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INTRODUCTION.

The problem of absorption of radio waves in the upper atmosphere has
been attacked by several workers. Actual numerical calculations of the
values of refractive indices and absorption coefficients for the two magneto-
ionic components have been carried out by Goubau (1935) for Munich and
by Taylor (1934) for Slough. Martyn (1934) has done the same for magnetic
latitudes of 0°, 45° and 90°. Analytically the problem has been examined
by Booker (1935), Toshniwal (1936) and others (1936); but these authors
have restricted their treatments to values of @ (the angle between the direc-
tion of propagation and the Earth’s magnetic field) between certain limits.
The object of the present paper is to give an analytical treatment of general
applicability and to show that for certain latitudes results contrary to those
expected before may be obtained.

The notations used are

eh
= f
D, = s Larmor frequency

eh,
Dargrs = -—;’i'—' , components of Larmor frequency

p = pulsatance of electromagnetic waves

N = number of electrons per cu. cm.

_ 4nNe’
T oom

2

» = collisional frequency, i.e. the number of times an electron
collides with a neutral particle per second.

ph
w=—
P
_ph(z,y,z)
wz)yyz - p
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_ Db
T
s=2

¥
B=1—id

ol ‘
q=p— % , complex refractive index

k = absorption coefficient

e = charge on an electron

m = mass of an electron

¢ = velocity of light in vacuo.

The suffixes 0o and z denote quantities pertaining to the ordinary and the
extraordinary waves respectively. We start from equation (3.1) of paper 1
(1938), but we shall make the result more general by putting

¢=p(tﬂ;§ fqdz)

We are using ¢ in place of u of the previous paper.
We get from equations (2.14) of the same paper

gAd =D
qB = —~-C
g0 = —iLA—K, B
gD =K, A—iLB
exactly as in relations (3.2) of paper 1, and the remaining treatment is identi-

cal. We get, corresponding to (3.5),

q02 = Kll_Lpo (1)
qz2=K22—Lpz ce .. ..

2 ey _wx2
where Kll =1—-r é——‘—g,—

2 —

KZZ =1-r ﬂ CITB
_Tu, (T—B)
p="0020

0" = B —w?)—r (B2 —w.?)
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It can be easily shown that the refractive indices for the two magnetoionic
components are given by

- w2 R w 1— B) W, ]
. (r—B)(w2+1B—£2) \/ 14 {2=fe)
ﬁ(ﬁz—wz)—r(ﬁz—-wf) )
=Bt 4rE—p)~F 02 1+ J;;‘{m} ]
2 =
N T BB )

These expressions have been deduced in different ways by Appleton
{1932), Hartree (1929) and Forsterling and Lassen (1933). They can also be

put as
2r

w2 wt
~3- 2t e
2r

2=14 ) "
R T, «/ /3)2+4“”

and this is the form in which they have been generally discussed.

¢* =1+

@)

Since B = 1—1 ;, we can splib up ¢,2 and ¢,% into real and imaginary
parts. We may put ¢ in the form
.ck
9= P‘—Tl‘?j
so that the wave is given by

y= Ae—jkdzeip(t— %jp,dz) .

Now the general expressions for k¥ and p are rather complicated. We first
try some simple cases and hence derive results of general application.

Cuase 1. .
[2(7‘__:‘@9_)5 :I <<l (Quasi-transverse).
wﬂ

Under the above condition, equations (2) reduce to

q02 =1- Z

’
> =1— w2
B—
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We rewrite them as

61— T
" = 1482 1482
- D S - )
=T i
where
w2

r 1-I'.(r—l)2+82

B=———5 D=8 ——5 7"

14 (r—1eow, 14 w,2(r—1)

r—1)2+52 r—1)2 462

From (3) it can be easily deduced that

”02%{\/(1_1182) <1+32) +(1 )} L@
e { ( i) (1+82> (- 1152)} S

{x/ <1 1+Dz> (1+D2>+( . +D2)} ®)
“2’”—A{J<l i) * () ~ (=)} 0

We easily notice that the above expressions for p,, , and k,, , are respectively
of the forms

