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Curves wouia cross and re-cross cach other. This has been takgﬁ to mesn that -

FEDERAL CQMMUNICATIQNO' SOMUT SSTON
“ENGINELAING DLPARTUENT

DAYTIaL SK{FAVE AT BROADCAST CEREGUENCTES R

An analysis of Data Recorded on 1/ Transmigsion Paths for a Period of |
Anproxima tely Six Ycarc ' ‘ o

‘The orfctlcal and general objezt of this analysis is_to obtein. curves

RN

sles" at any distance, in any direction,
tter Tocal time for a statlon at any

reorcsenting "139% skywave field intens
at any}irezuan/ ~at any hour of Iransmi

i e

latitud

M bse Rt

In order to achieve ‘the most aCﬂurate res hltb nossivle as Laololy as

00551019 this general aim has been limited here somocwhat., Only noon, afternoon

and evening dats have been studied. The empirical curves for lOm fields in the
seccnd hour after sunset have been used derCtly as a voint of departure in the
deviation of curves Zenrcsenting fields in other hours. This has been done by
the simple exoedient of aool51nv diuvrnsl curves tc the second hour curves. With
respect to the first limitation, morning conditions are known to be not quite
symmetrical with é&vening conditions but they 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 deal of time without
nerhuos limiting the immediately useful results very seriously. The chisf effec

of the direct use of the empirical curves for 10% fields in the sccond bour
after sunset rathér than the thco“cﬁlcﬁl'formuIao for this second hour curve

has been to 1imit the deviation of curves to distances lrsa Ll‘ﬁ\a)?TU)lﬂwtclj

1200 WTlCS.

By "10% 3PJWQVC field 1ntrn,1ty" in & given hour of the day . is meoant
the level exceeded by the hourly median field intensity for 10% of swuch hours of
the year. Such values are chotcu 1n thﬁ follow1ng by the obvious notdtlon ,

The analysis proccdurc was of a simole and empirical nature and can bc
rapidly described: - o L T i L SR

Figure 1 a, b, ¢, dj ¢, £ tabulates tho bm 10 values by ycurs, a- nags
for ¢ach solar hour. SSMP denotcs the sunset hour at ths vath mid-noint. This
hour was centored on the instant of suns:t at the mid-point. 8SMP-1 donote

“the hour prececding SSMP and so on. The numbers tabulated zre the mwcrovolts

per meter recorded (not microvolts per meter per 100 mv/m radiated).’ The -
numbers in pa“fnuquuls are numbcr of data in the annual sample  that determined
‘t"lr L 10"’ v«j_u . . oo AR L ' :

: Figurs 2 shows a plot of thu dutd for MFA 28 rbcorqed 1n Grand o
Islanu, Nebraska. On the SSHP axis, for L\amﬂlo, each - yedr' m 107 value b
for that hour is oslctted as an x with a numeral 2, 0, 1, 2, 3, or L' beside it
to denote the year '39, '40, cte. in which the valuc as recorded. It will be
noted that if o diurnal curve is drawn through each yesrs data,. the several'




ratio Ur~nt curves of Figure 4. Th@u- curves have bedn extrajsolated by the

-light hours may be considered with cons 1Jbraolv assurance to be. qlmost

proportional-—to . the cosine of the sum's-zenith angle, so that in the nblgnbor—

CFigure 1 spowar to Ue sikywave. On other paths the frcequencics ond distances -

~year to year medians of recorded En 107 valucs in the noon hour and iu SSip-2.

-2 -

the data are varying at random--about a diurnal curve tyoiczl of all years.
The curve shown in the figure is drawn througn the medizn of-2ll years. This
curve will be referred to as the comosite dirurnal curve for G~ ~WFAA, comrosite

referring to its being composite of all years. (Statistically, it :nturs a

‘new hierarchy of randon variastion, the randowm variation from year w6 ,bar Of

annual statistics. In this realn it is' a msdlan curve T U S S L

Similar curves have been drawvn for the othcr data showm in Figure 1.

