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The ].n-o]m.g&tviﬂn of eleetromagnetic waves tluough the ionosphere has
heen investigated theovetically, taking due account of the ansol ropy.
spatial inhomogeneity and temporal fluctuations of {he physical cha-
racteristics of the medium A generalised  differential (-(.|u:mun is
derived for the electrie field which determines the refractive index ol
the medium.  This gencralised ditferential equation s in o quite handy
form and reduces 1o the simpler equation derived previously (Gerson,
1962a). when suitable assumptions are introduced. The physieal condi-
tions incorporated in owr treatment exist inveality bt have oot been so
far accounted for in any mathematical (heory.

1. INTRODUCTION

The subject of clectromagnetic wave propagation in the jonosphere has  been
dealt with theoretically by a lavge number of workers (Mitia 1955 Ratehilfe 1959,
Al'pert. 1960, Ginzburg 1962, Rawer 1952, Gersone 1962 ete.) the pioneering work
m the field heing those ol Appleton (Appleton 1425) and Chapman (Chapman
1932).  While several simplifying assumptions were made by many  authors,
Gerson treadod the problem quite generally 1o appears, however. that certain
rolistic aspeets, o.g. the anisotropy. and inhonogeneity of the medinm. ete were
not takon care of in Gerson’s work

[n the prosont conunanication. we treat the pioblem of cleetromagnetic wave
propagation in the jonosphere. taking into account many such features as have
been experimentally known fo exist. but have not hitherto. heen accounted for

in any mathematical theory.

It might be mentioned that the problem we treat here is mmany ways wna-
logous to the situation provailing in connection with the bebaviour of solids under
the action of varying fields. Thus, the results derived here are expocted 1o bring
forth useful information abont the clectrical and magnetic properties of solids.

The goneralised - spects incorporated mo the treatment are slahorated  at.
appropriate places in the following three seetions. where the mathematical theor
i# developed, while the saliont featuzes of the results are discussed o the Jast

seetion.
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Agsuming the damping to be small, we can equate the froquency of oscilla-
tions of the electrons with that of the propagating electromagnetie fiold. which is
the major cause of the oscillations.  We ecan, thus use

s .o @S
a —MJwS. ()’7 — -w:S e (9

From (7), (8) and (9) we get, :

E' = -(a)+(h)]P' - (10
where () = (mo*Hjolg)fne ; (b) — —()or/nec)y g e (1n

and, the dyadie,
0 B -~ By
VA — B 0 B Loy
By B 0
Solutions

Kquations (6) and (10) give ns two relations hetween the eleetrie field and the
polavisadion  Using two unknown dyadics ¢p and ¢pp. we convert £, P to B,

P hy

E — ¢rE’ . (13n)
P = ¢pP e (13
So - that (6) = AgE’" - ApP’

(10) = E' -~ BpP'

Whero the A's and B wre operators. From vhese, we got the two relations :
(AgBp—Adp)l” —0 . (14)
(Ag—ApBp)k" =0 ... (15)

Onr altimat » aine is to obtain expressions for the refractive index, 9. defined
as

p — (¢loB)2EGE ... (16)

(Kelsoo 1964).  In getbing y from (16) it 1s advantageous to use (15), which alfords
aneasy ovaluation of Div E'. When written explicitly, eq. (15) becomes :

esyrv(p e, = jolgr.—4m - gp.[() O HE = 0 S (1)
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t. GBRSON'S Rusvur
When suitably moddied. owr resulUreduces 1o that of Gerson
write (L14) oxplicitly as :

T'o see tlus we

- L . oL )
{l(‘.“l//‘r.(/l Ly —‘;u;|r/)E.[(u.)-|-([;)_]——»ln:," Op }P' 0 NS E1))]

Now. the physical situations treated by Gersons would follow [rom our case
under the following conditions :

() - L, or (p'=Y - (1/jw)- s (20)
[ or; . (2D
we - yB* Lo (22)
andd (9) — mr o (23)

The smplications ot conditions (20) to (23) are as follows - (20) implies a time-
mvariant permeability: (21) negleets the electeie lickl and polarsation: yecetors
artsing from ivnospheric charges; the electtomagnete pat ol the magnetie -
duction is neglected incompatison to the terrestrial conponen tough eq (22);
and the tensor (¢) is replaced by acsealar thiough eq (20)0 where s the colhision

frequoney.  When egs. (20) to (237 are substituted in (191, we got
HCurl Curl - a¥jed)| (m [ ned) (0 1jor) =(jo[nee)y g Ame*jc* )P = 0 (24)

Phix 15 Gersow's result, as the P’ and B¥ used here corrospond (o Gorson’s P and
B. 'The Lorentz term is, of course. ahsent.

5 DrscussioN

As mentioned in the Introduction. the purpose behind the prescot work ix
to treat gonerally the problem of cloctromagnetic wave propagation in the ionos-
phere.  The most sigmificant. characteristic ol our treatment is the simultancous
molusion, in the mathematical theory. of the following aspeets :

(T) Anisotropy of the medium which requires g and g to be considered
as tensors ol rank 2.

(L1) The inhowogeneity aud the temporal fuetuations of the physical
charactoristics of the modium. 'Thoese conditions require the components of (g,
and (k) to be assumed as dependent on hotl space coordinates uud time (Gerson,
1962b).
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(T1I)  Effocts of fields othor than those of the test e.m. wave. are taken into
account. while studying the motion of ionospheric charges.

Iaq (17) takes full care of these aspects, and would be fairly tractable if an
attompt is madoe to solve it for B, the latter heing the only entity which deter-
mines the rofractive index via ey. (16).  The incorporation of aspeets (1) and (11D
have furthor led to the introduction of the new dyadies ¢, ¢p and g, all threo
of whicl have mado it possible to dorive a compact equation, (17), for E'. We
hopo to roport, in futuro communications. quantitative investigations of the theory
developed hore,
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