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LOW FREQUENCY WHISTLERS GENERATED BY INFRASONIC WAYVES IN THE
IONCSPHERIC E-REGION DURING DISTURBANCES OF IIFFERENT NATURE

A ML Clokooy

Departmeni of Space Radio Plrysics, Kharkiv State University, 4 Svaboda Sq., Kharkiy
s177, Ulrams

Abstrwet. 1 s shown that infrsome waves generaied in the atmosphere dusing distusbances
of differes magures can grvemnle o enhance hew [negeency whistlers in the iooospheris E -
region. From the dispersion equatson il is derived u relation between Fequencies of infrasound
and those of & whisiler; usang the papers dealing with exponmental data oa an interval af fre-
quencies al infrasoend generoied &n Ihll:u'rrqﬂmim-irq disturbances nf different nohwes,
the frequeticy merval, im which genersiion of whisilers is possible, is caloulated

Ky wonds infrascini, whisilers, lenospheric E-region

L. Introdsction

Az i knerwn, nfrosomic waves i the range of 0.01 He < £ < 20 He are generaled during
strong thusdersiooms, explosiom, sarhgquales wsd other disturbances (e, for example.
Cirigar”yev and Dokechayey {1981 ), Al'perovich e al. {19834k Such waves reach the lono-
spheric E-reginn hetghiy § 2 < 100- 160 km) rsther freely, resulting in appearance of additional
currents and in disturbang electnc ard magnetic helda, i e m gooomting or enhancing differ-
ent wmves. 1i i3 also hieoan that whastlon (whisther modes | are electromagnetic waves propa-
gabitig i woeak ly-lonized plasma o which the fallowing conditians are Fulfilled

Vo Sl P, >>al,, [

[ i b are thit electoon eed on poofrequencies. v, v, ore the elaction ard jom collEsion-

frequencies) For sich wives, the elagtions Whing par o almsoiis wive fsolis ane edated
i pegeeile lnes, difang e orossed flebds: as 0 Ibe lons ihey, diee o (heir collsions wilh
neitrads, pre tedl subiecvnd o magetic feld effects, being practically al =1 or moving under
ihe infmsonie wave control. The conditicen are vabel al the ipnophens E-reginn heights. The
presence ol such waves in the epicerinal zove and at soeme dstance from & dissurhance source
v found |m the experiment (sex, for example, Mikhaybov et ol, (199711, The questions of the
low frequency whisthers peopagating in thet height mnge were discussed nitber Fully i Murur
{1988 & The probdem of such waves genersed by acoustic waves in ibe E -reglon was solved
im Surkov | 15989 §,

I this paper, we demonseease o possihifig of genwmutang low Ireguency whistlers by infra-
sonind,

L Madn part

An indliad exquaton system comsists of Mavwell equsions (2}, dynamac ones (comierying
manmmenivm of ibe particles § O-4) and that of continsy (5)



2 A M, Crikov: Low Frequency Whistlers by Infuscund

o'

Fail :H:r-'tij,mrf-—II-'rrF:--j-frliq 1l
W, v = L AN - -V, T <) B
ol | " ¢ i

oV : ! R :
e W, = _“ TR L FIER N A N e (¥, =¥ )

P 4 divN V_=0. (%)

Fil |

Here g ,m, are the charpe snd mass of edecinm, w, |% the jon mass, @ = ¢, the o -index
comespannds 10 pewtrale ¥, ¥, being their Ividrodyeamic velocities. Comsider @ twa-
component plasma. When solving equations (233, we U 3 limear approsimation lor the
qﬁmhmmmﬂtmnﬁhﬂWnMHﬁhmwumi coin-
sides with the axi £ , the magnetie induction vegiot B beitig in the vs + plane. the angle
AR =8 . ¥, changes and insemsities of the ehectnic fikd £ e of wave chatacsr, ie
P E~ expilal — kr)  Suppeese the jom mass heing miber large, which sllowy us o ne-
ghect magietic field offocts on jom. Constrained oscillaions of wmospheric plasma as the re-
sult of nfTecting it by an [nfmsonic wave s coemidierid as 8 quas-siptionary background i
compaeed with nataral plasma-oscillations Taking mis gccount the above-simed conditions.
we shall write down egquations (3-4) in inest spproximation as

