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2. BACKGROUND

1. INTRODUCTION
The conductivity of the ground near the transmitter of the

medium wave station and near the receiver plays a very important
part in the field strength of the station observed at the
receiver. This is especIally true for long dIstance, low
elevation angle propagation of vertically-polarized waves, which

is the predominant mode of reception on ..dium WAve, according to
Knight and others.

Pat Martin in SeAside, Oregon hears many Trans-Pacific
stations that other West Coast medium wave DXers seldom hear -

gems from the Pacific Islands, the Philippines, low power Asians,
and rare Australians.

Mark Connelly in Massachusetts often hears Trans-Atlantic
stations that no other East Coast medium wave DXer reports
- low powered Europeans, Middle EAst stations, exotic African
stations, etc.

In the figures and discussion presented below (most of which

is taken from Knight and Thoday (1969) and PoKempner (1980», the
relative field strength and the losses in deciBels are

intermingled. Figure 1 shows the relationship between relative

field strength and loss in deciBels. The relative field strength
is 1.0 for no loss, .5 for an absolute field strength one half of
the no loss value, etc. The loss in deciBels is related to the
relative field strength by the equation:

Richard Wood in Hawaii hears medium wave stations from all

over the world - Europe, Africa, Asia, Oceania, the Americas.

What is the difference between these DXers and others? Do

they have superior receivers, antennas, or other equipment? Are
they more persistent than others? Are they language expert5
capable of picking out detaIls that 50me other DXers m15s? Does
their locAtion on the edge of a continent or in the middle of the
ocean reduce noise levels or co-channel interference? These

factors probably do contribute to their long-term success and
reputation as excellent DXers.

dB 20 log r
10

11)

where r is the relative field strength. Consequently, for a
relative field strength of 0.5, the dB loss is 6 dB, for r=0.25,

. the dB loss - 12 dB, for r=0.10, the dB loss - 20 dB.

I believe that one other factor is involved - their proximity
to the sea. Each DXer mentioned above lives very close to the
ocean, with an open expanse of 190 degrees or .ore. Most of the
OX loggings of long distance, high quality medium wave receptions
come from DXers who OX from near the sea, and most of their exotic
receptions come from the direction of open expanse toward the
ocean.
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1 obtained an article by Knight and Thoday (1969) entitled
"Influence of the ground near transmitting and receiving aerials
on the strength of medium-frequency sky waves" (Proceedings
I.E.E., volume 116, no. 6, June, 1969, pp 911-919) from Dr. Knight
of the BeC several years ago. The article describes the
theoretical basis of ground loss for a transmitter or receiver,
the variation of ground loss with variation from the sea, and the
effect of Earth curvature and irregular terrain. Some experimental
data is compared with the theoretical data to validate the
hypothesis that proximity to the sea enhances signal strengths of
medium wave stations, especiAlly at low elevation angles.
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The abstract of the artIcle is of interest:
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.. The strength of low-angle sky waves radiated by A medium-
frequency aerial depends on the conductivity of the ground
extending for many wavelengths in the direction of
propagation. The field strength is greatest if the aerial
radiates over open sea from the coast, and falls to a
limiting value as the dis~ance between the aerial and the
sea Increases. Measurements confirming the theoretical

variation of field strength with distance from the sea
are described, and the effects of ground and ionospheric

irregularities are discussed. "

The remAinder of this article will provide so.e of the

experimental data and conclusions found in the Knight article,
plus some other material found in PoKe.pner (1980) concerning the

practical methods of calculating sea gain.
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FIGURE 1. Decibel Loss va. Relative Field Strength

Figure 2 show. the ground lo.s for short vertical antennas

(and small loop antennas for low elevation angles) for sea water
(conductivity of 4 Slm (Siemens per .eter), for good ground (.01
S/m) and poor ground (.001 S/m), a. a function of elevation

angle to the horizontal for a wave frequency of 1 megaHertz.
This data wa. obtained from Knight (1969) curve..
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FIGURE 2. Vertical Radiation Patterns and Ground Loss for Short
Antennas (Frequency - 1000 kHz)

Knight and Thoday (1969) presents the theory for a short
vertical antenna a distance r froa a straight coastline, as shown
in Figure 3. It is immaterial whether the antenna transmits or
receives because of the principle of reciprocity' the antenna
length does affect the antenna gain, but that is another subject.
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FIGURE 3. An Antenna Near a Coastline

Flqure 4 shows the theoretical variation in.fleld strenqth as
a function of distance from the coast for four anqles of arrival
and for two ground conductivities (qood ground, .01 51m, and poor
ground, .001 5/m). At large distances from the coast, the field
strength tends to become asymptotic to the ground loss from Figure
2. It is apparent that the transitionfrom sea to land conditions
occurs over many wavelengths, especially with low angles of
elevation. The potential sea gain is greatest for the lowest
elevation angle and sites with poor conductivity. The theory is
believed to be valid for directions within 70 degrees of the
normal to the coastline, provided the distance from the coast is
measured in the direction of propagation. further, it is believed
to be valid for irregular coastlines. The question of hills,
mountains, canyons, etc. between the antenna and the sea is not
addressed in Knight and Thoday (1969). It is likely that the sea
gain will be reduced by the presence of uneven groundbetween the
antenna and the sea. This would also apply to the situation where
there is land offshore; the sea gain will be reduced if there is
a land - sea - land - sea path.
16

a. Ground Conductivity - .01 51. (good ground)
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FIBURE 4. Variation of Field Strength .ith Distance froa a Coast
(Frequency - 1000 kHz)

