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ABSTRACT. The paper discusses the phenomenon of abnormally large values of slab thickness of the equatorial
jonosphere at presunrise hours. The phenomenon is concurrent with a large ratio of electron content above and
below the F2 peak and with the occurrence of daily minimum of N and Nt. It is shown that the phenomenon is
consequent with the collapse of the bottomside F2-layer, the maximum electron density reducing to a value of
10 electrons m~> or even less than measurable by normal ionosondes. The whole phenomenon is suggested as
being primarily due to electromagnetic effects caused by a large presunrise reversal magnitude of the westward

electric field in the equatorial region.

Annales Geophysicae, 1988, 6, (2), 205-210.

INTRODUCTION

It has been well understood from the early obser-
vations of ionospheric soundings that the minimum
ionization occurred in the presunrise period. Im-
mediately after the installation of an automatic
ionosonde at the equatorial station, Kodaikanal (dip
lat 1.7° N) it was found that on about 60 percent of the
days during the period March-July 1952 the iono-
spheric echoes ceased to be recorded for some time
during the predawn period (Bhargava, 1952). Similar
features have been reported for Ibadan by Olatunji
(1966). Chandra and Rastogi (1971) showed that the
solar cycle variation of foF2 at the equatorial station
Thumba, was most prominent for predawn periods.
Thus, with decreasing solar activity, more and more
of the nighttime hours prior to sunrise experienced
the absence of F2 echoes, suggesting the collapse of
the ionospheric ionization. At tropical latitudes,
Ahmedabad, the phenomenon occurred on only
20 percent of winter days during minimum sunspot
years (Rastogi, 1960). Using the Faraday rotation of
radio beacons signals from the low orbiting satellite
S66, Rastogi et al., (1973) showed that during the no
echo conditions at presunrise hours, TEC was abnor-
mally low, of the order of 1 x 10" electrons m~2. The
ratio of topside to bottomside electron content ex-
ceeded a value of five. This high ratio was suggested
to be due to the low value of NmI2 during the
presunrise period such that it becomes comparable to
the electron densities at heights well above the
F?2 layer. Utilizing the modulation phase delay of the
1 MHz wave on the carrier of 140 MHz, Rastogi et al.,
(1979) found that the slab thickness 7= Nt/Nm or
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the ratio of topside to bottomside electron content
was abnormally high during the presunrise hours for
the Ootacamund to ATS-6 path. This paper discusses
the early morning phenomenon as deduced from the
ionospheric electron content data at the equatorial
station Huancayo. First of all, we describe in figure 1,
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Figure 1

Daily variations of the maximum electron density Nm, scale height of
the F2 layer, total content Nt, ratio of the electron content above and
below (Na/Nb) of the F2 peak, and the slab thickness Nt /Nm of
the ionosphere over the equatorial region in Indian, Ootacamund
(October 1975-July 1976) and American zones, Huancayo (De-
cember 1974-May 1975).
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the mean daily variations of the following parameters
of the ionosphere over the magnetic equator in the
Indian (Ootacamund) “and American (Huancayo)
zones.

(i) NmF2 = maximum electron density of the F2
layer.

(i) Nt = total electron content of the ionosphere
computed from the phase delay of the 1 MHz modu-
lation of 140 MHz with respect to the same on
360 MHz.

(iii) N f = electron content of the ionosphere com-
puted from the Faraday rotation of 140 MHz radio
beacon.

(iv) Tt or Tf =Nt/Nm or Nf/Nm respectively,
slab thickness of the ionosphere.

(v) Scale height, H = 1/4 the thickness of equivalent
parabolic layer approximation of the F-layer.

(vi) Nb = electron content in the bottomside of the
ionosphere, up to the F2 peak computed from a total
height electron density profile derived from a bottom-
side ionogram.

(vii) (Na)tor (Na) f = Nt — Nb or Nf — Nb elec-
tron content in the topside of the ionosphere.

(viii) Na/Nb = the ratio of electron content above
and below the F2 peak.

We notice that Nm clearly showed a minimum during
the sunrise period and a noon biteout at either of the
stations. The corresponding Nt curve showed a mini-
mum at sunrise period but a single flat maximum in
the afternoon hours. The ratio of N¢t/Nm, designated
as slab thickness, (7'), showed a noontime maximum
and an abnormally large maximum during the presun-
rise hours. The noontime maximum of slab thickness
was analogous to the noontime maximum of scale
height, but there was no correspondence on the scale
height curve of the sunrise maximum of slab thickness.
Further, the slab thickness during daytime hours was
close to four times the scale height, as expected from
the simple theory of ionization due to Chapman
(1931). The sunrise peak in slab thickness was concur-
rent with the peak value of the ratio of topside to
bottomside electron content.

