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Report ef Committee III in Preparation for
the Clear Channel Hearing, Docket #6741

" PART I _ o Jenuery 15,1946

This Ccmmittec was appointed at the Informal Engineering Confer
ence of March 16, 1945 to consider the "Determination of distances tco
which and areas over which various signal strengths are deliverad!",

The satisfactory selution ef this preblem demands adequate in-
fermation as to the ranges eof both the ground wave and the skyvave
under all epcration conditions, over =1l varietiss of terrain snd
throughout all the phases of cycllcal variations to which they are
sub ject.,

With regard to the ground wave it secms to be the general cen-
census and is the opinion of the Committee that the determination of
ranges 2s at present set forth in the Commission's Standsrds ef
unwlnoering Practice are adequate and stand in nc need of revi-
n except in respect te the ground cenductivity map. The revision
this map was therefore nlaced en the agenda of the Committee and
profession circularized to eobtain pertinent infermation. Hewever,

?ew1 g ts the shertage of qualified personnel, the heavy work load en

Jormiission's engineering staff and the magnitude eof the task of

: ”Lv21ng the sky wave date, practlcallj nothing has been donc toward
the. prepsaration of a2 ground conductivity map. The Committe is of
the op1n¢on that the preparation ef thlS mep is one of the essentials
to the sathchtory selution of the preblem as a whole and recommends
that 1% be undertaken as soon as possible It is estimated that the
work required would amount to six mon- nonths of onglnevrlng——not
clor;c 1= tlmc.

fp%luh.regard to the sky wave, the situation is quite dlffereﬂt
12t of ithe ground wave. The field strongth vs distance curves
of the Stundards of Good Engineering Practice were based on the re-
sults of a ‘three months'recording program carried out as a ceopera-
tive entervr:se by- the Cemmission and the industry in the late winter
and early soring of 1935. This was a period just beyond a time of a
sunspotfmanm’mm Since then we have possed through a sunspot maximum
and another m vimum, fer a considerable pertion of which time the
Cemmission has maintained a recording program at 2 numboer of its

menitoring srat¢©ns on a selected number of transmitting stations.

While, until the formatlcn of this Committee these recerdings had net

becn systomatwc lly ﬁnalyzed cursory inspection of a few scrved te
confirm t¥e genéra l expeotation that considerable departures from
the results of the! 1935 survey could be expected espe01ﬂllv at the
period of a su bpﬂt maximam,

anuly31s of the aceurmlated hundreds of thoudands ef
ings in the Cemmisslen's filcs was made the aumber ene
*Jbteéls agenda, The work accomplished (summarized
made p0351ble through the cordl 1l and effective

he industry in supplementing the Commissien's staff
mimber of clerical and statustical personnel as ceuld

hsurs of rcco
item en the C
belew) has be
coeperation of
with as large ai
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be conveniently supervised. The Committee has held six meetings

- largely devoted to discussion of this analysis as it has progressed
and in particular to those aspects which cover ground not developed-

in the 1935 survey, such as the night to night deviations from the
median values and the effects of geographic latitude and frequency
which have been found. The details of the analytlcal procedures and
the results thus far obtained are set forth in Part II oP tnls report.

In summarizing these results it may be stated that both the
annual medisn field strengths and the night to night deviations frem
the median (which we venture te style the "stability" of the field)
are functions of the latitude, the frequency on which the transmis-
sion takes place and the phase of the solar sunspot cycle at a glven
time. .

The dependence of the annual medlan field for transmissions
on frequenciles around the middle of the standard broadcast band and-
for a period ef sunspot minimum (1944) are depicted in Figures 5.4a,
b and ¢ of Part II. These show that the fields are greater for the
lewer latltudes than for the higher.

The dependence of the stabilities for the seme frequency range
and phase of the solar cycle are shown in Figure 5.1 of Part II.
These show that the stabilities are greater (i.e., the night to night

.variations are less) at the lewer lat;tudes than at the higher.

For frequencies of transmission in the standard broadcast band
other than those for which the above figures can be considered as
valid, the corrections required are relatively sm2ll. For the hlghe°
frequen01es, both the anmual median fields and the stabilities are
somewhat higher then for the lower freqguencies. In other words, the
transmission characteristics of a StcblOﬂ using a frequency near the
upper end of the band and lecated in a northern latitude are the same
as if it operated on a lewer frequency in a more southern latitude.
While such equlvalences can be worked ocut from the data contained in
this report, no convenient way of doing so has yet been worked out.
It 1s however by no means a hopeless problem to find a simple formula
fer accomplishing ite.

As to the effect of the phase of the solar cycle on the propaga-
tion at given latitudes, it may be stated that the effect on both
the annual median values and the stabilities is relatively small at
the lewer latitudes and increases with the latitude. It has not been
feund possible to get the figures illustrating this dependence drawn
in time for inclusion in this report, although the data en which they
are based is presented. It 1s expected that these figures will be
ready by February 15, :

From this brief description of the moarr results of this analy-
sis of upwards ef a quarter of a million ef hours of recordings, it

will be seen that the problem of deducing from them simple working .
rules fer practical use in alloecation engineering is a very diffi-

cult one even if no other considerations than those of the propaga-—
tion characteristics are taken into account. But we know That the
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advantages from the propagation standpoint of the lower latitudes
shown by the survey will be seriously lessened by the higher noise
levels prevalent at those latitudes. So the best answer to the
whole problem would appear to depend on a careful correlation of the
results of the work of Coemmittee I with those of this Committee,

Thus Committee III feels that although it may be possible to
base standards on its present results which would be some improvement .
on the Commission's present standards, it would be the port of wis-
dom to contimue and adequately correlate the work of both Committees,

While the data at hand in the Commission's files has proved in
general to be adequate, in one respect the Committee feels that it
should be supplemented. For a satisfactory determination ef the

" . boundaries of areas of violent fading, and of interference between

- closely spaced stations, more field strength measurements at dis-
tances of from 50 to 250 miles from the transmitter are necessary.,
Hence, in additioen to a continuing study of the data at hand, the
Cemmittee recommends the initiation of a recording project to supply
this deficiency.
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PART IT

The data heretofore available on the fading and the range -
of skywave signals of medium frequency is largely that contained in
the report of the 1935 Broadcast Allocation Survey, the conclusions
of which are summarized for allocation purposes in Filgure 1, Appendix
1 of the FCC Standards of Good Engineering Practice. This flgure
shows the values that the skywave field intensity is expected te
exceed for various distances during the second hour after sunset at
the recording station. The fundamental data resulted from measure-

.ments over some 500 transmission paths at frequencies from 640 Kc,

to 1190 Kc. in the interval from February to May.

