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INTRODUCTION

THE existence of an ionised layer intermediate between the two main layers
E and F, was first reported by Schafer and Goodall,! and shortly afterwards
by Appleton,? and by Ratcliffe and White.3 Similar observations were
later reported by Gilliland,#* and by Lung’ This intermediate layer, now
called E,, was generally observed during morning and evening hours? and
mainly in the winter months.5 A more detailed study of this layer has been
made by Becker and Dieminger.% ¢ They found that the E, layer occurred
regularly; it had an average virtual height of 130-140 km. The layer also
showed evidence of magneto-ionic splitting. Becker and Dieminger suggested
that the ionisation of the layer might be due either to neutral corpuscles or
to a small range of frequencies of ultra-violet radiation from the sun. Com-
mission IIT of the U.R.S.I. on ° Ionosphere and Propagation’ in their re-
commendation to the 1948 General Assembly at Stockholm made the
following remark,” “In the event that clear stratification is evident within
the regular E layer, and a second critical frequency is observed, it is increas-
ingly common practice to refer to the upper critical frequencies as SoEs
and fE, and the minimum virtual height as #’E,.”  Becker and Dieminger
in their second paper have concluded that the E; layer should be con-
sidered as a continuous thin homogeneous layer.

Leiv Harang® in 1937 noted two stratifications between the E and F,
layers. Soon after the ionospheric station at Ahmedabad was established
In 1953, it was noticed that between the E and F, layers, there were often

two regular ionisation steps indicating discrete ionised layers. An example
of such an occurrence is shown in Fig. 1.

Symbols used—Throughout this paper, we shall indicate the normal
E layer simply as the E layer, and the two intermediate layers as E, and E,,
158

,, -~




Tonised Layers Intermediate between E and F, Layers of Ionosphere 159

the upper one being called B, The ordinary wave critical frequencies for
the E, Ep. Ey and Fy layers will be indicated by £E, foB, By and £F, and
the minimum virtual heights by I'E, K'E,, WE, and I'F,. This would be
consistent with the recommendations of U.R.S.L.7

FREQUENCIES OF QCCURRENCE OF THE LAYERS

Ey and By layers are most clearly seen shortly after sunrise. During
evening hours they are less clear owing to interference and absorption.
They are least clear during the noon hours, presumably due to absorption.
Fig. 2 gives the percentage frequencies of occasions on which these layers
could be observed in February, March and April 1953,
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CRITICAL FREQUENCIES OF THE LAYERS

Both E, and E, layers show magnetic splitting similar to the normal
E layer,  The extruordinary components of E; and E, are recorded as weak
reflections except in the morning and evening hours. Fig. 3 shows a P'-f
record in which the extraordinary components are clearly visible.

The observed ceritical frequencies indicate that the E; and E, layers are
almost as regular as the main layers B and Fi. Morcover the scatter of the
values of fiE) and  fiE, is of the same order of magnitude as the scatter of
SKE and foF On the average, f,E, is only slightly larger (02 Mc/s) than
the corresponding /B, and the average difference between JoEs and f,E,
is 06 Mc/s,

Table 1 gives the median values of the critical frequencies of the layers
E, E;, E; and F, for the months of February, March and April 1953. The
values are plotted in Fig. 4. The figure shows that similar to the normal
layers, E, and E, also follow the sun’s altitude.
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TABLE 1

Monthly median values of the critical frequencies (in Mc[s) of E,
E,, E; and F, layers during the months of February, March and April 1953

Hours February March ' April
75° E.M.T.

fOE fOEl foEg E FoF1 foE foE]_ foE2 fon_ . foE fOEl f0E2 fOFl

6 15| oo | oo | o 11 .. j1.25|1-3 |16 | ..
7 1.6 |1.65 (1.8 [1.95]1.9 |1.95 22 |2:45})2.0 |23 |25 |35
8 2.2 | 235 | 265 | 3-7 | 2.4 | 2:55 | 275 [ 3-9 | 2.5 | 275 | 3.05 | 4.2
9 2.7 129 (31 |492}29 |30 |34 |43 |30 |3:25 345 45
10 3.0 [3:15|36 |44 |31 |32 |35 |45 |31 |3.25|38.7 |46
11 31 |34 |39 |455)33 |34 |30 [455]|32 |35 |38 |47
12 3.2 136 |40 |46 335 35 |39 |46 |34 |36 |39 |47
13 32 136 |39 |46 |3:3 [3:5 |38 |46 |34 | 355|385 | 4.7
14 31 |34 |37 [45 |32 |345]3.7 |46 |33 |35 [3.8 |47
15 295315 | 3.4 |43 [3.0 |31 |34 |44 [3.0 [3:2 |35 |45
16 2-65 | 2.85 | 295 | 4.0 |2.65|2:85 |31 | 4.1 |2:65|29 |3-15|4-2
17 20 | 2.25|2.4 |34 |23 |255]/26 |37 |22 |24 |28 |38
18 e oo fass ] o ] - {16 |18 |25 1.7 |10 | 2.0 |27
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The critical frequencies of these intermediate layers obey approxi-
mately the law

fo=k ‘cos"' Z,

where Z is the sun’s zenith distance and k and » are constants. Fig. 5 shows
the graph of the critical frequencies of E, E,, E, and F, layers against cos Z
for the month of March 1953. The values of & and » are given in Table II.
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Fig. 5.  Graph of critical frequency versus cos Z for the layers E, E,, E, and F, during
the month of March 1953,