P“i z = % {\/Xi,x+ Y§,$+X0:¢"§

c2 k2 ¢ s
pzo,z = % VXi,m‘*‘ Y%, ar-'Xo, z}

where

r 78

Xo=1~ 1§62 Y, = 1462
R RD
=l

These forms clearly show that neither [1.3 , nor >Z can ever be zero,

P2
unless & is zero. We, of course, neglect the case of » = 0, when we will have
2 :
k, ,=0andp, ,=1.
When § = 0, k, ,=0, p2=1—rand p2=1—R.
But as long as § is greater than zero these expressions have definite positive
values. We also observe that so long as X is positive
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but when X becomes negative
2
2 02 ko,z
©® 0, m< ]32 *

Case 11.

_ 2

[MJ >>1 (Quasi-longitudinal).
Wy

Equations (2), under this condition, reduce to
7

X JE . S—
! Bt [ o |
r
[ D A
! f=To, |
We rewrite the above equations as
rd
®)

g2=1— {1+ | w, ]) —i
’ A+ o, [ )24+8 (14 | o, | )2+82

_ r(l— | w,|) . rd :
%t =1- (= Tw, E+82 (= [, [ )+5 - O
Hence
__{J Al DTt T
(l+ { Wy I i 1+ ' W I )2 +82
r(l4 | @, })
-]

allly 1{\/1 i+ o ) Ty o ]
2 [‘ I+ [w. [ )2+ [(1+;w,1)2+82
_ r(1+|wz!)

[ >2+82]} - D

=%{\/[1 T [l—lw,nzw]
Sl e

+ [1 ~ = e [ 482

L A= Jo]) P D ]

7 2{\/[1— (-] o | )2+82] +[(l— | @ | )2+82
r{l1— | w |)

Lot o

These expressions also are of the same form as that of the expressions

derived in the previous case and we can write them as

2 =1{/\/Pim+Q§,x+Po.x‘§

0, 2
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62k2 1 2 P
o,z=§{ Po,z+Qo,z_Po,:c

p2
where '
— 1 r(l4 | @, |) _ r3
A T2 i = S (N g e
_ r(l— | w, |) _ 3 )
Pe=l-G 7o e %= 0= o 548

Obviously, k, , =0 only when either r =0 or § =0. 1In the former case
(r = 0), p,, , become unity while in the latter case (8§ = 0)

r

PR L

Ho 1+Iwz|
r

2 -1 T

We are however interested in the propagation of radio waves in the iono-
sphere where neither r is zero nor 3 is zero. Hence under these conditions
none of the four quantities p,, , and &, , ever becomes zero ; so long as p
is positive

2 C2k¢2),z
0y T pg
but when p becomes negative
s
Hor <
§ 2.

We shall divide absorption into two regions, viz., the non-reflecting lower
region (where the density of electrons is very small) and the reflecting region
where the value of the refractive index becomes very small. We have now
to find out whether the propagation of waves in the above two regions is
governed by Case I or Case II and how it depends on 8, the magnetic

latitude.
[2(T_B)ws:r
—Q—2 | =1
w.’c

The condition
which divides the two cases may be put in a more convenient form.
Let us put

3
'S

a

2% —
Py = 2"
z

[ -
=3

* This Py is the critical collisional frequency first pointed out by Appleton and

Builder (1933). Its value at Allahabad is 3x 106, The quantity under the square
root in the expressions for ¢} _ is
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Then the above condition becomes

[z:ﬁ. '
Py

Since 7 —f8 = r—1418, a complex quantity, we can put it in the form
— 12482 24
[=beas 2],
Py

where ¢ = tan‘lil .

r—
We can now take the above condition to be
(r—124+5% = pg?
or (P =p2)24p2? =p2pf .. .. .. (14)
This condition is the same as that given by Booker (loc. cit., eqn. (31)).