During 1938 the Engineering Department of the Federal
Communlcatlons Commission began the Sunspot Cycle Recording Project,
a program of intensive recerding of skywave at medium frequenc1es,
over a few selected paths., The object of this program has been, in
particular, to discover the nature and extent of the éffect of sun-
spot activity on skywave propagation as this activity varies through
maxima and minima and, in general, to discover any possible improve-
ments in the skywave propagation curves used for predicting service
and interference in medium frequency broadoast allecation. :

1. Orlgin of tne Datsa.

Receiving stations are lecated in the vicinities of Baltimore
Maryland, Atlanta, Ga., Grand Island, Neb., and Portland, Oregon.

At each station, fields are received on a vertical wire
antenna by one or more superheterodyne receivers. The automatic
velume control characteristics .of the recelvers make their output
approximately a logarithmic function of the input signal and
provide a useful working range of approximately 1000 to 1,

Each antenna was calibrated by determining the receiver
response, at the recerding chart, to signals from a standard signal
generater and, subsequently, by recerding ground waves at a number
of frequencies from nearby stations at the same time measuring the
field intensities of the ground waves with a standard field .
1nten31ty meter, The résult of these measurements for each antenna
is an Antenna Calibration Curve showing antenna effective height as
a function ef frequency. The effective helghts in use are of the
order of 10 meters, '

At first, recordings were made as directly as possible of
the detected carrier. This gave a record, it is believed, of
gsomething close t¢ the instantaneous values of the skywave; however,
because of the rapid fading it also gave a record especially tedious
- to analyze. As i1t had already been determined that the variation
of the instantaneocus field within the hour is determined accurately
enough by the Rayleigh distribution (see the appended "Notes on
Probability Functions") se that it is necéessary to analyze &n
hour's recording for only one statistic, an investigation was made
to see if the insertion of a smoothing circuit between the receiver
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and recorder would afflect the indicated hourly median values.
Simultaneous recordings with and witheut long time constant deter-
mined that a resistance-capacity circuit of time constant of abeut
60 te 100 seconds could be safely inserted between the recelver and
recerder wltheut disturbing the hourly median values. Accordingly,
T toward the end of 1959 these circuits were put in use on all re-

’ cerders,

The Receivers are housed in small booths beside the antennas
and are located in clearings free of obstructions and wiring. The
recelvers are supplied with power from voltage regulators. The
coansiderable heat generated by the equipment in the small booth
together with the adjustable ventilation louvres and rather large
. thermal capaclty ef the equlpment aid in m1n1m¢z1ng temperature

varlatlons.

Calibration ef the receivers is checked from time to time
and new calibration curves are drawn whenever a calibration is
feund to differ from the last one at any level by more than 5%.

_ On a few #f the transmission paths recordings were made
v daily, most recerdings, however, were made on a periodic basis
§¥" . switching the precelver through a cycle of three or four stations,
’ recording each statien five days continuously out of fifteen er
one day out of four.

The charts were analyzed hour by hour fer median field in-
tensity on a suntime basis. Through 1941 the sunset hour was
taken te be the hour centered on the later of the sunsets at the
two ends of the transmission path. From 1941 through 1945 the :
sunset hour has been that centered on sunset time at the midpoint
of the path, :

2, The Data and Nomenclature.

It is the purpose of this section to summarize the®
annual data thus far available from the Recording Preject,
KT N unaffected as far as may be by assumption or conclusion, and
" to introduce seme nomenclature phat has proved convenlent,

Of the notoriously many ranges of statistical varia-
bility #f the skywave, from moment to moment, from hour to
hour, and so on, only three are studied here in detail:

. 1. Variatiean of the 1nstantaneous field in intervals
o ef an heur;
2, Variations of the hourly median field intensity
from night-to-night in intervals of a year;.
FFVVEFTEEIYONh of annual statistics fram year to year.

In order‘texdisﬁinguish numbers from these various
ranges conveniently the fellowing symbolism is used:

E is used to denote a value of the instantaneous fleld
intensity;
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Ep% i? used to denote a value exceeded by the
instantancecous field fer p% of the hour, but
'Emris used for the median value (i.e. ESO%);

Emp% is used to denote a value exceeded by the Ey

fields on p% of the nights of the year, but
R a

Emm is used for a median Value of/set of E, fields;

Epe 1s used for an average of a set of E, fields.

The elder time reference has been adopted for this
report and the notation 8342 will be used to refer to the
second. hour after sunset, where the sunset hour is the hour
centered on the later of the sunset times at the two ends
of the path.

Figure 2,1 lists the Ema S3+2 values for each path and‘

- for each year for which there was recording available for three

quarters of a year or mere., Those averages depending on less
than a year's recording are marked (P). The unattenuated field
in millivolts per meter at one mile from an antenna 0,311\

in height and radiating the same amount as the antenna in ques-
tion at the angle pertinent to transmission by one reflection,
usually called the equivalent 0.311_ radiation, is shown at
the extreme right. If the radiation was changed in the, course
of the recording, the radiation value appropriate to an average
value is indicated by means of superscript letters. In 1942,
'43 and '44 when the time reference was at the path-midpeint,
values in SS+42 on the adopted time reference have been obtained
from diurnal curves for the individual paths. On the longer

‘paths where the signals sometimes fell to low enough values to

be masked by the local noise, an estimate has been made ef the
upper and lower bound to the average: the upper beund is taken
to be the average of the clear signals, the lewer beund is then
obtained by assuming that the instances of signal obscured by
noise were instances of zere signal and ferming the resultant
average. These two values are shewn in brackets on the longer
paths, - ’ :

, FPlgure 2.2 shows the extent of the night-to-night fading
of the SS42 E, fields in terms of the ratio of the Epp_values .
to the Eyy values; that is, the table shews the multiple of the
annual average value to which (or beyond which) the Em_fields

rose on various numbers of nights (shown in percent of the year)

These distributions are composite and were constructed
as follews: A scheme of 32 classes was used in which to tally .
the frequency 6f‘occurrence,of fields at various levels, The
classes were defined by levels which are multiples ef the Ema
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value for the year whose fields were classified. This scheme
of classification provided,-at the same time, a distribution
by absolute field intensity and by ratio to the annual average
value. The distributions by absolute value of course, varied
from year to year. The variation from year to year of the

‘distribution by ratio was expected to be much less and proved

to be small enough to be wholly indeterminate by the quantity
of data available. (cf. See.5 below) Accordingly, the fre-
quency of occurrence of fields in the various classes were
combined from year to year to determine the cemposite ratie
distwibutions shown. - -

It seems impractical to report all the many available
diurnal curves; however, Figures 2,3 and 2.4 show twe cemposite
diurnal curves: one for Long East-West paths and one for North=-
South and short East-West paths. The ratio of the Epg field
received in each evening hour to the vdlue received in the -
second hour after sunset was computed for each of 9 paths far
1943 and for 1944. The 1943 set of vonlues is plotted as dots
to the left of the hour line and ths 1244 set of values to the
right. The median value of each set of dots is plotted on the
hour line by a cross. Figure 2,5 identifies the paths snd data
considereds, ' '

Some Graphical Displays of the Data.