TaBLE 11

Values of k and n for E, E,, E, and F, layers during the monrhs of February,
March and April 1953

February March April
Layer
£ 7 % 7 £ 72
E .. 3-5 0.35 3.5 0.37 3.4 041
Ey . 3-9 0-38 3.6 0-35 3-6 0-38
E, .- 4-3 0-41 4-1 0-39 3.9 0-36
Fy . 4.8 0-22 4T 0-21 4:8 0-20
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If the ionisation followed a simple Chapman Law, the constant » would
be 0-25, whereas the observed values are near 0-38 for E, E, and E, layers
and near 0-21 for the F, layer.

VIRTUAL HEIGHTS OF THE LAYERS

As regards the heights of these layers, the individual observations of
the virtual height are rather widely scattered. The observed virtual heights
of E, and E, layers are usually considerably greater than the true heights of
reflection due to the proximity of the critical frequencies of the underlying
layers. Consequently the values of #'E, and A'E, show large variations
depending upon the nearness of the critical frequencies of the lower layers.
Table IIT gives the median values of the minimum virtual heights of E, E,,
E, and F, layers for the months of February, March and April 1953.

TaBLE 111

Median values of the minimum virtual heights of E, E,, E, and F; layers
during the months of February, March and April 1953

February March April

Hours g
75° E.M.T FE (#Ey | ¥Ex [#'Fy | ¥’E |FEy | FEy |AFy | ’E |A'Ey |FEs | ¥Fy
km. | km. km. | km. km. | km. | km. | km. § km, | km, | km. km.
8 . . 160 . . e 170 | -- 105 ) 150 | 155 | ..
7 10| 130 | 160 | 210} 115 140| 180 | 220} 105 150 | 180 | 230
8 110 | 130 { 200 225 110| 140 | 190 | 220§ 105 | 138 | 1756 | 230
9 110 | 150 | 195 | 215 110 | 150 195 215%F 105 | 175 | 200 | 220
10 110 | 165 | 200 220} 110| 150 | 190 | 210} 105 | 185 | 190 | 220
11 110 | 175 | 200, 220 110 150 | 195| 210} 105 | 160 | 190 | 215
12 15| 180 { 200 235) 110 | 165 | 190 | 220} 110 | 180 | 175 | 220
13 110 | 1801 195 230§ 110 155 18 | 230} 110 180 ; 180 | 225
14 10| 170 | 175, 220} 110, 140 | 175 233 | 110{ 160 | 170 | 230
15 110 | 145 ] 195 225] 110 | 140, 175 230 ] 110 | 135 | 175 235
16; | 15| 185 | 175 230 ] 110 135 160 | 225} 110 | 130 | 160 | 235
17 115" 130 | 155 | 230 y 115 | 125 | 135 | 235 liO 130 | 140 | 230
18 e .. 190 .. . 150 160‘ 240 | 100 | 130 | 150 | 235
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Trur HEIGHTS OF THE LAYERS
The true height of the tonisation maximum of a layer can be determined
with the help of Booker and Scaton’s formulat
W h v THCL )

where A" s the virtual height of reflection for a wave of frequency f, by, the
height of tonsation masimum, T the semi-thickness of the layer and & is
a function defined by

- A ,

(" -

() 2 gt

where fe 1s the critical tfrequencey of the haymu If another layer lies just above
the height of maximum tonisation of the lower layer then the group retarda-
tion of @ wave {F - £ penetrating the Tower layer iy given by

AN T ( t{p)

But if the upper Layer overlaps the lower layer below its ionisation maximum
then the group returdation by the lower layer is given by a formula given
by Rateliffe. !

i T o ) ) SR Hﬁ“ }

Ak FUpife) log vl (ﬁsifr:“ : \/U/fc ) e (fulfo)?
where £ is the eritical frequency of the lower layer and fy is the frequency
at which the reflectons start from the upper layer.  Thus iy, and T of a
layer can be determined by fitting the observed P-f curve with the standard
P curves digwn on i transparent sheet according to the above formula
[Rateliffe’s method]. The values of 4° are plotted against [Appleton and
Beynon's method™] and the slope of the straight line passing through the
points gives T, and its intercept on the 7' axis gives fip.

