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Summary: The purpose of this experiment was to study the effect of a solar activity on the
field strength of VLF radio wave at 19.8 kHz reflected from D-layer of the Ionosphere. For
this, hexagonal loop antenna of 1.5-meter diameter is connected to the VLF receiver tuned to
19.8 kHz. The VLF field strength monitoring system is installed at Khatav, India (16°46' N,
75°53" E). The monitor was used to receive 19.8 kHz transmission by VLF radio station
NWC at North West Cape, Western Australia (22°49' S, 114°25' E). The field strength of the
VLF radio wave transmitted by the above station via ionosphere was continuously monitored
for more than one year at 5 seconds interval. The continuous monitoring of these VLF radio
waves from July 30, 2009 to August 31, 2010 clearly shows diurnal and seasonal variation in
the field strength. It also shows the effect of solar X-ray flares and annular solar eclipse of
January 15, 2010 on the field strength of VLF radio wave propagation. In this paper the
analysis and interpretation of the data received is discussed.

Key words: VLF radio propagation, diurnal and seasonal variation, solar X-ray flares,
annular solar eclipse.

Introduction

The study of the effects of solar activities like solar flares, sunspots, solar wind particles,
coronal mass ejections on the ionosphere of the Earth is very important as they all affect the
Earth and its environment. The activities such as UV and X-ray radiation affect VLF (3-30
kHz) radio wave propagation, submarine communication and deep sea navigation. The VLF
spectrum has many interesting monitoring possibilities due to its unique characteristics. Field
strength monitoring of VLF radio wave transmission via ionosphere of the Earth is an
important ground based tool to study solar X-ray flares and also their effects on ionospheric
VLF radio wave propagation [1].The theory of VLF waveguide propagation is at a stage of
maturity and thus can be used to interpret a large number of different geophysical phenomena
observed on VLF paths [1, 2, 3].

The ionosphere of the Earth is formed due to solar radiation like X-rays, EUV rays as well as
cosmic X-radiation. The several ionospheric layers such as D, E and F layers are created with
increasing electron densities at different heights [1, 2, 3]. They are also called regions. The
D-layer (70-90 kilometers) which is ionized by X-rays of 0.1 to 1 nm, E-layer (100-120
kilometers) ionized by EUV (80-103 nm and X-rays of 1-20 nm) and F-layer forms F1 and
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F2 layers during the day ionized by EUV of 20-80 nm (above 120 kilometers ) [4]. Each layer
has its own electron density profile with height and their structure changes daily and
seasonally under the influence of the sun. The ionospheric behaviors play a role in radio
propagation that varies strongly with the frequency. Thus the propagation of VLF radio
communications is affected by the ionospheric disturbances At VLF both ground and
ionosphere are good electrical conductors and form a spherical earth-ionosphere waveguide
and hence the VLF waves transmitted by radio stations propagate by waveguide mode [4, 5,
6]. The VLF radio wave field strength monitoring system (SID Monitor) installed at Khatav
(India) captures the 19.8 kHz waves transmitted by VLF radio station NWC Cape North
Australia via D-layer in daytime and via E- and/or F-layer in nighttime at the reflection points
in the ionosphere.

Recording and monitoring of VLF signal

The observations reported here were recorded by the VLF field strength monitoring system
which is developed by Stanford Solar Center, Stanford University, USA [7] and is situated at
Khatav, India (16°46' N, 75°53" E). The receiver has been in stable operation since July 2007,
providing well calibrated data from VLF radio station NWC at North West Cape, Western
Australia (21°46' S, 114°44' E). With the continuous operation, the received signals reveal
regular, diurnal and seasonal field strength variations under quiet and disturbed ionospheric
conditions caused by solar activity. Enhancements of signal strength due to increased
reflectivity of D-layer caused by even minor solar X-ray flares are very well recorded with
this SID monitor at 19.8 kHz.

The Experimental set up

Fig. 1 shows block diagram of VLF field strength monitoring system which consist of a loop
antenna, SID monitor, A/D Converter and Computer.