NoTte oNx THE CURVES.

Fig. (1) * gives the assumed variation of p,, N and » with height. It is
only a crude picture of the atmosphere, but is expected to give fairly
approximate results for the E-region. Figs. (2) and (3) represent curves given
by equation (14). In drawing these curves the values of p, and » have been
read from fig. (1). p, has been assumed to be 8x108. Fig. (2) is a
representative of the class of frequencies greater than the gyromagnetic
frequency, while fig. (3) represents frequencies below the above-mentioned
frequency. They have been actually drawn for p = 2:5 X107 (A = 75:36m.)
and p =5x106 (A= 376'8m) respectively. Fig. (4) is another represen-
tative of medium waves and is drawn for p=T7x106 (A= 26414m).
Fig. (5) is drawn for p = 106 ( A = 1884m) and thus represents propagation
of long waves. Fig. (6) is drawn for p = 5x107 (A= 37'68m) on the
assumption that collision frequency remains constant at 103. It is meant
to give an approximate idea of the conditions of propagation in the F-region.
The curves hold for both the hemispheres and it is evident from them that,

2
z

1 [250e)

and this becomes zero when 7 =l and r = p @ 5 that g, becomes equal to gz. But this

2 .
r—pB (r—1)2—2(r—1)—82
=1 — =1
+[ Py ] t Pyt

condition holds only under a severe limitation, for we must have a region where
r—-—l,andv:po.

* Tt is the same as assumed by Booker (loc. cit.).
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in general, quasi-transverse type of propagation is of importance only at
medium frequencies (except of course a very narrow region near about the
magnetic equator where it holds at all frequencies) and that it is the
quagi-longitudinal type which predominates at long and short waves.

We further observe that so far as the non.reflecting region is concerned
{where the value of electron density is small), we can divide the whole surface
of the earth into two regions, viz., {(a¢) places not very near the magnetic
equator and (b) places very near the magnetic equator. It is easy to see that
in the former region both the o- and the z-waves of every frequency are pro-
pagated according to Case II but that in the latter region their propagation
is governed by Case I. Again when we consider propagation in the reflecting
region three cases arise. A concise description of the features of the various
cases is given in Table 1 and their applicability has been discussed afterwards.

TapLe 1.
Name of Case Definition .
Case I
(Quasi-transverse) (p2—p,2)2+ P22 << <p2p 02
Case II.
(Quasi-longitudinal) (P2 —p,2)2+p*2 > >pPp 2
Case A* Propagation of both the o- and the
z-wave governed by Case I.
Case B* ' Propagation of o-wave governed by Case T
: but that of z-wave by Case I1.
Case C* Propagation of both the o- and the z-wave
governed by Case 11.

Case A.—Propagation of both the magneto-ionic components is governed
by Case I. On short and long waves this holds for rather small values of 6,
the magnetic latitude or the angle of dip, but on medium waves it may
hold even up to 25° or so as is evident from figs. (3) and (4). We shall,
however, term this region as the magnetic equatorial latitudes and for
evaluating k, and %, in these latitudes we shall make use of eqns. (5) and
(7) respectively.

* These cases refer to the reﬂecﬁng region only.
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Case B.—These are the latitudes where propagation of the z-wave is
governed by Case II (quasi-longitudinal) while that of the o-wave by Case I
(quasi-transverse). These conditions will hold good at places where the
magnetic latitudes are neither too high nor too low. It is not possible to give
definite values of these latitudes in any of these cases, for they depend on the
frequency of the wave under consideration, as is evident from a comparison
of the various figures. This region we shall call intermediate magnetic
latitude. For finding out the values of k, and k, in these latitudes we
shall use eqns. (5) and (13) respectively.

