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TO A QUESTION OF MODELING HF AND VHF RADIO WAVES PROFPAGATING IN
THE MIDDLE LATITUDE LOWER IONOSPHERE

A. M. Gokov and O, F. Tymov
K harkiv Neational Universing, 4, Svobady 8g., Kharkiv, 61077, Ukraine

Abstract. On the basis of the experimental electron density profiles Niz) obtamed under quiet con-
ditions a1 the Kharkiv National University by partial reflection technigue, there were constructed
average-daily seasonal <Nfz)> and their height gradiems d=N=/dz profiles which were used for
mode! culeulating characteristics of the radio waves scattered by turbulent ¥ irregularities.
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1. lntroduction

In order to predict characteristics of radio waves scattered by turbulent irregularities of the elec-
tron density, V. determining of kinds of three-dimension spectrum function fluctustions, F {p}.
( 5 - heing the wave vector) is the most important aspect. Expressions for £ (i) are known clsewhere
(Teptin and Stenin, 1989). Spectnum changes in space and time are very impartant for practical using
formulas in order to obtain charscieristies of the ionosphere and signals scattered by urbulent iregulan-
ties. The measure variahility of electron density imegularities, g , . caused by vertical gradient of the av-
eraged <Nyzi> profile (= being the height above the Earth surface) makes the largest contribution 1o
space-time F, (7) changes Note that the g , variability caused by turbulent exchange coefficient hns
heen studied rather well (Gineburg and Phalkovskaya, 1974), Therelore, it 15 necessary lo huve un
= Njzi> model suitable for sofving this problem. Al present, & number of <Nfz}> -models-are known
(Teptin and Stenin, 1989; Ginzburg and Zhalkovskaya, 1974; Danilov and Ledomskaya, 1983; Me
Mamar 1979 Belikovich et al., 1983; Smimova et al., 1987, Nesterovn and Gineburp. 1985 Friedrich
and Torkar, 1991, Danilov et al., 1991: Champion, 1990; Ruwer et al., 1990;) Among them, only models
ol Srmirnovs el al. { 1987) and Nesterova and Ginzhurg | 1985) are based on the similisr data obtained by
the same methed in the some place. (Data obtained by different methods in various places of the Earth
leaidd 10 ineradicable and unkmown emors in modeling. ). Besides, ibese models have no sufficient statisti-
el reliability for different conditions (time of year and day, effects of natural disturbances, elc ).

Ohur pageer presents o model of aversge-daily scasonal < Mjz)> - profiles of the middle latinde (ML) D-
region of the jonosphere from measurements by the partial reflection (PR) techmique obtaimed near
Kharkiv. For each of the conditions, the Niz) statistics are several times larger than the number of the data
in (Teptin and Stenin, 1989, Gineburg and Zhalkovskayn, 1974; Danilov and Ledomskaya, 1983; Mo
Namaira, 1979: Belikovich et al., 1983; Smimova o al, 1987, Nesterova and Ginzhurg, 1985 Friedrich
and Torkar, 1991; Danilov etal., 1991; Champion, 1990; Rawer et al., 1990;), On the basis of & turbulent
nature of scattering imegularities and the <N(zj> model developed, s numerical modeling of charactens-
ties of HF and VHF mdio waves propagating obliquely was carred out

2. Experimental Equipment and Investigation Methods

Cur investigntions were carried out on the basis of a retrospective analysis of the data obiained
by the partial reflection technique over 1972 10 1999, The measurements of partially-reflected sig-
nials and radio noise were conducted using the equipment from Tymov et al. (1994) in the middle
hatitude in the vicinity of Kharkiv (geographic coordinates @ = 49,5"N, 4 = 36,3°F ). The main pa-
rameters of the facility are as follows: the operating frequencies being /= 2-4 MHz, the duration of
sounding pulses being 25 mes with the repetition frequency F = 1-5 Hz. The amplitudes, 4, , of
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radio noise and thuse of mixture of radio noise and partially-reflected signals, A, , of the ordinary
(0) and extraordinary (x) magnetic-ionic components were recorded at 15 height levels (heginning
from 45 or 60 km J in 2 3-km step. The mensurements of A, i) and A, fz.0) (here ¢ is the time)
were made over 1972-1999 for different seasons both for the fixed zenith solar angles ( y = 607,

75 78" ) aver several month of a year and for the diurnal cycles (continuously or in 30-90 min),
The duration of the records selected for obtaining Nzl was 10 min.

