently with respect to both time and 
receiving location over very wide ranges so that the probability for the 
simultaneous occurrence of two or more signals of comparable intensity is 
small| validity of this conclusion will b© understood better at a later 
stage of our argument. 

In order to make our problem of combining interfering signals concretes 
reference will b® made to the idealized triangular lattice allocation of 
television broadcast stations shown on Figs, 23 and 24° The reason for this 
particular arrangement of stations will be discussed in Section VXXI„ The 
desired stations for which the service is being assessed9 is located at th© 



22 - 

center of th© lattice on Figc 24o Consider a particular television receiving 
location at a distance^ d, from the desired station along the line between it 
and th© mdesired ©©“Channel station Mo0 1 on Fig0 24o it such a receiving 
location there may be as many as 14 non^negligible interfering fields in 
addition to noise0 Tfcrass the stations numbered 1 ■= 6, inclusive j, are assumed 
to operate on the same charnel and each are within interfering rang© of the 
receiving location In addition^, the adjacent channel stations 7“14j» inclusive 9 
may also cause interference0 Some discussion of th© possible effects of stations 
15 ° 3Bj) inclusive 9 is presented in a later part of this report-0 The distances 9 
d-jj, from th© receiving location to each of these interfering stations may 
h© determined from the following equations in which D represents the separation 
between adjacent -©©“Charnel stations t 

d1 « D - d (31) 

d2 s D + d (32) 

df s df s B2 - d D + d2 (33) 

d2 * d| " B2 + d B + d2 (34) 

d7 s §-D » d (35) 

dg s 'I’D *f d (36) 

,2 „ „ 3 ^2 , 2 
d9 “ d10 ~ 4 D + d (37) 

dll s + d2 (38) 

d12 S ^ ^ + d2 (39) 

d2 sD2 - | dD + d2 
4 <2 

(40) 

d14 " 4 ®2 + 1 ® + d2 (41) 

Using th© above distances9 it is possible to determine th© simultaneous 
distribution with respect to both time and receiving location of th© 
desired field and for each of th© required values of th® undesired 
fieldsf thus, F|r * k± + 20 log1Q E± + 10 log1Q ~ 10 log— g^0 These 
distributions are shown on F3,g0' 25 for th© case where -f “ 63 Me for th© 
6©»ehann@l stations which are considered to be either synchronised or 
woff<=s@ttfl so that A = 28 db| the transmitting antennas are at 500 feet for 
all stations in the lattice and all stations are assumed to have th© same 
effective radiated powers P® = 20 db? i0©og 100 kilowatts$ the distance from 
the desired station to the receiving location is d = 35 miles while the 
separation between adjacent co<=shannel stations is D s 200 miles „ Th© 
formulas for these distributions may be expressed as follows § 

F^ = PB + Fd(50,50) + k LVa:W r£(1) + ^dC1) (42) 
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where Q^(d) denotes the probability with respect to both time and receiving 
location that the desired field will be exceeded| the values of F$(50*50) 
and of R^(l) are to be determined at the distance da Similarly for the 
value of the desired field required to over-ride the individual undesired 
fields s 

Fir = Ai + p8 + ^±(50,50) + 10 log10 gl 10 log10 gjj + k rl(i) + ri(i) (43) 

where Q£r(d^) denotes the probability with respect to both time and receiving 
location that the required value of the'undesired field* F|«* corresponding 
to undesired station i will 'be exceeded| the values of F^(50*50) and of 
fL(l) are to be determined at the distance The values of F? shown on 
Figo 25 and throughout this report are based on the assumption that the 
receiving antenna is non-directional* i0@o* s g| = lo 

Also shown on Fig0 25 is the expected distribution with respect to time 
and receiving location of F^r = 20 log^Q Edr where E^r is defined by (30) to 
be the value of the desired field required to provide satisfactory television 
service in the presence of all of these interfering signals plus nois©„ Th© 
method of determining this distribution of F^r will now b© explained0 Figs0 
26* 27 end 28 give an example illustrating two methods for determining the 
probability distribution of E?r + E|r when the distributions of and Ejr 

are known and Ej_r and Ejr are assumed to be uncorrelated0 In this example 
%r s s 2 Ety for th© problem demonstrated on Fxg0 25* io©0* 

for 63 Mes 500 feet* P9 - 20 db* d = 35 miles and D = 200 miles| thus* 
®ir " ^5 represents the field required with co-channel station Noc 1 
operating alon© and E.«r - 2 Ey represents th© field required with adjacent 
channel station No0 7 operating alone„ Th© first step in the method 
illustrated on Fig0 26 involves the substitution of a step function for the 
continuous distribution of E^ § thus* it is assumed that th© distribution of 
Ejy may be approximately represented by ten constant levels* each of which are 
maintained for one-tenth of the receiving-location-time0 These 10 levels 
are chosen so that they coincide with th© = 0o05* 0„15* OoO0o95 values of 
E| The highest eight of these constant levels are shown on Fig„ 260 It is 
now a simple matter to determine the distribution of E?r plus each of these 
constant levelsj these ten distributions are shown as dashed lines on Figc 26c 
Finally, the circled points represent the required distribution of 
£? + Ey as determined by this approximate method and these circled points are 
obtained simply by averaging* at th© field intensity levels indicated* th® ten 
values of Q8 for the ten dashed curvesf for example* for E* “ 200*000* 

'Qij = (0 + 0 + 0o63 + 0o67+0o69+ 0.695+ O0695+ 0.695+Oo695+Oo695;AO - 0o546<, 
These circled points may be compared with th© distribution determined by th® 
product Q|r(E|r<E) oQjr(Ejr<E) and we see that in every case this product is 
a fair approximation to* although always somewhat larger than the true value* 
Q^jf thuss 

Qy (*h + Sjr<B2) s Q|(llr<E) ' Qj (Ejp<E) (44) 
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Before dismissing (44) further its validity will b© established in another 
way on Figs0 27 and 280 

On Fig0 27j, Efr is plotted on a logarithmic scale along the abscissa 

while l|r is plotted on a logarithmic scale'along the ordinate0 The curbed 

lines represent various levels t E? , The 24 light vertical lines are 
plotted at the levels at which s|r is less than E with a probability 

Q|r = 0o04s 0o083 0o129 »„», 0,96 while the 24 light horizontal lines are 

plotted at the levels at which Ejr is less than E*' with a probability 
QL = 0o04g 0,0&g 0o12s 0,9© so that each rectangle bounded by these 

intersecting lines represents a differential probability A = 0,0016 

taneouslyi 2 2 
that Ej^ and E;.^ lie within the corresponding indicated ranges s 

the entire diagram is based on the assumption that E 33. and Ejr are not 
correlated, Finallyg the probability Qj j~E|r, + Efr<E^ J is eqaal to the 

product n<> A Q^,, where n is the number oi* rectangles tinder the curv© corres 

ponding to the desired vain© of E2 = E|r +■ E2 

~ 0s0929 while the approximate value Q|r 

®ogog for E2'- 10,000 qL = 

® -(0„51)(0„22) = 0oll2: 

Fig0 28 is a re=plot of the data on Fig, 27 mine linear probability scales f 
comparing Figs0 27 and 289 it is evident that Qjj[s|r+ E^<E2“J is-simply 

the area under the curve corresponding to the desired value of E~, The line 
on Fig0 26 labelled Q;f|[^fP+ E‘|r<E2Jrepresents the value of this probability 
determined in this manner from Fig, 28f a planimeter was used in determining 
the area under each curve0 

It will be noted that the two graphical methods just described for 
determining this distribution give essentially the same results and both 
indicate that (44) provides a fair approximation to Q^f thus we see by 
Fig, 26 thatj the difference (expressed in decibels) between the approxi° 
mate Q|r ° Qj^ curve and the accurate Q^j curve is smaller the larger the 

value of Q!. and3 in this example s never exceeds 1,5 db. The approximation 
in using Q|P°Qj:r for estimating Q|j may best be appreciated by noting that 

Qir°Qjr simply the area bob? the line — E2 and to the left of the line 

E|r= E2| e0gog for E2 - 10^,000 below and to the left of the dashed lines 
on Fig, 28, It can be shown that the error made in using (44) for d@ter~ 
mining the probability distribution of the sum of two signal energies wlllj, 
in general^ be somewhat greater the smaller the slopes of the two distributions 
but the maximum error will never be greater than 3 db. In particular9 when 
the undesired signal i does not vary with time or receiving location, an 
error of 3 db will be made in using (44) at the value of Qj[r at which 

®ir ~ Fjrs which the two distributions crossf this situation arises 
in the cas® of noise but this 3 db error may be avoided by adding the effects 
of noise separately. It should be noted that the above derivations were all 
based on the assumption that the two undesired signals are uncorrelated. If 
these signals were correlated to some degree8 there would tend to be a 
reduction in the expected interference and this would be in the direction of 
compensating for the small error made when the approximation (44) is used. 
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Equation (44) ma js of courses be extended to more than two interfering 
signals; thus? 