Case C.—This is the region where both the o- and x-waves propagate
according to Case II. For short waves these conditions exist in the higher
magnetic latitudes, i.e., places near the magnetic poles but for medium waves
they may exist in magnetic latitudes as low as 30° as shown in figs. (3) and

120
100
80
_
60
§ N
- k v
40
20
o 4 5 (3 7 ) 9 10 i
1 10 18 1d 10 10 10 ) 10 10 10 10
Fioe. 1.

(4) and for long waves they may be fulfilled down to still lower latitudes
as is evident from fig. (5).

ABSORPTION IN THE NON-REFLECTING REGION.

{(2) Places not very near the magnetic equator.

We have already seen that in this region conditions of propagation are
governed according to Case I1. Hence, since r is small, we have from (11)
and (13) as a first approximation

ck, 1 ré

2  2(4 |, |)24+82
ck,_l r8 i
P 2(0=]o. )2+
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Substituting for r, w, and 8, we get
2762 Nv

"= e 5F [ 5. PR (15)
2mre2 N»
= e = To (16)
Hence
k, _(p— | pc|)2+r2
EoF (g =t o {10

It is obvious from the above expression that at a particular level in this
region the o-wave suffers less absorption than the z-wave. The difference
in the relative absorption of the two waves becomes greater and greater both
as we go towards the magnetic poles and as we consider frequencies approaching

90 T—

Q.L.

v/
1+
w
QO
T
R=F-PR,

Po

Fic. 2. Variation of Q.T. and Q.L. regions with 8 for p = 2:5x 107.

p,. We can also say from (17) that in this region at places not very far from
the magnetic equator the o-wave will be only slightly less absorbed than the
x-wave, provided we confine our attention only to waves well away from p,.
We further observe from (15) and (16) that %, has got a unique maximum at
the level where v=p- | p, | , while k, has the same in the region given by
v=p— | p, | . Thus if N varies slowly, the maximum absorption suffered by
these waves in the non-reflecting region will be at the above mentioned two
different levels ; but as we proceed towards the magnetic equator the two
levels come nearer and nearer till at places not far removed from the
magnetic equator, both the waves suffer maximum absorption in the non-
reflecting region at approximately the same level, which tends to show that
they should be almost equally absorbed—a conclusion derived before.
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For finding out the total absorption suffered by the waves in the
non-deviating region we have to integrate (15) and (16). Thus the integrated
absorption coefficients &," and k,’ are

ez [ © Ny
R iical [ LA P ¢ £
m“J<p+|pzt)2+vz ? (1s)
L]
2me2 [ Nv
k= —| —m—————dz ..
mcj(p—lp,nwvzz

0

(19)

Now we have to find out as to how N and v vary with height. In the
case of stable layers, Chapman (1931) worked out a formula for variation of

190" \
'

‘ -

t [N

! Q

| +

R “a, “a

60 ~ " |l n
[} )

Q’ ~qo
|
Q. L. l
!

@ I Q L
]
+30°F |
1
i
j
|
Q.:T.
O T : T
5 6 f y e
10 10 10 10

—- B

Fic. 3. Variation of Q.T. and Q.L. regions with 8 for p = 5x 108.

N with height, on the supposition that electrons are produced by the
absorption of monochromatic light. Saha and Rai (1938) have recently
shown that this expression holds for continuous spectrum as well. We have
according to these authors

1-z2—¢"%sec X ] . . 20
N=N,e ° (20)
where
N = number of electrons per c.c.

N, = number of electrons at the level &, when y = 0

_ h—h,
- H

z

N 63 §
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kT

H=—,——..
myg

(22)

x = angle of incidence of solar radiation
k = Boltzmann’s constant
T = absolﬁte temperature
m’ = mean molecular mass
g = acceleration due to gravity

h, = the level where the ion production is maximum at the
equator at equinox.

160

Q.L.