Calculating of the Niz) profiles was made by means of the differential absorption technique (Bel-
roge (19707} using the regularization according to Tikhonov (Garmash and Chernogor (1996); see
also Gokov and Tyrnov (20001). When calculating the Mz} value, there were used experimenial data
on A, (2.0 and the model profile of the electron-molecule collision frequency, v(z), of Gurevich
i 1978) which was made more precise according Misyura et al. (1991) for different seasons. The er-
ror of the Nyz) caleulations over the whole height range was ~ 30%,

1. A model of average-daily seasonal profiles of the electron density

In order to construct models of avernge-daily seasonal electron density profiles <Nyz)> | there
were used 3600 Nyz) profiles having rectangular distributions in the seasons (which is one of the
important distinctions from the models presented in Teptin and Stenin, 1989, Ginzburg and Zhalkov-
skayn, 1974; Danilov and Ledomskaya, 1983; Mc Namam, 1979, Belikovich et al., 1981, Smimova et
al., 1987; Nesterova and Ginzburg, 1985; Friedrich and Torkar, 1991; Danilov et al, 1991; Champion,
1990; Rawer el al., 1990). At the same time, there were used the Njz} profiles obtained under quiet
conditions {1, e, when there were neither artificial or natural disturbances such as solar flares, pow-
erful carthquakes, thunderstorms, solar terminator, etc.),

As 10 the diumnal (day-time) variation, there were used the similar as o their number for each
season day-time Nyz) measurements with their approximately rectangular distribution for light time
of the day. That allowed 1o obtain seasonal average-daily < Nyz) > profiles and - on the basis the N
scatiering for each concrete height — make an estimation of the contribution to the N - deviation
from the average value of various physical processes.

Table 1. The seasonal avernge-daily < Niz) > Table 2. Vertical gradients of the seasonal

profiles average-daily < Niz) = profiles
<> 107, em” :
z kim winter | spring | summer | autums (& <¥>/ Az) 10, em”
700 (400) | 20 1,0 24 09 rkm | winler | spring | summer | aubumn
T2,50480) | 30 3,1 14 1 10335 | 04 08 0,1 08
750 (200H0) 5.4 4.4 K 5.0 72373 08 0,5 0,2 0,8
77,5 (2400} 7.3 1.3 45 8.1 13-TT,3 L0 1.2 0.4 a5
B0.0(2800) | 100 | B35 | 62 | 13 o580 | 10 L 65 L OF L L8
52,5 (2800) | 16,0 10,0 B2 11,0 Bil-81.5 24 0,6 0,7 15
$5,0(0000) | 230 | 1ho | 110 | 170 81583 | 28 16 1.2 24
B7A(3000) | 350 | 190 | 200 | 250 Lok £ L. 2,0 3,6 32
go02400) | 410 | 250 | 320 | 410 §7.5-90 24 24 4.8 6.4
925(2000) | s00 | 350 | 410 | 500 90-92,3 146 4.0 1,6 1,6
950(1600) | sS40 | 420 | 470 | 530 32,5.93 1.6 18 14 i3

The seasonal average-daily < Nyz) > profiles were obtained by means of calculating median <=
vilues over the heights interval of z = 70 - 95 km with a step of 2 = 2.5 km. The calculation resulls
are presented in Table | (in brackets in the first column there are given the numbers of N - valves
used while counting <N>).
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Vertical pradients of <Nfzi>= my be estimated from the Table 1 data using the following relation-
ship:

AcN>iAz=(<N={z,)-<N = (z, )}/ 2,5-10°,

here Ax=z., =%, I=12 . 11, and §i= corresponds 10z = 70 km. Their calculation resulis

are given in Table 2.
[l is known that the N value at any moment of time my be expressed as

