














GROUND PROPAGATION

BY DAVID M. BARTON. AFbS

Most DXers are well aware of differences among QTH's and the

great advantage of those on hilltops or with down-slopes toward
Europe. A perhaps less-understood advantage enjoyed by some is
that resulting from good soil in the antenna's reflection-zone.

PERFECT SOIL (or seawater)

A
The ARRL ANTENNA BOOK shows vertical-plane patterns for both
vertical and horizontal polarization for antennas at various
'heights (pages 55-57). These patterns are for a perfect
reflecting ground, however, and may bear little resemblance to
some real cases. The patterns do demonstrate some fundamental
facts about the effect of the reflected wave on the total signal
and are worth studying for insight they offer. The patterns
result from the vector-summation of the direct and reflected wave
at each vertical angle. One can easily find the wave angles at
which maxima (peaks) and minima (nulls) in the patterns occur by
remembering the following:

1. Total phase difference of the reflected vs. direct waves
is simply the sum of that due to the difference in path
length '‘and that due to the ground reflection.

2. Path length difference is given by:
LENGTH = 2 x HEIGHT x SIN(THETA)
where LENGTH will be in wavelengths if HEIGHT is.

: ]
3. For perfect ground, the phase change on reflection is zero
for vertical polarization and 180 degrees for horizontal.
On real grounds, this is not true and is much more
complicated.

Since the waves vector-add, maximums occur whenever total phase
difference is zero or any multiple of 368 degrees. Similarly,
nulls occur at differences of 180 degrees and 180 plus any
multiple of 360.

For perfect ground, the result is that a series of maxima and
minima occur at angles dependent orlly on height and polarization.
For most DXers, the first maximum is the only one of serious
concern, since at normal heights the second maximum would be at a
very high angle. Horizontal polarization always produces a first
null at zero elevation angle. At 14 MHz and height of 6@ feet,
the first maximum will be at about 17 degrees. For vertical
polarization the first peak is at zero elevation angle.

Those DXers 1/ 'ng in a salt-marsh should consider mounting a

pair of monobiu...ers or big tribanders on a low tower with a cross=-
boom vertically-polarized (2-meter style). The signal should
compare favorably with horizontally-polarized antennas 158 or 200
feet high! QSB should be lower also, since the low vertical would
not have any pattern-nulls at the normal DX-signal wave- angles.
Anyone know where I can buy a few acres of salt-marsh with a
island in the middle...cheap?

REAL SOIL

Sorry to say, urban California soils don't much resemble a salt-
marsh. Soil conductivity may be in the .#1 to .31 mho/cm range
rather than the 5 mho/cm value of seawater. Comparisons of
dielectric-constant are similarly unfavorable.

The effect on horizontally-polarized waves at low angles is
minimal, as shown in one of the references (Picquenard).

However, the effect on vertical signals is truly disastrous. At
low angles, reflection coefficient is high, but phase is reversed
which causes wave cancellation. At higher wave angles the
reflection coefficient and the phase both fall. At some
"critical anale® a minimum coefficient is reached, above which it
gradually increases again. Reflection phase is about 9@ degrees
at the minimum point and continues to appraoch zero at larger
angles. This pattern is the same for a wide range of soils but
the "critical angle” depends both on soil parameters and on the
frequency. “Generally, it declines with increasing soil
conductivity and dielectric constant and increases with
increasing freoguency. Over poor soils, verticals most certainly
do not have a low radiation angle despite common knowledge.
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WHAT TO DO

Computer simulations, which I have been doina, and some actual
comparisons between low inverted-vees and fairly good verticals
have tended to agree most of the time. An inverted-vee with its
apex at 55 feet compares favorably to a halfwave vertical on 40
meters and to a quarter-wave vertical on 8% when direction is

{broidside to the inverted-vee. Obviously, on better soil the

results could be inverted. Therefore, one can confidently say
that those who have a vertical on 88 and 48 should try a dipole
or inverted-vee for comparison. On the 26, 15 and 10 meter bands
the difference between a 3-element phased-array and a small tri-
bander was very pronounced (over one S-unit on 20 meters). Thus,
on urban California soil a horizontal antenna seems to be always
either better or equal, at least down to the 88 meter band.