In figure 2 are shown the hour-to-hour relations
between the scale height of the F layer and the slab
thickness of the ionosphere. According to the theory
of Wright (1960) if the ionospheric electron density
profile is approximated with a Chapman layer, then
slab thickness is 4.13 times the scale height. From
figure 2 it is seen that the above relation holds well for
the hours 0800 to 2300 h, when the change of slab
thickness is about four times the corresponding
change of the scale height. Only during the period
0000 h to 0700 h the slab thickness changes enor-
mously without any change of the scale height, with a
peak slab thickness of about 800 km at 0500 h. Thus
the F layer during the postmidnight period departs
considerably from a Chapman layer. To test if the
above phenomenon is characteristic of equatorial
latitudes only, in figure 3 are shown the average daily
variations of the Nm, Nt and Nt/Nm at Ahmedabad,
a station close to the Appleton anomaly crest region.
At this tropical latitude station both Nm or Nt have a
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Figure 2
Interrelation between the hour-to-hour values of slab thickness and
scale height of the equatorial ionosphere.
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Figure 3
Daily variation of the Nm, Nt and Nt/Nm parameters at tropical
station Almedabad.
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time. No abnormal increase of slab thickness was seen
around the sunrise period.

In figure 4 we have shown detailed variations of the
parameters derived from ionosonde and radio beacon
data at Huancayo on a typical day, 24 January 1975.

) The maximum electron density, Nm, showed a con-

sistent decrease during the night reaching a minimum
at 0500 h, after which it again started increasing
rapidly. Nm had decreased from a value of 8.0 x
101 m=2 at 0000 h to less than 0.4 x 10" m™? at
0500 h, thus decreasing by a factor of 20 within five
hours. The bottomside electron content Nm showed
very similar change during the night as did Nm. The
total electron content, N¢, also reached a minimum at
0500 h but rate of decrease of Nt during the night was
much slower than that of Nm. The topside electron
content Na = Nt — Nb also showed a very slow
decrease during the nighttime in a manner very
similar to that of Nt. Thus, both the ratio of the
topside to bottomside electron content Na/Nb, as
well as the slab thickness T = Nt/Nm, showed a
gradual increase reaching a maximum at the predawn
period around 0500 h. It can be seen that the height of
the peak ionization of the F layer and, therefore the
semithickness of the layer, remained practically con-
stant during the nighttime hours. The abnormally high
value of Na/Nb and T around the sunrise period thus
seems to be due to a very fast decrease of the
bottomside ionization in the nighttime F layer.

To further check the role of Nm and Nt in the
abnormally large value of slab thickness 7, in figure 5
are shown the daily variations of the percent standard
deviations of Nm, Nt and T at Huancayo for the

10 - T T T T T —
= HUANCAYO  24-JAN.1975
- hm (Km) .

10

10’

10° |

o3 N Y Y Y
00" 01 02 03 0k 05 06

HOUR T75°W

Figure 4

Temporal variation of bottomside and topside parameters of the
ionosphere  over Huancayo on the postmidnight period on
24 January 1975,
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Figure 5
Daily variation of the percent standard deviations of Nm, Nt and
r = Nt/Nm at Huancayo for the month of April 1975.

month of April 1975. The total electron content
showed a small standard deviation during the daytime
hours ranging between 10 % to 15 %, rising after
sunset to a maximum of 40 % during predawn hours.
The slab thickness had a standard deviation of 15 % to
20 % between 0700 to 2400 h after which it increased
to a maximum of 90 % at 0500 h. The maximum
electron density, Nm, had a standard deviation of
10 % to 20 % between 0700 h to 2200 h after which it
started increasing with a maximum of 96 % at predawn
hours. This too confirms that the large day-to-day
variation of the abnormal values of slab thickness of
the F2 layer at predawn hours had a significant
contribution from the large day-to-day fluctuation of
Nm rather than that of Ni.

A final test could be made by plotting the individual
values of slab thickness (Nt/Nm) against N¢ and
Nm on separate diagrams as shown in figure 6 for
Huancayo for the period January to May 1975. It is
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Figure 6

The dependence of individual values of slab thickness of the
ionosphere on the corresponding value of Nt and Nm for Huancayo.
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seen that the points are randomly distributed in the T
versus Ni diagram, suggesting that the fluctuations of
T are not related to fluctuations of Nt. The same data
points when plotted on a T versus Nm diagram
indicate a very smooth curve indicating that with the
decreasing value of Nim, the corresponding value of T
increases very rapidly. Thus the abnormal value of the
predawn slab thickness is due to the collapse of
ionization near the F2 peak.