SID
Monitor/ A/D
VLF Conv-
Receiver > erter Computer
L432
DC
Data
Logger
Block Diagram : VLF Field Strength Monitoring System

Fig. 1: the block diagram of 19.8 KHz VLF Field Strength Monitoring System
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The antenna here used is a hexagonal loop antenna of 1.5 meter diameter, which is made up
of 25 turns of 19 gauges super enameled copper wire. The antenna is connected to the
receiver by RX-59 coaxial cable and placed at a distance of 45 feet from the receiver. The
VLF field strength monitoring system and loop antenna is shown in figure 2. The SID
monitor is nothing but VLF amplitude modulation (AM) receiver and it is tuned to NWC
Cape North VLF radio station, Australia which is operating at 19.8 kHz. The signal captured
by loop antenna is detected, amplified, rectified and the receiver output measures signal
strength in DC voltage. The signal is scaled to swing between the two power supply voltages,
thus giving the meter as overall 10 volt range (+ or — 5 volt) [9].

(@) (b)
Fig. 2: 19.8 kHz VLF Field Strength Monitoring System (a) & Hexagonal Loop Antenna (b)

The signal strength data is stored automatically in a computer through A/D converter by
using software at 5 seconds interval round the clock.

Calibration of SID Monitor

Fig.3 shows an experimental arrangement to determine the response of the SID Monitor to
the input signal of 19.8 kHz obtained from the function generator. For this purpose, loop
antenna was replaced by the function generator. For small input signal, the receiver obeys
square law but beyond a certain level of input signal, response of the receiver obeys linear
law. The SID Monitor gain or amplification factor is given by the slope of the response curve
and is equal to 800 for the input voltages smaller than 4mV. Due to this high gain, the SID
Monitor can also receive weak signal.

Calibration Curve of SID Monitor

Voltage (V)
O N A o AN o w A oo

Receiver ( Detector ) Output

Input Voltage (mV)

Fig.3: Calibration curve of 19.8 kHz SID Monitor
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By using this experimental setup, many C-class and M-class solar X-ray flares are detected in
the form of enhancement of VLF field strength. The data recorded shows daily sunrise,
sunset effect very clearly and variation of field strength of each day round the clock. The loop
antenna is directed towards south east direction so that antenna picks up maximum signal is
received.

Diurnal and seasonal variation

Diurnal variation

The distance between the NWC 19.8 kHz transmitting station in Australia and Khatav (India)
is around 6184 km. Since single-hop VLF radio wave reflection via D-layer does not reach
beyond 2000 km [3] an earth-ionosphere waveguide mode of propagation is assumed [4, 5,
6]. The frequency is such that only the first 2 waveguide modes need be considered at night
with the first mode probably predominant. Any direct effect of the second mode on this path
has yet to be determined.

The word “diurnal” simply means “throughout the day. The diurnal variation of the VLF
reflection height is very simple and repetitive. During the day, the reflection height depends
almost exclusively on the zenith angle of the sun [3]. This dependence can be seen in fig.4 as
a smooth change of field strength in daytime with a maximum at mid-day. At night when the
D region has disappeared, the reflection occurs from the very weak night-time E-layer at a
height of about 90km. The E region base of the ionosphere at night is less stable than in
daytime.

Diurnal variations of VLF signals propagated over long distances (>5 Mm) were first
observed by Yokoyama and Tanimura [9] in 1933 with diurnal phase variations first reported
by Pierce in 1955 and Crombie et al in 1958. During daytime, solar UV and X-rays ionize the
neutral atmosphere creating the D, E and F layers. The D layer is created due to ionization of
NO by solar L-o. (1216A) radiation. The variation in field strength of 19.8 kHz radio wave on
July 30 to 31, 2009 at Khatav, India is shown in fig. 4.
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Fig. 4: Typical diurnal variation of NWC signal strength (19.8 kHz) received at Khatav
(India) clearly showing sunrise and sunset on July 30 to 31, 2009
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The distance between the transmitter (NWC Cape North Australia) and receiver (Khatav,
India) is 6184 km. In Fig. 4, the first signal minimum (SR;) observed at the receiver, as the
sunrise terminator moves westward over the propagation path, is observed at 23:23 UT (30,
July 2009) with a subsequent signal minimum at 00:03 UT (SR;). Following the completion
of sunrise over the whole path, an increase in signal strength occurs as a temporary C layer
develops [3, 8] when sunlight releases electrons from negative ions built up during the night.
A slight kink in signal strength is present (SR3) at 03:04 UT (July 31, 2009) as the D layer
begins to build and ultimately swamps the fading C layer, taking over the dominant reflection
role. Maximum signal strength occurs in the middle of day when the sun reaches its highest
solar zenith angle. Ionizing solar UV on the path is at its maximum at this time and the D
region consequently reaches its highest electron density.

