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LOSSES WITH THE SCATTERING OF SHORT RADIO WAVES IN THE LOWER
IONOSPHERE

Ya. F. Ashkaliyev

Mean losses during the propagation of radio waves due to

scatter on ionization heterogeneities of the lower ionosphere

were determined on the basis of data from measurements of field

Intensity on routes with a length of 1000 (16.2 MHz), 1~400 (18.3

MHz), arid 1700 (16.2 MHz) kin [1].

On these routes , losses during scattering were calculated as

(1)

Here and C
2 

- the gain of the receiving and transmitting

antennas ; P1 
— the power which is f J to the transmitting antennas ;

P2 
— the power which is extracted by the receiving antenna from the

field S of arriving wave ; d - the length of the route , and A -

the wavelength .

The mean received power P2 was determined using the equation

p
~~

*I_ 4~~~
g 
,~~ 

(2)

where z0 — the wave impedence of free space; A — the effective area

of the receiving antenna ; E — the intensity of the field .
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Losses during scattering were calculated in accordance with

the known P2 for each hour of the day during the entire observation

period. Then the median values by months were found from the

diurnal course to disclose the mean monthly values.

Figure 1 presents the diurnal course of losses during

scattering for those months when propagation was completely caused

by normal scattering. Losses during scattering on a route of l~400

km are somewhat less than on the longest route of 1700 km. The

minimum losses are found during the daytime hours . The depths of
the diurnal variations has a clearly expressed dependence on the

length of the route. Thus , for a route witha lcngth of 1000 km
the diurnal fluctuations in losses during scattering equal 8 dB ,
for a route of 1700 km — 12 dB. On a route of 1)400 km, these
variations comprise only 5 dB. This indicates that on this route

the turbulent component predominates over the meteoric.

Comparing losses during scattering which are observed on routes

o~ different lengths — 1000 (16.2 MHz) and 1700 (16.2 MHz) km,we
see that on the shortest route in all months they exceed an average

of 10 dB.

4’:~• 
- a • • •

Fig. 1. Diurnal course of losses during scat-
tering : 1 — 1000 1cm , 2 — 1)400 1cm , 3 — 1700 km.

KEY : (1) September; (2) October; (3) Hours .

The Intensity of the scattered field at the point of reception
depends on the frequency of the radio waves. The same heteroge-

neities of the electron concentration will cause less heterogeneity

In the values of the electrical permeability , the higher the
frequency.
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There are a number of original theoretical works [2, 3] In
which it Is shown that losses during the scattering of radio waves

in the UHF band can be considered proportional :

(3)

where F — losses In scattering; f — operating frequency ; n —
exponent . Depending on the theory of scattering which is taken ,

the exponent takes different values [J4]. However , for a long time
it was not possible to match the observed losses in scattering
with a theoretical formula . Only with the appearance of work [5]

can it be considered that the experimental data agree satisfactorily

with the theoretical relationship . It turned out that relation

(2) follows the mean hourly median losses from frequency during

• the scattering of radio waves on ionization heterogeneities of

regions D and E [Translator ’s Note : It appears that at least one

word has been omitted in the Russian text which may affect the
clarity of the preceding sentence]. The exponent takes various

values depending on the time of day and antenna characteristics.

Despite the presence of a large spread of n values , as is shown in
this work, n = 5.6 for the UHF band. Such studies were not con-

ducted in the shortwave band and therefore it is of certain

practical interest to clarify whether expression (3) is also sat-
isfied for waves in the HF band.

For this purpose, we recalculated reliable experimental data
on losses during scattering which were obtained in the UHF band
from formula (2) for frequencies of the HF band of 15—30 MHz

depending on the length of the route.

Figure 2 presents the results of the recalculation for four
• frequencies : 15, 20, 25, and 30 MHz depending on distance for

a 99—% excess which are compared with data of the experiment .
The triangles show the median value of losses during scattering

which was obtained during three months of measurements for a route

with a length of 1000 and 1700 km on a frequency of 16.2 MHz while

1~
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4 . the crosses show the measurement data on a route of 1)400 km at a

frequency of 18.3 MHZ. It is evident that the losses which are

observed in the HF band are somewhat less than the calculated

values, by 10 dB. This discrepancy Is explained by the fact that

we took the median level as the level, i.e., with a 50—% excess.

The table presents the signal level for 1965 with an excess

of 10, 50, and 90~ for routes with a length of 1)400 km in micro—

volts.

I 
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“ 

~)• ‘
~ ~ Fig. 2. Losses during scattering

• depending on frequency and scat-.

.. 
-
~~~~ tering.

— ~~~~ KEY : (1) MHz.

The ratio of the median signal level to the minimum equals
an average of 10 dB.

Thus , the calculation of lines of ionospheric scatter in the
HF band under conditions where we can disregard absorption in the

D—iayer and the influence of the region F(f > 1.L! MPCh [maximum
usable frequency]) of the ionosphere can be conducted using the
same equations as for the UHF waves.

Table . Values of mean-monthly medians .:~~~~~~~j~~~~ ~~~~~~~ ii r~1_ _

• KEY : (1) Percent of excess; (2) April ; (3) May ; ~~
) June ; (5)

July; (6) August ; (7) September; (8) October; (9) November; (10)
December.
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