E^CE2 )s II 
i Qir(Eir<E) (45) 

where II denotes the product of the separate values of for the several 
interfering signals determined at the particular value of E for which Q^, 

is desiredo Thus9 the curve labelledT|r (neglecting noise) shown on 
Fig. 25 was obtained by means of (45) 0 For example,, at the 50 db levels 

Q"r(2Efr<100s0°°) = (0.999)(0.996)(0.996)(0.988)(0.983)(0.973)(0.955)(0.932) 

(0.932)(0.903)(0.86)(0.86)(0.79)(0.58) = 0.238 

Finallys the effects of noise were included by adding to the above described 
distribution the constant field Fn= Fr °= 10 log^g = 46.9 db required to 

over-rid© the receiver and cosmic radio noise. The resulting distribution of 
the required undesired field (e2+ 2 E|r<E2) is labelled F^ (P® s 20 db) 

on Fig. 25o ‘The next step in the calculations involves the determination of 
the probability with respect to reeeiving<=location“times Q{d90)j, that the 
desired field9 represented by F^ on Fig0 25s exceeds the required value of 
the undesired field represented by F^. This may be determined most readily 

by replacing the distribution Q^r by a step function represented by the 18 
constant levels of F^r shown as dashed lines on Fig. 25 and corresponding to 

the 18 values of Q^r =0.99, 0.97 9 0.95* 0.93P 0.91* 0.85p 0.75, 0.65, 0.55, 
0.45, 0.35, 0.25s, 0.159 0.09, 0.07, 0.05, 0o0% and 0.01. Thusj, th© 
required value of the undesired field may be expected to occupy each of the 
highest five and lowest five of these levels for i of the receiving^location- 

time and may be expected to occupy each of the eight intermediate levels for 

of the receiv±ngmlocation=>time0 Consequently9 the probability Q(ds0) that the 
desired field will be acceptable at the distance d in the direction of station 
No. 1 will be approximately equal to the weighted sum of the 18 probabilities 
that the desired field exceeds these particular levels of F^r arising from 
noise and 14 imdesired stations; thuss for the example shown on Fig. 25s 

Q(dp0) = i(0.073 + 0.17 + 0o24 + 0.30 + 0.35) 

+ ^(0.47+0.60+0.70 +0.765+0.82 + 0.88 + 0.895+0.92) 

+ ^(0.939+0.942+0.947 + 0.953 + 0.96) = 0.720 (46) 
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In this way Q(d90) m&y b© determined as a function of d for the receiving 
locations located along the line in the direction of undesired station No0 1„ 
An inspection of Fig0 24 shows that exactly the same deterioration of service may 
be expected for receiving locations along a line in the directions of stations 
2S 3 and 60 Table IV has been prepared to show that only small differences are 
to be expected in the direction of station 5 (which is the same as for the 
direction of station 4)9 in the direction of station 9 (which is the same as 
for the directions of stations 109 13 or 14)9 and in the direction of 
station 15 (which is the same as for the direction of station 20)0 This 
table also shows9 for the particular distances d s 35 miles and D = 200 miles, 
the relative importance of imdesired stations 15 °= 38 inclusive 0 It will be 
noted that some of the undesired stations for i > 14 are of more importance 
at this particular distance than some of the und®sired stations for i < 15o 
However9 for other values of d the relative importance of particular stations 
changesf consequentlyd sine® none of the stations for i > 14 were large 
enough to cans® more than a very Elinor change in the overfall results 9 these 
stations were always neglected in calculating Q(d90)o 

The effective service area 
station located in a lattice like that shown on Fig 

> ^-@9 and effective service radius9 dg of a 
24 may now be defined? 

_2*TT 

P»)s 

0° 

J 
t9 paS, B) rdrd05 TT dH(pa9 B9 P°) (47) 

Jo 

In the aboves 0 denotes the direction from the desired station,, A convenient 
method of evaluating (4?) is to obtain a value of '"rj pa7 Bj averaged for 

several equally spaced values of 0 at several different values of rj then 
r,sWTr? Pas '&) is plotted as a function of r and the area under the resulting 
curve determined with a planimeter in the same manner used for determining the 
clear channel service area ^so(pa? F9)| thus? 

m 

r9 paS B) rdr (48) 

The four solid curves on Fig0 29 show t°Q,(09 t9 09 200) as a function of r 
for P® - 20 db in the twelve directions 0 corresponding to stations (l3 29 3 or 
6)9 (4 or 5)5 (9S 109 13 or 14) and (15 or 20)0 The dashed curve for P®- 20 db 
corresponds to the average 'value of r°Q(09 r9 Q9 200) for these 12 directions! 
the dashed curves for other values of P® were obtained in a similar manner,, 
Fig0 30 shows roQ(lj> r9 09 200) for various values of P® as a function of r 
in the direction 0 corresponding to station No0 1Q A comparison of the dashed 
curves on Fig0 29 with the corresponding solid curves on Fig0 30 indicates that 
the deterioration of service is slightly greater in the direction of station 
No, 1 than when averaged for all 12 directions„ This difference in deterioration 
of service with distance in various directions has been neglected in many of the 
following calculations and the assumption made that the deterioration of service 
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TABLE I? 

TABULATION OF MEDIAN FIELD INTENSITIES (50,50) REQUIRED IN THE DIRECTIONS 

INDICATED IN THE PRESENCE OF 38 INTERFERING TEXEYISION STATIONS TAKEN ONE 

AT A TIME 

(f = 63 Mcj = 500 feets 10<Hr <100 feet 3, A - 28 db for synchronized 

co=channel and A = 6 db for adjacent channel stations; d = 35 miless D s 200 miles) 

Path 1 ri Rath Path T^ Path TX5 

i PS 
ir di i nr di i Fi1 

ir di i Hr di 

7 48 oO 65 oO 5 39o8 I65o0 11 43o6 7ioS 7 43o6 71o8 
1 39o8 165o0 2 3602 185 ^0 3 38o8 170o 6 11 43o6 71o8 
3 36o2 185oO 3 36o2 185oO 5 38o8 17006 1 38o8 170 06 
4 36„2 I85o0 8 34oQ 8709 1 33ol 203 oO 3 38o8 170 o 6 

11 34 oO 87o9 11 34oQ 87„9 2 33ol 203 oO 4 33 ol 203o0 
5 30o7 219 06 1 3Go? 219o6 4 2 808 231oQ 5 33ol 203 oO 
8 30o7 219 06 6 30o7 219 06 6 2808 231o0 2 28o8 231 oO 
2 2801 235oO 4 28ol 235oO 7 280Q 106 oO 6 28o8 231 oO 

12 25o2 1210 3 7 25o2 121„3 8 28o0 IO60O 8 23o2 1310 5 
8 2208 135 oO 12 25o2 1210 3 12 23o2 1310 5 12 23.2 1310 5 

