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DAYTIHL SKYWAVE AT BrOADCAST FRHQUENCIES

An snalysis of Data Recorded on 14 Transmission Paths for a Period of
A03r0X1matelv Six Years

The practical and general object of this analysis is to obizin curves
reprasenting "10% skywave field intensities" at any dlstance, in any direction,
at any frequency, at any hour of transmitter local time for a station at any
latitude.

In order to achieve the most aCﬂurate results possible as rapidly as
possible this general aim has been limited here somewhat., Only noon, afternoon

and evenlng data have been studied. The empirical curves for 10% fields in the
seccnd hour after sunset have been used directly as a noint of departure in the
deviation of curves reprosenting fields in other hours. This hus been done by
the simple expedient of apnlying diurnal curves tc the szcond hour curves. With
respect to the first limitation, morning conditions are known te be not quite
symmetrical with evening conditions but tqmy have been considered to be nearly
enough symmetrical that the difference is of secondary sractical importance.

The second limitation is more scrious but saved a great desl of time without
nerhans limiting the imm@diatelv useful results very serlouoly The chiel effect
of the direct use of the emnirical curves for 10% flb'a~ in the sccond hour
after sunset rather than the theo*ctlcal formulas for this gecond hour curve

has been to limit the deviation of curves to distances less taan approximately
1200 miles.

By "10% skywave ficld intensity" in a given hour of the day is meant
the level exceeded by the hourly median field intensity for LON of such hours of
the year. Such values are devoted in the following by the obvious notation
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The analysis procedure was of a simole and empirical naturce and can be
rapidly described:

Figurc 1 a, b, ¢, dy e, £ tabulates the Ip 10% values by yesrs, a nage
for cach solar hour. ©SSMP denctes the sunset hour at the path mid-noint. This
hour was centered on the instant of sunset at the mid-point. SSHP-1 denotes
the hour jrececeding SSMP and so on. The numbers tabuloated are the microvolts
ser weter recorded (not microvolts per meter por 100 mv/m radiated). The
numbers in parenthesis are numbers of dasta in- the dnnuql sample that determined
the E 71 109 values.

Figure 2 shows a plot of the data for WFAA zg recorded in Grand
Island, Nebraska. On the SSMP axis, for example, cach year's E., 109 2 alue
for that hour is nlctted as an x with a2 numersl 9, 0, 1, 2, 3, or 4’ beside it
to denote the year '39, '40, etc. in which the Valu‘ VRS rccorded Tt will be
noted that if a diurnal curve is drawn through each yesrs data, the scveral
curves would cross and re-cross each other. This has been tokon to mean that
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the data are varying at random--about a diurnal curve tynical of all years.
The curve_shown in the figure is drawn through thc median of zll years. This
curve will be referred to as the composite dirunal curve for G-WFAA, comosite
referring to its being composite of all years. (Statistically, it wnters a
neiw hierarchy of random variation, the random variation from yeszr to year of
annual statistics. In this realm it is a median curve.

Similar curves have been drawn for the other data shown in Figurs 1.
Fipgure 3 shows a tabulation giving various pertinent data including = tabulation
of the ratios of the field values attained in the various hours on the com-
posite diurnal curves for the individual paths to the value attaincd in SSMP 42.

o
These ratios are denoted by Ess*l/Esswz’ ESS/E , ete.

5s5t2

Figure 4 shows a plot of these ratios versus frequency f

SSHP, and S3YMP-1l. It will be noted that the ratios define a trend linc rather
clearly and that the trend lime becoues steeper in rsgular fashion showing
incressing freguency effect in earlier hours. A4 plot of the SSHP-z ratios
does net define a trend. This has been assuned to mean that mest of the data
available are at frequencies and distances such that the recorded fields are
?gggn%ﬁgvgxg%%%%gﬁtaﬁvgg‘gb%e Eime'did pot Qc?mitﬁthe detc;m?n&t@on directly

- : m10% values for SSUP-+3, nor was it thought at
first that they would be of any particular use. In the ultimate ansolicztion,
when dirunal curves extending to time, a little later than 3SHP 2 became
needed, the composite diurnal curves were extrapolated individually to SSMP+3.
The ratio "data" shown in Figure 4 for 35MP <43 were detszrmined by this
extrapolation. '

A similar olot of the ratins against eguivalent vertical incidence
freguency shows similarly well defined trends. Means have been sought to
determine which is the bettsr representation, but none has yet been found that
can determine the question. More will be said on this matter at a latter noint
in this repnort.