Although Section 2 gives all the fundamental data to
be acceunted for, it.is instructive in the general interpreta-
tion of the data to consider additional graphical displays
before proceeding to draw conclusions,

A Figure 3.1 shows running averages of day-to-day Em
fields+ The curve 'at the top of the flgure shows a 13 day
running average of G-WLW 343 Ey fields, This graph indicates
rather definitely that in addition to the variation ef received
fields on account of random causes there is an underlying ten-
dency to follow a cyclic variation with a period of approxi-
mately 27 days. There is also an indication, considering the .
fairly strong smoothing effect of a 13 day span, that in the
course of approximately 27 days the field received over a given
path may vary through about as great a range as it dees through- -
cut the year, : '

From this figure the qualitativeée and precautionary con-
clusion is drawn that "27 day" cyclic variations probably
exist in medium frequency skywave fields and that in conse-
quence short-term averages (of the order of a month, mere or
less) are likely to be affected by systematic involvements
intreduced by the span of the average as well as by the large
probable error incidential to statistics of small samples of
wide -spread, ' , ‘
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, The lewer curves of Figure 3,1 show 90-day running
averages of B-WLW $8+3 E, fields, OCne graph ‘hows the running
average for a 90-day period of daily data, tae other shows
the running average for a 90~day period usin:; data frem every
fourth day eof recording. These graphs show i1 comparison be=
tween one possible set of averages that would have been ob~-

tained had this path been recorded on the one day out of four
" basis and what was actually obtained from daily records, The

disagreement runs, in this case, through a ranige $25%. Since
there is no reason to believe that this disagreement is un-
usual, it appears that it is inadvisable to derive statistics
frem seasonal samples of data from every fourtil day.

It is notable in Pigure 3,1 that in mid-winter the

curves go to a minor minimum rather than to a miximum, A few
. other graphs such as these have been mede for ether paths and

the appearance eof the winter minimum appears to be typlcal

‘although it 1s variable in depth.

Figure 3.2 shows graphically the nature ol' an annual
sample of SS+2 E, fields fairly typical of central U, S.
latitude. The flields dre those received over the G-KOA path.
The number »f days en which recordings were made s shown at

- the top ef each sample. In the first three years recordings

were made one day out of four and in the last three years,

- five days out eof Fifteen. o :

As far as one is Jjustified in concluding frcm this L
figure, the spread of the annual semple is the same from year
to year regardless of the phase of the sunspot cyclz. One
year in the sunspot cycle will be distinguished from another
chiefly in the central statistics such as the average value,
the median value, the mest probable value, etc., these values

‘rising in "goed" years and falling in "voor" oness

Figure 3.3 is similar to Figure 3.2, showing however,
monthly SS+2 samples recorded over the G-KOA path. This fi-
gure together with 3,1 illustrates the. extent of seasonal
trend, Seasonal trend 1s clearly detectable but is.of minor
significance when compared with the random variation or with
the "27 day" cyclic variation. »

Figure 3.4 illustrates the extent te which the portion
of the E~-layer between Cincinnati and Atlanta is simultaneously
good or poor for propagatien with the pertion between Cincin-
nati and Baltimore. Each det in the figure represents that
enn some day E, fields of .the indicated values were received
similtaneously in SS+2 over the B-WLW and A~WLW paths,

: That there is some corpelation between the two signals
1s evident. The mere important observation, however, 1is that
the signals on these two paths whose mid=points are separated
only 300 miles, 1s as low as it is, It appears plausible to
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assume, for practical purposes, that there would be no correla-
tion between signals arriving over paths as remote from each
other as are those followed by a desired service signal and

by an undesired interfering signal.

Figure 3.5 shows the SS+2 E,, values for 1944 spotted
against a graph of the Allocation Survey 50% Curve (Figure 1,
Appendlx 1 of the FCC Standards of Good Engineering Practlce)

Sample Slze, Prenlslon of Statistics.

nxamlnatlon of Figure 3.2,showing the annual samples'
of G-KOA E, fields, indicates 1mmed1utelv that on account of
the large range involved, even the largest p0531b1e sample
with 365 data would still be a small one for purely statisti-
cal purpeses, On the other hand, exemination of Figure 2.2 or
Figure 5.1, showing the range of the Qqnuul semples on various
trunsm”831on paths, suggests that a sample of a given number
of data 1is effectively larger for some transmission paths than
for others,

Examining Figure 3.2 again, it is quite plausible te
assume that the exact position of any one of the dots is, ’
within some limits, a random matter; or, put a little more
precisely, if the total range of variation is divided Into a
mumber of smaller ranges the number of dots in any one range
will, from sample to sample, be expected*to vary at random
accordlng to the simple normal law about an "expected number!
determined by the actual distribution law,

Figure 4.1 shows on the left, the ratieo distribution
curves eobtained for the G-KOA data for 1939, 1940, 1941 and
1942. (The curves for 1943 and 1944 are similar to these al~"
though a little less variable. They have been omitted so as
to leave the tangle of curves barely readable). The signifi-
cance, from a statistical point ef view, of. the scatter of
these curves may be examined as follews; The actual distribu-
tion law in each of the years was certainly something like the
composite law P,(R), curve A to the right in Figure 4.1. If

1t be assumed that P, was the actual distribution law in epera-
tion and if it be assured, as in the paragraph above, that
fields were distributed in small ranges normally at random, it
is then possible to apply Pearson's criterion for goodness of
fit ‘te determine the probability that with & law such as Pe

in eperation, a distribution such as that in 1941 (as unusual
as it is) might occur. This probability turns out'to be '
approx1mete1y 33%. (The sub-ranges for R used in the test
were the twenty ranges defined by P, as containing, each, 5%

of the data, The. resultant value of X.© igs 20,15).

\

Thus, from a statistical point of view, the scatber eof
the ratio distribution curves in the various years cannot be
affirmed to have any significance and, laeking any other in-
formation, the scatter of the curves should be agsumed to have
none. On the other hand, of course, the probability computa-
tion does net deny 51gnlficance to the scatter of the curves,
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but merely asserts that, considering the nature of the data
end- tneir number, the annual ratio distribution curves cannot
be M"sesolved" by statistical methods. ' Had the 1941 curve beer
as shown but determined by as much as twice as many data the
proyability of its occurring if the law P, were in operation.
would have been less than 1%; and had this occurred, there
world be serious doubt that P, was in operation in 1941 and,.
ccnsequently, serious doubt would be cast upon the validity
with which composite distributions can characterize even the
present data, ;

\ It is more difficult to estimate the possible error
in the determination of the statistics of the fields recorded
along the various paths. ©No estimnte has been made for any
except the average.