Just as two signal minima SR; and SR, occurred during the path sunrise transition, two signal
minima, SS; and SS; in Fig.4 are observed at 10:19 UT and 10:54 UT (July 31, 2009) during
the path sunset transition. The signal minima are produced by modal interference generated at
the sunrise and sunset height discontinuities in reflection height as they move along the path
[3, 10]. After sunset, the reflection of VLF signals occurs from the E region at a height of
around 90 km. This very weak night-time E region is sufficient to reflect VLF radio waves
whereas HF radio waves passed through to reflect from the much higher night-time F2 layer.
The VLF signal strength is highly variable throughout the night due to the instability of the
night-time E layer. The times of local sunrise and sunset are also shown in Fig.4 at 00:28 UT
and 13:29 UT respectively.

Somewhat similar “rapid changes of amplitude occur near sunrise and sunset along the path”
were observed on a Hawaii-Boulder path (5374 km) on 19.8 kHz [1] with further examples in
[10, 3]. The diurnal variation in the signal strength typically repeats day after day.

Seasonal variation

Fig. 5 shows seasonal variation in the field strength of the VLF radio station NWC observed
at Khatav (India) for the months from August 2009 to August 2010. The recordings were not
done in the months of October 2009 and May 2010 (As the receiving system was under repair
in the month of October, 2009 and the transmission from VLF station NWC was not available
in the month of May, 2010)

Receiver Output (Volts)

0o 2 4 6 8 10 12 14 16 18 20 22 24
Time (UT)
Series1 Series2 Series3 Series4 Series5 Series6
Series7 Series8 Series9 Series10 Series11 Series12

Fig. 5: Monthly average curves of undisturbed days during the period August 1, 2009 to
August
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30, 2010 excluding the month of October 2009 and May 2010

As explained earlier one can obtain field strength variation at the receiver input by dividing
detector output voltage by the amplification factor of the receiver. The monthly average
curves of undisturbed days are superimposed in one diagram for easy comparison to bring out
seasonal variation.

In table 1 maximum daytime values of detector (receiver) output voltage and field strength at
the input of SID Monitor are plotted.

Table 1- Seasonal variation of maximum daytime field strength of 19.8 kHz transmission
(during the period from August 2009 to July 2010) recorded at Khatav (India)

Maximum daytime | Field strength at
Month/Year detector the input of SID
output(Volts) V Monitor mV
August 2009 10.46 1.31
September 2009 10.43 1.32
November 2009 09.92 1.24
December 2009 08.28 1.13
January 2010 08.17 1.12
February 2010 08.76 1.19
March 2010 09.20 1.15
April 2010 09.67 1.21
June 2010 09.82 1.23
July 2010 09.93 1.24

From table 1 it is observed that during the month of August 2009, the signal strength is a
maximum and during the month of January 2010, it is a minimum.