13 2102 143 0 9 9 210 2 143 o 9 Q y 2201 138o 2 9 1808 15806 
9 15o8 17607 14 2102 143 0 9 14 1808 158o6 13 I808 15806 

10 15o8 176o 7 19 15o2 316 0 6 23 I60O 311 o4 15 I60Q 311,4 
15 15o2 3l6o6 23 15o2 3l6o6 15 13 oO 330o3 16 13oQ 330 0 3 
16 15o2 316o6 10 IloO 2040 3 19 X3o0 330 o 3 23 13o0 330 0 3 
14 IloO 2040 3 13 IloO 2040 3 13 12o9 193 ol 10 X2o9 193 ol 
23 10o2 348o 2 15 10 o 2 348o 2 10 10o4 2080 2 14 12 o9 193 ol 
24 10o2 34802 20 10 0 2 348o 2 16 7o5 365.2 19 7o5 365 0 2 
17 706 365 oO 25 7o6 365o0 20 7.5 365o2 24 7o5 365o2 
35 606 231oS 31 606 23108 21 608 370ol 17 60 8 370ol 
19 5o7 377ol 33 606 231o8 25 608 370 ol 21 608 370 ol 
20 5o7 377ol 16 507 377ol 33 608 230o3 27 608 230O 3 
27 5o5 239 0 2 24 5o7 377ol 24 Sol 3810 4 35 608 230 0 3 
28 5o5 239 0 2 18 4o8 383 0 7 27 4o9 243 ol 20 5ol 3BloA 
21 4o 8 383 0 7 21 4o 8 383 0 7 31 4o9 243 ol 31 3o8 250o2 
22 4o8 383 01 27 2o2 260O2 38 3o8 250o2 36 3o8 250o2 
38 202 260o2 38 202 2600 2 17 2d 4010 5 22 2,1 4010 5 
29 lo4 265o0 32 0ol 273 o4 18 2ol 4010 5 25 2,1 4010 5 
33 0,1 273 04 35 Ool 273.4 34 0o6 270 02 29 0o6 270o 2 
25 “0o5 41So6 17 "QoS 41806 22 =2o3 4300 7 34 O06 270 0 2 
26 “0o5 418 o 6 26 "0o5 418o6 26 °2o3 4300 7 18 "2o3 430 0 7 
34 -1,6 284ol 30 -1,6 284 ol 28 =2o4 288 07 26 “2o3 430 0 7 
18 °2o9 435o0 34 -1,6 284.1 32 “2o4 28807 32 -4ol 299 oG 
31 °2o9 2910 9 22 =2o9 435oQ 36 "4ol 299o0 38 “4ol 299o0 
32 °2q9 2910 9 28 -3o9 297o9 29 ~4o5 302 oO 30 ■=9ol 330 08 
38 “3o9 297o9 36 =3o9 2970 9 30 "4o5 302 oO 37 -9,1 330 08 
37 -7ol 318o9 29 -7„1 31809 37 -9,1 330o8 28 =10 oO 336o2 
30 =9o7 335oO 37 -7,1 318.9 35 =10 o0 336o2 33 =10 o0 336o2 
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3@.dlreCti0™ °f s^ation No° 1 Provides an adequate measure of the effective 
service area. Thus, ohe following table gives the values of Ag(0„ D0 P9) and 

D, 

WT'r, 0, DT 

c. * '“o u-a,u-LC b1',Ci-5 vllfcS vdll 

p ) as obtained simply by using Q(l, r, 0, D) in (48} as a measure of 

TABLE ¥ 

iHE EFFECTIVE GRADE G SERVICE RADIUS AND EFFECTIVE GRADE C SERVICE AREA EXPECTED 

FOR A TELEVISION STATION OPERATING IN TEE LATTICE SHOWN ON FIGURE 24 

(bo»ehannel stations are either synchronized or ’'off-set'*? all stations have tV 

““ mnd “te“?a helght; 63 Mc* Ht‘ 5°° f^tS H ^ 30 ?ee™ 
^ 4?°9 ^ fd * §i - *5 this table may be used for other values of Fn by 

fVomathllgn ^ ,vall!es of P* ^ PFn = Fn~ 46.9 + P«* service determined 
from the probabilities in the direction of station No. 1 only) 

Effective 
Radiated Pow 
in Kilowatts 

1 
er 1 10 100 1000 00 

P8 (db above 
one kilowatt 

( 
) 

3 10 20 30 0© 

D 

miles 
ds 

miles sq.miles miles 

Ag 

sqamiles miles 

Ag 

sq.miles 
ds 

miles 

A ns 
sqcmiles 

ds 
miles 

A tig 

sq.mil5 

75 14=0 616 14.1 625 14.1 625 14.1 625 14.1 625 

100 19.7 1219 20 o 2 1282 20 „ 4 1307 20.4 1307 20.4 1307 

150 27.4 2359 31.3 3078 32.0 3217 32.0 3217 32.0 3217 

200 30 o 9 3000 39.7 4951 42.7 5726 43.3 5890 43 o 3 5390 j 

250 31.4 3097 43.6 5972 51o7 8397 53.9 9127 54.4 9297 j 

300 31.5 3117 45.2 6418 57.2 10279 63.5 12663 65.5 13478 j 

400 31.9 3197 46.4 6764 61.7 11960 76.1 18194 87.6 24108 

00 32.3 3278 1 47.2 6999 | 63.8 12788 87.1 23833 00 oo 
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Th© values of dg obtained from the dashed curves on Fig„ 29 are 31o0j> 40o69 

U5o3s 4606c, and 4608 miles9 corresponding to D * 200 miles and P9 • 0S 10 9 209 
30 and 00 % these values differ from the corresponding values in Table V by 
only a few percent and it is considered that the approximation involved in 
estimating the service area by taking into account only the deterioration of 
service in the single direction is warranted in view of the extensive 

additional calculations which would have teen required if allowance had been 
made for the differences in the three ether significant directions and T^0 

The effective service radiusp dg(^)j, for a particular direction may be 
defined fcgr the equations 

TTd2 if) * 2 IT 
© 

B) rdr (49) 

Figo 31 illustrates the directional characteristics of the service of 
a station in a lattice like that of Figc 24o The effective service radii shown 
for the various directions were obtained from (49) by determining the area 
under curves of t*Q(0s t9 09 200) such as those shown as solid curves on Fig0 29 
for P9 - 20 dfo„ It is interesting to not© that the service area becomes more 
nearly circular for the lower values of radiated powerf this occurs because of 
the fact that receiver noise is more nearly the controlling factor with low power„ 

¥11 METHODS FOR DETERMINING GRADES A AND B SER¥ICE IN THE PRESENCE OF MORE 

THAN 01® SOURCE OP INTERFERENCE 

The problem ©f determining the Grade A ©r Grade B service in the presence 
of multiple interfering stations is similar to9 although slightly more 
complicated thap^ th© corresponding Grad© C service computations described in 
the preceding section,. An example will first te presented illustrating for 
Grad© A or Grade B service the method of combining the interference from two 
stations andp as in the preceding Grade 0 ease,, this method may then b© 
extended to any number of interfering sources by induction,, Th© example 
chosen will be identical to that described for Grad© C service on Figs„ 269 
27 and 28P but now it becomes necessary to determine the probability p 

qljC^ir *** E^)j, with respect to receiving location only that th© value 

of th© desired field required to provide' satisfactory television service is 
less than E with a probability^ pa£> or tetter with reSpset to time in th® 
presence of two undesired television stations i and j0 

Consider first the nature of the interfering fields at some particular 
receiving location,. In general^ the median vain® with respect to time of th© 
desired field required to over-ride the und@sir©d field from station i may be 
expressed? 
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F'r - Ai+ F* + Fj(50j,50) + Q± - G^+kfq^) HL(l)+ k(pi)^R?(l)+R^(l) (50) 

la the above* and denote the receiving antenna, gain (expressed in db 
above that expected for a half-wave dipole) in the directions of station i 
and the desired s tat ion 9 respectively,, Thusj, at so®© particular receiving 
location the median values with respect to time of th® desired field 
required to over-ride the undesired fields from stations i and j may be 
expressed? 