references:
1. ARRL ANTENNA BOOK
2. Picquenard, "Radio Wave Propagation®, Wiley & Seonsg, 1974
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USSR dblasts, by number

001....UD6D....ss.Azerbaijan
002....UD6C......Nakhichevan
003....U0D6K..¢...Gorno—Karabakh
004....,UG6G, s, a..Armenia
005....UC2L......Brestskaya

006....UC2W..+...Vietebskaya
007....UC20......Gomelskaya
008....UC2I......Grodnenskaya
009....UC2A......Minskaya
010....UC2S......Mogilevskaya

011,....UC...Molodechenskaya
012....UF6F......Georgia
013.,..UF6V......Abkhazian
0l4...,.UF6Q......Adjar
015,...UF60.s4s..S0uth Ossetia

016....UL7B......Celinogradskaya
017....UL7I,.....Aktubinskaya
018....UL7G......Alma-Stinskaya
019....UL7J......E. Kazakhstanskaya
020.,..UL70.4...sGurievskaya

021....UL7T......Jambulskaya
022,...UL7M.,....Uralgskaya .
023....UL7P......Karagandinskaya
024,,..,UL7K.es oo .Kizil-Ordinskaya
025..,.UL7E......Kokchetavskaya

026....UL7L,o,...Kustanaidkaya
027....UL7F....,.Pavoldarskaya
028..,..UL7C......N, Kazakhstanskaya
029....UL7D......Semipalatinskaya
030....UL7V.s.as.Taldy-Kurganskaya

031..,.UL7M......Chimkentskaya
032...JJ]M8M. .Jalal-Abadskaya
033....UM8Q......Tssyk-Kul-Przhevalsk
034,.,.UMBN,,,...0shkaya

035....UM8 ...Tyan Schanyskaya

036...,.UM8M......Kirghiz
037....UQ2G......Latvia
038....UP2B, P...Lithuania
039....U0050......Moldavlia
040,.,.UJ8J,.....Tadzhik

041..!uUJBS..--ucLeninﬂbad
042,...UJ8I, .. vu.Gorno~Badakhstan
043....UHBH, ..., sTurkoman
044,,..Ul8LE,.,...Maryiskaya
045....UH8W......Tashauzskaya

046....UH8Y......Chardjouskaya
047....UT8F......Andijanskaya
048....UI8L......Bukharskaya
049....UI8C......Namanganskaya
050....U180,.....Namangan

051....UI8I......Samarkandskaya
052....UI8T......Surkham Darinskaya
053....UIBA......Tashkentskaya
054....UI8G......Ferganskaya
055....UI8U..«...Khorezmskaya

056,...,UI8Z......Kara-Kalpak
057,...1B5N.,....Vinnickaya
058....UB5P,.....Volinskaya
059....UB5M......Luganskaya
060....UB5E......Dnepropetrovskaya

06l....UB5. .. .Drogobchskaya
062....UB5X......Zhitomirskaya

063....UB5D......Zakarpatskaya
064....UB5Q......Zaporojskaya
065....UB5U,.....Kievskaya

}066....UBSV......Kirbvgradskaya

067....UB5J,..,..Crimskaya
068....UB5W......Lvovskaya
069....UB5Z......Nikolaevskaya
070....UB5F.,..,.0desskaya

071....UB5H......Poltavskaya
072....UB5K......Rovenskaya
073....UB5I.,....Doneckaya
074....UB5S,.....Ivano-Frankovskaya
075....UB5A......5umskaya

076....UB5B......Ternopolskaya
077....UB5L,.....Karkovskaya
078..,.UB5G......Hersonskaya
079..,.UB5Tsess..limelnickaya
080....UB5C......Cherkasskaya

081....UB5R......Chernigovskaya
082....UB5Y......Chernovickaya
083....UR2R, T...Estonia
084.,..UA, ..., .Bashklr
085....UAO, .o .. Buryat

086....UA6W.-....Dﬂghestnn

087....UA6X..0...Kabardino-Balkarsk’

088....UAIN......Karelian
089....UA6T.c....Kalmyk
090..¢.,UA9X . veosoKomi

091....UA4S,....0 . Mari
092....UA4U,.... . Mordovian
093....UA6J...,..North Ossetian
094..,,UA4P......Tatar

"095.44.UAMW, oo Udmurt

096....UA6P......Checheno~Ingush
097....UA4Y......Chuvash
098....UABQ. .. ... Yakut
099....UA9Y......Altain
100...,,UA9Z,.....Gorno-Altai Aut.