Effect of solar X-ray flares

Solar flares which have a strong hard UV and x-rays component have long been known to
increase ionization in the D region resulting in a further increase in VLF phase velocity as the
reflection height lowers [1, 2, 3, 7, 9]. The VLF signal of 19.8 kHz from NWC is
continuously being recorded by a SID monitoring system [7] since April 2007 and shows
characteristic variations in diurnal and seasonal field strength. It has been observed that solar
flares are huge explosions in the Sun’s atmosphere. They appear to instruments as bright
flashes in visible light, often followed by a burst of high-energy protons and radiation.
Moreover their characteristics can include burst of radio waves, EUV and X-rays [1, 2, 3]. A
large solar flare can release a thousand million megatons of energy (more precisely 10* to
10* ergs) in a single explosion. The released energy is transformed into: 1) thermal energy
leading to an increased brightness of e.g. the Ha and X-ray emission), 2) particle kinetic
energy leading to the acceleration of electrons to energies of 10 keV to 1 GeV and ions to
energies from a few MeV/nuc toGeV/nuc,3) mechanical energy leading to several kinds of
plasma ejecta. Solar flares sometimes occur together with other signatures of solar activities
e.g. prominence eruptions, CME’s and interplanetary shock waves. However the exact
relationship between these phenomena is not yet completely understood [1]. The most
prominent change in the earth-ionosphere waveguide is the diurnal and seasonal variation i.e.
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day-to-night (and reverse) change [1]. However, significant modifications of the propagating
conditions happen due to severe changes in the lower ionosphere electron density, induced by
solar X-ray flares [1, 2, 3]. Although the main source of ionization the Lyman-o emission
(1215.67 A), is enhanced during the flare event, the X-ray emission overwhelms its effect
several times, leading to the increase in the D-layer electron density by 1-2 orders of
magnitude. Enhanced D-layer density causes the change in the electrical conductivity at the
upper waveguide edge along the trace of the VLF signal and consequently, gives rise to the
change in all propagating parameters. These changes are clearly detected in the form of VLF
field strength variation. Although flare effects on the VLF signal are always well
recognizable, they can vary substantially along different signal traces. The theory of VLF
propagation through the earth-ionosphere waveguide, at regular (quiet) ionospheric
conditions, is well established [5, 6]. When solar flares occur, sudden energy bursts in the X-
ray domain appear most distinctly impressed on the VLF signal, by amplitude with an abrupt
increase, followed by the subsequent signal recovery within time intervals (typically less than
an hour), which correspond to flare duration [8]. Over 50 flare events were detected during
the period of July 1, 2009 to July 30, 2010. We relate the VLF signal variations measured by
the VLF field strength monitoring system to the solar X-ray irradiance, as monitored by the
GOES 12 satellite. Fig. 6 gives representative example of flare-induced field strength
variations, measured for the NWC signal, on the active day of December 22, 2009.This
sudden field strength variation is related to the C-5 Class solar x—ray flare detected by GOES
X-ray satellite which is shown in fig 8 by the mark 1 in blue colour.
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Figure 6: Diurnal field strength variation of NWC Cape North Station. Series I- red colour
curve corresponds to C-5 Class Solar X-ray Flares occurred on December 22, 2009.Series 2-

pink colour curve shows the average diurnal field strength variation for the month of
December 2009.

Fig. 6 shows the unperturbed average plot of field strength of the month of December 20009 is
overplotted with the plot of disturbed day December 22, 2009. This perturbation is observed
due to C-class solar X-ray flare. The correspondence between the X-ray flare events detected
by GOES 12 satellite enhancement is remarkable; moreover, the field strength response to the
flare is clearly present. Fig. 7 gives another example of flare-induced field strength variations,
measured for the NWC signal, on the active day of December 23, 2009.This sudden field
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strength variation is related to the C-5 Class solar x—ray flare detected by GOES X-ray
satellite which is shown in fig 8 by the mark 2 in blue colour.

Series1

Series2 |

¥ C-5 Class solar X-ray flare

Receiver Output (Volts)

23/12/2009 6:14
~23/12/2009 7:01

I~

23/12/2009 0:45
23/12/2009 1:32
23/12/2009 2:19
23/12/2009 3:06
23/12/2009 3:53
23/12/2009 4:40
23/12/2009 5:27

?‘D 23/12/2009 7:48
Q23/12/2000 835
J23/12/2009 9:22
23/1212009 10:09
23/12/2009 10:55
23/12/2009 11:42
23/12/2009 12:29
23/1212009 13:16
23/12/2009 14:03
23/12/2009 14:50
23/12/2009 15:37
23/12/2009 16:24

)
S
S
o

Figure 7: C-5 Class Solar X-ray Flares occurred on December 23,

The Fig. 8 shows the solar X-ray irradiance as monitored by GOES 12, from December 22 to
24, 2009 (UT), indicating a sequence of flares of class B and class C. The features of
enhanced

X-ray irradiance have a distinct impact upon VLF field strength characteristic, which display
different patterns peculiar to the NWC path, throughout a single active day.
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Fig. 8: GOES X-ray flux plot on December 22 to 24, 2009 Figure 9: Optical photo of sun on
Dec. 23, 2009

During a solar flare, VLF waves travel at a reduced incidence angle to the earth and
ionosphere as the D region expands downward thus narrowing the waveguide. The signal
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strength usually increases because the wave does not lose energy as it reflects from bottom of
the D-layer. However, the VLF signal strength during flare can sometimes decrease. As soon
as X-ray flares end, the sudden ionospheric disturbance (SID) starts to decay and the electron
density in the D-layer returns to normal as a result of attachment and /or recombination
processes. The VLF field strength monitoring system has also recorded many B-class solar
X-ray flare events along with those of M and X-class. The plot of signal strength against
time recorded on December 22, 2009 can be compared with the GOES satellite data graphs
available at http://www.swpc.noaa.gov/ftpdir/plots/x-ray. We can also confirm the H-alpha
line images of the sun on the same day and correlate the event and X- ray flare. We can also
do correlation study between the sunspots and solar X-ray flares.