P
Fic. 4. Variation of Q.T. and Q.L. regions with 8 for p = 7 108,

As usual the height % is being measured from the datum level k, and ex-
pressed in units of H, the height of equivalent atmosphere..
Apgain, we know that the frequency of collisions, », is given by

Yy o=

(23)

| O

where
¢ = mean velocity of the particles (electrons in our case)

A = mean free path of an electron.

We have from the kinetic theory of gases that

€ = jskq:, A= 4

ma olny
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where

m = mass of an electron

7 == number of particles per c.c. with which electrons collide

o = diameter of the particles.

So that (23) becomes
V=J"k°4Tn e
2m

n = n.e

- wkotT nye”"
2m

7, being the number of particles per c.c. at the level A,.

Now if we assume that

we have for (24)

+90 b
|
1
{
¢
{
! o
xoor I Q
! +
o <
a ! 1}
] : "Q_o
L e |
+30 }
t
|
|
i
P .
|
0 ; ¥ 1 8
5 6 7
10 10 10 10
F1¢. 5. Variation of Q.T. and Q.L. regions with 8 for p = 108.
. kotT
Putting v, =m0, J oL, we get
2m
v=uye " .. . .. .. .. (25)

Utilizing (22) and (25), we have for the integrated absorption of the
waves, say in the E.region, if we are considering waves reflected from the
F-region, ‘

k ’

(4]

+oc 3 —z
1-3z—e sec X
- 2meZN v, e
me e

- (p+ Ipz ’ )2+v02 6—22

dz .. .. (26)
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and
+* —z

1-3z—e s6CX
— 27we2N v, —

me e
dz -- .. (27)
e (p— | P. | )2tvtE e “

k 7

&

These integrals have been solved by Appleton (1938). He deduces that

2 ’ & .
o= 2alN v ( e ) v

oz me \v(pEx [p4])
where
X' = 26_atd
o 141
290°r
1 60° |
Q.L. Q.L.
@ .
130"
R=F
0 ] .
8 1o 18

R
Fia. 6. Location of Q.T. and Q.L. regions with varying value of 8 for p = 5X 107.

a=pilpgls

and % ec X
when a>>1
, 1 [z
X' =3
when a<<<<1

X’ =712_r—.(cos a+sin a)—2 ot a( 1-— %az).po(a%),

When a = 1, he has found out the value of X’, using integration by quadra-
ture and has drawn a curve between X' and a.
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(b)Y Places very near the magnetic equator.

We have already seen that at these places propagation of both the
magneto-ionic components is governed by Case I (quasi-transverse). Hence
we shall use equations (11) and (13) for evaluating the special absorption
coefficients k, and k, respectively.

Since » is small, we have from the above equations as a first approxi-
mation

017;0 —1 1_:_832 (28)
and k RD 78
St FERY (29)
(1)
e
<1+1+82>

It is obvious from (28) and (29) that k,<<k, so that the o-wave suffers
less absorption than the z-wave, but as for most of the useful waves the term

w2 \2 w2 \2
(- o)

is only slightly less than unity, the z-wave will be only slightly more absorbed
than the o-wave. It will not be so for frequencies approaching p,.
Substituting for r, 8, w,, ete. in (28) and (29), we get,
2762 Ny

0= me " Pt (30)
and
27ne2 Ny
N e VI @
(P2 +p2+2)2

Now using (22) and (25) we get for the integrated absorption of waves in a
region that they traverse through,

pie 1~8z-e " #sec X

K = 2N, S P (32)
0 me J p2+vie—2z

-

AR 1-82—-e"%sec X
Pl e * d .. (33)

4 _9. 12
" Ve P2 pz-—jpi-i-vﬁe i Fyle
p2+p:+vie_2z o
(32) can be integrated as (28) and (29). The integration of (33) we do not
propose to take up in this paper.
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ABSORPTION IN THE REFLECTING REGION.

CaseE A—Magnetic Equatorial Latitudes.

