New Method of lonospheric Diagnostics Using Artific lal Periodic Irregularities with Different Spatial Scales

The artificial periodic irregularities (API) are creatadhe electric field of a powerful standing wave formed by
the interference of an incident HF wave and its ionospheric tiethed he spatial period of the irregularity Is the
standing wavelength\ or half the HF pump wavelengii2. Physical processes dominant at each ionosphe
height determine the API| decay processes after the pump turn gfé E-region, it is ambipolar diffusion.
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We present a new way to determine the electron dens
The results are from October 2006 using the SURA he
\density was determined from the ratio of the API re
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ity In the lonospheric  E-region using artificial periodic irregularities (A Pl) formed by powerful radio waves.
ating faclility at 4.7 and 5.6 MHz. API with two dif ferent spatial scales were formed. The height profil e of electron
laxation times at the two frequencies. The method a  llows studying fine structure in the electron densi ty profile. /
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Introduction to API

Two-frequency method of API
This I1s based upon the scattering of the probe waves from API fdoyndee powerful radiation at two frequencies with different
re];(patlal periods. In the ionospheric E-region the API are formed ynplaiffusion. The relaxation process of the periodic
structure after SURA switches off is controlled by ambipolauditin and the scattered signal relaxation timseproportional to
the ambipolar diffusion coefficiem?, : 7= (K% D_)*, andK=2x/4 is the wave vector of the standing wave.

Method of API Height-time-amplitude plot of the API scattered sig  nal Hence after turning the pump off, API having different spatidescaecay with different relaxation timesThe API| spatial scale
formation A [dB] depends on the refractive index n and the electron density N. Theofraikiel relaxation timed$ at two frequencies, fand f,
] 320 ¢ o measured at the same heights, is related to the frequeramedtthe refractive index ratio by equatlog, r, ki A7 f7 Ep§
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300 At E-region heights, the quasi-longitudinal approximation can be used fortims case, the ratio of the relaxation times at two
| 50 (6t )t
- frequencies is equal tg: T (1 =T.) LfT, —T )15
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- | APl from F region where plasma frequency ¢an be expressed in terms of the electron density N. Theératiow us to determine n=6) and
I £ 500 ' N= N(0) profiles.
: < 130 The measured dependertifg) makes it possible to determine the electron density pro{e¢. Note that the formulas are true
100 I / = 150 API from E reglo only when the relaxation times for the different frequency are megdstithe same real height z. However, the registration of the
| L 78 Scattzrsgbfégnal s 20 backscattered signals from API was performed in dependence onttle kieights h. This factor can be taken into account with
thiad \\ A & equation:  Zd(f n (f ,z)) | |
: \ 100 — 10 h= j + az New electron density results in the lower
v v Y T eTARedD Tasion ° ionosphere using two frequencies
- 05 1 15 2 925 3 The two-frequency method was tried in 2006, 2007 using t
SURA faciit ' 116 SURA facility (56.13°N, 46.15°E). The API formation anc
Tadiity me, s 11:55 their sounding by probe radio waves of X-polarization we
\\ \ carried out alternately at frequencies qf4.7 MHz and
1w, APl relaxation at two heights 111.8 km 112 f,=5.6 MHz. The effective radiated power was about 70 MW
99.2 : | | 'rg‘ : : i i ﬁgﬁlcebs;f#IFAI;I arr:ldeasuggils:: 1%:35 f, and 15 MW at § The measurement interval of the AP
N e T 1 | ! . N 108 11:25 relaxation timer for each frequency was 15 s. During on
lfﬁ”'”""“/hjjwh ase[racslolO] w1 VI 1T E?ég;-s ﬁ btgenfmglt_cie VZVItg i < E M minute two intervals of pumping at each frequency we
|| 4 L i I | Th e% 'ng faC'ﬂ: y [h, ]t - carried out. During the first 3 s the ionosphere was pumped
I Amplltude[dB] 40 |--N--n-- -t -1 © Upgratie of the neding 104 ) e an X-polarized powerful radio wave and API were forme
ol [, | " cogtrol sy:lslterln I\:Vh'Ch 'Sf SMI-88 model profile he heating period was followed by 12-s during which probir
§ § e ] underway will- also aflow-one 9 _— for 11:30 pulses with the same frequency, @9-duration, and a 50 Hz
- ' - the antenna arrays to be used|f 100 _— . . .
S e 1] . i 20 _ repetition rate were radiated. The scattered signals from
i | : : reception. The whole upgrade — . .
20 mmmwﬂ" [ ------ a—— . 10 <hould éllow Core advancac virtual height range 50-750 km were recorded. To reduce
10 i A 5 AP ents. ke the t %, 2 - . 5 " measurement errors the relaxation timghi) at the frequency
0 05 10 13 20 253 . = - eXPEHMENTS, 1IKE e TWa- 10 4 3 f, andt,(hi) at the frequency,fwere averaged over 10-minute
A-dB. & - 10 - rad. £ - sec 005 10 15 20 25 | frequency experiments reporte N-10 %, cm - ° . - -
& 85 AL = A-dB,®-10-rad, t- sec here. 1o be made more eadi N(2)-profiles obtained between 11 and 12 LT mterya_lg on each he_lght hi and the rai(t) was calculated.
. . ! The initial N (z)-profile was taken from the ionosphere mod
Temporal dependence of the backscattered amplitude and phase sona$f and more often. on 4 October, 2006.

after the pump turn off. The relaxation times determined by the e-folding decrease
In the amplitude: In A(t) = In A—t/.

APl may be used as a diagnostic of the ionospheric plasma anpgbe atmosphere. After formation
the API they are sounded by pulsed probe radio waves. From the ampanalgshases of Bragg
backscattered signals (resonance scattering) off the APlathenpters of interest are determined. The Copernicus GmbH, 2002, pp. 1-160.
electron density profiles, the vertical velocity, the vertical gonent of the turbulent velocity and the
temperature and density of the neutral atmosphere may be obtained IR/ teelique [1].

he main results of the ionosphere studies carried out in 2006—2007iavitheaAP| are presented In

[4]. Themost important development wastherealization of a new two-frequency API technique:=

In order to find the Initial virtual heights on each of th
frequencies. Further actual N (z)-profile was determined frc
the ratio6 by iteration. The error of the N (z)-profile from the
API two-frequency method should not exceed 10%.
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