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Abstract

The ionosphere, a crucial component of Earth's atmosphere, plays a pivotal role in facilitating radio
communication. However, its inherent characteristics, such as the reflection and refraction of radio waves, are
subject to instability, exhibiting sudden changes influenced by temporal and geographical factors. These
fluctuations pose challenges for radar and communication systems reliant on the natural ionosphere, diminishing
their reliability. Consequently, numerous studies have focused on inducing controllable alterations in ionospheric
properties, including electron density, plasma frequency, and electron temperature. One prevalent method involves
heating specific ionospheric regions using electromagnetic waves, offering a means to manipulate its
characteristics deliberately. By implementing such controlled modifications, the inherent instability of the natural
ionosphere can be mitigated. This paper presents the creation of an artificial ionized region, achieving an electron
density of 108e/cm3, through a heating array with an Effective Radiated Power (ERP) of 153 dBW, situated at an
altitude of 65 km. This artificial ionized zone enables controlled reflection of radio waves within the frequency
range of 3-90 MHz, catering to radar and communication systems' requirements. The primary focus of this article
is the analysis and investigation of the ionospheric heating process utilizing high-power electromagnetic waves
emitted by heating antennas. Specifically, employing an analytical approach, the article delineates the calculation
of requisite characteristics for the heating antennas to generate artificial ionized areas at varying altitudes.

Keywords: : Ionosphere, Artificial mirror, Over-the-horizon radar, Ionosphere heating, lonization rate,
Electrical breakdown, Ionosphere heater

This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.

Publisher: Imam Hussein University Authors

*Corresponding Author Email: razavismj@mut.ac.ir



https://dor.isc.ac/dor/20.1001.1.23454024.1401.10.2.13.4
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-1565-0845
https://orcid.org/0000-0002-1565-0845

@
T by
wra

y
(;);;’I»Lwc;‘.:.-%

FAOA o VP e 5 sl e oY o)l oo Jlo

SRR — o
ok g S Sladands 31 030kl b yhudgr 19 (o5 ghao OIS iy 4o oSl
Tasl38 5 5 sage s ol demmadew (B sl da
Ol 0l Gl Sl s o8l Hlalesd =Y 5 SLEs =Y (g 385 (g meils =)

OF VAN Y Ll VE A [ F 55 sdy VF V- ANA o, S5l A Fe V8] 8 il o)

DOR: https://dor.isc.ac/dor/20.1001.1.23454024.1401.10.2.13.4

Sl oad Q—JJ): Creative Commons Attribution (CC BY) s> -L%‘}‘b K] -LJ‘)-‘:‘ G as Cul ﬁ‘j e b e S Al ol *

Ot

OB g © (&) s plal pals o83 1 U
oS
S 9 uL_))L) 6LAA_.AM WO UPEIW) | 0.55.4.3 Lail @%Ob s_)UoLu)| M) )Q ‘) ‘5)43.0 udu 9> o):.;y )M?u > s l.) ua..ﬁ) d‘).b‘ )A.uv.d% 4.:.>L|

Sl (pl wilioe bl O s Gloj el 2 SLSU Ol Il 5 i Ll (ol Shuisy 4ol bass (0500, ol
So Sl 4803y &g 39,55) (5los g Lowdly (uilS 13 09 i8Il I wiile gy 4l gladaseion ;5 S BB Ol s ol
laaasie 3 S B &l sl Sl 45 Ceul bl 2 zlgal 51 osliinl b iuses 5l slawb Giale S« Jslaie Sos,
S lie ol p3 anlei e Bk n 1) (b Jhuds sladatiie ;5 e85 bl Llyd (]S BB Slpss ol oS oo eal 2 ) Sauds
JSees sokm gl o AOYABW Ll ERP ojlasl b oosSp 8 4] 5 bawgs Ve elem’ g 58Ul IS b e gian o 4l
S oo ol S LB &gy |, Y=4 - MHZ slS 13 o590me 13 bl 5 s o), sloaibeles g0l zlgal Gk oSl a5 55,5 oo
ol Gybas 00 tiS e, € slagiil lauss o)l (Vb ols5 (omblie 2SI glsal b 31 phisy Giale S 38555 035 (o0 5 Jolow
Slaseine il gl )5 eyias o5mis 4l olml gl o dedow g, S 5l oolitl b aseion job a4y ol dllie ol 950

ol odda e 0aiiS e S sloyil Lss yge

0SS 0 )54 (50 SISt gl ign €35 phandqy ale ) ;55 B3I155 4101, (o8 guan 00ISS O 3l (o Slgands

i
shlo a5 w0 ide |, VFe-YY-km gla,l Fl .
doddo -

@ FLasb cul e g 55, oloy y0 (5,551 slags, bl

. v ) .
o, 3l s daiym 5 s Sl dazme (oS 5wy sl 8 s
2 09 JBs iSTas ol ply 0gd e sl 0l e

[V-Y] 0,5 o )3 F2 &Y 5 0 L YY-km 3l gV a>b

S pgys wile gz Gl gboay I amsl; glsel
hnigy Y 53 baoyg 2SIl LS o 98 iy 5 yansgi il
ogdle 105 ti)lo yhuisy S Sho Geet yo 1) G (ke
2 e Sl g5, 2 Sl o (snliin whe bml
[F-0] awsl 8,56 55 ogol, zlsel

3 Recombination
* Troposphere
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? Reflection

3 Refraction

4 Line-of-sight

° Attenuation

¢ Absorption

" Injection of chemical vapors
8 Heating

? Artificial ionospheric

1 Scatter
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4 Over the horizon

® Solar flares

® Geomagnetic Storm
7 Aurora

8 Cross section
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! Artificial ionospheric mirror
2 Ground-based
* Crossed beam
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