The distribution of the fields about the average is
very far from normal so that estimates of the error in terms
of the standard deviation are doubtful. For this reason in
addition to standard errors, certain other errors (see below)
heve been computed that are more directly related to the dis-
tribution laws at hand, -

~The standard deviation of the G-KOA P.(R) has been com-
puted to be 0,749 so that the standard error for G-KOA is
7.9% or 5.9% respectively for samples consisting of 90 data o
160 data, :

On the other hand, the error incidental! to a plausibl:
but extremely high sample has been computed. This Mmaximal?
sample 1s defined as follows: The range of R is divided into
20 sub-ranges defined by Po(R) as containing, each, 5% of.the
data. It is then supposed that, for the sample in question,
each of the lower ten sub-ranges has lost an equal rumbér of
data while each of the upper ten sub-ranges has gained them.
The number of data so "transferred" being subject to the
restriction that the resultant distribution shall not be un-

‘usual with & probability of more than 50% by Pearson's criter-

ion ef goodness of fit. That such g sample is plausible is
assured by the 50% measure, yet that it is extreme is clear
from the great uniformity assumed for the irregularity.

Curve B of the curves to the right in Figure 4.1 repre-
sents the actual distribution of such an maximal sample of
90 data as derived from P,(R). From it the average can be de-
termined to be 27% high. If such a sample actually occurred
its average would not necessarily be recognized to be high
and, in any case, its distribution would be referred to the.
actual.average as a unit so that the distribution curve for
the year in which it occurred would appear as curve C. This
curve may be compared with the year to year curves for un- -
usualness., For maximal sample of 160 data the same process
gives 20% as the error, '
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In Figure 5.1 of the next section of this report the
data of Figure 2.2 is interpreted to mean that the night~to-
night fading of Em fields is chiefly a function of latitude,
The methods used a2bove to determine the standard error and
the maximal error may be applied at various latitudes to de-
termine the following tables:

STANDARD PERCENT ERROR

No. of data in

annual sample ‘ Latitude
| 85¢ 40° 45°
160 2.12 5.88 8.02
365 1440 3.89 5.31

MAXIMAL PERCENT ERROR

No. of data in

~annual sample Latitude
350 - 400 450
90 14,3 26 .2 3201
160 10.7 19.8 24,8
365 6.7 13,2 - 16.6

The standard error is rather abstract with respect to
the statistical realm ¢f concern here, while the concept of
the maximal soempie a3 defined, at lemst, bears an easily pic-

.tured - physical reiationsnip with actual recorded samples,

With this physical relationship in mind it appears reasonable
to expect that errors as large as the maximal ones can be ex-
pected to occur rarely but that more typical ones would be
between the standard errors and the maximal ones.

Derived Fading and Signal Range Curves.

The description of the night-to-night fading of the
hourly median ficlds, the function that gives the probability
that the field will exceed a value E  is dependent on four
parameters: . :

(1) . P(Ey; o, £, d, 8),

latitude, frequency, path length, and a factor dependent on -
the phase of the sunspct cycle. For the determination of

such a highly contingent function the available data is very
limited indeed and to determine even a practical approximation
to 1t requires the use of rather indirect methods.
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As was implied in sections 2 and 4 above the assumptior
has been made that the annual BEs value will risc and fall
from year to year, with the sunspot cycle factor S and that
the other statistics will rise and fall,withEma so that if .
the Ey flelds are measured with Ep, as a unit, the distribu-
tion of the ratio R * E /E__ will be independent of S: -

(2) . P(m; e, £, d)

This assumption is surely quite accurate with respect
to statistics centrally located in the range of variation of
Eme There is some indication,however, that some of the more
extreme statistics may not satisfy the assumption. For ex-~
ample, there is some indication that Emlo% may vary very
little from year to year,

Figure 2.3 shows the empirically determined ratio dis-
tribution functions of the sort (2) above for various combina-
tions of the parameters 6, f and d. Of these parameters it
1s clear that € is the one of major importance. The R values
for each tabulated value of P(R) (that is, the figures from
each column of Figure 2.3) have been graphed versus latitude
and curves have been determined which appear To typify the
date best. These curves are shown in Figure 5.1, It was
possible to draw these typical curves down through the data
very satisfactorily "averaging" out the effects of f and of
d without giving special weight to any datum except for .those
from the paths P-WSB and P-WENR. Even the data from these
paths required no special treatment for the 5, 10, 20 and 30%
curves, For the higher percentage curves, however, the data
from these paths seemed definitely to fall below the trend
rather clearly established by thé rest. These data then were
given only very light weight in the determination of the curve
of Figure 5.1. '

_ The process of derivation of Figure 5.1 appears ac-
-tually to have averaged out a frequency e¢ffect while it is
somewhat doubtful whether there was any effect of path~length
to be removed. Examination of the way in which the data of
Figure 2.3 deviate from the curves of Figure 5,1 indicates
that these curves represent best the fading behavior versus
latitude of frequencies in the neighborhood of 1000 Kc. Fre-
quencies above 1000 Kc., over a given path, fade from night
to night as if the path were at a lower latitude by an amount
- roughly proportional to the increment of frequency over 1000 K
and to the increment of latitude over some low latitude, «35°
.or less. However, the magnitude of ‘this frequency correction
in terms of latitude under the most favorable conditions
(highest broadcast frequency and highest U. S. latitude) ap-
pears te be only of the eorder of 2,5° to 3.0° ang usually
amounts to a degree or less,

¥
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A frequency effect of this sort seems certain of ex-
istence but in view of the fact that an effect of this magni-
tude is not of practical urgency, although it is of practical -
importance, 1t scems desirable to leave any numerical formula-
tion of it until further study can be made,

Having discovered a decided latitude effect in the
probability functions that describe the distribution of
fields, an effect is to be expected in the annual average

- values. Figure 3.5 showing a plot of the 1944 Bg values:

together with the Allocation Survey Curve shows such an ef-
fect, data from low latitude paths falling regularly above

the curve and those from high latitude paths below. At the
same time, it is to be noted that the Survey Curve does appear
typical of the data and, considering its extensive basis, may
very plau31bly be expected to represent some "average"letl—
tude. This is particularly fortunate for it is obvious that
it would be most difficult and uncertain to derive such a
curve from.the present data.