To show that the abnormality in the slab thickness
occurs on days when Nm (or foF2) decreases t0 a
very low value around predawn hours we show the
variations of ionosonde and radio beacon data on 10
and 30 April 1975 at Huancayo. Figure 7a shows the
series of ionograms at Huancayo on the morning
hours of 10 and 30 April 1975, while figure 7b shows
the variations of maximum electron density (Nm,
foF2) electron content (Nt and Nf) and the slab
thickness (7t and Tf). On 10 April 1975 the foF2 was
6.1 MHz at 0300 h and decreased to a minimum value
of 4.2 MHz at 0545 h after which it started increasing
due to sunrise. On 30 April 1975, foF2 at 0300 h was
only 2.6 MHz, it started decreasing fast to a value of
1.2 MHz at 0500 h. No echoes were recorded at
0530 h on the ionogram. The temporal variations
Nm, Nt, Nfonl10 April 1975, shown on a logarithmic
scale, run practically parallel to each other indicating
similar rates of change of the three parameters. The
slab thickness Tt and Tf were practically constant at a
value of about 200km and 175km respectively
throughout the night. No large values of Tt or
Tf were found at predawn period. On 30 April 1975
Nt decreased after midnight almost at the same rate
as on 10 April 1975, while N f decreased faster and
Nm showed a sharp decrease between 0000 h and
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Figure 7
(a) The series of ionograms Huancayo on 10 and 30 April 1975.

0500 h. The value of slab thickness increased very
rapidly after 0300 h reaching a value exceeding
2000 km for T¢ and 700 km for T'f after 0000 h.

Using the Faraday rotation of the back-scatter signals
over Jicamarca, McClure (1965) has published elec-
tron profiles for Jicamarca during the night of 2-
3 February 1965. Contours of log,y Ne for the same

- night have been published by Farley (1966). Combin-

ing these data in figure 8q we have redrawn electron
density profiles for afternoon hours (1544 h) and
nighttime hours (2448 h to 0430 h). From these curves
various parameters viz. Nm, Nb, Na, Ni=
Na + Nb, Na/Nb and T = Nt/Nm were computed.

Temporal variations of these parameters over Jicamar-
ca on 2-3 February 1965 are shown in figure 8b. It is
seen that the electron densities at 1544 h were quite
high for any altitude of the ionosphere. During the
period 2248 h-0150 h the maximum electron density
did not change appreciably, but the height of the
F2 peak decreased continuously from about 450 km
to 240 km. Afterwards the electron densities below

800 km decreased very rapidly. During the course of

the night the electron density at any height above
800 km did not change with time. Thus, around the
predawn hours the electron density near the peak of
the F layer had decreased practically to value at
heights above about 1000 km. Referring to figure 8b
the rapid decrease of Nb after midnight caused 2
rapid increase of Na/Nb. Similarly, a very rapid
decrease of Nm after 0200 h had caused a very rapid
increase of slab thickness from a value of 250 km to
850 km. Thus the results derived from the radio
beacon Faraday rotation and group delay measure-
ments are consistent with those from incoherent
backscatter radar measurements.

HUANCAYO
_30April19'7/ﬁ‘ 1 [ 10 Aprit 1975 ]
\ 3
= l/ \l 10 E
Sy el E
:x....mj I\ R i
| e

Tf (Km)

6 .
Ny 10 el.m?

16 .
N¢ 10 el.m

(=] (=N
=3
3 \ey

U S

2772
3
[ A

2

3

b b

I|llll|)j7 T II‘HI[

10 .
N0 el R
LL__J__—_L__L_J———‘—J-—' 0
10 Lt 1 L
00 03 06 09 Q)O 03 06 09
b) HOUR 75 WMT

(b) The variations of maximumn electron density, electron content and slab thickness of the ionosphere over Huancayo on 10 and 30 April 1975'4
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DISCUSSION

The disappearance of the F2 layer in the morning
hours is clearly a phenomenon of increasing prob-
ability with decreasing solar activity, but the various
causes for its day-to-day variability have still to be
investigated. Chandra and Rastogi (1970) had shown
that, although the average ionospheric drift speed of F
region at the equatorial station Thumba was eastward
during the night reversing to westward at 0600-0700 h,
there were a number of occasions when a significant
increase of eastward drift speed was noticed about an
hour before the morning reversal. This unusually
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