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DISTANCE RANGES OF RADIO WAVES

Radio wave transmission takes place by the propagation
of a "ground wave" along the ground, or a 11 sky wave" reflected
or refracted from the Kennelly-Heaviside layer, or by both
means. The waves are subject to absorption, both in the ground
and in the ionized upper atmosphere. The ground-wave absorption
in general increases with frequency and is reasonably constant
with time over a given path at a given frequency; it varies
for earth of different conductivities and dielectric constants.
The sky-wave absorption is not a constant with time, frequency,
or path; it appears to be a maximum in the broadcast band
(550-1500 kc) , decreasing with change of frequency in either
direction. In the daytime this absorption of the sky wave is
so great that there is practically no sky wave, from frequencies
somewhat below to somewhat above the broadcast band, the
specific limits varying with season. Hence sky-wave propagation
in the daytime is only appreciable in the lower and higher fre-
quency ranges. During the night, however, sky-wave propagation
takes place on all except extremely high frequencies. Sky-wave
propagation is subject to material variations, dependent upon
conditions and changes in the ionization of the Kennelly-Heavi-
side layer. Besides daily variation of daylight and darkness,
factors such as latitude, season, magnetic storms, and solar
disturbances, have been found to have effects upon this ioniza-
tion. These changes in ionization result in wide variations in
the transmission of sky waves from hour to hour, day to day,
and year to year. At the higher frequencies, received field
intensities for a given season and frequency may vary as much
as 1 to 10 from one year to another.

At the higher frequencies, reception at great distances is
due entirely to the sky wave. Above a certain frequency, how-
ever, which may be as low as 4000 kc (see attached graphs), no
appreciable portion of the sky-wave radiation is reflected back
to earth from the Kennelly-Heaviside layer in a certain zone
surrounding the transmitter. In the area bounded by the inner
edge of this skipped zone, the received wave may be composed
of both ground wave and sky wave (the sky wave being appreciable
on frequencies up to about 6000 kc in the summer and 12,000 kc
in the winter)

; the sky wave intensity in this area is ordinarily
much less at night than in the day. The outer boundary of the
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skipped zone is often called the skip distance. The skip dis-
tance increases with frequency, and varies diurnally and
seasonally. Beyond the skip distance, the sky-wave radiation
is received with useful intensity.

With present knowledge of propagation conditions, it is
impossible to postulate any formulas or make any tables or
charts which could be used to determine distance range over any
given path accurately. The attached graphs give average dis-
tance ranges as observed by a number of experimenters* to
occur most frequently over a number of transmission paths.
Through certain frequency ranges, available data were so in-
complete as to require extrapolation which may be considerably
in error. Wide variations of distance range and skip distance
must be accepted as normal.

The scales of abscissas and ordinates are cubical, (i.e.,
numbers shown are proportional to cube of distance along
scale, or, distance along scale is proportional to cube root
of numbers). This was chosen because if spaces the data
satisfactorily. A linear scale would crowd the low values too
much and a logarithmic s c al e would crowd the high values too
much.

The graphs show the limits of distance over which prac-
tical communication is possible. They are based on the lowest
field intensity which per aits practical reception in the
presence of actual background noise. For the broadcasting
frequencies this does not mean satisfactory program reception.
The limiting field intensity is taken to be 10 microvolts per
meter for frequencies up to 2000 kc, decreasing from this value
Out 2000 kc to about 1 microvolt per meter at 20,000 kc. When
atmospherics or other sources of interference are great, e.g.

,

in the tropics, much larger received field intensities are
required and the distance ranges are less. The graphs assume
the use of about 5 kilowatts radiated mower, and non-directional
antennas. For transmission over 0. given path, received field
intensity is proportional to the square root of radiated power,
but there is no simple relation between distance range and
either radiated power or received field intensity.

Separate graph sheets are given for day and for night
transmission. Above about 3000 kc , as shown, the distance
ranges (and in most causes also the
in the winter than in the summer,
and autumn are intermediate between
and winter. In general, the di stall

skip distances) are greater
The distance ranges in spring
the limits shown for summer

ce ranges for paths which
lie partly in day and partly in night portions of the globe are
intermediate between those shown in the day/ and the night graphs.

*See references listed at end
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For such paths, the distance ranges are greater than would be
expected from inspection of the day graph, as the waves under
these conditions travel over greater distances in the illuminated
portion of the earth 3 s surface; for this reason it is possible
to use a lower frequency for a part day, part night path than
is indicated for the day portion of the path on the day graph.

The distance ranges given in the graphs are the distances
for reliable reception; they are not the limits of distance at
which interference can be caused. A field intensity sufficient
to cause troublesome interference may be produced at a much
greater distance than the maximum distance of reliable reception.

A Few References on Distance Ranges

Report on measurements made on signal strength at great
distances during 1922 and 1923 by an Expedition sent to
Australia. By H. J. Round, T. L. Sckersley, K. Treoellen
and Fa G. Lunnon. J.IoE.E., 6_3, p.933; October, 1925 .

An investigation of transmission on the higher radio fre-
quencies. A. Hoyt Taylor. Proc.I.R.E., 12 , p.b77; 1925*

Transatlantic radio telephone transmission. Lloyd
Espenschied, C. N. Anderson, and Austin Bailey. Proc. I.R.E.,
lib p. 7 ;

February, 1926.

Relation between the height of the Kennelly-Heaviside layer
and high-frequency radio transmission phenomena. A. H. Taylor.
Proc.I.R.E.

, l4, p.521; 1926.

Some measurements of short wave transmission. R. A.
Heising, J. 0 e Schell eng, and G. C. Southworth. Proc.I.R.E.,
lit, P«ol3 ; 19260

Short wave commercial long distance communication.
II. E. Hallborg, L, A. Briggs, and G. W. Hansell. Proc.I.R.E.,
15 , P»^b 7 ;

June , 1927.

The diurnal and seasonal performance . of high frequency
radio transmission over various long distance circuits. M. L.
Prescott. Proc. I.R.E., IS, p.1797; 1930.

Field strength measurements of short wave transmission.
T. L. Eckersley. The Marconi Review, May-June, 1931. P.l.

The propagation of short waves over the Forth Atlantic.
C. R. Burrows. Proc. I.R.E., _19 ,

p.l63G; 1931.
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High frequency' atmospheric noise. R. K. Potter. Proc.
I.R.E., IJ.) p.1731; 1931.

Contribution a 1 1 etude des lois de propagation des ondes
Hertziennes dans la gamne de 15O a 1500 kc/s. (Contribution
to study of laws of Hertzian wave propagation from 150 to
1500 kilocycles). International Broadcasting Union. Document
No. 19S of the 1931 meeting of the C.C.I.R. at Copenhagen.

Some studies of radio transmission over long paths, made
on the Byrd Antarctic Expedition. L. V. Berkner. Bureau of
Standards Journal of Research, Feb„ 1932. Research Pacer
No. 412.

Radio field intensity measurements at frequencies from
2S 5 to 5400 kilocycles per second. S. S. Kirby and K. A. Norton.
Bureau of Standards Journal of Research. In press.

Note .- It is expected that this Letter Circular will be
revised from time to time, to present the latest information
resulting from researches and accumulated, experience. All
persons who have information that would aid in this are in-
vited to communicate with the Bureau. Letters should be
addressed Bureau of Standards, Washington, B.C.

Attached:
"Day" graph sheet
"Night" graph sheet.

Department of Commerce,
Washington, D.C.
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