(51) 

F*r = F^t k(p )-^R2(l)+ r2(1) (52) 

In the above F^m and F!^ denote median values with respect to time at the 

particular receiving location In question0 Identifying pji and with 
we g®@ that (51) and (52) are of the same form as (43) o Thus9 by an argument 
identical to that used in the preceding section^, w© conclude that? 

Plj(Efr + E2) * EH°VE) (53) 

The above equation is the counterpart of (44) and represents an approximate 
vain© for the probability with respect to time only5 at a particular receiving 
location^ of a median value with respect to time of th© des^remiTd required 
to over°rid© th© fields from both undesired stations i and j0 As in the 
preceding section the primes represent probabilities of values less than E 
while th© unprimed probabilities are th© complensentary values corresponding to 
probabilities of values greater than E0 As in th© corresponding Grad© G 
problem^ th© derivation of (53) depends on the assumption that and Ejr 
are not correlated with respect to tirae0 In the present casep however9 some 
correlation with tire is necessarily present between Ej_r and E. as defined by 

(51) and (52) by virtu© of the fact that th© time variations or the common 
desired station have been included with those of the two undesired stations 
by adding R^(l) in quadrature with R^(l) and Ej(l)0 This correlation is 

necessarily smallg however9 sine© R$(l) is always smaller than E^(l)| 

furthermores sine© th© correlation will b© positives it will actually tend to 
compensate for the approximation involved in using (53)o 
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A service of grade pa or tetter may now be defined by doting that pa 
is simply equal to the probability p|j of having a root-^sum-square value of the two 

median required desired fields less than E„ Since (51) s (52) and (53) are applicable 
at any arbitrarily chosen receiving location,, the following relation between 
p| and pj must therefore apply<> for a service of grade or better^ at all 

receiving locations? 

P^(Etr<E).pj(Ejr<E)S p£ (54) 

The above equation,, together with the two equations obtained by setting i = i 
and j in (50)s provide a relation between the probability = (l - q^) and 
q! = (l <=> q„) which may be integrated over all receiving locations with a grade 

or service ps or better to determine the probability^ q*j(E^r + Ejr<E )| thus: 

^4+ 4<e2» Pa)= ijp (55) 

20 log10 E = At+ P| + F,(50,50) + Gi - Gd - k(q'r) RL(1) 

-k(pp -^r2(1) +R2(1) (56) 

20 log10 E«A, + F4' +F4(50,50) + G4 - G, - k(qj_) R, (1) 
J j J 5 ‘Jr' L' 

k(p^R‘(l) + R‘(l) (57) 

The above two equations were obtained by noting that k(p8) - k(l ■= p)““k(p)0 
Effects of correlation among the undesired field intensities with respect to 
receiving location could be included by an appropriate modification of (56) 
and (57) but the magnitude of this correlation is not known at the present 
time and its effect has teen neglected throughout this report0 Consider,, as 
an example9 Grade B service so that pa = 0o9? the following table gives 
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values ©f p!g p® and q! as determined for a win© of E s 500 jzwfm from 

(54) s (56) and i[5?) for the particular ©as© i « 1 and j - 7 previously 
illustrated for Grad© C servie® in Figs. 26j, 27 and 2S0 

TABLE VI 

SAJ0HE GADSUXAIJOI© CF THE RELATION BETWEEN if® q® FOE A GRADE B SERVICE 

(pa - 0o9 or better^ f s 63 M©§ - 500 feetg B^., ~ 30 fe@t| P° s 20 db§ 

d = 35 miles g 3D = 200 miles $ Is lj j e 7> Gj = Gj - - 0^ 20 l©gqg E - 54 db) 

Pi 

0.9 

PJ 

1 

k(p|) 

=*0.551 

k(qy 

=000678 

q±r 

Go 565 

k(pj) 

■= 00 

k(qjp) 

OD 

qjr 

0 

0.3091 Q099 -Go 5740 =000401 0.54 =1 0.4647 0.138 

O c 9186 0o9797 <=0o6 =0o0O85 0o51 =0 o8806 Go3721 0ol94 

0.9483 0O9491 ~0.Y Go1128 

Q
 0 

O
 ■=0o7033 Go2347 0.295 

Do9686 0.9291 =0.8 0o2341 0.297 =006318 0o1791 Go 339 

0o98l9 0o9l66 ~0.9 Oo3554 Go 205 -Go 5944 0o1503 G0362 

0.99 0.9091 0„4766 0o134 =0o5740 0o1344 0.38 

1 0.9 «= 00 o© 0 =0.5511 0o1167 0o398 

Figo 32 gives q! as a function ©f for E - 200p 500j, 1000 and 2000 jxw/w 
as determined in the^manner described above and as illustrated in Table VI for 
the ease E = 500 jw/m0 Th© area under ©aeh of these curves provides an 
approximate measure ©f the probability of Grad© B service available at these 
levels of desired field Intensity in the presene® ©f these two undesired stations, 
th© approximation arising from the neglect ©f correlation and from the fact that 
the approximate expression (54) was used in establishing the relation between 
q|r and qJL0 In order to avoid th© difficulty of determining the areas under 
curves oi the typ© shown on Fig0 32s a further approximation will be mad© by 
noting that this area Is approximately equal to the rectangular area bounded by 
the vertical and horizontal lines defined by the probabilities q|r(E£r<Es 0.9) 

and qL(Eor<Ej, 0o9)p ©ogoj, as shown by th© dashed lines on Fig0 32 for th© 

value'J of e = 500 p&/m$ thuss 
I 

0.9) £ 9lj.(Eir<$9 0„9).q* (Ejp<Es 0,9) (58) 
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Figo 33 shows the distributions of f! (q* 0ol), F, (qs0ol)* and of Fdr(q*j* 0,9)* 
the latter distribution being shown for three cases? (a) as determined by 
(58)9 (b) by the more accurate expression (55)* and (c) for + 1 receiving location 
correlation between i and jc The distribution defined by (55) was evaluated by 
determining the areas under the curves on Figc 32 by means of a planimeter0 It 
should be noted that (58) provides a better approximation to (55) for the 
larger values of E0 If* as seems likely* the correlation between the undesired 
fields with respect to receiving location is positive* then this will change 
q!„ in the same direction as the change involved by the use of the approximation 

(5©) and thus may compensate to some extent for the error arising from the use of 
(58) o The effect of correlation is shown.'for the hypothetical case of +1 
correlation by the dashed line on Fig0 33* in this case* the resultant value 
°i Fdr^ij» °o9) was found simply by obtaining the root~susn~square values 

Fir ^ F jr a"k eac^ of qc 

The above discussion provides the justification for the adoption of the 
following approximate formula for combining the effects of several interfering 
sources2 

q^(z E*r<a2, Pa ) 3 II pa) (59) 

Figo 34 provides an example of the use of (59) in establishing the probability* 
q(d*pa)* of service of grade pa or better0 In this example* pa = 0o9 corres° 

ponding to Grade B service0 The effects of noise have been included in this 
analysis by adding in quadrature to E^tfae constant field represented by§ 

Fn(Pa) - Fr - Gd - k(p#) Rd(l) (60) 

Fn(p&) is the median value with respect to time of the desired field which is 

required to over-ride the noise and provide a service of grade pa or better,. 