Assuming the Survey Curve to give the proper shape of
the E, ., versus distance graph and that it is at the proper
level for some latitude (in 1944), it is possible to study
the deviations of the 1944 data from this curve to determine
the latitude of which it 1s most characteristic and to derive
curves for other latitudes, :

To determine similar curves for other years requires
the study of year-to-year variation of anmual statisties. In
this realm of variation data are, ef course, yet scarcer,
Study of these varliations have not yet been brought to a con-
clusion, but it is hoped at an carly dats to add to this re~
port an annex in which such conclu81ons will be drawn as are

_p0381ble at this time.

In order to obtain the correlation with latitude of the
deviations of the 1944 data from the Survey Curve, it is neces-
sary to discount the exaggeration of effects per reflection
in transmissions involving multiple reflections. It was at
first assumed,; in order to meke a rough test, that the ratio
of the actual B = field to that predicted by the curve might
be taken to measure effects per reflection at short distances,
and that at longer distances, where transmission by two re-~
flections would be predominant, the square root of this ratio
could be taken. The result of this test was quite favorable,
so it became necessary to find a means of expressing this
exponent as a function of distance so as to remove its dis-
continuity. It was supposed that if it were discovered that

‘the ratio of the actual field intensity per rveflection to the

value predicted by the Survey Curve were D at some latitude ©
then the field intensity at various dlstqnces would be ex-
pressed in terms of the Survey Curve by the expre331on

(d) @)
(d)

X
n D
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As 1ong as the value of D is near unity the value ofw
is by no means critical. A value for the functionel{(d) has
been obtained from Figure 2 of an essay entitled "Supplemen-.
tary Report on Wave Propagation For the CCIR" by Mr. K. A.

Norton. This figure shows theoretical curves expressing the

field intensity received at various distances after one, two
and higher numbers of reflections. BEach of these curves was
multiplied by 1.25%, where n is the pertinent mumber of re-
flections, and the resultant computed. The ratio of the re~
sultant ef these augmented field intensities, tp that of the
original ones then gave the values of l.25t*( « Solution ef - :.
this at 100 mile points gave values for a graph of %(d). This.
graph is shown in Pigure 5.2 of this report. (A re-check

using 1.102 to obtain 1.10 %4 (d) determined substantially the
same function % (d)).

Assuming then that thé actual deviations per reflection
of the 1944 data from the Survey Curve have been exaggerated
at various distances by the exponent (d), corresponding roots
have been taken of the actual ratios to obtain the deviations
per reflection shown in Figure 5,3. From the curve determined
by these data it appears that the Survey Curve best represents
Ena versus distance for a latitude of about 42.3°,

From Figure 5.3 it has been determined that field in-
tensities per reflection deviate from the Survey Curve by
ratios of 1.25, 1.10, and 0.88 at latitudes of 35°, 40° 45,4
459, respectlvely. Raising these ratios to the power« gives,
miltipliers to transform the Survey Curve into Ema(d) curves:

characteristic of the respective latitudes. Applying the

ratie distributions of Figure 5,1 to these curves then gives
the fading and range curves of Figure 5,4&,'b, c. {Although
these curves are drawn in solidly to 100 mil, they are con-
sidered to ‘be of doubtful significance inside a distance of
250 mi.)

Fading and Interference Limitations to Service,

With respect to limitations to service on account of
fading or on account of interference, it is believed that there
is now sufficient information to permit a more practical rep-
resentation of these limitations than merely in terms of a
per cent of the time: viz., it is possible to describe the
state ef the service within the hour under fixed conditions
for desired and undesired signals and, subsequently, to deter-
mine how frequently these fixed condltlons will ocecur from-
night to night,

: To these ends, Flguro 6.1 shows the Raylelgh distri-~
bution of fading within the hour about the hourly median field,
while Figure 5.1 shows the night-to-night fading of hourly
median fields about their anmial avera age, Flgure 6.2 shows
the per cent of the hour free of interference when the ratio
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of the desired E_ is R times the undesired E_ if interference
is defined to exist instantaneously when the instantaneous de-
sired E is less than R, (a standard, presently taken at 20)
times the instantaneous undesired E. (c¢f. the appended "Notes
on Probability Distributions", Section 3 for the derivation of
the figure). Figure 6.3 shows the number of nights per year
on which various ratios of desired E to-undesired E_ fields
are realized at & point where the value excecded by the un-
desired field on 10% of the nights equals 1/20 the value ex-
ceeded by the desired on 50% of the nights. (cf. the appended
"Netes on ‘Probability Distributions",Section 4 for the method
of derivation). ’

From these figures it will be seen, for example, that
if 90% of the hour is to be free of interference (Figure 6,2)
the ratio of the median value of the desired to the median
value of the undesired should be 60 to 1l; then, from Figure 1C
it will be seen that at the fringe of the 500 uv/m median
service area (limited by interference) a ratie of 60 to 1 or
better will be realized (with the desired signal also above
500 uv/m) on approximately 10%, 31% and 39% of the nights at
550, 40° and 45° 1atitude respectively, If the limitation is
to a sufficiently high contour so that the service lost to
fading of the desired signal itself may be ignored, the re-
sults will be seen to be a little better,

The inequity that appears here from latitude to lati-
tude comes about because the night-to-night signals at higher
latitudes fade much further below their 10% values than do
signals at lower latitudes., Thus, as may be seen from the
left-hand portion of Figure 6.3, the present definition of in~
terference leads to a ratio of desired E to undesired E
of about 30, 46 and 70 at 35%, 40° and 45° latitude, respec-
tively., '

If this ratio is made uniformly, say, 50 at every lati-
tude the 1nequity at the edge of the service area disappears °
although it persists inside the service arca, This condition
may be examined in Figure 10 by sliding the R scale with re-
spect to the % scale placing RS 50 opposite %= 50. It is in-
teresting to note that the present Standards all together ac-
complish roughly thls effect by under estimating both the
desired and the undesired signals at low latitudes and by
over estimating both at higher latitudes, as long as the de-~
sired and undesired transmission paths have approximately the
same latitude. : ‘ ‘ '

Finally, Figure 6.4 shows theoretical curves for the
distribution of the fading of the instantaneous value of ‘the
resultant of a groundwave and a skywave. These curves are
derived on the assumptions that the skywave is random in phasc
with respect to the groundwave and is distributed in amplitude
according to the Rayleigh distributions. (cf. Sec.5 of the

appended "Notes on Probability Functions..." for the derivatij}




SOME NOTES ON PROBABILITY FUNCTIONS
40D DISTRIBUTTONS DESCRIBING FADING
ERVICE AND INTLEF:RENCE AT MEDIUM :
R ULICTES | : .

e

Notation and definitions

'

In the following, scrint letters will be used to denote vectorc
and ordinary oprint to r03feupnt scalars.,

#(E) will be used to denote the orobubility that a field
intensity lies between E and £ dE in magnitude, while WiE) will be
used to denote.the nrobebllit y that the field intensity lies in a
-differential element of phase space. _ , P

P(E) will denote the orobability that the field intensity is
greater then E. Where 1t is desirable to represent the probability
that the field inten51ty is less than E, no special Iunctlon will
be named. The probability will be feaxesentea simply by 1 - P({E).