«flfhf‘ 3 shows a tabulation giving various pertinent data including o thul4t1m

of the rations of the ficld values attained in the various hours on the com-
osite diurnal curves for the individuul paths to th value Mttyln,a in SSMP-#2.

Tncsu ratios are denoted by “&SJL/UﬁGPQ, Esr/t ae12? “ete. . . o

Figure A ghows o nlot of thnse ra tho versus irpcurncy for SV“Pfl
S ﬁP and SGﬂP-l. It will be noted that the ratios define a trend. linc rather
c iy and thet the trend lime becomes steeper in re ‘U¢UT fashion showing, .
incrcasing Irpounnpj effect in ecarlier hours. A ;lot the SSHiP-z rotios B
g ,
a
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ocs not define a trend. Thails has beon assuncd to mea th t most of the data
va il kle are at frecquencics and distances such that tﬂm reeorded fields are

n 01, +1mv did not Hermit the determination dircetly

]of values for SSHP+3, nor was it thouiht at’

:irst t at thcy woulid be oi agy pa rticular use. In the ultimate ‘ajplication,
when dirunal curves extending Lo time, a little later than SSUP 2 becanc .
needed, the compogite dlurrﬂl curves were ¢xtrapolated individually to SSUP-+ 3.
The retio "data" chown in Figure 4 for SJMP~+J were dct rrined by this ‘
extrapolation. S ' ' : -

exo rlmbnbwivag

A similar »lot of the ratics ugainst eguivalent vertical incidence
freg L uncy shows Qlﬂlla”lj well icilncd trendo. “eans have been sbught to
: ¢ whilen lo the better rgOI,oanLbl’ﬂg but none has yet been found that
drtermine the guestion. More will be sald on this matter at.a latter 901nt.
in thin rc;or+ , . : ’ E ,  f\ " ;néf JEI
| - : :

Flgure 5 shows dlurnal curve for 0. 5, l O and ] .5 me based uoon tﬁa

dashed lines as ghown. Thesc extraosolations are made on the basis of the- _
following considerations. The absorption coefficient of skywave during day—

symmetrical about the noon-hHour and to be simply related--perha o> simoly

nood of sunrise and sunset tae diurenal curve- should have, in logaritimic uits,
a rather long stra:ight section. . The dﬂshei strulgqt line ext -polations hlve
been used in the subsecucnt asplications. . e

A

o ?y comparisonnwiﬁh cpmoutbd groundwave ficld inte n81t1L Sy only thc
A=-ACKY, B-#CKY, G-KSTP, and G-WLW und possibly G-WFAA moon data saown in

are such thnt skywave first ag)c*rs‘betwecn SSMP-2 and SSip~1. Fivurb & shows -
a tabulation of groundwave ficld intensities estimated oy usc of tho Standards'.
conGuetivity map, groundwave curves and tae so-called db nethnd; togethor with
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In connuction with thig fioure it is perbinont not: that ot dist uces of
B

the ovicr of hundreds of siles; Jroundwuve may Lo ;X)cc+(w b vary Ty
to_tiﬂc by resson of variation of wffcctive uur*h conductivity >r by ¢
iztion of the trojossheric ‘componunt, by o factor of 2 or 3 1o 155
Eaiie, tentot Lty secented acthods of ,btll t'np‘vrquni UAVE OVer
of varying conductiv’ tles Aiffe r‘denb thenselves by o factor of 2 or 53 tﬁ
in some Czses. : S C

rth

oY)
N

e

1t be reore
D0 nnd 1200 -

L
the offects o

" The u]hrnLL CUrves
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OV }fjm % Or/;;' ficids 3 “Lu the Erhgb and o t"l" reet

in variosus hours for a statioc

i 1: ditude and at fr gueheics of 50C,
1000 and L 500 ¥e. Figures 3

o
2, D, c, shioy thq CoOrrespnn ding fidclds to the

South .
rin and South. ' o .
\ . : ‘ v ) .