In the example shown on Fig, 34* Gd = 0 and k(pa) = °=0o55iio The method of 
determining q(d* pa) involves averaging the appropriately weighted values of 

q^ at the 18 levels indicated by the dashed lines on Fig0 34 in the same 
manner discussed in the example shown on Fig0 25 and illustrated by (46) § thus* 
in the example on Fig, 34* q(35* 0o9) 85 G0544o 

In the above described manner* q(d* pa) has been determined for the receiving 

locations along the line in the direction of station Ho, 1 in a lattice of stations 
like that on Fig, 24 for = 0o99 and 0,9 corresponding to Grade A and Grade B 
service* respectively. These data were then used for determining the Grade A 
and Grade B service areas by the same procedure followed in the previous section. 
Tables YU and VIII give the resulting values of As(pa* B* Pc) and dg(pa* B* P8) 

for pa = 0,99 and 0o9* respectively* for several values of D and of P8, 

Tables XX* X* and XI give Grade B service results similar to those in 
Table VIII but now for antenna heights of 2008 * 10008 and 20008, 



Figo 35 shows the effective service radiusp ds(0)9 as determined by (49) 
for the ease of a station isolated from all except one adjacent channel*" 
interfering station at a distance D - 100 miles0 The effective service area, 
A (p§9 D,jn and effective service radius, dg(p D, P*)p for this case were 
obtained ■jy the use oi (43; % it was considered that an adequate measure of 
the expected service could he obtained by averaging Q(0P rs pap D) in only 

six directionso Table XII gives these results for a Grade B service„ Similar 
results are given in Table XIII for a single interfering synchronized or 
'’’off-set85 eo-ehamnel station. 

. 

TABLE VII 

THE EFFECTIVE GRADE A SERVICE RADIUS AND EFFECTIVE GRADE A SERVICE AREA EXPECTED 

FOR A TELEVISION STATION OPERATING IN THE LATTICE SHOWN ON FIGURE 24 

(Co-channel stations are either synchronised or "off-set"; all stations have the 
same power and antenna height.? f = 63 Me? H = 500 feet? H s 30 feet? 
Fr = 4609 dbf a 1| this table may be used for other values of *Fn by 
replacing the indicated values of P° by = Fn - 46.9 + P«$ service determined 

from the probabilities in the direction of station No. 1 only) 

Effective 
Radiated Pow 
in Kilowatts 

II 
©r 1 10 100 1000 

• 

00 

P»(db above 
one kilowatt ) 0 10 20 30 00 

D 
males 

d3 

miles 

A **s 
sq.miles 

dg 

miles 

A 

sq0miles 
dB 

miles 

Ag 

sq.miles miles 

Ag 

sq.miles miles 

Ag 

sq.miles 

75 9,2 266 9,2 266 9.2 266 9.2 266 9.2 266 

100 12.8 515 13.0 531 13.0 531 13.0 531 13.0 531 

150 19,2 1158 20.5 1320 20.7 1346 20.7 1346 20.7 1346 

200 23.8 1780 27.1 2307 28.2 2498 28.4 2534 28.4 2534 

250 26.0 2124 32.5 3318 35.6 3982 36.2 4117 36.2 4117 

300 26.7 2240 35.5 3959 40.9 5255 42.9 5782 43*9 6054 

400 26.8 2256 36.3 4140 44.6 6249 50.8 8107 54,9 9469 

QD 26.9 2273 37.0 4301 47.2 6999 57.1 10243 00 CO 

U
s
i
:
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TABLE ¥111 

THE EFFECTIVE GRADE B SERVICE RADIUS AND EFFECTIVE GRADE B SERVICE AREA EXPECTED 

FOR A TELEVISION STATION OPERATING IN THE LATTICE SHOWN ON FIGURE 24 

(Co^Channel stations are either synchronized or 8*off°>set,l!| all stations have the 
same power and antenna height£ f = 63 Mc| H^ = 500 feet| Hr = 30 feetf 
Fr = 4609 db| gd = = 1| this table may 'be used for other values of Fn by 

replacing the indicated values of Pfl by Bp = Fn <=> 46c9 + service determined 

from the probabilities in the direction of11 station No0 1 only) 

iffeetiv© 
ladiated Power 
Ln Kilowatts 

1 10 100 1000 00 

Pff(db above 0 10 20 30 00 
>ne kilowatt) 

D dg Ag dg ds ^•s dg dg 

miles miles sq.miles miles sq0miles miles sq.miles miles sq.miles miles sq.miles 

75 12 o 4 483 12.4 483 12 o 4 483 12 „ 4 483 12.4 483 

100 17o3 940 17o5 962 17o5 962 17 o 5 962 17.5 962 

150 24.6 1901 27.1 2307 2706 2393 27„6 2393 27.6 2393 

200 27 .5 2376 34.5 3739 3702 4347 37.7 4465 37.7 4465 

250 28o3 2516 38.4 4632 45.0 6362 46.9 6910 47.3 7029 

300 28.7 2588 39o3 4852 48 o 8 7482 53.4 8958 55.3 9607 

400 28.9 2624 39o8 4976 51.1 8203 60.1 11347 67.8 14441 

00 28o9 2624 40.0 5027 51o8 8430 63.1 12509 oo GO 



TABLE 3U 

THE EFFECTIVE GRADE B SERVICE RADIUS AND EFFECTIVE GRADE B SERVICE AREA EXPECTED 

FOR A TELEVISION STATION OPERATING IN THE LATTICE SHOWN ON FIGURE 24 

(Go^chamial stations are either synchronized or ?soff”set!tj all stations have the 
same power and antenna height| f ~ 63 Mcf = 200 feet| Hp = 30 feetf 

Fr " 4609 dbg gj. - g| = 1| this table may b@ used for other values of by 

replacing the indicated values of P° by = F <=> 46*9 + PB£ service determined 

from the probabilities in the direction of station No0 1 only) 

I 

ftp 

: (k 

Effective 
Radiated Tom 
in Kilowatts 

$T 1 10 100 1000 00 

Ml 
il 

•k 
* 

PB(db above 
on© kilowatt' 

0 10 20 30 03 

1 
D 

miles miles 

As 
sq0miles 

ds 

miles 

Aq 
sq0miles 

<*s 
miles 

A® 
sq0mil®s 

dg 

miles 
As 

sq.miles 

dg 

miles 

Ag 

sq.miles 
1 

7$ 9.1 260 9.3 272 9.3 272 9.3 272 9.3 272 

100 13 c 2 547 13.8 598 14.0 616 14.0 616 14.0 6l6 

150 17.8 995 21.1 1399 22.2 1548 22.5 1590 22.5 1590 

200 19.0 1134 25.7 2075 29.1 2660 30.7 2961 30.7 2961 

250 19.1 1146 27.6 2393 34.2 3675 37.2 4347 37.9 4513 

300 19.1 1146 28.4 2534 37.1 4324 42.5 5674 44.7 6277 

400 19.1 1146 28.4 2534 39.0 4778 47.6 7118 57.0 10207 

00 19.1 1146 28.4 2534 39.0 4778 50.1 7885 00 00 



TABUS I 

THE EFFECTIVE GRADE B SERVICE RADIUS AND EFFECTIVE GRADE B SERVICE AREA EXPECTED 

FOR A TELEVISION STATION OPERATING IN THE LATTICE SHOWN ON FIGURE 24 

(Co^ehannel stations are either synchronized or "off-setnf all stations have the 
same power and antenna height^ £ = 63 Me$ = 1000 feetg Hr s 30 feet5 
Fr = 4609 dbf g^ = g| = Ig this table imj be used for-other values of Fn by- 

replacing the indicated values of P® by Pi = F <=> 46.9 + P®g service determined 

from the probabilities in the direction of station No. 1 only) 

Effective 
Radiated Powe 
in Kilowatts 

1 10 100 1000 00 

P®(db above 
on© kilowatt) 