Multiflare analysis

For the analysis of VLF data, a series of flares were selected that occurred on January 20,
2010 and they are presented, along with the average VLF field strength measurements, in
figure 9. The reasons for this choice are as follows: 1) the flare intensity (ranging from class
C to M) is characteristic for the majority of the flares that have been VLF recorded at Khatav
(India) on this active day. (2) many SIDs in the form of signal enhancements overlapping in
occurrence due to multiple solar X-ray flares have been recorded on this day from sunrise to
sunset.
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Fig. 9: Multiflare occurrence on active day of January 20, 2010

Fig. 10 shows the GOES 12 satellite X-ray plot on active day of January 19, and 20, 2010

It is observed that solar X-ray flare events started to occur from January 18, 2010 and these
solar activity ends on January 21, 2010. It is also observed that many M-class and C-class
solar X-ray flares have been occurred during this period.
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Fig. 10: GOES 12 satellite X-ray plot on active day of January 19, and 20, 2010

The characteristics of the flare events are given in Table 2: The first column identifies the
flare number the second column lists the time at which the characteristic feature of the field
strength variation (minimum/maximum) is detected. The third column shows the duration of
events.

Next column four shows the output voltage of detector when flare occurred and column five
shows the average detector output voltage for the month of January 2010. The column six
shows variation 0V in detector output. The column seven shows the Class of flare and the last
column shows the Flare Intensity (W/m?) as the data recorded by satellite GOES 12.

Table 2: Measured field strength variation at different stages of flare occurrence and at
different angle of elevation and intensity of X-ray flares

Solar | Flare Flare Time (UT) Duration Vi Vq oV | Class Flare
Elevation | No. | Start | Max | End | (Minutes) | (Volts) | (Volts) | (Volts | of | Intensity
Angle flare | (W/m%)as
satellite
GOES
12 data
21° 1 100.13 | 00.23 | 00.30 17 4.82 4.11 0.72 | C4 4x10°
58° 2 102490258 |03.13 24 6.44 3.81 2.63 Cl 1x10°
73° 3 10450 | 04.58 | 05.22 32 10.47 | 8.01 246 | Cl 1x10°°
77° 4 105.51|06.00 | 06.11 20 8.54 827 | 026 | C6 6x10°
72° 5 106.13 | 06.20 | 06.46 33 1025 | 824 | 2.02 | C5 5x10°
64° 6 |06.46 | 06.53 | 07.00 14 9.57 8.21 1.36 | C7 7x10°°
61° 7 107.00 | 07.16 | 07.23 23 12.17 | 8.14 | 4.03 C8 8x10°
56° 8 107.23|07.28|07.41 18 11.72 | 8.05 3.67 | C9 9x107°
52° 9 10741 |07.51 | 08.33 52 12.62 | 7.79 | 483 | Ml 1x107
39° 10 | 08.33 | 08.39 | 08.46 13 7.31 7.09 | 022 | C2 2x10°°
30° 11 109.15|09.30 | 10.01 46 7.55 5.82 1.73 C5 5x10°
8° 12 110.50 | 11.03 | 11.38 48 6.38 194 | 445 | M2 2x10”

Page 258 Proceedings from 10th Australian Space Science Conference, 2010



Determination of field strength variation 0V due to X-ray flares
The field strength variation dV is determined from the VLF field strength measurements on
the quiet day Vg, and that due to X-ray flare Vs is given by

{0V} = {Vi-Vq} (1

It can be seen from Table 2 that the smallest enhancement in field strength (as measured by
the detector output) is 0.214 volts and largest one is 4.828 volts. However, amount of field
strength enhancement depends upon the intensity of X-ray flux and solar elevation angle. If
the detector output voltage is divided by amplification factor of the receiver, one can get field
strength variation at the receiver input terminal. Thus it is clear that our SID Monitor (VLF
Field Strength Monitoring System) is very sensitive and can detect even very minor solar X-
ray flares recorded by GOES 12 Satellite.