cast and ura,.g‘( Y : - : 7ntc7 ‘-r'rh -1-3 4 rTe)roesen-
tation of orooagztion to the hust from o transalib: - locatod at the sceond
hour after sunsct. The 409 latituds curves of Fi“ura. o of the Stondards has
been drown 1n the cast direchicon in Figurss 7a, ¢, and laveled TSS-2
(sccond nour =itor tor . smnset).  Ths deviation of the rest of the curv.
is 2 matter of the o tieon of an u4<mvntmrj sort of . geometry of glace ":hﬁ
timne., PFor exasrele, dn Alburu 7u the TSST 2 curve to tas Last at %ﬂO aile

$ives an By 109 Vﬂluc of " 54 uv/u. Tais datum ig pertinent to LE:P“ 2%, since
sunpet travels 800 ailos oor nour at ACY lstitude. -The 200 mils WJtuN for

the TSS+1 curve must fall below 54 uv/m thod by th"“ntlo of SS”p«ll/

Eg ;22 as shown by the 500 Kc diurnal curve of Figure C,‘Vnd so on” for
earlicr nours. The sane gesaetry sy Obvicosly pe 2bolied to other olstﬂuccs
#est ond to other hours.  Thus, Figure 7a is identically
an zltornative rep :eh(nu"+lon,‘¢ tne 40° l%tltdﬂ€ curve

o

Ke diurn 1Mcurv\

U
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equivolent, is neroly
uuru_lawol the St"na;r&s corbined with the 500

e

ation, Thm'“

5, and is a8 nCAurate as oro those bwn curves in c

Nﬂrta—oautH curves af.rlguics 8z, L, €, ars o €9 T8 Ferived oy ths SaNe
zeonetry. ' SR : SR :

Figure 9 serves 1 dual 2urposc.. It sazus"r)unumMVL curves | for Ino
and throe rl.una cons uCt¢V1+L€> 5, 1%, snd 20" mJﬁuF/r' together with
SIEYWAVE CULves £ .the East and jest for V;rious nna< 'Qt AOJ datituded
figure is deawn £9r o hadf-wave sntemo rdiat ot mnc ﬁ11c.‘

.
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Ctarsugh the interscetio
“ddstunces at whilch the ratis

-/ -

It shows the distunces at wihich, Jenending on ground Cﬁnduntivity and Gaolor time
the observable ficid (if it were above noise ?evel\ would change from zriand-
wave o

Kywave, and shows for exnmodle that 2t dictances br<ut<¢ nan about 500
ield will be Sky‘LVb- : .

ailes thoe cxpected By 104 f

Pigure 9 =2lsc
dietortion zonc with the

o orimnry

service by the

2 to 1. Froa the inncr T 1i-it »f
service in various hours and seonritely in
Figorce 10 2, b, ¢, \flgure ¢ buing b 3 woon comoutstions il thit

st
1¢lustr&tgj in Flgure 2 2ub not reproduced hbJ )°

Figure 11 ds o aneral figure illustrating hebfveen a
Cl=ss I stotion of 50 kw znd a Class IT steticn of 10 k 00 2iles
to the bLast at /OO Iatitwlis. mhv Treguency and groun icg wssumed
arc 1L me snd 10 muho/m.  The suywave curves of both stati “beled Dby
the time 2t the Class I station.

Pigure 12 snows song the intorantisn thatb ff the
curves of Figure 11, It shows for seeh stoation thc Jrimery

service imnosed oy the sther in vaerious hours nenr vorticel nxis
shows timne with rosjsuct agnitier sunset o swer horizontal
axis snnws the distance which oerwry gservice 1s iimited while tAn Jper
horizontal axis shows the limited ficld intensity contour. In computing these
linitatione 3 ratio of groundwove to undesired skywavs, of 40/1 has Ueen o
arbitrarily assimed. '
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Accuracy and Conclusions.