-101,...UA6A. ... .. Krasnodar

102....UA6Y......Adigei Aut.
103....UABA......Krasnoyarsk
104..%.UA@W..... .Khakass Aut.
165....UA@B,.....Tajmyrsky

106....UA0H......Evenkiysky
167,.,.UAfL, .4+ .Primorye
108...,UA6H......Stavropol

109....UA6E,.....Karachai-Cherkess

110...,,UA¢C, ... .Khabarovsky

111....UA@D......Jewish
112....UAQJ......Amurskaya
113....UAlO......Arhagelskaya

“134....UA1P, ., ... Nenetskiy
‘135....UA6U..,.,.Astrakhanskaya

126....UA4....Balaschovskaya
1:7....UA3Z......Belgorodskaya
1:8....UA3Y..+...Brianskaya
119,..,UA3V......Vladimirskaya
129.+..UALQ......Vologodskaya
121.44,UA3Q. 4,4« . Voronejskaya
122,...UALT......Gorkovskaya
123....UA3U......Ivanovskaya
124,...UAGS. .. ¢s.Irkutskaya
125,..4UA2F,.....Kaliningradskaya

126...,UA3I..,....Kalininskaya
127....UA3X......Kalujskaya -
128....UA@Z..... . Kamchatskaya
129....UABX... ... Koryaksky

130....UA9U..,...Kemerovskaya

131--..UA4N......K1IOVSkaya
132, .. UA3N. .+, . Kostromskaya
133,...UA4H, ... wKuibishevskaya
134,...UA9Q......Kurganskaya
135....UA3W......Kurskaya

136....UA1B, F...Leningradskaya
137....UA3G......Lipeckaya
138....UAQI......Magadanskaya
139....UABK......Chukotskiy
140....UA9F......Permskaya

141....UA9G......Komi Permyatsky
142....UA3D, F...Moscow
143....UA1Z..... . Murmanskaya
144,...UALT..... . Novgorodskaya
145....UA90, P,..Novosibirskaya

146..,.UA9M,.,....0mskaya
147....UA3E......Orlovskaya
148....UA4F......Penzenskaya

© 149....UAlW......Pskovskaya

150....UA6L......Rostovskaya

151....UA3S......Riasanskaya
152.,..UA4C......Saratovskaya
153....UAPF......Sakhalinskaya
154...,UA9C......Sverdlovskaya
155....UA3L...,..Smolenskaya

156....UA4A......Volgradskaya
157....UA3R......Tambovskaya
158....UA9H. .. ... Tomskaya
159....UAlY.i....Tuva
160.,..UA3P......Tulskaya

161....UA9L.s. ... Tiumenskaya
162.,..UA9J,.....Khanty Mensyjsky
163....UA9K......Yamalo Nenetsky
164,...UA4L.,.... . Ulianovskaya
165....UA9A.,....Cheliabinskaya

166....UAQU......Chitinskaya
167....UA9S...,..0renburgskaya
168....UA3M......Yarolavskaya
169....UAlA,.....Leningrad
170....UA3A, B...Moscow

17liiveecesssssesArctica
172,...4K1...4...Antarctica
173.,..U18D......Syrdarinskaya -

174, ... UMIT. . ... Ust, Ordynsky Buriatsky

175..¢.UABV,. ... . Aginsky Buriatsky

176444 |UL7Y:.|||:TUTEQY
1775iboUMgpasétcsNﬁfyngkij
178....UL7R. .4, ..Deliezkazganskaya
179....UL7A.. ... . Manishlakskaya

180....UH8B......Nebit Dag

181.,.,UI8V.,.....Dzhizakaskaya

182...,UJ8K.,....Kulyabskaya
183....UJ8X,.,...Kurgan-Tyubinskaya
184...UM8.....Tajas -a