3. EXPERIMENTAL DATA

Knight and Thoday (1969) describe an e~periment conducted in

Southern England along a great circle path to Rome-845, measuring
field strengths simultaneously with calibrated, identical
equipment at inland and coastal sites. This eli.inated most of

the uncertainty resulting froa differences in propagation losses
due to frequency, aerial gain, ionospheric losses, etc. The
Rome-84S transmission path was selected because it was a clear

channel, with a sky wave predominantly a single hop mode at a low
elevation angle of about 4 degrees. Figure S shows a map of the
receiving sites on a radial extending about 100 km inland from the
coastal site at Pevensey. The ground inland is flat for a

considerable distance, 'an~ there were no cliffs at Pevensey.

The field strength was measured siaultaneously at the coastal

site and each of the inland sites in turn and statistically
correlated over one hour periods. Part of the field strenqth
reduction observed was attributed to the greater distance of the
inland sites from the transmitter, so a correction based on
EBU/CCIR propagation curves were Applied.
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FIGURE 5.

4.
PRACTICAL APPLICATION

PoKempner (19801 provides SOGe empirical relations to

calculate sea gain, based on the Knight and Thoday (19691 work.
The relations include the sea gain when the propagation path is
unobstructed in the direction of propagation, and corrections for
distance from 'the sea and for the effects of the .idth of one or
more Sea channels, or the presence of islands.

The additional signal gain for a transmitter or receiver near
sea water (but not fresh waterl is given by the equatIon:

8
S (2)

G
0

- c
1

- c
2

.here: G
0 is the gain when the terminal is on the coast

and the sea is unobstructed by land. Figure 7
defines G as a function of path distance.D

c
1 is the correction to take account of the distance

between the terminal and the sea. The equationfor Cis:
1 s

1
c
1

G
0

(3)
r
1

where s is the distance of the terminal to the
1 sea ..asured along the great-circlepath

Hap of Southern England Showing Heasuring Sites

2Figure 6 ~hows the results of th.,~nrrected measurements, and
their 95X confidence limits. Theoretical curves for ground

conductivities of .005 Slm and .01 S/m are also shown in Figure 61
these are believed to be the upper and lower ground conductivity
limits for the area tested. Part of the theoretical curve for .02

S/. is also shown, since the first 10 km inland is a .arshy area
with that approxi.ate ground conductivity. The theoretical curves
are for an assumed elevation angle of 4.3 degrees, which .as
derived from ray-tracing computations.

NOTE:
Letters refer to sites shown on Figure 5
Vertical lines indicate 95X confidence liGits- Theoreticalground loss
0 Heasuredground loss
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FIGURE 6.

r is the factor:
1

1000 6
0

I 1.4 (f)

f
is the .ave frequency in kiloHertz.

c
2 is the corre~tion to take account of the width

of one or more sea channels, or the presence of

islands. The equation for cl is:

(4)

wheres is the distance of the terminal to the

2 next section of land, _asured along
the great circle path.

r is the factor:
2

2
1000 6

0
I 1.2 (fl

The equation for the c factor applies if there is only one2

sea channel, or if more than half the distance betNeen s and a
2
If lessgreat circle distance equal to r is occupied by land.

2

than half the distance between s and r is OCcupied by land,2 2then c
2

is set equal to zero.

Comparison of Theoretical and Hea.ured Ground Loss
(Rome-84~ Pathl
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Figure 8 shows vAlues fer the sea gain fActor r cAlculAted
1

fer different values of path distance Cd) and frequency. The
distAnce r is the mAximum distAnce for any sea gain. The curvesI

undulate due to the variation in the sea gain factor 6 .
a

Figure 9 shows values for the sea gAin fActor r calculated
2

~or different values of path distance Cd) And frequency. The
distance r is the minimum distance for which the presence of2

offshore lAnd affects the sea gAin.

i',

The total seA gain for a particular path can be calculated if

the path great circle distance in kilO8eters. the .ave frequency,
the distance from the terminAl to the sea and the distance'of the

terminal to the next section o~ land is knOMn by subtrActing the
factors c and c fro. the basic sea gain factor 6 .

1 2 a
The procedure for calculating the sea ~ain is thus:

NOTE: 6 = 10 dB for d > 6500 km
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FI6URE 7. Sea 6Ain 16 ) for A Single Terminal on the Coast
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c)
If there is a seA channel. then esti~ate the distance r

2
for the given path distAnce and frequency frea Figure 9.

d)
CAlculate the fACtor c from equation 13) above for the

1

distance from the antenna to the sea Is ). rand 6 .