, 1. 4s was pointed gut the elzborate uotlil ol Fi
exam)le, 1s 2 result of geometry. The occuracy »f Figure 72 dejends on the
accuracy of {(a) taoe 407 latitude curve from Figure 1u of the St-ndurds, {b)
the accuracy of the 500 Xc.diurnnl curve from figure 5, {c) the accuracy of
the assumstisn . that thiz diurn~l curve is all short distencos.

o

; Pith resdect to (u) it may oo said that the curve suffcrs from
several defects, the : €, it is based
upen the assumption )
conducting
sected on aceount of «
tint, sonme deviations o
In this latter rz&clu, howev
be rathu.r azcurate for middl
frecuencices at hipgh latitude

txv CUTVL 1oy be ex-
no frequincy «ffcet so
y be expeeted on this scenmt,
Y O saia taet the curve is believed to
usneics at middle latituics, for high '
WS th low freguencice ot low latitudes, bub muy be
v 1ittle dow for high tfreguencics st Low lotitudes and 2 1ittle high for low
fregucncius ot high latitudes.. . ‘
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At an estinute, devintions of dots “ro“ this curve by as much os 2/1
should be rerc although in very unusucl cases wh 211 the poraseters thet
have been "averagoed ou*” conbine to aroduce ll“Lb tluns in the some dircetion
greater deviatiosns are omssible.

With resovect to (B), it may be noted that the tyolcal maximum
deviation of the ratis duta from the trend lines of Figure 4 is about 1.4
whilc the vyoical waxiﬁum'dev1&t;on of a year's ditus from the composite
diurnal curve Pigure Z is about 1.5 so that altogethor the dota from o singlec
year might «<iss the diurnal curve of Figure 5 by a factor of 2.1,

Thus, in an "wilucky" year-on an "un-average" transmission path
(unusial ground conductivity ond terrain) inla ogrticular hour the deviation
from oredictions here on thest accounts may be as great as 4.2/1. These
deviationg, howover, may go cither up or down. “ :

With regerd to (c), the data are tos sparce and ill-assorted to serve
as zn adequats test.  Some of it suggests that therc umny be some effcet of
path-lengta on the diurnal curve. There is also some theovetical reason to
believe that the diurnal curve should be a function not of 2derating freguency
but > equivalent vertical incidence freguency--which would invelve sath-longth.
An attempt wos made to follow through sinultaneously on both hascs and the ro-
oresentation of diurnsl curves as a function of euuivalent vertical ineidence
Irequency together with the 7"ﬂxtri al consequincies were carricd through far
suough to sce that although there is a signifiCQHt diffcrence 1t is not largs.
Tals more claborate procedure was dropned pecause tine did not permit its
completion =nd because 1t anpearsd to Se an over- rcfinement on an otherwise
rather elementary type of analysis. '

If the only presentiy available assumptizn slternative to (c)
were true rather than fc), the oresent representution may be in error by 'a
factor variable in distance, which is about 1.5 at its LrLTtCot
2. The analysis of the data and its representatian here’is particulafly
elementary and dircet. | & sounder analysis would interpret the diurnal curves
as diurn2i curves. for en F-layer reflection cocfficient.  Thig would also .

“permit the skywave curves for various hours (as in Figures 7 and 8) to be

extended to 2000 miles and beyond. Such an anclysis requires, however, the
introduction of transmitter radiation pattorns in the vertical olane based uoon
finite corth conductivity and a more claborate theory of the structure of

the skywave curve than that uson which. ths curves sf Figure la of the Standards

is bused. Studius huve ricently been completed in the FOC Technical Informatic:
Division which should make possible a resresintation of the combined freguency
and latitule cffccts in skywave,  The 'ffrcts nre mutually contingent and
canust be exorcssed as a frequewncy factor and a latitude factor. This
representotion should e immediately dddptLQl t> diuwrnally varying reflcctlvn
coefficients. The studivs are based, cssentially, »n the represcntotion of
skywave sct sut by Mr. K. A. Norton. '
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3, Although further refincment Hf analytical spscedure is needed to extend

the ronge of reorcecabtuatisn of skywave it is belicved that the reojresentation
in this report is 5f the right order of negnitule and constitutes o reasonable
basis for =n cvalustion 2t the sractical importence of ndaytine" skywavc.