0 10 20 30 00 

D 
miles miles sq0miles 

d us 
miles 

A 

sq.miles miles 

Ag 

sq0miles 
^8 

miles sq.miles miles 

A 

sq .idles 

75 
r 

12o3 475 12.3 475 12.3 475 12.3 475 12.3 475 

300 17o9 1007 18.0 1018 18.0 1018 18.0 1018 18.0 1018 

150 28.4 2534 29o5 2734 29.8 2790 29.8 2790 29.8 2790 

200 34o4 3718 38.9 4754 40.2 5077 40.6 5178 40.6 5178 

250 37.9 4513 45 0 2 6418 49.6 7729 50.6 8044 50.6 8044 

300 39.8 4976 48.4 7359 56.4 9993 59.1 10973 59.4 11085 

400 40.2 5077 49.5 7698 60.8 11613 71.3 15971 76.4 18337 

00 40 o 2 5077 49.5 7698 62.3 12193 75.0 17671 00 00 



TABLE II 

THE EFFECTIVE GRADE B SERVICE RADIUS AMD EFFECTIVE GRADE B SERVICE AREA EXPECTED 

FOR A TELEVISION STATION OPERATING IN THE LATTICE SHOWN ON FIGURE 24 

(Co-channel stations are either synchronized or "off-set"5 all stations have the 
same power and antenna height? f « 63 Me? Ht = 2000 feet? Hr - 30 feet? 
Fr " 46o9 db? g * = g! = 1? this table may be used for other"values of Fr by 
replacing the indicated values of P8 by ~ 46,9 + PB? service determined 

from the probabilities in the direction of station No, 1 only) 

Effective 
Radiated Pow 
in Kilowatts 

er 1 10 100 1000 CO 

P8 (db above 
one kilowatt 

0 
) 

10 20 '30 GO 

D 

miles 
dL s 

miles 
^s 

sq,miles miles sq,miles miles 
^3 

sq.miles 

d as 
miles 

Ag 

sq.miles 
ds 

miles sq.mile 

75 lio3 401 11.3 401 11.3 401 11.3 401 11.3 401 

100 17.3 940 17,3 940 17,3 940 17.3 940 17.3 940 

150 29.0 2642 29o5 2734 29 ^ 2734 29.5 2734 29.5 2734 

200 39.0 4778 40.7 5204 41.3 5359 410 3 5359 41.3 5359 

250 46.0 6648 51o2 8235 52 0 7 8725 52.7 8725 52.7 8725 

300 48,4 7359 59 0 3 11047 62.0 12076 63.1 12509 63.1 12509 

400 48 0 4 7359 63 o0 12469 72.4 16467 81.2 20714 83.2 21747 

00 480 4 7359 63.0 12469 77,2 18723' 91.3 26167 00 j a> 
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TABLE XII 

THE EFFECTIVE GRADE B SERVICE RADIUS AND TOTAL SERVICE AREA EXPECTED FOR 

TWO ADJACENT CHANNEL STATIONS SEPARATED BY A DISTANCE D 

(Both stations have the same power and antenna heightj f = 63 Me5 = 500 feet$ 
Hp = 30 feetj F = 46.9 db| Gj = = 0? this table may be used for other values 
of Fq by replacing the indicated values of P® by PFn = P® + Fn -46.9) 

Effective || 
Radiated Power 1 
in Kilowatts 

10 100 1000 

P® (db above 
one kilowati 

5 

i) 0 10 20 30 

D 

miles 

dg 

miles 

2Ag 

sq.miles miles 

2Ag 

sq.miles miles 

2AS 

sq.miles miles 

2Ag 

sq.miles 

50 25o8 4182 33 0 9 7220 40 „ 2 10154 45.6 13064 

75 28.0 4926 37.4 8790 45.2 12836 51.6 16732 

100 28.5 5104 38.8 9456 48.3 14658 56.0 19704 

125 28.6 5140 39.3 9702 50.5 16022 59.2 22022 

150 28.7 5176 39.5 9804 50.9 16280 61.1 23456 

200 2809 5248 39.6 9854 51.0 16342 61.8 23996 

CD 28.9 5248 40.0 10054 51.8 16860 63.1 25018 



40 - 

TABLE IHI 

THE EFFECTIVE GRADE B SERVICE RADIUS AND TOTAL SERVICE AREA 

EXPECTED FOR TWO CO-CHANNEL STATIONS WITH SYNCHRONIZED 

OR f#OFF“SET19 CARRIERS SEPARATED BY A DISTANCE D 

(Both stations have the same power and antenna height? f = 63 Me? H^ = 500 feet? 
H = 30 feet| Fr = 46„9 db? Gj = = 0? this table may be used for other values 
of Fn fey replacing the indicated values of P8 by P^ - P*+ Fr - 46.9) 

Effective 
Radiated Pow 
in Kilowatts 

sr 1 10 100 1000 

Ps (db above' 
one kilowatt ) o 10 20 30 

D 

miles miles 

2Ag 

sq.miles 

dg 

miles 

2Ag 

sq.miles miles 

2A8 

sq.miles 

ds 

miles 

2Ag 

sq.miles 

100 25o7 2075 31 o 2 3058 34.0 3632 35.3 3915 

150 27.7 4822 35.9 8098 42.0 11084 46.0 13296 

200 28.4 5068 38.8 9456 47.6 14238 54.1 18390 

250 28.8 5212 39.8 9952 50.3 15896 59.2 22022 

300 28.8 5212 39.9 10002 50.7 16148 61.4 23688 

400 28.9 5248 39.9 10002 50.8 16214 62.3 24386 

CD 28.9 5248 40.0 10054 51o8 16860 63.1 25018 
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vnx THE GEOGRAPHICAL SEPARATION REQUIRED BETWEEN ‘TELEVISION BROADCAST STATIONS 

FOR THE EFFICIENT COVERAGE OF THE GREATEST AREA WITH INTERFERENCE-FREE 
SERVICE 

On© measure of the efficiency of an allocation of broadcasting stations is the 
size of the area provided with interference-free service0 Suppose9 for example9 
that only a few television channels are available and that it is desired to 
provide the maximum possible coverage of some large area (such as the area of 
the United States) with a satisfactory interference“free television service0 
It seems likely that the maximum number of stations can be packed into the 
area without causing mutual interference when they are arranged in a triangular 
lattice0 Thus9 we have seen In the preceding section that the service areas 
of stations in such a lattice are approximately circular and for this case the 
optimum arrangement is triangular% in particular9 it can be shown that the 
triangular lattice provides 15% more coverage of area than a square lattice 
provided the individual service areas are circular,, Consider the allocation 
of stations in a triangular lattice as shown on Figs0 23 and 24o Within any 
triangle defined by any three adjacent stations9 the effective area provided 
with interfere nee= free service is exactly equal to the area of a semi-circle 
of radius9 dg(pa^ D3 P«), thus8 

Area served within each triangle = TF df/2 (61) 

Total area of each triangle = T 1^/4 (62) 

(63) ■\ Percentage of total 

FigSo 36 9 37 and 38 show this percentage of any large area which can be 
provided by means of a single television channel with Grade k9 Grade B 
or Grade C service9 respectively^ as a function of the separation D between 
adjacent eo=ehannel stations,, It should be noted that9 for each value of 
radiated power and grad© of service9 there is an optimum value of the 
separation D required between adjacent ©©“Channel stations operating in a 
triangular lattice allocation such as that shown on Figo 24„ 

FigSo 399 40 and 41 give Grade B service results similar to those 
shown on Fig0 37 but now for transmitting antenna heights = 200 feet? 1000 
feet and 2000 feet* respectively. 

The dashed curves on Figs 36=413 Inclusive9 give values of the 
percentage of total area served on the hypothetical assumption that all 
interference9 except that due to noise 9 has teen eliminated0 Thus, the 
difference between the dashed and solid curves9 for any particular value of D, 
represents the loss in efficiency (directly proportional to the loss in coverage 
area) due to mutual station interference alone0 The curves labelled P’s oo 
on FigSo 36-41 are of interest since the difference between these curves and 
the other solid curves9 for any particular value of D, represents the loss in 
efficiency due to noise alon©0 The dashed curves were obtained by sub¬ 
stituting dg0 in (63) rather than dgQ ® 
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Figs. 42, 43 and 44 show results similar to those in the preceding 
figures but in these latter figures the percentage of any large area which 
can be provided with service is shown as a function of power and antenna 
height for the fixed separation D = 200 miles. 