N=<N>+ N,

where N* is the deviation from the avernge value <N=, cauged by the different physical processes
and measurement errors. The main causes of Nz} variability in the D-region of the jonosphere are as
follows: diurnal and seasonal ionization changes, cyclic solar-activity changes, meteorological proc-

esses and hydrodynamic turbulence.
To a certain extent, these N -vanahility changes my be considered independent, and then for a
resulting N-dispersion at the fixed height the following relation is valid:

ahiltAy)=of(1£4))4 di“qltf_‘.ghd;‘[lin1}+a§ﬂ:l:ﬂq,}+ﬂ'fﬂtﬁ5:|. (1)
where indices 1-5 correspond to the components caused by the turbulence, meteorological proc-

esses. diumal and seasonal variations, solar activity changes respectively, A, = D, /o', D, — being
their dispersions of the emrors, k=1, 2, ... 3.

Table 3. The contributions of individual components of the intraseasonal variability of the N-value
for individunl heights intervals

AZ ol ﬂf,ﬁ i Ji.q'h
ki
1 2 L] 4 | 2 | 4 I ! 3 4 I F 3 !
- |35 |43 iz | &8 | 750 | 720 | T2 | IO 2l 2is |22y 21 2.2 | 28 |5
o o I t + : - + 3 + : % : - t * 4 + t -
R | 00 | 10 | Lo | 45 | &0 | 40 | 5T | 32 o | 37 P40 | L1109 ) 1.3 | L)

25 | 34 11 S | 66 | 71,0 | 650 | 63,1 648 | 25,1 | 200 | B2 284 | 06 I i1 jna
- # + b i = t % - 5 - t + . + + o -
L 1.1 1.3 10 |07 | 90| &0 | BT B2 | 50 | 4.7 | &b 38 | 03 | % | Y | Db

Let as determine a contribution of the processes mentioned above 1o the total A-variability, The
caleulation results are given in Tahles 3 and 4 (Table 3 contains estimations of the contributions of
individual components of the intraseasonal variability of the N-value for individual heights intervals
{indices 1-4 being winter, spring, Summer, autumn); both contributions and their root mean square
deviations are given in per cent; Table 4 contains the contributions of various physical mechanisms
to the N-variability i the D-regiond.

It it seen from the given data that the main contribution o the total Nyz) variability in the middle
Iatitude D-region is made by the meteorological processes and the diumal ionization variability.
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4. Modeling of radio wave characteristics

Let as consider some characteristics of mdio waves scatiered by turbulent N-irregularities in the
D-region of the ionosphere, In order to do this, we shell use a model of <Nz)> profiles and their
variability in space and time on the basis of the data given above. We shall consider a path of the
obligue propagation of radio waves (a transmitter and a receiver are spaced apart) as a propagation
model, A particular case here is investigating of back scattering when the transmitter and receiver
are located in the same place, The frequencies of the radio waves used being /= 5-100 MHz.
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Tahle 4. The contributions of various physical mechanisms to the N-variability in the D-region