Figure 5 shows diurmal curves for 0.5, 1.0 and 1.5 mc based uson the
atio trent curves of Figure 4. These curves have been extrasolated by the
dashed lines as shown. These extrapolations zre made on the basis of the
following considerations. The absorption coefficient of skywave during day-
light hours may be considered with considerable assurance to be almost
symmetrical about the noon-hour and to be simply related--oscrheps sitoly o
proportional--to the cosine of the sum's zenith angle, so that in the neighbor-
hood of sunrise and sunset the diurnal curve should have, in logaritimic units,
a rather long straight section. The dashed straight line extravolationg have
been used in the subsequent aoplications.

By comparison with comouted groundwave field intensities, only the
A-CKY, B-#CKY, G-KSTP, and G-WL¥ and possibly G-WFAA noon data shown in
Figure 1 apovar to be skywave. On other paths the fregquencies and distznces
are sucha that skyweve first appears between SSMP-2 and SSiP-1. Figure & shows
a tabulation of groundwave field intensities estimated by use of the Standardst
conductivity map, groundwave curves and the so-called db method; together with
year to year medians of recorded Em 109 values in the noon hour and in SSHMP-2.

I .
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“In connection with this figufe it is pertinent ts note that at distances of
the ordcr of hundreds of niles, groundwave may be expected to vary from tine.
tc tine by reason of variation of effective carth couquctlv1ty or by reasgon
ol variation of the trojospheric component, by a factor of 2 or 3 to 1;

e”nrhulc tentatively nccented methods of estian ting ground wave over carth

varying conductivities differ among themselves by o factor of 2 or 3 to 1

in some cases,

o The diurnal curves of Figure 5 wers next assuied to be resentative
of short transaission saths, or first mode oaths up o 1000 ¢ nd l?JO miles, (In
this regard however, ses comaenbs in conclusion with resnect to the effects of

the use of equivelent vertical incidence freguency.

With this uastion the curves of Figure 5 nay be asslied directly
to the Ey 109 curves Figure la of the Standards to determine ficlds at any
distsnce (in ths range of the first skywsve mode), in any directisn, in any

hour of transmitter local time and any latitude,

ass
of

Figures 72, b
in various hours for a
1000 and 1500 Ke. Figu
North and South.

; ¢ show Em ;O? fields to the Enst and to the Fest
station at 40% latitude and at freguencies of 500,
ures 8a, b, c, show ths corresponding ficlds to the

To derive these figures it i1s necessary to note that the curves of
Figure la are dzrived on the basis of data in the second hour after sunset at
the ¥e t rn gnd of the path. But this, insofar as recivnrocity of transmission
cast and west may be assumed, moy egually well be interpreted as o represen—
tation of propagation to the st from 2 transmitter locatod at the second
hour after sunsct. The 400 latitude curves of Figure la of the Stondards has
been drawn in the east dircetion in Figurss 7a, b, ¢, and llbm ed TSS-2

f’L

(second hour after transmitter sunset). The deviation of the rest of the curves
is a matter of the aszolication of an elementary sort of geometry 5L srace and
timea For example, in Figure 7a the T3St 2 curve to the fast at 200 niles

P—‘

lves =n By 109 value of 54 uv/m. Tais datum ig sertinent to SSuP‘LZZ, gince
set travels oOO miles per hour at A0° latitude. The 800 mile datum for
T S+1 curve must fall below 54 uv/m then by the ratio of Essnpull/
“ngpﬂ.,s as shoewn by the 500 Ke diurnal curve of Figure 5, and so onfor
earlier hours. Ths sane geonetry may obviously be arolied tucmhcr distances
to the East or to the West and to other hours. Thus, Figure 72 is identically
equivalent, is mergly an alternative representation, of the 40° latitude curve
of Figure la of the Stondards combined with the 500 Ke diurnal curve of
Figure 5, and is as zcourate as are these two curves in combination. The
North-3outh curves of Figures 8z, b, ¢, are of course derived by the same
geonetry.

e

g'd-'(ﬂ()',

Figure 9 serves a dual »urposc. It shows groundwave curves for lme
and three ground conductivities 5, 10, and 20 mmhos/m, together with Em 109
- skywave cucves to the East and Lest for various hours a2t 40° latitude. The
figure is drawn for a half-wave antenna rudiating 100 uv/m at one nile.
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It shows the distances at which, depending on ground conductivity zut solar time
the observable field (if it were above noise level) would change fron ground—
wave to skywave, and shows for example that at distances greater thﬂn about 500
niles the expected By jpg¢ fleld will be skywave.