1 1 a
e)

If there is a seA chAnnel. and the offshore lAnd width
is more thAn one-h.lf of the distance r . cAlculAte the

2
fActor c from equation 14) above for the distAnce frOM2
the AntennA to

the offshore land Is ). rand 6 .

2 2 a
If c is less thAn zero. then set c - O.

2 2

f)
CAlculAte the seA gain 6 from equation 2, knowing 6 .

5 0candc.
1 2

40
As an example, Figure 10 shows a scaled aap of the San Diego

area. and my lOCAtion in Chula Vista. For a path to 2ZB-I035 in

Wellington. N-. ZeAland. the path distance is about 10.800 k. on A
225 degree bearing. The distance to the sea on this bearing is
About 12 km, and there is no offshere lAnd in this direction. The
estimAted seA gAin parameters for this path are:
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FIGURE 9. Values of r
2
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c
2

= 10.0 dB Ifrom Figure 7 for d-l0,800 km)

= 70 km
Ifrom Figure 8 for d-l0.BOO k. And f=1035 khz)

- 12 km

- 112)*110.0)/170) 1.7 dB

0 dB. since there is no offshore land.

The sea gain is thus:

6
S

10.0 - 1.7 - 0.0 8.3 dB

21

a)
Estimate the basic sea gain factor 6 fr08 the path
distance. d, from Figure 7. 0

b) Estimate the distance r for the given path distance
1

Cd)
and the frequency from Figure 8.
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FIGURE 10. San Diego, California Map Showing Example Cases

As a second example, consider JOBB-B28 in Osaka, Japanl the
path distance is about 9400 km on a 308 degree bearing.. The
distance from my location to San Diego Bay is about 9 km on this
bearing, but land is encountered at 20 km, and open ocean at 26
km. The estimated sea gain parameters are:

G - 10.0 dB
0

(from Figure 7 for d~9,400 km)

r
1

s
1

c
1

r
2

.88 km (from Figure 8 for d-9.400 km and f-828 khz)

- 9 km

. (9)*(10.0)/(88) 1.0 dB

- 103 km (from Figure 9 for d-9,400 km and f-828 khz)

s .20 km
2

c . (1.-20/103)*(10.0)
2

- 8.0 dB
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However. since the intervening land is only 6 km wide, which
IS less than one half of r . the value for c is set equal to

2 2
zero. The estimated sea gain is thus:

6
S

9.0 dB10.0 - 1.0 - 0.0

A 'case could be made that since San Diego Bay is shallow, the
sea gain should be calculated for the distances - 26 km (open

1
- 3.0 dB, and a sea gain of 7.0 dB.sea), which results in c

1
of distance from the antenna to the sea is the
.ea gain. The table belooo shOOtS the sea gai(l] for
to Osaka-B26 path (assuming a variable distance
land. with r - ee km):

1

The effects
major factor in
the Chula Vist.-
.-nd no offshore

Dist.-nce
s (km)

1

Sea Gain
(dB)

------------------------------
0 km

10 km
20 km
30 km
40 km
60 km
80 km

10.0 dB
8.9 dB
7.7 dB
6.6 dB
5.5 dB
3.2 dB
0.9 dB-------------------------------

The effect. of frequencyare significant,a. shown in the
table below for the Chula Vista to Osaka p.-th (assuming s = 26

1
km and no offshore land):

Frequency
(khz)

r .(km)
1

Sea 6.-in
(dB)------------------------------------------

535 khz
828 khz

1255 khz
1610 khz

8.0 dB
7.0 dB
5.3 dB
4.1 dB

135 km
88 km
57 km
44 km---------------------------------

It i. evident from the equations, curves and ex.-ples
presented aboye th.-tsea gain will be highest for p.-thdistances
greater than 6500 km, for antennas very near the sea, and for low
medium w.-yefrequencies, with no offshore land. Substantial sea
gain can be accounted for even at distances of 40-60 k. froaothe
.ea, e.peci.-lly .-t1- frequencies.

s. CLOSURE
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This article has described the theoretic.-l basis for the sea

gain pheno.ena, described some experi.-nt.-l d.-ta th.-t validates
the theory. and presented a practic.-l ..thad for estimating sea
gain. All of this information waS obtained from Knight and Thoday
(1969) and PoKempner (1960). except for the ex-.ples. The papers
should b~ consulted for additional background, theory and
discussion if the reader desires more information. I have a

limited number of the Knight and Thoday paper ayailable for an
stamped self-addressed enyelope (44 cents, please).

6. REFERENCES

Knight, P. and Thaday, R.D.C., Mlnfluence of the ground near
transmitting and receiving aerials on the .trength of
.edium-frequency skywayesM, Proceedings I.E.E., yolo 116.
no. b, June. 1969. pp 911-919.

PoKempner, Margo, .Comparison of Available "-thods for Predicting
Medium Frequency Sky-Wave Field Strength", HTIA Institute
for TelecomMUnication Science., Boulder, Colo., HTIA Report
80-42, June 1960. (Available from NTIS. Acce.sion number P8
211444) .', 23