& oy 107’ o 1, e ol 10 e’
winter | wpring | summer | sutumn | winter | spring | dummer | sutumn | winter | Spring |
| | 04202 | 04402 | 04402 | 08503 | 05402 [ 014001 | 014004 | 024006 | 04402 | 0340,]
2 | 1203 | 1ot03 | 09403 | 08203 | 0903 | 07402 | 06202 | 0803 | 0803 | 05402
i 13404 | 5403 | 18404 | 1,740,5 | O8x03 | 06202 | 08203 ) 13+03 | |4+03 | 08405
4 | 53408 | 4460.7 | 48409 | 49409 | 1,2#03 | 13204 | 1, 2204 | 1,303 | 1810 | 32410
3 | 6411 | 62810 | S4411 | 63410 | 20:06 | 17408 | 28s06 | 25206 | 4,016 | 32409
6 | panene | jaosa) [ 120033 | 16037 | Baelo | I04233 | sazia | 1aas3 8| 106228 | 80424
7 [ 32047,1 ) 280462 | 26,0259 | 37,0674 | 11,043,1 | 25,062 | 26,0460 | 19,5450 | 22,8486 | 18150
B | BRDEIS | 300414 | 570413 | 640816 | 179449 | 260262 | 16,2449 | 254461 | 400412 | 696
§ | 620504 | 500412 | 510412 | S6.0813 | 168040 | 22,0484 [ 16,3044 [ UR00d 1 | 38011 | 31457
M | G60&15 | 39,0415 | 568513 | 620214 | 150441 | 23, 245.5| 163338 | 19.944.0 | 38,0412 | 37:10
[ al 10*, an’ al 10", om’”
winier springg | summer | amiumn | winder | spring | summer | puolume | sumoer | sudumn
|| o048 [ o lanod | o500 | 02400 | 40403 | L0063 | 1344 | LSHLS | 0300 | 05802
1 | 024006 | 03#0,1 | G315 | 03401 | 35213 | 25408 | |3 | 20406 | 06407 | 04407
3 | 03401 | 03301 | 04010 | 02400 | 30408 | 30408 | 40600 | 60411 | 11404 | 1905
4 113303 | 104 | 184068 | 12404 | 80434 | 70830 | B1636 | 70421 | 28408 | 33400
5 107 | 27209 | 1907 | 20407 [ 110429 | B0#2d | 12,0430 | 100833 | 26305 | I Ee1d
g | 244078 | NA:LD | 3 ER1D | 44403 | (40440 | (60448 ) 160477 | DR | 75428 | RAe30 |
7 | 70024 | 69420 | 68423 | 96418 | 200547 | 360487 | 30276 | 250430 | 160848 | JT0TR
B | 180249 | 200450 | 190451 | 21,0663 | 21,0458 | 40,0499 | 380251 | 46014 | 360£8.9 | 37,241
9 |200:49 | IR0+43 | 173447 | 194564 | 20,057 | 40,0484 | 31,047,7 | 440417 | 33,0:8,0 | 37,1510
10 | 160248 | 19,048 | 158251 | 2002663 | 2] 4253 | 3BT | 36 24TH | 44,0416 | 3594590 | 38 1L10
'1'1. em; 2 T2E-Tikm; R TATS km; 40 TUS-BO bom; 50 80-82.5 bom; 6 B2.5-%5 km; 7 85-87.5 km,
o0 km; 9. M0-92.% km;  10: 92.5-95 ko,

The theory of radio wave propagation knows an expression allowing to caleulate o quantity of
the scatiered power, F,, at the input of a receiving device if charactenistics of the path, operating fre-
quency, and spectrum density of the electron concentration fluctuations, Fy, are known (Teptin and
Stenin (1989)):
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R} R3

sin ‘o d¥

(2)
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here Py is the energy transmitted by an undirected antenna, F; and F; are the field antenna disgmms
of the receiving and transmitting antennas, B; and R are the distances of the elementary o1’ of the
scattering volume, F, up 1o peints of transmitting and receiving, o, is the angle between the polari-
tion direction of a incident wave on the elementary volume, &V, of the wave and the direction
from s cenier lo the receiving point.

Al first, consider a case of vertical sounding. For the calculations there were faken the following
parameters of n receiving-transmitting system: Py = 60 kw, the width of the main lobe at the half-
power is g_= 57 the amplification coelTicient of an antenna, & = [00. For dilTerent <Nyz)  values
from Table 1 and = 30 and 100 MHz, there were calculated £, values, i e, sensitivity thresholds of
the receivers were determined. The P, values at f= 3 MHz for different <Nz} and o< N>/ values
from Tables | and 2 appeared to be P, — 107" 107" w, for f= 100 MHz P, ~ 107710 w,

[n the case of oblique propagation, charscteristics of receiving-transmitting antennas were set
equal: the width, @ _, of the direction diagram at the half-power in a horizontal plane, being ¢, =5".
= 20 dB. The P,/Py calculations were made for fr= 25 MHz (Py = 7 kw). f; =45 MHz (P, = 1D
kw). fi= 100 MHz (Pp = 20 kw) using the average-daily profiles from Table 1. The calculation re-
sults were the following: P,/Py=-151.9dB, -157.7dB, -154.94dB, -159.3dB forf;; -173.24d8, -
175.5dB, -167.7dB, -1713d8 for fyx:  -203.9dB, -216.5 dB, -204.1 dB, -2188dB for fi. The
results given above may be useful for designing radio communication systems,