L . . -
= ; ¥, =¥ ) ¥ulFa. =¥, (&)

f¥, ¥, o 1 .
5 S i E r"-".!l.j

Here P, s the pressure change fir particles of the o -specien, canmed by wn infrasansc wave.
A current expression will be

P T LT 7

where N_ |4 the demsity of particles. Comtider wove ancillations in plesma having & spatial
irreguineity L = 4, (4, ks the infrusonic wavelength |, whitsr propagation velocitees are far
|arger than these of infrasonic wav e, ¥, Then vV, and ©F, jm_N_ in §) mey be ne-
ﬂtﬂﬂﬂuﬂqﬁ:nﬁrﬂmﬂ!nm-wﬁﬂﬂmﬂ_ﬂi—:ﬂ.m
expression for ', s inken e

i I Ll
3 - [ - I-‘ ! & W # - & “
V. “___mtu. +‘_ﬂ,I. . 1+ 7oy _—.-;_—i' [
_-F.hrh:nll'lu
[¥_B] und sub-
1 We shall sub-

bete o, = g, /W, - 0., lﬂlﬂdﬂ'ﬂ'lﬂi-i.
muldiiplying {(§) = B in scalar and voctorial ways, we
stttz {1 fnio (§) | we leave ven these obvioss
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stitule the expression derlved for ¥, i such 8 way inta (T} and wiite down the resulting ex-
pression for carremd bn a nakris fodm b0 e conmdinme synem chosen

}:l ﬁ'ﬂ +dl-"1ill ‘H
A = iF goa @ IF ain#
qla--:: IFeps® d=Cain"@ ~05Cainl2d (10

iFeinil -05Csn2d P-Csin'd

beve A, = A (o o0, ;g | el ibse ollowing devignaicons sz inboduced:

1]
S ] Cow =14 [0 n i
.I::E.ih-ﬁl - = : -';:;ﬂ__h-h.
ey
Ao it e il K=l - )= m al). F=E;tl-'—=ﬂ-

'ill E ¥a 'lI'-II' .]-i - ql‘:‘ti L R -:I"-"'I'l:r.riill".-l “.hpl'““
atil eacholon freguencies, respectively L

Wicthoshs of desiving the dispersion equaiin are sumilar o those h'lﬁl-ﬂ-‘lh'll_'llﬂ
Rukhsdee (1970 ), mewl therefore we omil cumbersome inlermedisle calclatiom. Salving (1)
sirinibarty 1o thsat I Glaeburg b Rukhadee (1970 ), beads 10 the following expression

F'E —(NkEN - [ I g )E + [idam i e*)j=10. (1)

A& mibstitiition of cutrent expresson (9) imo (| 1) makes it inhomogeneous. A genenl solmion
af (171 i the given case cammss o salving a homagensous equation e o particular soltion of
an inhumoheneous egsation mey he eeglocted owing 10 (ke sagpestions comidered above. |
allows 2 o find the dispersion equalbon in & gensral fom similar w thal given ia Ginebury
and Ruklmdee (1970 jas o = (F, £ 3/ d, {whent the valoes of 4.0, C) are the cum-
bersome fenctions 4, 0. ¢, = fle,o, ®, 8, & a,,v, ] [§ e designetions given
carfies; we omil them in order nod o burden the lext with unnecessary detsil ), from which for
waves with &, <« W << &, il frequency whlstlers) we shall determine the dispernon
aquation (the fwo known cases are sol consldered as they do not come o our Task ) &4

o) =m | e, cosd. ()

A specusim of wch wies is determsined from (9) 28 follows.

w (k) =, con® ket la] [13)
Waves described by dspersion relation (13} we purely elsciron ones and can Bin i
nesphetic plusma in 8 narmow cone of angles having (is axis along the magnetic ekl Maeur

(I9RRY Cingburg and Rukhadne {1970)). The soletion of {13) allows 1o fisd the relation