It has been already shown that we have to use equations (5) and (7)
in this case. Hence, expanding the right hand side of (5) and remembering
that r is approximately unity for the o-wave in this region, we get, as a first
approximation,

c2k 2

p20=%[3—32] A . 70

the powers of 8 higher than the second having been neglected.

Now in these latitudes w = w,* and for frequencies greater than the
gyromagnetic frequency the z-wave reflecting region is given by

r=1-—w.

Making these substitutions and neglecting 8’2 in comparison with w? we get

r . l—w
R=1+ w2(r—1) :'l_wwxz_'l
(r—1)24-82 w?
and’
w,? w,?
,1+(r—1)2+82 o 425 os
D=3 > =36 5
14 s (r—1) - _wwl l-o
(=178 pe

8’ refers to the level r == 1 — .

Now expanding (7) and neglecting powers of D greater than the second, we
get, as a first approximation,

k2 1 8’ 28’2
D e S D—D2] = o .29 .. .. (35
p? 2[D 7] l—w (1—w)? (35)
Again for p<p,, we put
r=14ow
so that we get, as before,
R=1
.28
b=1ra

8" referring to the level r = 14 w.

Hence, for p<p,, we get,

ckz 3" 287F .. 38)

* This condition we can take only in the case of long and short waves, where values
of 0 encountered are small. When we consider medium waves, this condition no longer
holds, for 8, for such waves in this case may extend even to 25° as shown. in figs. (3) and
(4) and we have to use general expressions.
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Now for p>p,, we get, from (34) and (35)

& 28’2

k2 9 l—-w (1—w)?
k2 5482

= 2 ¥ taining only & and &'

={_. 5 Tretaining only

. ).

= if we assume that 8’ =8

P—'Ph
>1 .. .. .. .. . .. (3N

For p<p, (34) and (36) yield
k2 S [l —w)—28"2/(1 — w)2

k2T 582
which after making assumptions similar to the above becomes
k2. 2p
T = <l .. .. .. .. (38
k= pto, (38)

Thus in the reflecting region for p>p, the o-wave is less absorbed than the
x-wave, but for p<p, the reverse happens.

Wells and Berkner (1937) have carried out measurements of the inten-
sities of the o- and the x-waves at Huancayo (§ = 2° 11'), a place very near
the magnetic equator for a frequency of 46 Mec./sec. They find that both
the o- and the z-waves are received with almost equal intensities.

Now (38) shows that if the main absorption occurs in the reflecting
region k£, = 1-63 %,, while we have shown previously that at such latitudes
in the non-reflecting region the two waves will be almost equally absorbed,
the ordinary being slightly less absorbed than the extraordinary. This shows
that the waves in the above.mentioned experiments suffered absorption
mainly in the non-reflecting region.

Caste B.—Intermediate Magnetic Lotitudes.

For the o-wave we have as before from equation (5)

"’“ [s 8 .. .. e .. (39
For the z-wave we use equation (13) and substitute
r—l=—ow for p>p,
and r—=l=o for p<p,

After simplification, we get, for p>p,

ekt _1{(—lo)(ol—0)=82  [lo=[w,|P+38?
2 =§{ (=], E+57 +~/(1—|wz|)2+8’2§" e
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Expanding and taking first approximation, we get from (39),

=il l—lwah%l—w][ =T

oo [ e ) o= e )
)

1 82(1 — )2
=‘I(l—-|w,])3(w—!wzf) o . .. (40)
Similarly for p<p, we obtain,
k2 1 872 (1 + w)2
2 4 (Jo | =13 (o+ o)
‘Comparing (34) and (40), we get, for p>p,
k2 1 8'2(1l —w)?
k2T 2 U= [, o= | |)(0—5)
which after neglecting 82 in comparison to § and assuming that

3=19¢

(41)

becomes
k2__1 8(1 —w)2
ke Ql—lwzi)3(w—]wzl)<1" .. .. (42)