The results given in Figs. 36-44, inclusive, were all obtained on the 
assumption that the stations are to be allocated in a triangular lattice like 
that shown on Fig. 24? it is considered that such results are likely to be 
reasonably representative of the kind of allocation problem to be expected 
in the congested Eastern part of the United States. In order to provide a 
basis for the allocation of stations in much less congested situations, the 
service area is shown in Figs. 45 and 46 for two stations isolated from 
all other interfering stations as a function of their separation D„ Fig. 45 
is for two eo-ehannel stations while Fig. 46 is for two adjacent channel 
stations. 

All of the results shown in Figs. 36-46 inclusive are applicable for 
other assumed values of the required field, Fr, for other receiving antenna 
gains, G^, and for other receiving antenna heights, Kp (up to 100*), provided 
the values of P8 indicated on the curves are replaced by an equivalent power 
Pg - P> + Fr - 46.9 - Gd - 20 log10(Hj/30). 

The results given on Figs. 36-46 inclusive show that the use of high 
transmitting antennas and high transmitter power will provide television 
service throughout the greatest possible area. 

The following members of GRPL participated actively in the preparation 
and analysis of the data contained in this reports Marian D. Adams, Marvin 
Blum, Leon Gainen, John C. Harman, George A. Hufford, Robert S. Johnson, 
Eugene E. King, Eric Klapper, Victor LaBolle, Richard R. Larson,William Miller, 
Dwight L. Randall, Morris Schullcin, Edna L. Shultz, Karl Solomon, Harold 
Staras, William W„ Warren, Stanley Weintraub and Walter P. Witkowski. In 
addition, John M. Taff of the Technical Information Division of the Federal 
Communications Commission assisted in the analysis of the data. 
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BEFJICXTXONS OF SBSBOI3 

E denotes the field intensity of a television signal expressed in microvolts 
per metero 

F s 20 log^Q E denotes the field intensity expressed in decibels above on® 

microvolt per meter for a station with an effective radiated power of 
one kilowattf Fs denotes a corresponding field for an effective 
radiated power P0,, P5 is expressed in decibels above on® kilowatt0 

F(LpT) denotes a value of F exceeded at L percent of the receiving locations 
for T percent of the time0 

F(50j>50) is given graphically as a function of distance^ antenna height^ 
and frequency in Reference B0 

S(ds H^j, f) denotes the theoretical field intensity expected over a smooth 

spherical earth with a radius equal to 4/3 of its actual value9 expressed 
in decibels above on® microvolt per meter for an effective radiated power 
of on® kilowatto 

M(djf) is the terrain factor derived in Reference Cc 

The normal distribution function5 k(X)p is defined by means of the following 
two equationss 

k(X) = 0o42986* k°(l) « -k(l - I) 

kB (X) 

As defined above X is a probability and must be multiplied by 100 to 
represent a percentage! k(X) is defined in such a way that k(Oo0l)sl 
and k(0o99)= -10 

*Note that this factor was given erroneously as 0o42992 on page 14 of Reference Cg 
also Table V in Reference C should be changed as followss k(0o05) * Q07Q?lj, 
k(Ool) = 0o5511s, k(0o3) - 0„2254o 

° 43 n 
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L ™ 100q d@m©tes th® psrcant&g© of remlwing locations at a giv©n distance 
from the television station at which the received field is expected to 
exceed the field F®(Lj,T)0 

T ® lOOp denotes the percentage of the tine at a given distance from the 
television station for which the received field is expected to exceed 
F®(L,T)o 

q and p are probabilities with respect to receiving location and timep res° 
pectiveljj, that the received field will exceed F® (q9p) s F®(L3T)0 

q® s l <=> q and p° s 1 = p'ar® probabilities that the received field will 
b© less than F®(q9p)0 

Ta s 100 pa denotes th© minimum percentage of the time that an acceptable 
television service is required to be available at those receiving 
locations with a service of grad© paC 

Grad© A service corresponds to service of grad© Ta s 99$ or b©tterc 

Grade B service corresponds to service of grad© Ta s 90$ ©r better0 

Grad© G service corresponds'to service of grad® Ta s 0 or tetter 0 

E^Cl) s F(l9T) ° F(509T) s 19026 db denotes a measure expressed in decibels 

of the variation of the field intensity with receiving loeation0 

R(l) s F(Lj,1.) <= F(L950) denotes a measure expressed in decibels of the 
variation of the field intensity with tim©£ R(l) is given graphically 
as a function of distance9ant@nm height and frequency in Reference D0 

d - distance from th© desired, station expressed in miles0 

D - separation expressed in miles between adjacent c©<=ehannel stations0 

d.| = distance from the receiving location to an umesired stations 

The subscript d is used to designate th© desired station while the subscripts 
Ug i or j are used to denote undesired stations0 

A - minimum ratio expressed in decibels between the desired and undesired 
receiver terminal signals required for an acceptable television service 2 
for unsynehronized eo-charnel signals 4 s 40 dbp for synchronized 
©©“Channel signals or for co°>cfeannel stations with Moff<=setm carriers 
A s 28 db and for adjacent channel signals A s 6 dbc 

Qo(dgPa) denotes the probability with respect to time and receiving location 

of receiving a clear channel service of gr&d® pa or better,, 
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%(^Pa ) demotes the probability with respect to receiving location of receiving 
® clear channel service of grade pa or better0 

G — 10 log g® denotes the antenna gain expressed in decibels relative to that 
10 

of a half-wave dipol©0 

•- field required with a half-wave dipole receiving antenna in rural areas to 
provide an acceptable television service in the absence of sources of 
interference other than receiver and cosmic radio noise0 

~ G^ denotes the required field under the above conditions for a 
receiving antenna with a gain in the direction of the desired station,, 

0,(02 r9 pffip B) denotes the probability with respect to time and receiving 

location of receiving a service of grad® ps in the direction 0 and at the 
distance r from a television station operating within interfering range of 
one or more other stations0 

4g(paj) Bg P®) denotes the effective service area of a television station 

operating within interfering range of one or more other stationsg 
ds(paJ) Bj, P®) is the corresponding effective service radius0 

dB(0) is the effective service radius in the direction 0 from & television 
station operating within interfering range of on® or more other stations0 

lg0(]paj,Pfl) and dso(paj,Pfi) are the effective service area and effective service 
radius9 respectively^, for a clear channel station^ i0e0p for B ° oo 0 





THE LOG NORMAL DISTRIBUTIONS REQUIRED FOR THE STUDY OF 

BROADCAST ALLOCATIONS FOR FREQUENCIES BETWEEN 50 AND 250 Me 
PROBABILITY THAT THE ORDINATE VALUE WILL BE EXCEEDED 

q , p OR X 

0.0001 0.001 0.010.02 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 0.980.99 0.999 0.9999 

1.8 

0.4 

0.2 

o k (x) 

-0.2 

Rl(L) 

OR 0 

rL( L) 

IN db '5 

L, T OR X 

EXPECTED PERCENTAGE OF THE RECEIVING LOCATIONS, L, OR PERCENTAGE 

OF THE TIME, T, AT WHICH THE ORDINATE VALUE WILL BE EXCEEDED 

0.01 0.1 0.5 I 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.9 99.99 

Figure I 
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THE EFFECTIVE NOISE FIGURE NF1 REFERRED TO THE ANTENNA 

TERMINALS SO AS TO INCLUDE THE TRANSMISSION LINE 

POWER LOSS L AND THE EXTERNAL COSMIC NOISE EN 

(NF1 = EN- I + L-NF WHERE NF DENOTES THE RECEIVER TERMINAL 

NOISE FIGURE AS MEASURED WITH A DUMMY ANTENNA) 

IOO 

\ 70 
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30 

20 
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1.5 

I 

j Cosmic noise as reported by 

j Herbstreit on page 367, 
. Advances in Electronics 

2 VoLI, The Academic Press 
ij Inc., New York. 

Transmission line 
power loss factor for 
50 feet of RG5S/U 
coaxial cable. 