Figure 9 also shows the limitation to primary service by the
distortion zone with the spproach of sunset. The ends of the horizontsl bars
through the intersection points »f skywave and groundwav: curves mark the
distances at which the ratio of groundwave to skywave, or the reciproeal, is
2 to 1. From the inner ends of tﬂCoU bars may be read off the linit of Hrimary

ervice in variocus hours. These have been read and graphed senaritely in
Figures 10 a, b, ¢, (Figure 10b and ¢ being based uson comdsutations like thot
iillustrated in Figure 9 but not repsroduced hbro).

Figure 11 is o general figure illustrating relationships between a
Class I staotion of ‘50 kw znd a Class II station of 10 kw located 800 niles
to the Last at 409 latitude. The frequency and ground conductivitics assumed
are 1 me snd 10 maho/m. The skywave curves of both stations ere labsled by
the time at the Class I station.

Figure 12 shows some of the informatiosn that con be rezd off the
curves of Figure 1l. It shows for sach station the limitotion to orimary
service imoosed by the other in varisus hours nesr sunset. The vertical axis
shows time with respect transmitier sunset us an origin. The lower horizontal
axis shows the distance at which primary service is limited while the uoper
horizontal axis shows the limited field intensity contour. In computing these
limitations a2 ratio of groundwave to undesired skywave of 20/1 has been - =~
arbitrarily assimed.

Aaccuracy and Conclusions.

1. As was pointed out the elaborate detail of Figurc 7a, for
gxample, i3 a result of geometry. he ﬂccuracy of Figure 72 degpends on the
accuracy of {a) the 40° latitude curve from Figure la of the St.ndords, (b)
the accuracy of the 500 Kc diurnal curve from Figure 5, {(¢) the accuracy of
the assumption that this diurncl curve is apsplicable to 21l short distances.

With resnect to (4) it may b. said that the curve suffers fronm
several defects, the chicef ones being thot like its oredecesscre, it is based
upon the assumption of transmitter radiation satterns over s 7ufivctly

conducting smooth ecarth so that ubVlatlonS of data from the curve sy be ox-
nected on accownt of earth condltlon and that it shows no freguency effect so
that some devintions of dats from tzp curve may be expscted on this sceount.
In this latter regard, how;ver, it muy be ssld thot the curve is belleved to
be rother accurate for middle frequencies at middle latitudes, for high.
frequencies at high latitudes ﬁnﬂ low freguencics at low latitudes, but muy be
a little low for high frequencies at low lutitudes and 2 little high for low

.

frequencivs at high latluumco.



At an estimate, deviations of data frow this curve by as amuch as 2/1
should be rare although in very unusual cases where all the parameters thot
have been "averaged outh combine to produce limitations in the same dircction
greater deviations are possible.

With respect to (b), it may be noted that the tynsicel maximum
deviation of the ratio data from the trend lines of Figure 4 is about 1.4
while the wyolcal maxin aum deviation of a year's dotun from the composite
diurnal curve Figure 2 is about 1.5 so that altogether the data from o single
year might miss the diurnal curve of Figure 5 by a factor of Z.1.

Thus, in an "unlucky" year on an "un-average" transmission path
(unusual ground conductivity snd terrain) inla pgrticdulsr hour the deviation
from srédictions here on these accounts may be as great as 4.2/1. These
deviations, however, may go ¢lther up or down.

With regard to (c¢), the data 2re too sparcc and ill-assorted to serve .
as an adequats test. Some of 1t suggests that therc any be some effect of
path-length on the diurnal curve. There is also some theocetical rcason to
believe that the diurnal curve should be a function not of soerating frequency
but of equivalent vertical incidence frequency--which would involve scth-length.
An attemot wog made to follow through simultaneously on both bases and the re-
sressntation >f diurnal curves as a funntion of eguivalent vertical incidence
freguency together with the geometrical consequencies were CJTPlSu through far
gnough to gee that although there is a significant difference it is not large.
Thie wore e¢laborate procedure was dropped because time did not yermit its
comnletiosn and becauss it appeared to be an over-refinement on an otherwise
rather elementary type of analysis.

If the only oresently available assumption alternative to (c)
were true rather than (c), the osresent representation nay be in error by a
factor variable in distance, which is about 1.5 at its greatest.