To simglify the nomenclature, the two orobability functions
will be distinguished by calling the W functions the probabilities,
and the P functions the distributions.

These ?unctions, of course, are related by

7 . ’ s Ln S ;. o
P(E) jWﬁﬁMr/J;; W(E)E £
¢ 4

1. The 8hort Time Fading of Bkywaves,

The distribution of instanteneous valuves of downcoming sky-
waves has been shown, by analysis 6% recordings to be

- f7§§;' ﬁ W
1.1 Pl) = ‘o A |

for a short period of time. Im this exoression E_ is a constant

determined by the generasl level about which the instantaneous field

intensity E is randomly varying. The length of time for which the

dgistributicn may be considered valid is the length of time'for _— !
which the wave may be considered ag havinga constant'general level™,

To define constant general level at this voint would lead to un- )
orofitable complication: however, it may e noted that the time in® -
tervals actually studied were the fourth hours after suanset. o

Immediate conzsecuences of 1.1 are that the probability function o
is ' «
/_—:2,
- : / 2
v /7N = o
1.2 W(E)- e :
A Y )
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and, directly from 1.1

1.5 median ﬁf\ = f:nz = Zfo 7/931,2

-

Thus E_, E, or E  (as well as other statistics) may
ecually well be taken u& neasures of the general level since.
there exists a simple proportionality between any two of them.

2. Distribution of the Instantaneous Aﬂolltuue of the Sum of
Two or more Skywaves.

The received field intensity is physically one-dimensional
but is known to be varying in phase. It is therefore generslly
assumed that the distribution 1.1 describes thé resultant
amplitude of ramdom flights in two dimensions, so that the prob-
ability in phase space is

E‘.Z

e

=P

If the resultant £ 1is the sun of N vectorsé%vof individual
probabilitiésw%(%) then by Markoff's method the probability
that € is in the’ flﬂqwﬂt of phase space df, uE;, is
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rried out most readily in polar coordinates
E® o«
e

In the case of irmediate interest, the w_ are dependent only
the amplitudes of theg, , so that the procedure 2.2 can be
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It follows from this and from 1.
the average ahd the medisn values of the resultant wave are t

(root of the sum of the sguares) of the corresponding velues f

the component waves.




3. Dlstrloutlon of interference between Two ¥uding Faves within
the hour.

Let interference be defined to exist whencover the inston-
taneous 'ﬂqlntu le of the desirz) wave Es is less in ratio to the
instantaneosus anlitude of the undesired wave Eu than sotie stundard

Let the ratio of the genersl level of the desired to umdesired
wave for the hour in cuestion be R ,

ez /— ~o . *E,/

- “ ..\- - » 3 3

The prODanilty that the desired and undesired imstantaneous
field intensities be in the clement of space indicated in the figure
is

. .
su ject to the highly acceptable assumption that V(Eu) is independent
of W(E, 1)
: ~
2 tu, -
— |
F 3
H

By .

The probability of interfercnce under the standard R when
the general level of the desired wave ig at R with respect to the
undesired wave is
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In an hour wne% the intensity excesded by the undesired wave
for 10% of the time is exactly 1/20 of the median value of the
intensity of the desired wave

]

Eromy <35 Emd = 1.823 Emy

2O J

— 1 -

/—/xw "~ 36,76 = ?c/:,
so that R, = 20, R = 36,46 _

P (36.46, 20} = /= o0.231,
/ 7L.(Qbew6
20

and interference exists for 23% of the hour.
L. Distribution of Interference from Night-to-Night.

milar computation may be readily made with respect to
the interference resultant from night-to-night fading. In this
case, however, numericael methods must be apolied to empirically
tagulatca propability functions and these are most readily avail-
able in the form of distributions.

Again the probability that undesired median field Eﬂu and
the desired median field E,g 1ie in the lembnt of area BE ~ d E.,
™ nu md

is taken to be

. - - \ \ —
bl \"/ (L:m‘-’, i_:/)'q(/// = ‘\A//Emu/\‘/('/':ﬂ?c/)
subject to the assimption that W(Eg,) is independent of W(E,)

The assumption in this case 1g certainly an approximation.
A statistical examination in some detall of fields received in the
same hour on the same day in Atlanta and in Baltinmore from WLW has
shown that the correlation petween the flelds over two paths
as close together as these even is remsrkably low, and a

-~




test use of the sssumption in a case w direct check was
available showed fair argutzent. It is believed that the ass-umap-
tion will prove guite sccurate for widely separated transmissicn
naths.

L").C‘J

The probability that 1ﬁ, will exceed Fn, by 2 factor of R
or larger can then be obtained by integrating
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ceds Eo. by d factor of R or mors and
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The numericsl integration may be carried out in variocus ways.
In the cases that have been comouted, log-log coordinates have
been used for B, snd E 4 sc that the lines E 4+ R Emu are parallel
ines for various values of R. 4 P-P grid was superimposed with
d P=0.05 so that the squl-probability celis generated each had
a value of 3%. :
5, Distribution of the Instantancous Amplitude of the Sum of a
Grouwndwave and a Skywave.

The probability W(£ ) by the procedure 2.2 must result

from
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in which 4 is the Dirac function, feor the groundwave.
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The distribution is then determined by
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Iterated partisl integration of this expression determines
almost immediately
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Eya Values in S39+2;