For television receiver 
designed for weak sig- 
not reception._ 

For typical good 
television receiver 

30 50 70 100 150 200 300 

FREQUENCY IN MEGACYCLES 

Figure 2 
NATIONAL BUREAU OF STANDARDS 

CENTRAL RADIO PROPAGATION LABORATORY 

_FEBRUARY 1949 



FIELD INTENSITY REQUIRED IN THE ABSENCE OF MAN MADE NOISE 

FOR SATISFACTORY TELEVISION BROADCAST RECEPTION USING AN 

EXTERNAL ANTENNA CONNECTED TO THE RECEIVER BY MEANS 

OF 50 FEET OF RG 59/U COAXIAL CABLE 

(PROVIDES AN INTERMEDIATE FREQUENCY RMS VIDEO PEAK SSGNAL-TO-NOfSE RATIO OF 24 db WITH 

AN INTERMEDIATE FREQUENCY VIDEO BANDWIDTH OF 4000 KC) 

NATIONAL BUREAU OF STANDARDS 

CENTRAL RADIO PROPAGATION LABORATORY 

_____ FEBRUARY i§4§ 

Figure 3 
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IDEALIZED ALLOCATION OF TELEVISION BROADCAST STATIONS 

ON A TRIANGULAR LATTICE 

26 24 22 

© CHANNEL 2, 6, 10 

O " 3, 7, II 

O " 4,8,12 

A " 5,9, 13 

NATIONAL BUREAU Of STANDARDS 
CENTRAL RACXO PROPA3ATION LABORATORY 

JUNE 1949 

Figure 24 
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DISTRIBUTIONS OF THE INTERFERING AND DESIRED FIELD INTENSITY 
FOR THE RECEIVING LOCATIONS AT A DISTANCE d = 35 MILES AND 

FOR A CO-CHANNEL SEPARATION D s 200 MILES FOR THE 
ARRANGEMENT OF STATIONS SHOWN ON FIGURE 24 

fs63Me for the desired and the co-channel undesired stations; 
for all stations Hfs500 feet and P's 20 db above one kilowatt; Hf=30 feet 

PROBABILITY WITH RESPECT TO TIME AND RECEIVING LOCATION 
OF INTERFERENCE LESS THAN THE ORDINATE VALUE 

Q'ir(dj,0) * / - Qjr(dj, 0) 

0.001 0.010.02 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 Q98 0.99 0.999 

Oir(ditO) 

PROBABILITY WITH RESPECT TO TIME AND RECEIVING LOCATION 
OF INTERFERENCE GREATER THAN THE ORDINATE VALUE 

Hgure 25 
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EXAMPLE ILLUSTRATING A GRAPHICAL METHOD FOR DETERMINING 

THE PROBABILITY Q^E? +E-J, < E2) AMD SHOWING THE DEGREE 

OF APPROXIMATION INVOLVED IN THE ASSUMPTION THAT 

Qj'j = Qjr' Ojr WHEN Ejr AND EJf ARE NOT CORRELATED 

PROBABILITY with respect to time and receiving location 

of FIELDS less than the ordinate value 

O'ir (dj) = I-Qir (dj ) 

0.999 Q99 0.98 095 0.9 08 0.7 0.6 05 0.4 0.3 0.2 0.1 0.05 Q02 001 QOOi 

Qir (dj ) 

PROBABILITY WITH RESPECT TO TIME AND RECEIVING LOCATION 

OF FIELDS GREATER THAN THE ORDINATE VALUE 

Figure 26 



EXAMPLE ILLUSTRATING A GRAPHICAL METHOD FOR DETERMINING THE PROBABILITY 

Qjj(E*,+ Ejr< E2 ) WHEN Q'r(Ejr<E ) AND Qjr(Ejr<E) ARE KNOWN AND EjrAND Ejr ARE NOT CORRELATED 

(THE CURVED LINES REPRESENT CONSTANT VALUES OF E^+E*.) 

0.04 0.08 0.12 0.16 0.2 024 028 0.32 Q36 0.4 0440.48 0520.56 0.6 064 0.63 Q72 0.76 0 8 0.84 068 0.92 0.96 

0.96 

0.92 

0.88 

0.84 

0.8 

0.76 

0.72 

0.68 

0.64 

0.6 

0.56 

0.52 

0.48 

0.44 

0.4 

0.36 

0.32 

0.28 

0.24 

0.2 

0.16 

0.12 

0.08 

0.04 

°jr 

30 50 100 200 500 IPOO 2,000 5,000 10,000 20,000 50,000 100,000 200,000 500,000 1000,000 2000000 3,000/?CO 

NATIONAL BUREAU 0? STANDARDS 
CENTRAL RADIO PROPAGATION LASCRATCaY 
_JUNE I01C_ 

Figure 27 



2 2EXA2MPLE ,LLUSTRAT,N(3 A graphical method for determining the probability 

Oij(Ei,4Ejr<E2) WHEN O', (Eir<E) AND Qj, (Ejr<E) ARE KNOWN AND Eir AND Ejr ARE NOT CORRELATED 

(THE CURVED LINES REPRESENT CONSTANT VALUES OF eJ+E?) 

Figure 28 
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THE GRADE C SERVICE RADIUS SHOWN FOR 12 DIFFERENT DIRECTIONS 

FROM A STATION IN THE LATTICE SHOWN ON FIGURE 24 

D= 200 MILES; f = 63Mc; Hf = 500 FEET; Hr = 30 FEET; Ff=46.9 db; - g! = I 

Figure 31 



GRAPHICAL METHOD FOR DETERMINING THE PROBABILITY OF GRADE B SERVICE 

INCLUDING THE EFFECTS OF TWO SOURCES OF INTERFERENCE 

O O.l 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 I 

7 tr 

Figure 32 
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EXAMPLE SHOWING THE DEGREE OF APPROXIMATION 

INVOLVED IN THE USE OF qV-q^- q‘ 

GRADE B SERVICE 

q's(i-q) 

0.99 0.98 0.95 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.05 0.02 0.01 

:r<E,0.9) 

Figure 33 
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DISTRIBUTIONS OF THE INTERFERING AND DESIRED FIELD INTENSITY 
FOR THE RECEIVING LOCATIONS AT A DISTANCE d = 35 MILES AND 

FOR A CO-CHANNEL SEPARATION Ds 200 MILES FOR THE 
ARRANGEMENT OF STATIONS SHOWN ON FIGURE 24 

fs63Mc for the desired and the co-channel undesired stations; 
for all stations H| = 500 feet and P'= 20 db above one kilowatt, Hr= 30 feet 

PROBABILITY WITH RESPECT TO RECEIVING LOCATION ONLY 
OF INTERFERENCE LESS THAN THE ORDINATE VALUE 

q'ir (di ) s/ “ Qir (di )■ 
0.999 0.99 0.98 0.95 0.9 0.8 0.7 0.6 0.5 04 0.3 Q2 0.1 0.05 0.02 0.01 0.001 

-Fr+Q55ll Rd(D 

qjr(dj) 

PROBABILITY WITH RESPECT TO RECEIVING LOCATION ONLY 
OF INTERFERENCE GREATER THAN THE ORDINATE VALUE 

Figure 34 



THE GRADE B EFFECTIVE SERVICE RADIUS OF A DESIRED STATION 

AS LIMITED BY INTERFERENCE FROM A SINGLE UNDESIRED 

ADJACENT CHANNEL STATION 

D= IOO MILES; f=63 Me; Hf = 500 FEET; Hrs5Q FEET; Frs46.9db; GdsGj =0 

The dashed curves correspond fo the effective service area which 

would be available if the interfering station were not operating 

Figure 35 
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