Such a determinution of true height is often not possible for these inter-
mediate layers due to the very short trace of P'of curve which is visible, or
the frequent overlupping of the layers, or the presence of scattered E or
sporadic E reflections,  The heights of these layers on a number of days
were determined by Rateliffe’s method,  The values were verified by Appleton
and Beynon's method, Table 1V gives the results of such determination
from a few clear P'=f records.

The true heights of Ey layer were caleulated to which the above method
could be applicd, from all records of March 1953 and Table V gives the mean
values of the true heights of E and E, layers during March 1953.
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TABLE IV
Virtual and true heights of E, E, and E, layers on some individual days

E Layer Ey Layer E, Layer

Time
Date (1953) 75° '
EMT| # | 4, | T B m | T # | dm | T
hr. (km.) | (km.) | (km)| (km.) | (km.) | (km.)} (km.) | (km) | (km.)

12th February «+| 0800 100 112 5 128 125 18 155 145 <5

13th February -+ 0800 115 113 10 130 118 22 150 130 8

2nd March «+| 1800 110 114 10 132 120 18 150 140 <5

12th March .| 1100 115 106 25 155 120 10 140 135 <5

Ist April ... 0800 120 118 20 152 122 10 170 155 <5
16th April ) 0700 | 12 | 110 | 12 | 180 | 126 | 22 | 160 | 150 | <5 g

" ‘TABLE V

Mean true heights of ionisation maximum of normal E and E, layers
during March 1953

Time 75° ‘ E Layer E, Layer

EM.T. ‘
T omions | O | TOm) | NS el | T (m)
06 J : 5 160 15
07 8 116 | 12 7 159 1
08 8 113 1 10 4 142 15
09 6 107 | 11 6 155 10
10 8 109 22 7 134 5
11 7 110 : 24 11 148 <5
12 11 nz 18 7 142 <5
13 1 1z . 20 9 137 <5
14 o | mz % 14 139 <5
B | 15 116 20 u 141 <5
16 18 116 17 15 " 140 <5
7 | 1w | 120 15 | 14 127 <5
18 .. RO i IR 8 | 135 <5
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On the werage. the Ey layer oceurs at a height of about 140 km. ; it is
a very sharp layer having a semi-thickness less than 5 km., while normal E
oceurs at the height of about 115 km. and has an average semi-thickness of
[8 km.  Ey occurs at the height of 120 (o 130 km. and is of about the same
thickness as the B olaver,

After sunrise, the By iyer s the one o appear lirst and E; and E layers
develop later. From the observations taken at intervals of 5 min. in the
morning hours during another seison, it was found that E, layer developed
approximately 1020 min, before the appearance of the B layer. The F,
layer becomes distinguishable from the general F layer only about an hour
after the appearance of the By layer. 10 appears that as the sun’s altitude
increases and the sun’s vy thuminate the lower strata of the atmosphere,
the tonospherte Tayers develop suceessively,  Fig. 6 illustrates the develop-
ment of these luvers on THh February 1953,

There hanve recently been a few determinations of the electron con-

Ccentrations i the tonosphere with the aid of rockets.  Seddon'® obtained

on 29th September 1949 4 vadue of electron density for the E layer 1-6x 109
electrons per v at a height of 107 km, and for the By layer 2-2% 108
electrons per v, at B2 ke The usual tonospheric P'<f record obtained
during the racket firing showed the virtual height of the E, layer o be 215 km.
In the diagram given by Seddon there is also a secondary maximum of
electron conventration at about 120km,  The data obtained by J. R. Licn
and collaborutors™ on 26th June 1953 gave for the normal E layer 1-3x 100
clectrons per enn® ata height of 110 km, and for (he E, layer 2 < 10° electrons
per em.® at o height eaveeding 130 km, The diagram given by the authors
shows o third intermediate maximum at 120 km. with clectron density lower
than that of cither the normal E layer or of the E, layer.  Bering's®™ data
obtained on 15th Dec, 1952 gave for the normal E layer a charge density
of T+0= H¥ per ene® at u height of 103 km.  The next higher layer appeared
at 123 km. with a charge density nearly the same as that of the normal E
layer and w third muximum at 156 km, with 1-4% 10% per em.®  The electron
density muxima between the main layers E and Fy as obtained by rocket
data thus correspond reasonably well with the two layers E; and E, regu-
larly observed ut Ahmedabad.

It seems to be of importance to maintain systematic records of the
appearance, critical frequencies and other characteristics of the E, and B,
layers. A more extended study of the phenomenon has been undertaken
by the author,
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SUMMARY

Between the main layers E and F; of the ionosphere over Ahmedabad,
two intermediate layers occur regularly having virtual heights of 125 and
140 km. They also show the characteristic magneto-ionic splitting. The
critical frequencies of these layers follow the position of the sun according
to the law fy =k cos "Z, n neing near about 0-38. Minimum virtual heights
of these layers have been shown to be very misleading due to the proximity
of the lower layers. The true height and the thickness have been determined
for some cases. The true heights of these layers correspond well with the
heights of ionisation maxima in the ionosphere determined with the aid of
rockets.
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