Effect of annular solar eclipse of January 15, 2010

The solar eclipse of January 15, 2010 was an annular eclipse of the Sun with a magnitude of
0.9190. This was the longest duration annular solar eclipse of the millennium with a
maximum duration of 11 minutes and 7.7 seconds. It was visible as a partial eclipse in much
of Africa, Eastern Europe, Middle East and Asia. It was seen as annular within a narrow
stretch of 300 km width across Central Africa, Maldives, South Kerala (India), South Tamil
Nadu (India), North Sri Lanka, parts of Burma and parts of China. The eclipse started at the
Central African Republic, traverses Cameroon, Congo and Uganda passes through Nairobi,
Kenya, and enters the Indian Ocean and reaches greatest eclipse. It was the longest on land
with 10.8 minutes of viewing.

In Fig. 11, the red track shows the path of annular solar eclipse of January 15, 2010. The
different ellipses and circles shown in this figure are the shadows of moon at different regions
on the surface of the Earth along the eclipse path.

Fig. 11: Path of annular solar eclipse of January 15, 2010

On January 15, 2010, the field strength monitoring system recorded the VLF signal of NWC.
The eclipse path and path of VLF waves crossed with each other over the Indian Ocean. Fig.
12 shows field strength variation on three days during the annular solar eclipse of January 15,
2010 (pink line- January 14, green line — January, 16 and red line - January 15, 2010). The

Proceedings from 10th Australian Space Science Conference, 2010 Page 259



departure of eclipse day field strength from the diurnal variation of the month of January,
2010 can be seen from the figure 12 in which decrease in the field strength can be attributed
to decrease of flux (Lyman a-1216 A).
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Fig. 12: Field strength variation on three days during the annular solar eclipse of January
15, 2010 (pink line- January 14, green line — January, 16 and red line - January 15, 2010)

On January 15, 2010 the field strength of NWC started to decrease its value as the moon
shadow started to fall on the VLF radio wave path from NWC Australia to Khatav (India)
over the Indian Ocean at 07:15 UT. The maximum dip in field strength is observed at 08.15
UT. After this dip the field strength again started to increase and it recovered its quiet day
value at 09:00 UT. So the total time of effect of annular solar eclipse on VLF path from
NWC to Khatav (India) is 1 hour and 15 minutes.

Conclusion

1. Diurnal and seasonal variation

A VLF field strength monitoring system is very useful for the study of solar activity
including solar X-ray flares, sunspots, solar wind particles and coronal mass ejections. It is
also useful to study the lower parts of the quiet ionosphere as observed on the field strength
of VLF signals from distant VLF radio stations. The amplitude of the NWC signal as
recorded at the Khatav site (India) varies only slightly from day to day during quiet days of
minimum solar disturbance (from local sunrise to local sunset). The effect of mode
conversion during sunrise and sunset on the field strength of 19.8 kHz NWC transmission
observed at Khatav (India) is also repetitive and has yet to be studied in detail. The pattern of
diurnal and seasonal variation in field strength has been described.

2. Effect of solar x-ray flares

VLF amplitude of the NWC Cape North 19.8 kHz transmitter recorded by the field strength
monitoring system at Khatav (India) have been analyzed for about 50 solar X-ray flare
events, during the period July 2009 to July 2010. The measured field strength variation and
their characteristic features, specific for the NWC path, which is almost over Indian Ocean,
have been related to the solar flare intensities, as monitored by the GOES-12 satellite. The
results arrived at allow for the classification of solar X-ray flares by their effect on the lower
ionosphere and indicate the possible mechanisms of VLF propagation in perturbed
conditions: 1. Low C-class flares cause a small increase of field strength up to a single
maximum appearing with a time delay of a few minutes after peak X-ray irradiance (flare
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events C3 and C2). A likely explanation for the increase in field strength can be found in the
field strength enhancement as the signal penetrates the D-layer undergoing ionization
redistribution. Along with the electron density increase, the upper boundary of the waveguide
drifts slightly downwards to lower heights.

3. Effect of annular solar eclipse

The variation in the field strength of the NWC transmitter was observed during the annular
solar eclipse of January 15, 2010, which was attributed to decrease of UV flux (Lyman o-
1216 A) thereby decreasing reflectivity of D-layer).
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