Fig.2.1

ANNUAL AVERAGE FIELD INTENSITIES

Number of Data in Parentheses

DISTANCE PATH LATITUDE AVERAGES v/ .
(iiles) (Degrees) —1g33 1940 1941 1942 9™ 194 mv/?n'i’;”*i nile
v6.2 B-WCAU 39,65 235 N N N N 210
163 B-WARC 40.1 (240) (;192 ) R | N N 910
257 B-WHAM 4.2 N N 731(P) 883 717 7290 1185
(6¢)  (e2) (82) (86)
268 G-WHO 4.3 563 548 637 862 753 815 1100
(e7) (50) (90) (117) (118) (117 b
273 B-WPTF 37 .57 140% 2158 157 150! 190 4922 194
(80) (80) (82) (81) (80)
343 G-KOL 40.4 274 898 656 978 1129 1023 1310
(90) (91) (91) {162) {164) (ng&
354 A~WCKY 36.5 1673° 1650¢ | 222 2020° 1414
(136) (363) | N (320) »
374 A-WLN - 36,7 7738 362 milp) 1ile 14605 12300
(365) {346) (265) (300)
387 G-KSTP 43.0 N N N 118;3} 1819
. 1104
(121)
390 G-WCCO 43,0 213 256 293 510 365 566 1520
(83) (91) (92) (111) {120} (122) .
43 B-WLW 1 39.4 397t 347 692° 549 200° 1540° 13004
(360) (349) (357 (335), (336) |
430 B-WOKY 39,25 N 608° 963 803 1220 2420%1515°
- (220) (340)  (330) (290)
558 C-NFAA 36.9 897 1995 878 1104 1814 1140 1660
(90) (91) {91) {316) {310) (128)
712 G-XSL 41.0 609 739 565 785 896 ¥ 1615
. (92} {90) {89} {170) {118)
(continued) :

N indicetes no recordings mede; P =recordings for over 3/4 of year; blanks =less tham 3/4 year,

((f;)) Estimeted from ss;s duta and mdian Diurnal Curve. Pigure 2.5
These av_eragea have beo® corrected for the 1 db wartime power reduction.




1°2 F9N0Td

(continued )

oooooooooooooooo

Pg. 2.1 (continued)
DISTANCE PATH LATITUDE AVERAGES UM
- k
(Mi1es) (Degrees) 1939 1940 1941 1942 1943 19440 mvolat 1mib
752 G-WLW 40.35  189* 267" 167" 194* =8? 355~ 1840% 15507
- (88) (2)  (88)  (3l0)  (301) (121)
783 G-WOAL 35.23 689 709 604 607 605 616 1660
(91) (91) (91) (319) (306) (122)
884 P~CEK 48.8 N N N 140 (P)  79.7 236 1770
, , (185) (76) (74)
1176 G-KFI 39,3 N N 115 185 207 146 1550
.  (98) (114) (118) (120)
1192 G-KNY 38.0 134 138 N 1725
: . (89) (66) -
1220 B-WFAA 38.1 84.2 113 120 150} aoa} 182} 1770
145 198 180
(82) (86) (90) (8%) (72) (72)
1424 P-ESTP 46.1 N N N 29.4 75.8 2620
| | | (70) (92)
1438 P-¥CCO 46.2 N N N 18. 5} 48.7} 1770
17.5 45.0
(75) (90)
1607 P-WPAA 42.9 30.3} 33;1% 70.2% 13.1} 49, 0} 82.3 1770
29.3 30.8 67 .5 12.6 80.9
(86) . (88B) (77) (85) (ez) (89)
1731 P-WENR 45.45  7.23 15.8 25.4} 39.0% 20. 5% 36.2% 1730
. 6. 50} 11.6} 18.8 25,2 15.6 28.9
(80) - (87) (83) (84) (78) (81)
1973 P-WLW 45.1 11.3)" 11.53%" 17.6 33.5{ , 15.2)" 30.1 1910™ 1610
9.6 9.78 16.0 26,7 10.6 23.9
(70) (82) (84) (49) (60) 86)
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Fig. 2.1 (continued 2)

DISTANCES  PATH LATITUDE AVERAGES TUVM

Eo
. . . J31IM
(Miles) (Degrees) 1939 1940 1941 1942 19487 1946” Lo B 1 mite
e031 P-TWL 42.5 N N N 68.9} 99.2} 2350
66.1 94,4
: (72) (84)
2163 _ P-¥SB 43.8 s.vs} v.os} _17.6} 18.9_} 18.9) 27.4} 1660
: ‘ 5.53 - 5.58 14.4 13.8) - 12.0f 20.7
(74) (78) (83) (53) (72) (88)
2308 B-KFI . 39.4 13.9} ) 19.2} N N N N 1480
12.0 14.6
(69) (50)
2326 B-KNX 39.5  21.6Y 237" N N N N 1732
.- est. est.
2411 P-WABC 46.1 N N N 5.48} 3.2} 4 1500
l.,l
3.18
. - (158) (181)
2446 . BEPO 405 18.¢Y 21.8Y N N N 1130
R e . : ' e't. . GSt. .

.-o-.co--o.m Or ng. 2.1
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DISTRIBUTIONS OF NIGHT TO NIGHT MEDIAN FIRLDS IN SS+2 HOUR WITH RESPECT TO THEIR ANNUAL AVERAGES AS A UNIT

ﬂgo 2.8 ’

PATH

: , DATA
Po(R)=5 10 20 30 40 50 60 70 80 90 95
$5.2  0-WOAI 783 1200 1.82 1582 1.89 1.26 1.08 0,97 0,885 .800 .708 .585 .480 896
56.5 A-WOKY 354 1530 1,79 1.61 1.37 1.21 1,10 0.98 .868 .745 .822 .477 342 336%
36.7 A-WLW 374 700 2,20 1,98 1,63 1,36 1.11 985 755 578 L,376 L,185 ,105 299
36.9 G-WFAA B8 820 1,90 1.69 1.45 1.28 1.18 .990 ,.850 L,700 L,B516 .295 ,151 1023
39,25 B-WCKY 430 1530 1.92 1,68 1,41 1,23 1,09 .980 .86% .738 558 .290 ,120 291
39.4 B-WLW 413 200 2,70 2,14 1,66 1,88 1,08 .800 ,545 . .333 ,183 ,092 1034
39,5 G-EFI 1176 640 2,10 1,75 1l.44 1,88 1.07 910 770 .635 515 348 ,225 432
39,55 G-ENX 1192 - 1070 2.1é 1,73 1,38 1,19 1.05 +920 790 665 ,547 ,410 ,.305 182
40.35 G-WLW 752 700 3.40 2.61 1.72 1.25 ,920 .675 .487 336 .211 .108 729
40.4 G-KOA ‘343 850 2,38 2,00 1.54 1,27 1.06 870 .692 517 .335 ,L157 717
41.0 G-KSL 718 1160 2.45 1.98 1.50 1.26 1,07 1895 708 520 .320 .103 441
41.3 G-WHO 268 1040 3,67 2.18 1.62 1.27 1,00 781 .593 .410 ,208 613
42.9 ©P-WFAAL 1807 820 2,860 2.20 1.63 1,31 1.02 J735 500 ,328 L,200 L1100 312
43,0 0O-WCCO 390 830 3.20 2,40 1.78 1.32 «950 ,660 .417 .237 .125 616
43.0 o-x9rP 967 1500  2.47. 1.97 1.55 1.31 1,07 857 .648 ,455 ,253 121
43.8 DPyWSB 2183 780 8.55 2.41 1.48 .948  ,632 .429 .293 ,200 .133 364
45.45 P-WENR 1731 890 4.22 2,70 1l.44  .905 804 .420 .200 ,189 .108 407
48.2 P-BCO0 1438 830 3.40 2.48 1,60 1u®s 742 530 .387 .263 .16l 18
48.4 P-CEK 884 540 3.48 2.3 1.5¢ 1.14 .84 610 .438 ,305 .200 119 305
¢ +3 Hour taken instesd of $2 Hour.