In order to calculate £ litude (feld) Auctuations of mdio waves, we use the following ex-
pression of <> = <IwE/E,)"> (Tatarsky (1967))

L
T2y =0041- 870 JC tri L =) e, 3)
i

were [, is the amplitude of a wave coming into an inhomogeneous medium, » = r/sina,, a, i3
the elevation angle, C,(r)=(80.8 / f*FDy. Dy is the structural function of N - fluctuations, L is
distance passed by a wave in the ionosphere.

Fig. 1. Model dependences of E- amplitude (field) fluctuations of radio waves
for the seasonal avernge-daily <MNjz)> profiles (2 -~ d correspond to winter,
spring, summer and autumn respectively) and o, = 107, 20°, 80° (curves 1-3, re-

speetively).

Calenlntions were made for the =<Njz)> profiles from Table | and coelficients of the ambipolar
diffusion from Teptin and Stenin (1989) with a height step of 42 = 2.5 km. A lower boundary of
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applicability of the frequency range fuur was sél according to the “cosecant” law:
Lo =808 < N(z) 5fd coseca, . Caleulation resubis for the seasons (winter — aulumn: a — d, respec-
tively) and o, =10°, 20°, 80" {curves 1-3, respectively) are shown in Fig. 1. On the whole, the =
variation depending on the frequency changes considerably over 8 year at a fixed o, value. We
found that fuer =5 MHz for @, =10" and =z =90 km,

? \ A\
. i

i L e
P 2 N2 N3 w3 - B
0 T 5 Ry
0 50 100 0 S0 100 0 50 100 0 50 100
n b C 4§ MHz

Fig. 2. Model dependences of phase fluctuations on the adio waves (a - d
correspond 1o winter, spring, summer and autumn respectively) and g = 10°,

30°, BO" (curves 1-3, respectively),

Phase Muctuations on the radio wave depending on the frequency and the elevation angle of the
antenna were calculated using the following expression:

faz, - 2)ia} - Dy ()1 20
Ag

A1
ot =[EH,E.1'] (4)

S TV sin‘a, —80.8 < N(Az)> /[
were A%, =2 -5y, 0= 1L 2,3, ..., e mis the number of mdio wave path sections depending on
e, - The calculation were made for o_=10°, 307, 80% and f= 5-100 MHz using the data from Tables
1 and 2. The calculation results are presented in Fig. 2.

Fluctuations of the angle of arrival @ of mdio waves depending on f and g, were caleulated

using the following expression from Teptin and Stenin (1989):

R
{edy= [“':-'L-,’i] L rButrl,, (5)
4 H F

Caleulations were made for the summer <Njz)> and d<N>/dz profiles (for o,= 10", 20°, 307,
£0" and (= 5-100 MHz) using the data from Tables | and 2. The calculation resulis are presenied
in Fig, 3 (the curves for & = 30" and 80" were practically coincidem).

The comparison of the results obtained here with those given in Teptin and Stenin (1989) and
Kolosov el al. { 1969) shows that they coincide in a qualitative manner. Quantitative differences are
determined in the first place by insufficient statistics of the experimental duta in Teptin and Stenin
{1989} and Kolosov et al. {1969). Besides, high altitudes ( z = BO-100 km) were considered in
Teptin and Stenin { 1989),
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¥ In conclusion note that on the basis of

o
i }. 3 v, I the experimental Mz) profiles obtained
L under gquicl conditions al the Kharkiv
3 National University, there were con-
structed average-daily seasonal <Njzi=
2 and d<N=/dr profiles which were used
Wt for model calculating charncleristics of
o the radio waves scattered by turbulem N

: : irregularities, which might be useful for
v 30 f MH= 100 designing radio communication syStem.
The authors have been supported by

Fig 3 Model dependences of the angle of Science and Technology Center in
armval of radio wave fluctuanons for sum- Uksaine Grant No 1771,
mer conditions and &, =107, 20°, 30°

{curves 1-3, respechvely).
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