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ABSTRACT. "Tho lumting polarization us deduced by Baker und Green without
taking the usunl Appleton-Hartree formulue has been shown to be identical with the limiting
polarization deduced directly from the Appleton-Hartroe formuls  From Baley's formulae
tor the amphtude-ratio of the normal to the Abnoimal components of tho magnoetic
vactor of the radio-wave, tho phaso-differonce between them at any level of the ionosphere
has boon deduced for » < < vc whero v, 1 the critical ovllsional frequency. It has also been

shown that for » << e, the amphitude ratio 18 nowtly nnnffected at any level by electron
collisional frequoncy

1. Identity of the expression for the limiting polarizubion as given by Buker and
Green with that deduced durectly from the Appleton-Hartree formulae

Without taking the usual Appleton-Hartree formulae (1927, 1920) it was
shown by Baker and Green (1933) that the limiting polarization R, is given by the
roots of the following equation .

2
R+ ’n gR—1+0 )
where
E, 1B _sin% ) _ell 9
B, = jB 'm~ cosf q-p—yv P07 e @)

0 = angle botween the dircction of propagation of the radio-wave and
the positive direction of eurth’s magnetic field.

E, = component of the electric vector along 0Y (Fig. 1).
E, = component of the electric vector along OT (Fig 1).
H = intensity of earth’s magnetic field.

¢, m = clectronic charge and mass.

<

= electronic collisional frequency.
¢ = velocity of light in vacuum. .
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Fig 1. Co-ordmate system used by Buker and Iig 2 Rught-handed co-ordmat

Green. OS—wavenormal rRyatem used by Appleton
OT—wuvefront. OX —wa o norinal
H - earth’s magnetic fiold H— carth’s magnetie fiold

When the vight-handed co-ordinate system of Wig. 2 1s used, where the dirce-
tion of propagation of the radio-wave has heen taken along OX-axis, 1t can he
shown that

1, . [ hz .
Ho= ot =i (:y) 3)
where

hz = component of the magnetae veetor along 0Z (Fig. 2).

hy = component of the magnetic veetor along OY (Iig. 2).

From Eq. (3)

hz .
)=y 3
hy) JRa (3a)
Solving Eq (1), we have
B b Do (1a)

Putting the value of {2/n and ¢’ from Eq. (2) in Eq. (1a)

eH sinz () ‘/_ eH¥sin'0 11 (i)

R, — - __cHsi?0 eH sint0
" 2me cos H(p—jv) dam2c? cos? O(p- Jv)?

Since the cntical collisional [requency is

PH sin® () ‘here — eH
Ve =Ty con ) where py P
we get
R, —=— " (Le)

p—jv - —JV
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Using (lc) and (3a) :

(;:Z) =] - oy 1 (;,f:v)_.ml-l ] e (1d)

This equation can he deduced directly trom the Appleton-Hartree [ormula.

Appleton used the right-handed co-ordmate system of Fig 2 and the polarization
15 given by

() 2=

Using a = p¥pg*. f— py[p gt =4aNeXfm, v .p — pppop/pe
Eq (1) can be writlen as

] B 208
R—— / [~ PPz ) . 2}
Apst P i) AT

22 VI S

_ Vo . Yr B g
»,,[ A e ) T ‘/4(1 a1 } e ()

-

(4n)

Hence the limiting value is obtained by putting pg? = 0 (ie. N = 0) m Eq. (4a)

R—-(;’J)——j { ];E’jjv 1\/(,.%\5 '“1 . (4h)

Tt 15 seen that Eqs  (1d) and (4b) ave identical.

2. Bualuation of the phase-dufference between the wormal und the ubnormal Compo-

nenls of the muagnetic vector of « radw-wave at any level of the wnosphere for

VIV
Tt was shown by Bailey (1934) that the amplitude-ratios of the normal to the
abnormal components of magnetic vector are given hy

Py == 1t [l_ :fl cot ¢(,] for the O-mode . ... (Ba)
2

and
[ d, ] R .
pe=a| 14+ cotdy| for the X-mode . ... (Bh)
d, i
where
o= I+ 4y TFT]

o ddd L d ;
Y=2 _d;’lﬁ;’ 43 4 oo (Bo)



476 8. K. Banerjee and 8. R. Khastgir

ddy? d2dg?

(R . .
4 d?fd? " dpydp?
_— : 4nNe?
=l dy =it ' = p (1= 25 ) ppr = 4TNC
¢o = phase-difference for the O-mode.
Using Eq. (5¢), it can be shown -
Y= Y @) o (6R)
fe Ve (4 .. (6b),
Y ST (vg- -2v) ( )\
Using Eqgs. (5a) and (5b) and the relation, pgp, == 1,
cot gy = i‘%’\/l - 122 .. (Tn)
1
When v<<v,, we get from (6a), (61) and (5c),
Y=Y e v“_-‘f{fp'.'-' (6¢)
Hence e P24 .o (6d)
p-v?
Using (6d) and (7a)
’ i 2
tan ¢y = 4 i_i\/ 142 ... (Tb)
c

According to Murty and Khastgir (1960), ¢, lies in the first quadrant for the verti-
cally downcoming wave m the northern hemisphere, hence taking the positive
sign in (7b), we have

-
tan goe=? [ 14- 27 .(70)
v

v

Similarly, for the vertically downcoming radio wave in the southern hemisphere :
o gz

t -2 P e (14

an gy~ 147, (1d)

From Eq. (7c), we can draw several conclusions .
(8) At the level pg® = p2 (i.e. p’ =0), the wavo is plane-polarised.

(b) The sense of rotation of the magnetic vector is reversed when the wave
crosses the level p 2 = p2.
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(c) Since at the lower boundary of the ionosphere, " = p and at the level,
Pt = p%, p' = 0, the phasc-difference gradually increases from zero to a certain
value depending on p, v, and v, as the wave comes down from the lovel, py? = p?,
to the lower boundary of the ionosphere.

(d) At the level py? = p*— ppy,

[tan @,] = IL B [cot?0-+-cosec?d]

Po*=Pi—ppy

3. Effect of electron collisional frequency on the amplitude-ratio at any level
Jor v<< v

Tt can be shown from the Appleton-Hartree formulae (1927, 1929) that the
amplitude-ratio for the ordinary mode for vertically down-coming radio-wave
in the northern hemisphere for zero collsional frequency is given by

v, v
po= L1 42, ®)
where
P’

v =p<l—i,T), Ve = py ¥IN6[2 6o 0

From Egq. (8), 1t can be shown .

l_/’ua Veo Ve
It has been shown by Murty and Khastgir (1959) that
A T i ] 10s
Po Ve [ 08 @, sin ¢, (102)
and
LA RN 10b
Pz Ve [cos¢u t sin ¢, (10b)
where

vitp®
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Using pyp, == 1, we have from Eqs. (10a), (10b)

v P
et cos @,  sin ¢,
v '

con gy’ ! um do

Hence from Eq. (10¢)

Using (11), (7¢),

and [rom (11a) and (9).
Looly w0 == 11g)smy

(100)

o (1)

(11a)

Tlus means that at any level of the 1nosphere, the amphtude-ratio for the O-mode
is nearly unaffected by electron collisional frequency provided the eritical colli-
gonal frequency is much larger than clectron-collisional frequeney. The same

conclusion can he druwn for X-mode also.
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