| KEUPPEL.w CENER BO., N.Y. 388-010

fisnil-Logarithmic 2 aycles X 10 to the inch, 5th Hnes accented,

MADE IN U A

6 MEDIAN DIURBAL CURYE FOR NORTH- :
SOUTH AND FOR SHORT BAST-WEST =
- PATHS.
DATA QVER © PATHS; 194% VALUES
. ON THE LEFT: 1944 VALUES ON THE
RIGHT; MEDIAN VALUES OF EACH
GROUP OF DATA CHECKED 08 THE §
AXIS.
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KEUFFEL & ESSER CO., N. Y. 389-01G

* Semi-Logarithmic 2 cycles X 10 to the inch, Gth Hnes accented.

MADE IN U, 8. A,

MEDIAN DIURNAL CURVE FOR LONG
EAST-WEST PATHS (LONGER THAN
1000 MILES)

DATA OVER 9 PATHS; 1943 VALUES

ON THE LEFT; 1944 VALUES ON THE
RIGHT; MEDIAN VALUES OF EACH

GROUP OF DATA CHECKED-ON THE
AXIS- B
FIGURE 2.4
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Fig. 2.5
MEDTAN DIURNAL CURVE DATA

RATIOS OF FIELDS IN VARTOUS NIGHT-TIME HOURS TO THOSE IN Sg+2

1.125

PATH  DISTANCE s s + 1 S+ 2 + 3 + 4

43 . 44 43 ., 44 43 . 44 43 . 44 43 44
(1) LONG EAST-WEST PATHS (longer t'an 1,000 miles) :--
P-WSB 2163 .34 .32 64 72 . 1.32  1.11 1.50 1.15
P-WHL 2041 .30 .27 .71 .70 1. 1. 1.21  1.12 1.35 1.17
P-WLH 1973 .32 .36 .66 .53 1. 1. 1.26 1.3% 1.45 1.85
P-WENR 1731 46 .36 .72 .58 1. 1. 1;23 1.52 1.46 1.85
P-WFAL 1607 W30 .18 70 .54 1. 1. 1.18 1.28 1.25 1.38
P-WCCO 1438 .25 .35 .68 .62 1. 1. 1.25 1.48 1.50 1.72
P-KSTP 1424 .58 .50 .80 .71 1. 1. 1.13  1.22 1,17 1.36
B-WFAA 1220 .42 . .53 74 .76 1. 1. 1.22 1.22 1,50 1.50
G-KFI 1176 52 .43 .72 .66 1. 1. 1.29 1.23 1.45 1.27
(2) NORTH -SOUTH end SHORT EAST ~¥EST PATHS :w-
G-WOAT 783 .24 .21 79 .76 1. 1. 1.11 1,15 1.12 1.2
G-WFAA 558 24 .16 .68 .63 ) A N 1.11 1l.20 1.07 1.30
B-WCKY 430 -— .22 -— 73 - 1. - 1.20 -  1.27
B~WLW 413 .22 - 64 am ) W 1.25 == 1,145 -
G-WCCO 390 .26 .24 .72 .68 1. 1. 1.116 1.12 1.126 1.128
G-KSTP 387 .36 _— 84 - 1, — _— 1.06 - 1,06
A<ALW 374 .178  .155 .56 .545 1. 1. 1.25 1.25 1,30 1.45
A-WCKY 354 — .86 -— .80 - 1 — .99 " =— 1.01
G-KOA 343 .34 ,245 .68 .66 . 1. 1. 1.115 1.115 1.125 1.180
E~HHO: 268 .38 .28 76 72 1. 1. 1.17 1..16 1.16 1.18
. B-WHAM 257 <27 ..245 13 .63 1. 1. .12 1.12 1.127

FIGIRE 2.5
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a =
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FIGURE 5.3
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SKYWAVE SIGNAL RANGE AT MEDIUM FREQUENCIES
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SKYWAVE SIGNAL AT MEDIUM FREQUENCIES
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_. RAYLEIGH DISTRIBUTION OF =
! INSTANTANEOUS SKYWAVE FIELD INTENSITY
= Percentage of the Hour that the Ratio
= E/E, Has the Ordinate Value.
- H E is the Instantaneous Field Intensity.
Ey is the Hour's Median Value. ==
2 e 2
R - b= o-0-693(E/Ey)
E/En M ;
T ' FIGURE 6.1
N
1 a A e
= <H ?,. e SR
i IR -
A - ] . .
X -
] N
5 :
E TN
9\ 0.1 N
T e 006 0.1 0.2 05 10 20 30 40 &0 @0 10 80 80 95 98 98 99.5 9.5 88.9 S

PERCENTAGE



: « 4 ¢ 2 ¢ 2
INTERFERENCE WITHIN THE HOUR : i

'R, 1s the Steady Signal Desired to Undesired Ratio it

i : Taken as Standard for Unob jectionable Interference. o= ] :

R 1s the Ratlo of the Median Value of the Desired N [Eci el

f Skywave to that of the Undesired Skywave, . ) }
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THESE FUNCTIONS SHOW THE NUMBER OF NIGHTS PEK YEAR (%) ON WHICH THE RATIO (R) OF THE
DESIRED TO UNDESIKLD SIGNAL EXCEEDS VAHIQUS VALUES AT A PJINT WiERE INTERFRRENCE IS
NMARGINAL BY PRESENT STANDARDS, I.E. WHERL THE VALUE EXCEEDEL BY T4E UNDESIRED ON 107
OF Tk NIGHTS IS 1/20 THE VALUE EXCEEDED ON 50% OF THE NIGHTS BY THE DESIRED SIGNAL.

THESE FUNCTIONS ARE SIMILAR BUT WITH THE ADUED HESTRICTION THAT THE LESIKED SIGHAL
EXCEEDS 500 UV/M ON ONLY 50% OF THE NIGATS AND ONLY THOSE NIGHTS ARE COUNTED WALN
THE RATIVU EXCELDS A SPECIFIED VALUL &ND, SIMULTANEGUSLY, THE DESIRED IS GREATER THAK

500 UV/M.
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