¥
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tween [ md e (requencies of the kow fregecscy whasllen gesersicd in this height
rainge, [, , iiad make calealntions

f, = ::] qu.}.;u cosdean’ @, (14}
r

Here #, s the anghe between the verilcal and the infrasonic wave direction, © & the light
webocihy, and ¥, i the Infrascand velocity |

A Calewlstion results

The given relstion (14) between the frequencies of the infrasonic waves, £, generalsd
during varicas aimuspheric dstuthances on and under the ground amd meassred expetiten-
tally, sllows us 1o calculste the whisiler frequencies f, whach, as shown shove, can be gener-
nted or enhanced in the given case in the lonospheric E -region.

Tuble |, Frequensies ¢, (In KHz) of whisilers genersted by infrasousd in loncspheric E -
eginn

1. Hr 009 0.} LD 10 50

1 |#=0 | 010 | 0S50 | 42 208 1300
foMHe | 8=30" [ 0.068 TEEE 156 LI

5 | @-a | o7 | oW e [ Tam AN

. 8 =3 ho3s | G40 1404 w8 | M

Note that f, depesds not omly on £, but on the ebectron density N in the lomospheric
E -reglon as well, since £, = 7, (). The table presents f, remalis for both cases: a) @
o=, by @ =0, @ =30 1= S0 m, e, = N10°) F - resils being mken from
the papeny on oherving mfrasound dusing thusdersiorme, earthguales and explovions (e,
for example, Al'perovich el al. (19815, Baker asd Cotien | 1971 Davies and Baker | 1963
Girigen'yev and Dokechayes { 19811, Rat and Kisabeth (1%67]),

The results have shown that the f, whastler freguences change from hundneds of Hz to
hundreds of kilz for 0.0% He < §, < 3 He These caboulations are conflemnd by ibe sxperi-

revenilul da2n wsken fram the refevences for the cnse of discovering enhancements of the whis-
Hem in ke epicemicr earhariake rose, in the region of strong thunderstoims, o (see, for ex-
mmyple, Mikhaybova et sl 19915 Mikhayloy of al{ 1997))

b shissilid be roed that thiagh imfresonic waves af f, > 3 Hi reach (he heights of the jono-
spheric part investigated, we do not consider them because of their strong Exfing. N mighe be
alses bedigved tha he mechanizm conmidersd here will be valid foe the helghts mnge of 170-
220 kum renched by the infrasonic waves wilh f, < | Hz, where the electron density is higher
than thet in the E -region. Mote that liw frequency wiistlers seem 10 be recorded mear the
disturbance souroe epicenier since, &5 shown jn Marue (950 ), the presence of @ nither pow-
erful lover of Padersen conductivity lesds 1o impossibiliny lor & low frequency whistler o
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propugwie slong the Eamh surfuce {n ihe ionospheric region comuidered ) over long distances
imare than fundreds of klomeiers), Neverthelens, troey cam be enhanced rriher stromghy since
Bor b frequessy whistbers ibe insosphere may serve as a furly good resonaior with the gual-
by factor (= swilde, fo. ) " (cosd )" + cond) ' (Marur (1988L For the
harmonics with o - 3-8 and the calculased o, /o7, &3 (Volker omd Carpeerter (1975))
[er o of . are the Hisll and Pedersen conductivaties L it may be resched (), = 20-30 Such os
clflations con be recorded, for inuience, in natural redio molse spectra

4. { mnchusinn

H iy shown thet infresonic waves genoraded i e olmosphere dering daturbances of dif-
ferent naiwres and propageiing m the Farth"s ionoyphere cas genemate ot enhance kow fregues-
ey whistlers in the soneapheric E -regiom. From the dispersion equation it is derived a relation
between frequencies ofinfmsousdand those af a whisler; using papers dealing with experi-
maendal data on an lmervel of lequencies of infresousd generssed in the atsnusphere deing
distimbances of Jdiffenmst natunes, o nequescy nterval. In whch  gemeeatbon of whisilers is
pomible, is calcuised,
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