2. The analysis of the dats and its representatisn here is particulariy
elenentary and direct. A sgunder analysis would interoret the diurnal curves
as diurnal curves for sn E-layer reflection coefiicient. This would also
sormit the skywave curves for various hours (ae in Figures 7 and 8) to
extended to5 2000 miles and beyond. Such an analysis requires, however, the
introduction of transmitter radiation patterns in the vertical olane based upon
finite wcorth conductivity and a more elxoarate theory of the structure of
tﬁb skywave curve than that uoon which the curves of Flgurc la of the Standards
is based. Studics have recently been completed in the FCC Technical Information
Divigicn which should make jossible a rcoresantatlgn of bha combined freguency
and latitude effucts in skywave. The effects are mutually contingent and
canust be exoressed as a freguency factor and a latitude factor. This
representation should be immediately adaptuble to diurnally varying reflcction
coefficients. The studies are based, essentially, on the representotion of
skywave sct sut by Mr. K. 4. Norton.
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3. Although further refinement of analytical orocedure is necded to extend
the ronge of representation of skywave it is belicved that the resresentation
in this report is of the right order of magnitufe and constitutes a reasonable
basis for an evaluation of the oractical importsnce of. "daytime" skywave.
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TABLE OF TRANSMISSION PATHS STUDIED

Letters A, B, G, P are for receilving stations at Atlanta, Ga,,
Baltimore, Md., Grand Island, Neb,.,, and Portland Oregon.
E(¢4,0) is the radiation at the bearing and pertinent angle.
Fleld ratios are those occurring on the diurnal curves
composite of all years,

D, Path F e E(¢,0) Ess+3 Ess+l Ess Ess=-1 Ess-2 Enoon
Mi. Ke E.P.Lat. Ess¥Z2 Ess¥Z Essi? TEss¥?2 TEssiz Esasid
268 G=WHO 1040 41.3 915 1.0 83 .28 066 036  ,034
343 G-EKOA 850 40.4 1820% 1,06 .73 .25 050 L,021 .02
354 A-WCKY 1530 36.5 s 1.0 91 .38 100 .021 L0035
374 A-WLW 700 36.7 1529 1.085 .76 .21 034 011  ,c0o78
387 G-ESTP 1500 43,0 1724 1,0 .84 34 LO71 L0110 ,0039
390 G-WCCO 830 43,0 1394 1,105 .67 .19 049 L0222  ,018
413 BeWLW 700 39.4 1419 1.16 .61 W15 023  L0l1
430 B-WCKY 1530 39,2 1410 1.1 .76 «29 L0687  L,012  ,0044
558 G-WFAA 820 36,9 1593 1,11 70 «20 026 ,0084 ,0056
752 G-WIW 700 40.3 1805 .62 083  L,027 J0l4  ,009
783  G-WOAI 1200 35,2 1642 1,02 .80 «29 .gg 83§1
1176 G-KFI 640 38.1 1550 1.16 .63 .20 o018’
1438 P-WCCO 830 46.2 1768 2.4 o8k ost
1607 P-WFAA 820 39.9 1768 1.9 o35 074
1721 P~WENR 890 44,7 1731 2,03 .3 eggé

% For 1940

33 For 1943

Figure 3
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COMPARISON OF CALCULATED GROUND WAVE
FIELD INTENSITIES WITH EXPERIMENTAL
LEVELS EXCEEDED 10% OF THE TIME FOR
NOON AND SS8-2,

Conductivities Fileld ¥Medians
Fath  Freq Distance Efi;;éeld Miles o  Intensity of
° G.W.Curves Yearly 10%
uv/m Fields in uv/m
Noon Two Hours
- Before SS
; g
1. A-WLW 700 374 1910 60 10 5 13,3 13,5
.. 40 6| ..
Y bée = 110 3
164 2 )
2, B-WLW 700 413 1910 90 10: 15, 13.8 16,1
40 6X>
60 57
50 3
173 2./
3. G=WLW 700 752 1910 120 10
40 8
330 15 0. 647 8.2
262 20) 0.2
4, G-WFAA 820 558 1768 280 20}
160 15! 4.8 9.7 15.0
118 20 )
5. G-WCCO 830 390 1768 80 8)
\ 120 15\ 15, 15,5 21,8
- 187  20)
6. G=KOA 850 343 1414 120 15
i 223 20 56, 42, 48,7
7. G-WHO 1040 268 1626 50 15 %
218 20 ) 74, 52 57
8. G-KSTP 1500 387 2060 80 81
120 15 1.2 847 21.8
187 20 |
9. A-WCKY 1530 354 1900 Zg lg;
|
110 2\ 1.5 9.5 67.4
144 2)
10. B=-WCEKY 1530 430 1900 90 103
40 6
60 5 .
20 3 0.4 5,88 21,2
190 2!

FIGURE 6
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