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The paper gives geometrical methods of determining the refractive index,
absorption coefficient and polarization parameters of the radio wave travel-

ling through the ionosphere.

1. INTRODUCTION

In an earlier paper (Banerjee and Khastgir 1963), a parallelogram method
of evaluating the polarization parameters of the radio wave was deseribed,
The expressions used in this method for the square of the ratio of the ampli-
tudes of the normal and abnormal components of the magnetic vector of
the radio wave for the O- and X-modes are

Pl = a'24+b2+42a'b cos (m+py~dg) .. .. )]

P2 = a2 4-b'24-2a'b’ cos (g ~po). .. .. .. (L1)
The equation used for determination of the phase difference between the
normal and abnormal components of the magnetic vector is

$.=d,&35, R )|

according as the angle 6 between the direction of propagation of the radio
wave and the positive direction of the earth’s magnetic-is acute or obtuse,

where

«_ a'sin $o2+b’ sin ¢,
tan ¢, = 77005 $at b 005 &, .. .. .. (3)
’ Ve
@ = —————.. s . . . 4
‘\/p'2+v2 . (4)
b2 =/T+a"%+2a’ cos 24, .. .. .. (41)
2 o3
tan 2¢, = 2 1 26 (5)

140’2 cos 2¢9
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tandy=— .. .. .. .. . .. (8.1
b2 > (6.1)

__ pgsin2 8
e = 90 0 (6)

2
p'=p(1__p_g). L )

p

In the present paper a simpler method of obtaining the polarization para-
meters is worked out.

2., THE PROPOSED METHOD OF FINDING THE AMPLITUDE RATIO
AND THE PHASE DIFFERENCE

The method of finding the amplitude ratio p and the phase difference
¢ between the normal and abnormal components of the magnetic vector of
the radio wave is outlined below:

For given values of v, p’ and v, o’ and ¢, are calculated from eqns. (4)
and (5.1). The length of the diagonal of a parallelogram with sides of lengths
1 and a'2 including an angle 2¢, between them gives the value of 52 and the
diagonal makes an angle 2¢, with the side of length 1 (Fig. 1). Having deter-
mined the value of ' and ¢, and considering the values of o’ and ¢,, the ampli-
tude ratio p, and the phase difference ¢_for the X-mode can be found as
follows:

4

Fia. 1. 04 =1, OB=a®, < BOA = 24,.

Two lines 04 and OB of lengths o’ and b’ making angles ¢, and ¢; with
the line Oz respectively dre drawn as shown in Fig. 2. A parallelogram
OACB is then constructed. It can be shown that the diagonal of the paral-

lelogram gives the value of p, and it makes an angle ¢, with the line O.
Knowing ¢., ¢z can be determined from egn. (2).
Expressing the wave polarization E as

R=r4js= pei®
r =P cos ¢}

8= pgin ¢

we have

(8)
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Using eqns. (2) and (8) it can be shown that

ry== —CP

y®»

xM®

Fie. 2. OA =, OB =1V, < AOx = ¢y, < BOx — ;.

o

when the angle 8 is acute and
8y= —0P }

re = +CP (9.1)

when the angle 8 is obtuse, where CP is the perpendicular distance of the
point € from the line Oz.
The values of py and ¢, can be determined from

-1
Po =P, v¢0=—'¢z°

3. DETERMINATION OF THE REFRACTIVE AND ABSORPTION INDICES
BY THE METHOD OF TRIANGLE

Using the expressions for the square of the complex refractive index M
and the wave polarization R (Appleton 1927; Hartree 1929; Appleton 1932),
it can be shown that the square of M can be written as

M= (u—jn)? = 1+ (10)

1

a+jb’
where

a = o—s8Yy

b= B+ry;. v
The two quantities a = 04 and b = OB are plotted along the real and imagi-
nary axes of Fig. 3. OC is the diagonal of the rectangle of sides 04 and OB.
A line OD, the length of which is reciprocal of the length OC, is drawn such
that < DOA = < COA. A perpendicular PD is drawn to the real axis. A
point Q is then taken on the real axis so that OQ exceeds OP by unity. Fur-
ther, a perpendicular is drawn through the point @ to the real axis and a length
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QF is cut off so that QF = PD and the line OF is joined. It is evident from
eqn. (10) and the construction shown in Fig. 8 that

it = }(OF +0Q)

x% = {(0F—-0Q).
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Fre.3. OAd—=gq, OB=b, PQ =1, < COA = < DOA, PD = QF.

Sometimes for a more accurate determination of the absorption coefficient
we can use the formula

ey (@F (@2
XK= 0Fr09) T e
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