&
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TABLE OF TRANSMISSION PATHS STUDIED

Letters A, B, G, P are for recelving stations at Atlanta, Ga.,

— Baltimore, Md., Grand Island, Neb,, and Portland Oregon.
E(¢4,0) 1s the radiation at the bearing and pertinent angle.

5 Field ratlios are those occurring on the diurnal curves

compoaite of all years.

! : D. Path F ) E($,0) Ess$3 Essdl Ess Ess-1 Ess-2 Enoon
g Mi. Kec M.P.Lat. Ess¥Z TEss¥Z Essd? Ess§Z TEss¥Z Tssé?
. 268 G-WHO 1040 41.3 915 1,0 «83 28 1 066 036 034
' 343 G-KOA 850 40.4 18204 1,06 73 .25 050  ,021 02
b 354 A=-WCKY 1530 36,5 s 1.0 91 «38 100 .021 L0035

374  A-WLW 700 35.7 1539 1,085 .76 21 034 L0111 L0078
. 387 G=KSTP 1500 43.0 1724 1,0 .84 o34 071 010 .0039
; 390 G-WCCO 830 43,0 1394 1,105 .67 «19 049 ,022 ,018
. 413 B-WLW 700 39.4 1419 1.16 .61 .15 023  L011

. 430 B-WCKY 1530 39.2 1410 1.1 .76 «29 L067 012  ,0044
i 558 G-WFAA 820 36.9 1593 1,11 .70 «20 026 ,0084 ,0056
, 752  G-WLW 700 40,3 1805 62 083 ,027 ,014 009
- | 783  G~-WOAI 1200 35,2 1642 1,02 .80 «29 .gg 5531‘
= 1176 G-KFI 640 38.1 1550 1,16 .63 «20 .o18°
’ 1438  P-WCCO 830 46.2 1768 2.4  O8%. ost

< 1607 P-WFAA 820 39.9 1768 1.9 o35 074
. 1731 P-WENR 890 44,7 1731 2,03 o3 °8§é
? + For 1940
N ## For 1943
Figure 3
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COMPARISON OF CALCULATED CROUND WAVE
FIELD INTENSITIES WITH EXPERIMENTAL
’ LEVELS EXCEEDED 10% OF THE TIME FOR
NOON AND S8-2.
| , Conductivities Fleld Medlans
i Path F§2q Di;gigge Efﬁ;;éeld Miles o Intensity of
’ e G.W.Curves Yearly 10%
uv/m Fields in u-
Noon Two Hcu .
Before {
l 1. A=WLW 700 374 1910 60 10 35, 13,3 13,5
q 40 6
T 110 3
5 164 )
2 2, B-WLW 700 413 1910 90 10 15, 13,8 16,1
40 6
. 60 5
, 50 3
? 173 2
3. G=WLW 700 752 1910 120 10
40 8
330 . 156 0o 6.7 8.2
e 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
B 120 15 15, 15,5 21,8
& _ 187 20
- 6. G-KOA 850 343 1414 120 15
; | 223 20 56 o 42, 48.7
7. G-=WHO 1040 268 1626 50 15
T ' 218 20 74, 52, 57,
= 8., G-KSTP 1500 387 2060 80 8
: 120 15 1.2 847 21.8
187 20
9. A-WCKY 1530 354 1900 28 lg
4
110 3 1.5 9,5 67 .4
144 2
10, B=-WCEKY 1530 430 1900 90 10
, 40 6
60 5 O o
20 - o4 5,88 21,2
. 190 2

FIGURE 6
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FIGURE 7b
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