Similarly, frem (34) and (41), we get, for p<p,

k1w
kng_.2 (l+ !wz])3 w+ )w?-',)(s_az)
L1 5"(1— )2 .
2+ @) I (*3)

From fig. (2) it is clear that for p = 25 %106 we can consider a place for
which 8§ = 30° in this case. For Calcutta where § = 31° 45’ we have

k, = 7428 X103/ £k,

Even if we assume the value of v = 106 for the level from which the
z-wave is reflected we have
k = 7428]6'0
which shows that the extraordinary wave will be less absorbed than the
ordinary wave.

Case C.—High Magnetic Latitudes.

We have already seen that propagation in this region is governed by
Case IT and we have to use equations (11) and (13) for the o- and the z-wave
Tespectively.

Simplifying (11) as in Case B, we get, for the o-wave

Bk 1 8

A Gy R P (44
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Similarly, from (13) we get for the z-wave for p>p,
c2k2 1 3'2(1 —w)?

pz Z (1—|w,|)3(w-——lw,|) e ) .e
So that for p>p,

(45)

k2 o l(l—wR(1+ w,)3 872
k2T (I~ w, P (o—|w,]) &2
- w [ —w)? (14| w, |)3
= . - .. {46
IR =P Py 9
>1.
Again for p < p, we get for the xz-wave, from (13)
k2 1 §"2(14 w)2
p? _4(1‘-”2‘—1)3(‘“4‘[“’2“ o h
80 that we get, from (48) and (44), for p < p,
k2 _ o (4], |)3(1+w)? 872
k2 (Jo [ =1)¥ot]w]) 82
Lo |(14] 0,130+ 0)2
"l [ =D o+ o))
>1.
{46), (47) and (48) clearly show that in these latitudes the extraordinary

wave suffers greater absorption than the o-wave in the reflecting region.
All our results are summarized in the following table :—

(47)

(48)

Regions Cases Sub-cases Results
k,<k, k,=k, as we
Non-Reflecting (a) approach the magnetic
equator.
Region (b) k,<k, But k,=k,
p>p, k, <k,
A
p<p, k, >k,
Reflecting
P>p, k, >k,
B
p<p, k, >k,
Region
P>p, k, <k,
C
p<p, k, <k,




344 R. R. BAJPAI & K. B. MATHUR : ABSORPTION OF ELECTROMAGNETIC, ETC.

We wish to record our hearty thanks to Prof. M. N. Saha, F.R.S., for his
constant encouragement and .inspiration that he gave us and for many useful
discussions and suggestions regarding this paper. We also thank Dr. G. R.
Toshniwal for throwing light on certain points. Our thanks are due to
Dr. J. N. Bhar for kindly going through the proofs.

REFERENCES,

Appleton (1932). J.T.E.E., 71, 642.

Appleton (1938). Proc. Roy. Soc., A, 162, 451.
Appleton and Builder (1933). Proc. Phys. Soc., 45, 208.
Bhar (1936). Science and Culture, 2, 322.

Booker (1935). Proc. Roy. Soc., A, 150, 267.

Chapman (1931). Proc. Phys. Soc., 43, 26.

Forsterling and Lassen (1933). Ann. d. Phys., 18, 26.
Goubau (1935). Zs. f. H.F.T., 45, 181,

Hartree (1929). Proc. Camb. Phil. Soc., 25, 45.

Martyn (1935). Phil. Mag., 19, 376.

Saha, Rai and Mathur (1938). Proc. Nat. Inst. Sc. Ind., 4, 353.
Saha and Rai (1938). Proc. Nat. Inst. Sc. Ind., 4, 319.
Taylor (1934). Proc. Phys. Soc., 46, 408.

Toshniwal (1936). Secience and Culture, 2, 277,

Wells and Berkner (1937). Terr. Mag., 42, 73.

© B N D & R W D

[
oo R N o= @



